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Abstract
Characterization of Mitochondrial DNA HeteroplasatyFive Hotspots within the HVI Region
of Post-Mortem, Brmalin FixedParaffinized Human Liver Cells
By

Jason Charles Kolowski

Advisor: Professor Margaret Wallace, Ph.D.

Within the field of mitochondrial DNA (mtDNA) anadys, heteroplasmy is a widely-
recognized and yet poorly-understood event. Hptasmy is defined as the presence of more
than one mitochondrial genome within a tissue sanfj@m a single individual, such that the
MtDNA sequence shows the presence of a mixed basgions of homologous bases that vary
in length. Due to the highly conserved naturehef mitochondrial genome, these heteroplasmic
events occur at a variety of well-documented hdtspa majority of which occur within the
hypervariable control region that flanks the origfrreplication. This control region is the same
area that is tested in forensic mtDNA analysis, snthe most useful for establishing the link
between evidentiary samples and maternally-relatéviduals due to the polymorphisms that
accumulate in this region. However, when hetepla events are uncovered in forensic
MtDNA analysis, issues arise due to the lack ofarclenderstanding of the origin of
heteroplasmy. The occurrence of mtDNA heteroplabetween different tissues within a single
individual has been well-established, and heterwpia events have been shown to increase with
age. However, what is presently unclear is whetiherot mtDNA heteroplasmy exists within a
single cell when heteroplasmy is present withirssue. In this regard, three possibilities exist;
1) a single cell contains a solitary pool of mtDNgnomes (defined as homoplastic), and

heteroplasmy exists as a mixture of different hokastc cells within tissue, 2) a single cell



contains a mixture of multiple mtDNA genomes, amdehoplasmy is present within a single
cell, or 3) heteroplasmic tissue contains a mixtfraomoplastic and heteroplasmic cells due to
random cellular distribution throughout the tissuBo investigate this question, laser dissection
microscopy will be used to isolate individual ceftem a tissue sample with known mtDNA
heteroplasmy. Typing of single nucleotide polyntosms at specific hotspots within the HVI

region will then be done to detect possible mtDNAeinoplasmy within a single cell.
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Chapter 1 - Introduction

Mitochondria are intracellular organelles foundenkaryotic cells, and are responsible
for the energy production of such cells (OkamotdS&aw, 2005). Mitochondria are unique
organelles in that they contain their own DNA, reded to as mitochondrial DNA, or mtDNA.
Mitochondrial DNA exists as circular DNA structureghin the mitochondrial matrix, and each
genome of human mtDNA contains approximately 16 5&8e-pairs (bp) (Anderson et al., 1981;
Gray, 1989). In the past decade, the applicatibndecoding and understanding the
mitochondrial genome has benefited the sciencesclhyifying the cellular role of the
mitochondrion in energy production, and also frombr@ader aspect, by tracing maternal
lineages to show ancestry and human migratory npati@cross the millennia of human history
(Aquadro & Greenberg, 1983; Boles et al., 1995;|&tal et al., 1995; Lutz et al., 1996; Paabo et
al., 1988).

A remarkable amount of the mtDNA genome is devdiedencoding the genes for
oxidative phosphorylation and cellular energy fumtt(Bai et al., 2004; Bai et al., 2000). The
human mtDNA genome is also unique in that it corgaio introns, therefore, the genome is
highly conserved (Bai et al., 2000; Gray, 1989 order to maintain the functionality of the
MtDNA genome, there are two highly polymorphic cew that flank the origin of replication
within the displacement region (D-loop) of the roitondrial DNA, and it is theorized that these
polymorphic regions are designed to absorb mutsttbat would otherwise disrupt the highly
conserved nature of the genome (Sigurdardéttit. e2@00). These regions have been classified
as hypervariable regions | and I, respectivelydérson et al., 1981; Andrews et al., 1999). A
third hypervariable region, region lll, has als@badentified within the mtDNA control region

(Paneto et al., 2010). It is within these hypdalae regions that ancestry and forensics utilize



the maternal inheritance of the mtDNA genome to mara familial linkages (Allen et al., 1998;
Benecke, 1997; Boles et al., 1995; Brown & Brow®94; Budowle et al., 2003; Butler & Levin,
1998; Corach et al., 1997; Giles et al., 1980; &ilal., 1994, Hutchinson et al., 1974; Ivanov et
al., 1996; Stone et al., 2001; Wilson & Allard, 20@0Vilson & Cann, 1992).

The ability of mtDNA to be utilized in forensic arahthropological settings, where
samples that are typically encountered are degréggages, bones, and hair, is due to the high
copy number of mitochondria in the cells (Bogenmade Clayton, 1974). The recovery of
MtDNA from such samples is enhanced further dugh® high number of mitochondrial
genomes present within a single mitochondrion; ddjpey on the cell type, it is estimated that
each mitochondrion contains up to 100 genomes j@chondrion, and each cell can contain
100 to 1000 or more mitochondria depending ontgek (Akane et al., 1993). The prevalence
of the mtDNA genome within a single cell then pams a large number of template mtDNA that
can be extracted and analyzed. In order to viseahtDNA for forensic or ancestral analysis,
the sequence of the mtDNA hypervariable regionstrhasgenerated. To accomplish this, the
hypervariable regions are atrtificially replicatesing polymerase chain reaction (PCR)
technology (Mullis, 1990). During the replicatioh the hypervariable regions, fluorescently-
tagged di-deoxynucleoside triphosphate terminatmeb are randomly incorporated into the
growing mtDNA strand (Sanger, 1981; Sanger etl&l7,7). After approximately 30 rounds of
PCR amplification, every possible position along thtDNA sequence should be accounted for
by a fluorescently-labeled terminator base. Semeh base termination results in a unique size-
specific fragment of mtDNA, these fluorescentlygad fragments can be separated using
electrophoresis (Butler et al., 1998; Holland & doars, 1999; Hopgood et al., 1992; Levin et al.,

1999; Levin, Hancock et al., 2003; Stewart et2003; Sullivan et al., 1992; Wilson, DiZinno et



al., 1995). At the end of the electrophoretic sapan, the fragments sequentially pass through a
laser beam and the fluorescent tag on the termibatse is activated. The tags specifically emit
one of four possible wavelengths which are detebigd CCD camera within an automated
sequencer. The wavelength detected by the instumsethen interpreted by the computer
software as either being adenine, thymine, guanomecytosine. Each base is therefore
represented by a discrete wavelength, and wheryzsthlin order, from shortest fragment to
longest fragment, the sequence of the mtDNA isbésteed. At times during this mtDNA
sequencing, heteroplasmy is detected.

Heteroplasmy has been classically defined as tbeepce of more than one genome of
mitochondrial DNA within an individual (Aquadro &r@&enberg, 1983; Greenberg et al., 1983,
Parsons et al., 1997). Several studies, bottheatNeew York City Office of Chief Medical
Examiner and at external laboratories, have shtah leteroplasmic events can vary between
tissues from an individual (Alonso et al., 1996;nBall et al., 1997; Budowle, Wilson et al.,
1999b; Calloway et al., 2000; Holland et al., 19B®&nberg & Moore, 1999; Jazin et al., 1996;
Kolowski et al., 2004; Miller et al., 1996; Pfeiffet al., 1999; Roberts & Calloway, 2011;
Wilson, Polanskey et al., 1995). In such cases,t@sue type from a single individual is seen to
contain no heteroplasmy (or a “clean” mtDNA seq@n@nd another tissue from the same
individual displays a heteroplasmic event. To gtitere are two classifications of heteroplasmic
events that are commonly encountered during mtDN&{yeis. The first is referred to as “point
heteroplasmy,” where a single location along th®NA& sequence is found to contain two
different bases of DNA. Since mtDNA sequencinglysia is a combination of all of the
possible mtDNA genomes within the sample, thisdstruly a mixed base in a single mtDNA

genome, but the presence of two different genomiésinmthe total sample. Therefore, the



sample consists of different mtDNA genomes cont@rone unique base at a specific position
when compared to the other mtDNA genomes withinttih@ sample. This point heteroplasmy
is believed to be due to point mutations within fiypervariable regions that cause two different
MtDNA sequences to manifest within one individugigare 1). When these point mutations

Figure 1- Point Heteroplasmy occur in the mtDNA, they appear to be
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driving twice as many possible transversions
versus a transition of the original base (Carr,

2010). Although point heteroplasmy occurs in

a moderate percentage of samples, when it
does appear it manifests at specific hotspots

within the mtDNA hypervariable regions with

high regularity (Li et al., 1999; Santos et al.,
2008).

The second type of commonly encountered mtDNA betasmy is “length
heteroplasmy.” This type of heteroplasmy is obsdrat sequencing analysis as a mixture of
different lengths of repeating DNA sequence, comisnamithin a cytosine-rich “C-stretch”
within each hypervariable region. These “C-strethare sections of the mtDNA genome
which contain up to twelve continuous cytosine dess, commonly interrupted by a thymine
residue within the cytosine base3aq polymerase, which is commonly used in forensic and
ancestral PCR analysis, has a moderate fidelityltnreg in an inherent low error rate. This
moderate fidelity causes the polymerase to “slipew encountering more than eight continuous

identical nucleotides during the PCR extension ghakherefore, if the thymine that commonly



interrupts the cytosine region transitions to asiyte, the “C-stretch” becomes longer than can
be efficiently amplified withTaq polymerase. Due to this polymerase slippage, aand

relocation of the polymerase onto the template Ddidates various mis-reads of the template
sequence, and therefore data past the “C-stret@iom is uninformative when this occurs

(Figure 2). When length heteroplasmy is observeding sequencing analysis, various
amplification strategies using additional primergsinbe employed to work around the affected
“C-stretch” region to recover as much of the renmgrmtDNA sequence as possible. Within
the HVI region, the thymine that normally sits metC-stretch at position 16189 is a highly

publicized hotspot for cytosine transition occuoes

Figure 2- Length Heteroplasmy
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Within forensic settings, these two forms of hepdémemy therefore constitute a
paradoxical situation. When a point mutation esaurs and a point heteroplasmy is revealed,
the presence of this seemingly rare event increttseodds that an unknown sample and a
reference sample are the “same” if this point logtassmy is seen in both samples. However,
due to the fact that different tissues from a ®ngldividual can yield different heteroplasmic
results, combined with the high mutation rate wittiie HVI region of the mtDNA genome, the
absence of such a point mutation from one sampénwbmpared to another does not imply that

the samples are unrelated; if all other common lcas@ges are accounted for, the samples are



simply inconclusive (Salas et al., 2001). In fdotremain as conservative as possible, forensic
MtDNA analysis procedures use specific wordingshsag “cannot be excluded” or “can be
excluded” when reporting the results of mtDNA tegt{(SWGDAM, 2003). There is never any
mention of “inclusions” or “matches” due to theuss surrounding the HVI mutation rate and
the possible heteroplasmy that can result (Hol&amharsons, 1999).

To further compound the issue surrounding mtDNAIysig, the thymine-to-cytosine
transition at position 16189 that ultimately leadslength heteroplasmy cannot be directly
analyzed or interpreted. Within forensic settirgjandard protocol dictates that if length
heteroplasmy is encountered, the event is simgigrted as being present due to the issue of the
fidelity of Taq polymerase and the inability to clearly resolve #cttual sequence of the “C-
stretch” region upon analysis. While attempts hlagen made to standardize the reporting of
length heteroplasmy events, there has been disagreen the past between laboratories on the
interpretation of the results and the proper pracedor reporting the findings (Carracedo et al.,
2000; Carrecedo et al., 1998; Miller & Budowle, 20®aneto et al., 2007; Tully et al., 2001,
Wilson et al., 2002a; Wilson et al., 2002b). Recatempts at standardizing the nomenclature
and reported mitotype have been proposed to attemptoncile these issues within the forensic
MtDNA field (Budowle et al., 2010; Polanskey et aD10).

To understand the basis of heteroplasmy, it is sgug to examine the origin of a cell.
During oogenesis (female egg development), it éotized that an isolation event selects for a
single mitochondrion source, creating a “bottlerieick which as many as 100,000 different
mitochondria are randomly isolated down to a pdapmproximately 200 mitochondria through
cellular division (Marchington et al., 1998). Asesult of this genetic bottleneck, any dominant

mitochondrial type within the 200 mitochondria ieeferentially selected for as the “dominant



homoplastic” mitochondrial DNA type, although mirtgpes could be detected depending on the
frequency of the minor contributing mtDNA (Melta2Q04). Note that this specific conclusion
is conservative, implying that other mitotypes nimey present in the single cell at low levels.
However, because heteroplasmy is known to occatBNA hotspots with relative frequency,
this contradicts the bottleneck theory, and theeefthe presence of two or more mtDNA
genomes in a cell line could be the result of uaégartitioning of the cell during oogenesis,
which is more akin to random genetic drift (Ash&tyal., 1989; Chinnery et al., 2000).

A second theory on the nature of heteroplasmy s the possible recombination of
the mtDNA genomes before mitochondrion division, ickih leads to the mitochondrial
heteroplasmy (Awadalla et al., 1999). Recombimatevents are known to occur later in
development, commonly within specialized cells (&suet al., 2007). Recombination events
are important within the nuclear DNA, and are knawrgive rise to genetic variations which
support the distribution of genes throughout a petmn (Kraytsberg et al., 2004). When
applied to the mtDNA genomes, however, there isesalisagreement as to whether or not
MtDNA recombination occurs (Eyre-Walker & Awadalla001; Eyre-Walker et al., 1999;
Hoelzel et al., 1994; Macaulay et al., 1999; Zsugkal., 2005). If recombination does occur,
one of the major questions is how it leads to loplasmic events only in the hypervariable
regions, and not within the conserved genes thdenu@ a majority of the compact mtDNA
genome (Ashley et al., 1989; Eyre-Walker & Awadafl@01; Eyre-Walker et al., 1999; Hoelzel
et al., 1994; Macaulay et al., 1999; Zsurka et 2005). What is clear, however, is that if
heteroplasmy rates are high due to recombinatiemtsy the rate only affects 1% or less of the

mitochondrial genomes within a single individualp she possibility of detecting the



heteroplasmyn vivois close to zero (Kraytsberg et al., 2004; Slat@&nmell, 2004; Stoneking
et al., 1991; Zsurka et al., 2007).

A third theory of heteroplasmy is similar to theuss of mitochondrial recombination,
but instead focuses on the fusion and fission dfochiondrial organelles, independent of
recombination. Mitochondrial fusion is known tocac, and at the cellular level this fusion is
responsible for the mixing of mitochondrial genon{Bgreiter-Hahn & Véth, 1994; Chen &
Chan, 2005; Chen et al., 2005; Nunnari et al., 1@&kamoto & Shaw, 2005; Yaffe, 1999). The
fusion and fission of the mitochondria play an impot role in maintaining the morphology of
the organelles within the cell, and assisting ittuta mechanisms of apoptosis (Lee et al., 2004;
Legros et al., 2002; Perfettini et al., 2005). aff assumption is made that in a “primitive” or
early-growth stage heteroplasmic cell there argusmitochondria, each with a unique mtDNA
genome set, then a scenario could exist in whiodam fusion and fission result in a random
mixing of the two (or more) different mtDNA genomesthin a single mitochondrion. In
contrast, imagine that the original assumptiom Istilds, but additionally there is a mechanism in
which a unique mitochondrion recognizes and fusely avith another mitochondrion that
contains the same mtDNA genomes. In this secoadaso, the fusion and fission still occurs,
but the mixing of the heteroplasmic mtDNA genometha organelle level does not occur. Out
of the two scenarios, the first is more likely tocor due to simplicity, as the second scenario
requires a high level of cellular mechanics. Asoanter point, the second scenario cannot be
completely discarded due to the cellular mecharo$rateral inhibition (Collier et al., 1996).
Cellular differentiation is dictated by the latenahibition process, for example, how the
development of a nerve cell directs the surroundielis to become another cell type, to

eliminate sympathetic crosstalk in the nervousesyst It is possible that a similar mechanism



could be underlying the process of differentiatotber specialized cells based on the energy
requirement functioning of the cell, which would tied directly to mitochondrial prevalence.
Regardless of the possible scenario, the mitochaniision and fission is known to occur, and
either of the scenarios can explain the natureetitilar heteroplasmy but leaves the state of
MtDNA heteroplasmy at the organelle level in questi

A fourth theory of heteroplasmic origins focuses the possibility of a paternal
contribution to the oocyte’s mtDNA pool. It wapigally believed that the sperm mitochondria
do not physically enter the female egg, since tfexra mitochondria are in the tail region and
the head of the sperm only interacts with the ma&limbrane of the oocyte (Sutovsky et al., 1996;
Sutovsky et al., 1999). However, recent studiegsown that the tail region of the sperm is
incorporated into the fertilized egg due to theepadl mitotype which can be detected during
embryogenesis, but after embryo formation the patemtDNA genomes are somehow “lost”
(Ankel-Simons & Cummins, 1996). The prior theorfytbe typical interaction explains the
maternal-only contribution of the mtDNA genomestlte offspring. However, because of the
possibility that the sperm cell enters the egg tme type of intracellular incorporation, the
paternal mitochondria could contribute to the mtDp@ol for the developing offspring (Slate &
Gemmell, 2004). Since the sperm mtDNA contributieould be low, most of the differences
would not be detectible, but over time and billiaisellular divisions, the paternal contribution
could show up as a heteroplasmic event upon asabfsthe mtDNA (Schwartz & Vissing,
2002, 2004).

A fifth theory regarding mtDNA heteroplasmy ignorpsssible genetic origins and
focuses instead on the influence of the ampliftcatstrategies that are commonly used to

analyze and visualize the mtDNA sequendaq polymerase, which is commonly used in DNA



PCR amplification, is known to have a typical errate of 1x10. In terms of sequencing
strategiesTaq is considered a moderate-fidelity polymerase, ianbuld be expected to see a
possible nucleotide mis-incorporation approximatelyery ten thousand bases using this
polymerase (Chong et al.,, 2005; Gyllensten & Erlid®88; Hopgood et al., 1992; Levin,
Hancock et al., 2003). It is also theorized thpcific DNA sequences enhance the possibility
of a base mis-incorporation, resulting in “hotspdts the genome. These hotspot locations
enable nucleotide-polymerase interactions that gse to base incorporation mistakes, which
ultimately manifest as heteroplasmy (BrandstattdPason, 2003; Zhang & Deisseroth, 1991).
To overcome the amplification issues that mighultesn mtDNA heteroplasmy, it has been
suggested to utilize a high-fidelity polymerase,fatus instead on probing single nucleotide
polymorphisms (SNPs) to lower the odds of a baseintorporation compared to continuous
DNA sequencing (Brandstatter & Parson, 2003; Budpo®D01; Budowle et al., 2004, Kline et
al., 2005). An additional factor affecting the etdgion and analysis of heteroplasmy may be the
instrumentation used to detect the differenceshan rhitochondiral sequence. Recent studies
have demonstrated that the detectable level ofdy@gsmy can vary for a sample depending on
the type of laboratory instrumentation and detecttbat is being used; in particular, the
differences seen between heteroplasmy levels frapillary electrophoresis data and next-
generation solid-phase sequencing data (Bandsklés, 2011).

Another possible cause of mtDNA heteroplasmy ilation to the age of the individual.
It has been shown that mutations accumulate owes, tand specific mutations in the mtDNA
genome can correlate to the age of an individu@his phenomenon would be due to the
production of reactive oxygen species that manifeihin the organelle due to the energy-

production role of the mitochondria. Over thedfgan of an individual, these reactive oxygen
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species accumulate and cause oxidative stresseomtfDNA genomes, resulting in an increase
of age-related mutations (Mullis, 1990; Richterakt 1988). One such mutation is an age-
dependent deletion event which occurs at the 48¥position in the coding region of the
MtDNA genome, and has a devastating effect on akgenes responsible for polypeptide and
tRNA production at that location (Meissner et 8097; Porteous et al., 1998). As a result of this
deletion, the mitochondrion loses the ability tanscribe the proteins necessary for cellular
energy production. Additional age-related mutaianthin the mtDNA genome can give rise to
specific mitochondrial-related illnesses (Goto ket #990). Due to the fact that several issues
affect the mutation rate for the mtDNA genome, tmemmon rate for mtDNA mutation is
unknown (Lopez et al., 1997). However, it is knothat as living organisms age, unchecked
mutational events can compound, and in a small,semed genome such as in the
mitochondrion, these compound mutations in randot®NA genomes could appear as
heteroplasmic events upon sequence analysis (Ghaln 2003; Wallace, 1995, 1997). While
the other theories of the cellular origin of mtDNw&teroplasmy are more likely, the effects of
age on the mtDNA genome have been shown to caereldih higher rates of heteroplasmy, and
higher mutation rates in general (Calloway et 2000). However, the rate at which mtDNA
heteroplasmy manifests in the hypervariable regisnstill in question, and there is some
evidence that the hypervariable control region'®taplasmic rate might be static as the age of
an individual increases (Lagerstrom-Fermer e28i01).

Regardless of the initial cause, it is known thaDNA heteroplasmy occurs between
tissues as a result of the cell differentiatiord émerefore between the cells of different tissues.
However, within tissues where heteroplasmy occilirss unclear whether the heteroplasmy

occurs between the individual cells, between th&ochondria in the cell, or between the
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genomes within an individual mitochondrion. In @08 study conducted by Sabine Lutz-
Bonengel and colleagues, blood lymphocytes isolatdg flow-cytometry displayed mainly
homoplastic mtDNA types, indicating that blood mepasmy is a mixture of heteroplasmic
cells (Lutz-Bonengel et al., 2008). A more rec2diO study conducted by Joseph Reiner and
his team used optical tweezers to isolate actutdamondria from HL60 cells, and the testing of
these isolates demonstrated heteroplasmy in thegastgd mitochondrion at the same ratio that
was seen in the heteroplasmic cells (Reiner e@l0). Clearly, the discrepancy between these
two studies shows that are aspects to the oveualttopn of cellular heteroplasmy that remain
outstanding. What is clear is, however, is thatheaitochondrion can contain approximately
one-hundred genomes of mtDNA, and each cell catagoa range of hundreds to thousands of
mitochondria. It is unclear when sampling eveniragls-cell source whether or not the
heteroplasmic event at the gross tissue levelasroing within the mtDNA genomes of a single
cell, or whether a single cell hosts a solitarygue pool of mtDNA genomes.

The specific aim of this research is to gain d@dvainderstanding of how two or more
mitochondrial genomes can occur within an individuasulting in heteroplasmy. The question
to be answered is; with isolation of a solitaryl éedm a tissue with known heteroplasmy and
high-sensitivity detection of the mtDNA from a siagell, will heteroplasmic events still be
seen? Due to known events such as mitochondrial fusiondsion, mutational events, and
oxidative stress, it is hypothesized that mtDNA hetroplasmy will be detectable within a
single cell. The expected outcome of the study will be a beitelerstanding of the intracellular
phenomenon of mitochondrial heteroplasmy, whichiddead to a more structured protocol for
identifying and categorizing heteroplasmy when emtered during mitochondrial DNA

analysis.
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Chapter 2 - Experimental Design

Sample Collection

Post-mortem, formalin-fixed liver samples embeduotedaraffin were collected from the
Department of Histology at the Office of Chief Meali Examiner (OCME), New York City, in
accordance with the OCME and New York City Instaoal Review Board (IRB) guidelines. In
order to properly screen for heteroplasmy baselinovn heteroplasmy rates, one-hundred and
twenty-nine tissue samples were screened to fipdoh of samples that contained heteroplasmy
at one of five HVI hotspots.

The rationale for the use of liver samples was thame the stability of mtDNA in
formalin fixed liver tissues. Previous studies &@ahown an excellent recovery of mtDNA from
paraffin-embedded tissue samples, with the highetfdNA recovery rate in liver samples
(Miething et al., 2005). While there are otheiirfix techniques such as HumFix or methacarn
that yield better mtDNA recovery results, thesafii@ns are not typically performed on standard
autopsy samples at the Office of Chief Medical Exemnin New York City (Uneyama et al.,
2002). Therefore, the formalin-fixed samples waesed. A secondary rationale for utilizing
liver samples was that the tissue is constructen fdifferent cell morphologies, and a large
amount of interstitial space exists between livelisc Therefore, cell separation can more
readily be achieved. A tertiary rationale for thee of liver samples was the large number of
mitochondria that are present in liver cells, whiebuld aid in the analysis of a mitochondrial

DNA profile from an individual cell.
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Sample Selection

Samples were selected at random from a pool offfpart#gssue blocks designated as
“waste tissue” by OCME-NYC and DOHMH-NYC guidelineSamples were selected based on
the noted presence of “liver” or “hepatic tissue’tihe description on the package containing the
tissue blocks. These tissue blocks were originagpared from liver tissue cross-sections that
had been submitted to the OCME histology laboratéojlowing an internal autopsy
examination. These liver tissue samples were durdectioned in the histology laboratory,
placed into individual tissue cassettes, and finked and embedded with paraffin. After the
random selection of these tissue blocks was comptae identifying information from each
sample was used to cross-reference the autopskdeecoorder to note the age and sex of the
tissue donor. Thereafter, the identifying OCMBEomfation was removed from the samples, and
a random three-digit number was assigned to eauoblean numerical order, selecting samples
at random until all samples were accounted for.seBaon the demographic information, the

graph displayed in Figure 3 was prepared for atheforiginal tissue blocks used in the study.

Figure 3- Age Distribution of Gross Tissue Samples
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The age ranges represented in the graph in Figame &om 1 year of age to 83 years of age.

Out of these 129 original samples, 35 are from femdahe remaining 94 are from males. The

average age of the samples is 43, with the medgen ad 42, demonstrating a Gaussian

distribution of the samples across the age range.

Tissue Block Processing

Examples of these tissue blocks are seen in &iguand Figure 5. Figure 4 is an

example of how the tissue block was generally canttd, and what it looked like after it was

Figure 4- Tissue block, Sample
342

Figure 5- Tissue block, Sample
287

sampled for the study. The larger fragment, wiigchnissing the
center section, is the liver sample. The smaltesaent-shaped
fragment is a cutting of an artery from the sanwvidual. The
liver sample was identified by the marbling and theolt texture
of the tissue. The section that was removed was tiimmed of
excess paraffin and inserted into a water-fillegpp&plorf™ tube
and incubated in a water bath to remove the remgiparaffin in
the tissue block. A similar block is seen in Feyd; however the
tissue is much darker and denser that was seeigumeM4. This
block was noted as containing liver and kidneywds noted that
the upper sample showed the two-tone undulatioisarsample
typical of renal tissue, while the bottom sampleswaore
consistently dark and dense, which is typical fbe ttissue
associated with the liver samples. The tissue weet identified

as liver is the sample that was sectioned forrigsti the study.
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This process was repeated for each tissue bloclkedoh sample, and in the end, all of the
isolated cells were verified by a pathologist tourgform hepatic cells, which reinforced the

aspect that the correct tissue source was idehtiinel selected for each tissue block.

Cell Separation and Gross Tissue Generation

Each paraffin-embedded liver sample had a 1 cm afbgssue removed from the
sample, and this was heated in sterile water &C7tr 30 minutes to remove the paraffin from
the sample. The tube was then cooled, and thdfiparang from the top of the tube was
removed and discarded. The sample was reheattdrite water at 75 °C for another 1-2 sets of
30-minute incubations, until no more paraffin wakeased from the sample. The tissue was then
sandwiched between the frosted ends of clean nuopeasslides, and mashed/ground to release
the individual cells. The mashed tissue was plaoeal a cell-straining mesh basket (40 um
mesh) on top of a 50 ml conical tube, and washek tviml of water. The filters containing the
tissues underwent a centrifugal sieving technigue®80 RPM for 5 minutes to collect the single
cells in the liquid at the bottom of the 50 ml amalitube (Gebhardt, 2002). After passing
through the 40 um nylon mesh, the cell suspensiars pelleted and transferred to 1.5 ml
microcentrifuge tubes and stored at 3.7 °C. Thsug remnants trapped in the filter were also
transferred to separate 1.5 ml microcentrifuge suded stored at 3.7 °C, as the gross tissue
samples.

The rationale for separating the cells was to enslat the same tissue source can be
sampled for multiple laser-dissection isolationghaut the need to re-cut the paraffin-embedded
tissue block and risk missing a random heteroplasegion in the tissue. Since the purpose of
the research was to locate a heteroplasmic evensingle cell, the separation of the cells was a

critical step.
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Gross Tissue Screening for Heteroplasmy

To find tissue samples that contained heteroplagimy, mtDNA in the gross tissue
samples (from the tissue remnants in the filter kb were extracted by standard
phenol/cholorform/isoamyl-alcohol organic extranticutilizing phase-lock gel from the
Eppendorf Corporation (Westbury, NY). The extrdatDNA was filtered and concentrated to
20 pl on Microcon YM100 filters from Millipore (Berica, MA). The mtDNA in the gross
tissue extracts was amplified using the HVI SNPtiplgx primers (Appendix A) andiaq DNA
polymerase, as per the standard guidelines (Andezs@l., 1981; Andrews et al., 1999; FBI,
2003; Isenberg & Moore, 1999). The amplificatiocheme for the SNP multiplex was as
follows:

Soak at 95°C for 9 minutes
95°C for 10 seconds
34 cycles:y 60°C for 30 seconds
72°C for 30 seconds
Storage soak at 4°C indefinitely

Post-amplification quantitation was performed oa Ayilent 2100 Bioanalyzer Lab-on-
a-Chip microfluidic fluorescence assay (Agilent Mieglogies, Santa Clara, CA). The primers
and dNTP bases from the primary reaction were remavith ExoSAP-IT (Affymetrix, Santa
Clara, CA). The SNP assay was performed with tipplidd Biosystems SNaPshot™ kits
(Foster City, CA), using the SNP extension primara multiplex to screen the HVI region for
heteroplasmy (Appendix A). The hypervariable ragiovas the focus of the study due to the
well-characterized number of heteroplasmic hotspotsis region (Holland & Parsons, 1999).

The SNP testing methodology that was employed is gtudy is known as “extension-

termination” typing (Li et al., 1999; Sobrino ét,2005). This was accomplished by employing

an extension primer to target the amplified reg@dhr VI that contains the SNP base. Theld
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of the extension primer sits one base away fromSiN@ site in question, and the addition of a
fluorescently tagged di-deoxynucleoside triphosphatminator base to this extension primer
identified the SNP base in question. Followingtgoaplification quantitation, the five HVI
SNP locations for each sample were characterized) specific extension primers to target the
HVI hotspot sites that were identified as havinggh percentage of variability. The HVI SNPs
were identified at the following positions on théDNA genome: 16069, 16223, 16324, 16390,
and 16519 (Appendix B). Each of these positionevebaracterized in the literature as having a
high percentage of variability based on sequeneimgysis, which was derived from mtDNA
population studies or the establishment of mtDNAabases (Baasner et al., 1998; Brandstatter,
Parsons, Niederstatter et al., 2003; Brandstd@nsons, & Parson, 2003; Budowle & van Daal,
2008; Budowle, Wilson et al., 1999a; Finnila et 2001; Ingman & Gyllensten, 2003; Kline et
al., 2005; Kong et al., 2003; Lutz et al., 1998;dsldMeyer et al., 2003; Mishmar et al., 2003;
Palanichamy et al., 2004; Stoneking, 2000; Tagdetiret al., 2001; Thangaraj et al., 2005).
The extension primers were also designed with miffelengths of poly-thymine tails at thé 5
end of the primer to ensure that all of the extmgrimers separated by at least four bp in
length. The resulting amplicons of the extensioimer amplification were then efficiently
separated and detected using fluorescent detezdjutlary electrophoresis.

Electrophoresis and detection of the SNP basegemsrmed on an Applied Biosystems
313l multi-capillary electrophoresis array (Foster CiBA), in 96-well plates (Marino et al.,
1996). The analysis of the SNP data was perforasgty SNP-typing presets and user-defined
bins within the GeneMapper™ 3.0 software from ApplBiosystems (Foster City, CA).

Under electrophoresis, the extension primers sggghtzased on charge and length, and

the fluorescent tags of the ddNTP bases were rgatidbanalyzer and translated into colored
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peaks; green for adenine, yellow for cytosine (digpd as black), red for thymine, and blue for
guanine. The SNP data for the gross tissue appemea set of five separate peaks in the
electropherogram, with each peak correspondingdpegific extension primer, and therefore a
specific HVI hotspot position. Mixtures of the oocdd peaks served as an indicator of
heteroplasmy at the SNP hotspots. Since the s@fdaRS) base of each SNP was known, as
well as the anticipated hotspot base change, tealimixture that could be expected with
instances of heteroplasmy would be known. For gtenat position 16390, the standard base G
is known to have a high frequency of transitionhwi. When targeted with the extension
primer, the complementary SNP base to the stan@dvdse would be a yellow signal peak for
the C. The A base on the template would opposhielydentified with a red T signal. If such
heteroplasmy existed in a sample, then there wbaldnixed signals resulting in a yellow-red
peak mixture. This mixing, however, would be uregand major/minor peak combinations
would also occur, in which the colors of the magrd minor peaks would be moderately
indicative of the contribution of the mixture of ethheteroplasmic bases in the sample.
Fluorescent tags on each separate ddNTP wouldvadsiify the mobility of the SNP extension
primer, resulting in a slight shift within the sati@ for the peak of interest, allowing separation
of two different colored peaks within the same binbe resolved with the GeneMapper™
software when heteroplasmy was present for a SNRigo. If the color was not mixed, and
matched the color of either the standard rCRS lbadbe expected base-change for the HVI
hotspot, it would be determined that heteroplasrag not present at that particular SNP hotspot
within the tissue. Using this process, the grassie samples were screened for heteroplasmy at
the specific HVI SNP hotspots. The gross tissuaptes that were determined to contain

heteroplasmic hotspots at any SNP position wera Hatected for individual cell testing. A
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representative number of tissues that did not @oritateroplasmy at the SNP hotspots will be
utilized as control samples for the individual delsting assay. The number of control tissue
samples was approximately 10% of the number ofrbpkasmic tissues found in the gross tissue
screening.

The rationale for screening the gross tissue samfde heteroplasmy using this
methodology was that the detection of heteroplasroyld be done in a rapid and thorough
manner for the five SNP hotspots in the HVI regiddrganic extraction was necessary for the
efficient and clean isolation of the mtDNA from tlgeoss tissue samples. The rationale for
probing the SNP sites using the extension/ternonatechnique was that the SNP extension
primers were designed to anneal to a target sequiat sits with the'3end of the extension
primer one base away from the SNP site in quegBoandstatter, Parsons, & Parson, 2003; Li
et al., 1999; Quintans et al., 2004; Vallone et2004). The addition of the ddNTP terminator
base to the extension primer resulted in an ampltbat was exactly one base longer than the
original extension primer, with the new ddNTP basabing the nucleotide that was present in
the template mtDNA, which was the SNP hotspot. c&ithe extension primers were all
approximately 18-22 bp in length, agoly-thymine tail was added to four of the fivetension
primers to artificially create 4-bp differencesl@mgth among the extension primers. (Refer to
the Appendix A for the extension primer sequenc@is aided in the electrophoretic separation
of the extension primers when more than one hefgsopc SNP was identified in the gross
tissue sample. The length differences of the ext@nprimers therefore allowed each SNP site
to be uniquely resolved in the electropherogramaftalysis. The addition of the poly-thymine
bases was done as the extension primers were siggteby the Integrated DNA Technologies,

Inc. laboratory (Coralville, IA).
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Cell-Staining

For all samples that were selected for furtherirtgsin the individual cell assay, the
isolated cells were stained using MitoTratkeBreen FM dye to selectively stain the
mitochondria within the fixed cells. The freedicsamples were stained with the MitoTracker
Green FM dye for 10-20 minutes in an aqueous swiutat contained 10-200 nM of fluorescent
probe (Invitrogen, 2006). MitoTrackKeiGreen FM (Molecular Probes Inc., Eugene, OR) is a
fluorescent dye that contains a thiol-reactive deethyl group that selectively stained the
mitochondrial membrane (see Figure 6, below) (Buekrat al., 2001; Invitrogen, 2006; Poot et

al., 1996; Salet & Moreno, 1990; Sutovsky et £99).

Figure 6- MitoTracker® Green FM Dye
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The cells were pelleted, washed with water, anddiky evaporation and desiccation
onto thermoplastic slides designed for the lasesatition microscope (Surgipath Medical
Industries, Inc. Richmond, IL). The PALM microgeoslide matrix is a synthetic polyethylene
naphthalate (PEN) polymer that acts as a suppothéocells and is capable of being cut with the

PALM laser for micro-dissection of the samples (Cagiss Microlmaging GmbH, Bernried,
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Germany) (Zeiss, 2008). The fixed cells on thermiissection slides were then counterstained
using Nuclear Fast Red to highlight the nucleiha tells, which aids in the differentiation of a
single intact cell from a cluster of cells (see Ufgg 7 & Figure 8) (Burton et al., 1998; Di
Martino et al., 2004; Frank et al., 2007; Sams &iBg, 1967). The slides were then ready for

fluorescent examination and laser dissection.

Figure 7- Cells at 40 X, visible light with Nuclear
Fast Red Figure 8- Cells at 40 X, FITC filter w/ MitoTracker ®
i ... Green FM dye

The rationale for using the MitoTrackeiGreen FM dye was that it was the only
fluorescent marker that highlighted mitochondridarmalin fixed tissues, and did so with low
background and a high-emission signal that wasilyeddtectable using the fluorescent imager
on a microscope (Buckman et al., 2001; Invitrog2@06; Vassella et al., 1997). Since the
fluorescent output of the dye was resonant to sadimg dye molecules, the clustering of the
MitoTracke® Green FM molecules at the mitochondrial membradetd a high level of green
fluorescence, which indicated a large quantity @bamondrial membranes within the cell, and
therefore gave a visual indicator of a desiredfeelisolation.

The MitoTracke? Green FM was therefore a specific dye for mitochim and because

it was bound to the outside of the mitochondrialmbeane, it would not affect the mtDNA after
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extraction (Bestvater et al.,, 2002; Invitrogen, @0Kuznetsov et al., 1998). Other
mitochondrial-specific dyes, such as Rhodamine 128ciumOrange-5N, and MitoTracKer
Red, which all have a stronger binding affinity fitvre mitochondrial membrane, were not
suitable for use in pre-fixed cells (Bolafios et aD08; Invitrogen, 2006; Minamikawa et al.,
1999; Vassella et al., 1997). These other mitodhah dyes also required active cellular
respiration for the uptake and binding of the dyed are therefore more appropriately used for
studies in which tracking the movements of mitoch@n or determining the fate of
mitochondria in living cells is necessary (Bestvateal., 2002; Bolafios et al., 2008; Buckman et
al., 2001; Minamikawa et al., 1999; Vassella et H897). The rationale for using the Nuclear
Fast Red was that it helped differentiate intadtsdeom cellular debris, and allowed for the

identification of a single cell apart from clustefscells by identifying the nuclei.

Pathological Examination of Separated Cells

All of the slides were examined by a qualifiedhmabgist to check for uniformity, and to
confirm that the cells on the slide were hepatitscéhereby confirming the use of liver tissue
for the creation of the sample sets. The cellsevadso screened for any pathology that might
eliminate the sample from further testing. Any p@s that were identified as having
guestionable pathology had the original tissuekdsubmitted for the preparation of cytological
tissue cross-sections, stained with hematoxylineo®in (HE) stain. The rationale for screening
the cells for visual pathology was to eliminate aeils that might have been diseased (hepatitis,
cirrhosis, etc.) or cancerous, as the former gnwapld have contained non-functioning or dead
mitochondria, and the latter group would have dlyamitochondrial levels to meet the

demands of a rapidly metastasizing cell. The weaif histological slides from the tissue cross-
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sections allowed confirmation of any diseased onceeous tissues which flagged these

problematic samples for removal from the study.

Microscopy and Laser Dissection

Once the mitochondria were stained using the diyesslides were examined and the
cells were isolated using the PALM MicroBeam C fadissection microscope. The PALM
microscope is capable of high-level magnificatidrcells and cellular structures using the Carl
Zeiss Axiovert 200 microscope, and with the progeiorescent illuminator and filter,
fluorescent image analysis of the labeled cellsrl(@aiss Microlmaging GmbH, Bernried,
Germany). Previous published studies into thecaffe isolation of cells and mitochondria
focused on three different technologies: flow cygtry, laser-dissection microscopy, and optical
tweezers. While it was seen that the optical t@eewere the most capable of isolating cells and
individual mitochondrion, the laser-dissection rogropy was not ruled out as a viable
instrument for the same purpose (Pflugradt e28ll11). For the aspects of this project, optical
tweezers were not available, and therefore nofpdiomg and the laser-dissection microscope was
deemed more than capable of isolating cells usiagavailable magnification oculars. The cells
were first visualized using the FITC fluorescelttiefi on the laser dissection microscope. The
MitoTracke® Green FM dye was excited at 490 nm and the emigiter was set for detection
at 516 nm. At 100 X to 200 X magnification, singlells were identified due to the green
fluorescence within the cells that indicated théoohondria had been selectively tagged with the
MitoTracke® Green FM dye. This dye assisted in visualizindscapart from vascular debris,
glass chips, crystals, and ruptured cellular debnighe slide. Standard light microscopy (no
fluorescence filter) was used to check whetherc#lewas intact and contained a nucleus, based

on the staining of the Nuclear Fast Red dye. Atke, Nuclear Fast Red dye either showed
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clusters of cells or overlapping cells that were desirable for this project. Documentation of
the selected cells was captured as a batch datéhfibugh the computer interface on the laser
dissection microscope. The laser dissection oindividual cell was performed only when a
single cell was identified on the slide.

The PALM incorporates a computer-assisted interf@omg with the microscope that
allowed the user to select regions or sectionfi®@fsample that were cut out with a robotically-
controlled chemical laser. In this process, tHewas outlined by the user via the computerized
interface, the laser cut along this outline, anentfipunched” the cut section into a micro-
centrifuge tube cap above the stage, in a techrkgawn as “catapulting” (Zeiss, 2008). Using
the interface software on the laser dissection esmope, an oval region was established
surrounding the selected individual cell, approxehal00-150 um at the longest diameter, and
the laser cut the microscope slide membrane albisgindicated circular pathway. The cut
membrane, now containing the single cell samples than launched off the slide into 15 pl of
capture buffer (83.4% diD, 16.6% bovine serum albumin (1.6 pg/ul)) containe a sterile
collection cap (Hunt & Finkelstein, 2004). Thisopess was repeated a total of 50 times per
slide, in order to collect up to 50 separate cietien a single tissue. The collection tubes were
then sealed and labeled according to the randonplsamumber and cell number, based on the
order in which the samples were obtained. Theslidere retained for future work.

In the process of performing validation studiesloslaser dissection microscope, it was
noted that there were a wide range of possiblecesunf error that could occur due to either the
manual use of the instrument, or fluctuations ia tbbotic arm controlling the collection tube.
Several protocols were developed to address thessljle sources of error and minimize the

effect that these sources of error would have @ncibllection of individual cells. The first
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potential source of error that was noted was thatricroscope slides had a wide degree of
variability in the position of the slide when intat into the spring-mounted holder on the
robotic stage of the laser dissection microscapece the cells on the slide were being mapped
for the purpose of returning to the slide over eansive sessions to collect the appropriate
number of cells, it was necessary for the digitaprto overlay the same cells each time the slide
was inserted. This exact overlay was impossiblineéf slide positioned differently each time.
The digital map was created by tagging the X/Y/ordinates of each selected cell, and this
position was locked relative to the objective oé timicroscope, not the stage. Therefore,
movements in the slide and/or stage would shiftpiingsical coordinates of the cells. However,
it was possible to re-position the digital map ashmle if a common reference point could be
established on each slide. To create this comrafarance point, a rectangle was cut into the
slide matrix outside of the area containing thésceThis rectangle served as the reference point,
and had a digital overlay of this rectangle presehe digital map. By inserting the slide is the
same relative position (frosted/labeled end ofeslidward the ocular of the microscope) and
ensuring the slide was flush against the right siddhe slide holder, the slide would be aligned
in the same X/Y plane as before, and then onlydibgal map had to be moved to overlay the
digital image of the reference rectangle with tlinygical rectangle cut. When this was done
correctly, it was seen that the rest of the maplavowerlay the appropriate cells on the slide,
and therefore allow rapid and accurate re-acqaisitf the previously-mapped cells for the
study.

A second potential source of error in the lassselition microscope was the use of the
collection cap and the fluctuations in the heighthe cap above the stage. While the use of the

reference rectangle re-aligned the cells, it ontlysb in the X/Y plane, and variability in the Z
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plane meant that the collection cap height needdgetmanually controlled for each collection.
While this variable was capable of being manuatigtoolled in the software, there was seen to
be a wide range of variability in the cap heighe da the flexibility of the metal arm that held
the collection cap. This metal arm was designdaktfiexible to ensure that if the cap came into
hard contact with the slide, the arm would absbgbiinpact, and not break the slide as a result.
However, the contact with the edge of the collectiobe cap and the slide would result in the
physical transfer of multiple cells, debris, or ethissue detritus to the cap, which would be
unacceptable for the study. Therefore, a methaldeaised to visually ensure that the cap edge
was not in physical contact with the slide by mdiyuzontrolling the Z coordinate of the robotic
stage. Confirmation of the appropriate cap hewghtld also be seen if the digital image of the
slide on the computer screen did not distort, mearhat the slide surface was not under
pressure and being forced out of the plane of fodua cap did come into contact with the slide,
it was discarded and a new cap was inserted tomerthe next collection.

A third point of possible error in the laser digsgn microscope was the use of
the water/BSA buffer to ensconce the interior & tollection cap. The addition of the buffer
allowed the liquid to better adhere to the hydrdpbonterior of the cap rather than just using
deionized water, which tended to bead up withind&e without the addition of the BSA. The
use of the buffer caused a concave meniscus to doerto the capillary action of the liquid up
the sides of the collection cap. When the liqulied cap was then inverted and inserted into the
collection arm, this capillary action was furthéfeated by gravity. When the cap was brought
within a certain distance of the slide, even witsual confirmation that the cap was not
physically touching the slide, the attraction bedweahe hygroscopic slide membrane and the

water would draw the liquid from the cap and caitise pool on the slide surface. When this
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occurred, it was impossible to know if additionabn-specified cells were taken up by osmosis
or reverse capillary action back into the cap. th¢ same time, it was not recommended to
attempt laser-dissection microscopy on a moistestidrface, as the refractive index of water
droplets would disrupt the focus of the chemicakftaand affect the ability to properly cut the

slide membrane. When this error was seen to otieerslide was removed and re-desiccated,
and the cap was discarded. To ensure that thos @iat not occur, the Z-axis control was set to
move slowly and under manual control to again mlewisual conformation of the appropriate

cap height above the slide. This proper height agen confirmed by the digital image of the

slide surface, which would display any moisture tha slide surface as refractive spots, or
droplets.

This methodology ensured that a solitary cell wedated using the laser-dissection
technique. The combination of both the fluoreseesuad light microscopy provided an accurate
and reliable indication that a single cell was benkentified and captured, and this allowed for
the isolation of at least 50 individual cells pkdes. If the cells were found to cluster or graup
the slide, then such cells were ignored for theopse of the study. The use of a capture buffer
allowed the low volume of liquid to completely adfeo the collection cap and maximized the

surface area available to catch the catapultedesosjl.

Cell Lysis and HVI SNP Amplification

The individually captured cells were then amplifiesing a one-step PCR assay. The
one-step amplification setup consisted of the HWPSregion primers specific for the
heteroplasmic SNP position seen in the gross tisstmpliTagq Gold polymerase (Applied
Biosystems, Foster City, CA) and additional PCRyezdis were added in a final amplification

volume of 25 pul for a set number of cycles basedhenSNP primers used in the amplification
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(Coble et al., 2004, Parsons & Coble, 2001; Vallehal., 2004; Xiu-Cheng Fan et al., 2008).
(Refer to Appendices A and B for primer sequencesthe HVI SNP map). The temperature-
cycling scheme for the one-step SNP amplificati@s @&s follows:
Soak at 95°C for 9 minutes
95°C for 10 seconds
28-34 cycle 60°C for 30 seconds
72°C for 30 seconds
Storage soak at 4°C indefinitely

Using this setup, the individual cells were thelgnélsed by performing standard Hot-
Start PCR. This process relied on the 94°C, 9 taioycle at the beginning of the amplification
to lyse the cell and release the mtDNA, which wesntfollowed by standard PCR amplification.
Samples were run against both positive and negatwrols from the one-step amplification
step onward, to ensure quality and accuracy ofitia¢ data (Levin, Holland et al., 2003).

The amount of amplified mtDNA in each sample waardiiated using the Agilent 2100
Bioanalyzer Lab-on-a-Chip microfluidic fluoresceragsay (Agilent Technologies, Santa Clara,
CA). If the Agilent 2100 Bioanalyzer sizing datzogved the amplified peaks at the expected bp
sizes for the SNP amplicons but below the detediiwashold (0.1 ng), the sample could be
amplified for an additional 16 rounds of amplificet for a total of 50 cycles of PCR
amplification to establish an above-threshold digBarreto et al., 1996; Barros et al., 1997).
This was established on a per-sample basis, siseeand round of PCR amplification would be
done on the samples, utilizing the amplified SNEiae as the template DNA for the
SNaPshot™ PCR amplification.

The rationale for performing a “whole-cell” lysisié one-step amplification was to

eliminate the possible loss of the mtDNA that wouyddssibly occur through a standard

extraction/purification attempt on a single ceBimilar techniques are present in the literature
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dealing with laser-dissected tissues and whole-aeiplification for both single-nucleotide
polymorphism (SNP) and short-tandem repeat (STRJyars following either an alkaline or
Proteinase-K lysis (Rook et al., 2004). The po&tmitfall in the one-step PCR amplification of
the mtDNA from an individual cell was the possityilof a low-level of template mtDNA for the
PCR process. If this was found to be the caseviatig the post-amplification quantitation of
the amplified samples, the samples could be reiéietpbusing 16 more cycles of amplification.
To control for this possible additional amplificati two negative controls were established at
the beginning of the one-step PCR amplificationcpss; the amplification negative control
(AN) and a cycling amplification negative contr@AN). The AN control, along with the HL60
positive control established the quality for therary one-step amplification of the single cells,
and the CAN control was only to be applied if tlefirequired additional amplification cycles,
to control for the possible stochastic effects pimdl during additional rounds of amplification
on the single cells. Precedent for this controlcsa be seen in published validations of other
SNP-plex assays in which it was noted that contatiun and primer quality issues are
problematic in SNP typing at low-DNA input leve(®lusgrave-Brown et al., 2007). However,
the additional amplification cycles might not becegsary on low-yielding samples, since the
purpose of the primary one-step amplification wasptoduce template DNA for the final

SNaPshot™ assay in a concentration range of 0.pf@at of amplified DNA.

SNP Extension/Termination Probing

The amplified single-cell mtDNA was first purifiedsing an Exonuclease | / shrimp
alkaline phosphatase (ExoSAP%)Tcleanup, which removed the unincorporated dNTBeba
from the first round of the one-step PCR processyall as dephosphorylated the original SNP

primers. The specific hypervariable SNP for thgioe previously identified with heteroplasmy
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was then probed with the specific SNP extensiom@riand the SNP site was targeted with
fluorescently tagged di-deoxynucleoside triphospl{dtINTP) bases. (Refer to the Appendix A
for the primer sequences for each extension prjmé&he extension primers were added to the
purified mtDNA amplicons along with the SNaPshot1 reagents that contained the labeled
ddNTP bases, polymerase, and necessary buffershéoiSNaPshot™ PCR assay (Applied
Biosystems, Foster City, CA). The amplificatiorheme for the SNaPshot™ assay was as
follows:
5{ 96°C for 10 seconds
25 cycle 50°C for 5 seconds
60°C for 30 seconds
Storage soak at 4°C indefinitely
Following SNaPshot™amplification, the samples were treated with 1.8suaf shrimp
alkaline phosphatase (SAP) (Promega Corporationlidda, WI) to dephosphorylate the unused
extension primers prior to capillary electrophosesi
The rationale for probing the SNP sites using tkeresion/termination technique was
that the SNP extension primers are designed toahimme target sequence so that therl of
the extension primer sits one base away from the Sk in question (Brandstatter, Parsons, &
Parson, 2003; Li et al., 1999; Podini & Vallone,020 Quintans et al., 2004; Vallone et al.,
2004). The addition of the ddNTP terminator basethte extension primer resulted in an
amplicon that was exactly one base longer thanotiginal extension primer, with the new
ddNTP base probing the SNP hotspot nucleotidewhatpresent in the template mtDNA. Since
the extension primers were all approximately 180p2in length, a Spoly-thymine tail was
added to four of the five extension primers tof@itilly create 4-bp differences in length among
each extension primer. (Refer to the Appendix Atfee extension primer sequences.) This

aided in the electrophoretic separation of the resien primers when more than one
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heteroplasmic SNP was simultaneously being deteittethe individual cells. The length
differences of the extension primers thereforevadld each SNP site to be uniquely resolved in

the electropherogram for analysis.

Capillary Electrophoresis and Fluorescent Detection

The SAP-purified extension primers were mixed wé&hfluorescent size standard
(Genescan-120 LIZ) and deionized formamide withi®Gwell plate (Applied Biosystems,
Foster City, CA). Detection of the amplified exden primers was performed on a 3%B0
multi-capillary electrophoresis array (Applied Bysgems, Foster City, CA), in 96-well plates
utilizing a 7% performance-optimized polymer (PO™)7 a 36 cm capillary array, and the E5
chemistry detection and analysis protocol. Undectephoresis, the extension primers
separated based on charge and length, and theshkent tags of the ddNTP bases were read by
the analyzer and translated into colored peak&ngfer adenine, yellow for cytosine (displayed
as black), red for thymine, and blue for guanirMixtures of the colored peaks served as an
indicator of heteroplasmy within the SNP hotspaioas. Since the standard (rCRS) base of
each SNP was known, as well as the heteroplasnte bhange based on the gross tissue
analysis, the anticipated signal mixture for theereplasmic samples was known. For example,
at position 16390, the standard base G is knowmat@ a high frequency of transition with A.
When targeted with the extension primer, the complgary SNP base to the standard G base
would be a yellow signal peak for the C. The Aeébasm the template would oppositely be
identified with a red T signal. If such heteroplgsexisted in a sample, then there would be
mixed signals resulting in a yellow-red peak migturThis mixing, however, might be unequal
and major/minor peak combinations might also occuwhich the colors of the major and minor

peaks would be moderately indicative of the comtidn of the mixture of the heteroplasmic

32



bases in the sample. Fluorescent tags on eachagepdNTP also had the propensity to modify
the size of the SNP extension primer, resulting slight shift within the same bin for the peak
of interest. This difference allowed for the sep@n of two differently colored peaks within the
same bin to be resolved with the GeneMapper™ soft\(&pplied Biosystems, Foster City, CA)
when heteroplasmy was present for a SNP positibmultiple peaks were not present, and the
resulting single peak matched that of either thedard rCRS base or the expected base-change
for the HVI hotspot, it was determined that hetégispy was not present at that particular SNP

hotspot within the cell.

Data Analysis

The data for each of the individual cell samples weesented as the standard mitotype
based on the SNP hotspots that were probed witettension primers, which were positions
16069, 16223, 16324, 16390, and 16519. The nudk=ttase at each of these positions was
displayed as the fluorescent DNA base that wastiztaat that position.

The gross tissue samples were also compared toumedle relative amount of
heteroplasmy against the age of the individual$ntestigate if heteroplasmic events increased
with age. This was determined not only for the i@ that were found to contain
heteroplasmy, but also for the samples that didcootain any heteroplasmic events and were
not used past the SNP screening step for the stiltdyas theorized that fewer heteroplasmic
events would occur at a younger age, which wouldpstt the theory of heteroplasmy
manifestation due to oxidative damage or mutati@vaints within the mitochondrial genomes.
A similar correlation was also performed examining relative amount of heteroplasmy against

the gender of the individuals as well.
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The rationale for presenting the data as the SNiflgs from each sample served to
correlate the mtDNA profile derived by SNP typirgetgross tissue with the data from the
individual cells from the same sample. If heteagply was detected in the gross tissue sample
and was uniformly confirmed in the individual celiswould be assumed that the cells reflected
the overall mitotype of the gross tissue, and tioeeethere existed an equal partitioning of the
cellular mtDNA genomes. If heteroplasmy was defécin the gross tissue but was not
uniformly confirmed in the individual cells (somells contained the heteroplasmy, some did
not), then it would be assumed that the individiedls did not reflect the overall mitotype of the
gross tissue and there was an unequal partitiarfitige cellular mtDNA genomes. If the testing
of the gross tissue showed that no heteroplasmypwesent but individual cells from the tissue
showed the presence of heteroplasmy, it would benasd that the heteroplasmy seen in the
cells was minor and did not reflect the overall W& profile of the gross tissue, such that a
dominant homoplastic mtDNA profile in the tissue swaverwhelming the minor cellular
heteroplasmy, and again there was an unequalipainigj of the cellular mtDNA genomes.

A potential pitfall at this stage would be if afdifent and/or additional heteroplasmic
base, other than the one originally found in thesgrtissue sample, appeared in the individual
cells. This was possible since the individual el mtDNA SNP profile might be minor
compared to the dominant tissue profile, but capalhl being detected in the individual cell
when not overwhelmed by the dominant gross tissti2NA profile. In another scenario, the
testing of the 50 cells could uncover 50 differsnitotypes from a tissue source, showing that a
dominant mitotype was different for each separate df the individual cells contained unique

heteroplasmic positions when compared to othes ¢edim the same tissue, verification of the
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individual mitotypes would be done by re-examinihg gross tissue data for an accumulation of

all of the combined heteroplasmic sites.

Experimental Objectives

The specific objective of this study was to gaibedter understanding of how mtDNA
heteroplasmy manifests within a single cell, andifferent mtDNA genomes were physically
present within a single cell. Since it has beesviously established that heteroplasmy exists
between tissues from the same individual, and tbereébetween cells, the question was then
formed: Is heteroplasmy present within a singlé?cel

To answer this question, 50 individual cells weselated using laser dissection from
post-mortem liver tissue containing known mtDNAédreplasmy. If the isolation, acquisition,
and detection of a heteroplasmic event from a siegll was achieved, it would then indicate
that the cell hosted a mixture of mMtDNA genomedhe Tistribution of these mtDNA genomes
within the cell was then the next logical questibat outside the boundaries of the technology
that was currently employed with this research.

A possibility that was considered in the approazlhis project was that one cell might
display a homoplastic mtDNA profile, but anothetl deom the same tissue might show a
heteroplasmic mixture of mtDNA genomes based onSiN@ testing. This scenario addressed
the fundamental question of the research; the rioppddof even one cell that contained a
heteroplasmic mix of mtDNA genomes would answergbestion as to whether or not a single
cell could host multiple mtDNA genomes. The poesiifference of heteroplasmy between the
cells would be a notable aspect of the researchfuather illustrate the differentiation that might

be occurring between cells within a single tissam@ge. However, redundancy of the data
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would be necessary to show significance in the &snand a single instance of a solitary cell
containing heteroplasmy would possibly requireestihg for verification.

A secondary consideration was that heteroplasmy fooe cell might be different than
the heteroplasmy from a second cell. If this ocedyrit would be expected that the individual
heteroplasmic instances would be confirmed withi@ set of fifty cells from the gross tissue
sample from which the single cells originated. AAlsa tertiary consideration was the
“appearance” of a new heteroplasmic site in thglsinells, uncovered during testing, which was
not originally seen in the heteroplasmy of the grissue. Each of the above scenarios was a
possibility, and was taken into consideration ire thAnalysis of the data. An important
counterpoint to address was the reverse considartdtat heteroplasmy could be detected at the
cellular level, but if the percentage of such celtssessing the heteroplasmy was small, the
heteroplasmy may not have been primarily detecatethe gross tissue. For this reason, a
representative number of gross tissue samplesdidanot contain heteroplasmy were also
screened in the individual cell SNP testing assay.

A fundamental paradox that also was addressedheashte multiple strategies that were
used to examine heteroplasmy might, in turn, hasenbproducing it as well. Heteroplasmic
events, especially length heteroplasmy, are pgossiifed to nucleotide mis-incorporation due
to low- to moderate-fidelity polymerase, and if Bicpolymerase was used, there was no way to
know if the heteroplasmic events seen in the inditaeening of the gross tissue samples related
to SNP analysis of the single cells in the sameankg A major aspect of this project was to
relate the relevance of heteroplasmy within theupeters of forensic settings; therefore it was
practical to utilize the same techniques for sdregnhat would be used in forensics. This

included the use of the moderate-fidelity thermiolstdaq polymerase, and the standard mis-
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incorporation rate that related to th@q polymerase activity therefore was considered. The
testing also focused solely on the HVI region a¢ thtDNA, and did not focus on any of the
known coding regions within the remainder of thexgee. HVI, along with HVII, are the
common MtDNA regions tested in forensic applicatiofrinally, the SNP typing of the samples
was designed to avoid the HVI C-stretch, which isoexmon problem addressed in forensic
MtDNA analysis. As such, within this study, theus of length heteroplasmy was not addressed
in the screening of the cell’'s HVI hotspots, eithéthe screening of the gross tissue samples or
the SNP testing of the individual cells.

Another issue considered was the age of the indalidt the time of death, to investigate
if there was a trend in the presence of heteroptasvwents. The age of the individual
contributing the tissue was compared against thie ®§iting results of the samples to investigate
if there was an increase in heteroplasmic everits age. However, since each sampled cell was
only compared against the other cells from the sdis®ue, the age-relationship of the
heteroplasmic events from a single tissue sourge wall. Only the gross tissue samples were
compared to correlate the age of the donors tcstigade if the heteroplasmy rate was correlated
to age. The gender of the samples was also igatstl to see if there was any trend relating
heteroplasmy to the sex of the individual, but ag#ie comparison was only done between the
gross tissue samples and not between the cellsiofbe sample.

The data collected in this study was reported aB &itotypes: i.e. as the actual base
determined by the fluorescent signal output at ed¢he SNP locations probed in the extension
typing. These differences were reported for thé> 3Me tested within each cell, with the data
collected from each tissue source grouped intaegelar sets of fifty, based on the number of

cells that were collected using the laser-disseatmcroscopy. Since the heteroplasmic events
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in the gross tissue were verified with SNP-testilaga from the single cells, both the original
gross tissue data and the final individual celbdaére presented in form of tables that listed the

data for each sample (peak height, peak bp sizeghas the SNP profile for the sample.

38



Chapter 3 - Experimental Results

Development of a Protocol for Cell Separation/lsola  tion and Generation of the

Gross Tissue Samples

In order to optimize the recovery of intact cdlism the paraffin tissue blocks, several
different methods were investigated to remove tamffin, isolate intact cells, and generate
usable tissue remnants for the gross tissue. Maaowval of the paraffin was attempted, but
was unsuccessful due to interstitial invasion oé tbaraffin during histological fixation.
Grinding and mashing was also attempted on paraffibedded test tissues, but no intact cells
were observed upon microscopic analysis of the atsn With the application of heat and
repeated wash steps in water, however, the parafis capable of melting off the tissue and
solidifying at the top of the liquid upon coolinghe paraffin remnants could be easily removed
from the top of the tube, leaving pliable, intasstie behind.

In order to effectively separate the cells froma tissue, several variations of mortars and
pestles were used for various lengths of time aitldl varying pressure. None of these processes
resulted in a large yield of intact cells, and vebuhore often result in cell debris and cellular
fragments upon microscopic examination. It wasigbat the grinding action was effective in
removing the cells from the tissue, but the congzalironment of the mortar-pestle combination
allowed no space for free cells to escape oncerauhfrom the tissue block. To remedy this,
the pliable tissue blocks were placed between ribgtdd ends of sterile microscope slides and
“mashed” together. This was seen to free indiVide#is from the tissue, and at the same time it
provided the necessary room for the cells to |Htenmigrate between the planes of the

microscope slides while remaining intact.
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A variety of cell-strainers and filters were thamestigated, and it was seen that a 40 um
mesh filter was the best at allowing intact cellpass through the filter into a supernatant while
retaining the remaining tissue on the filter foreuss the gross tissue sample. Using this
methodology, individual cells and a gross tissue@a could be generated from a paraffin-

embedded tissue in under two hours.

Cell Separation and Gross Tissue Creation

The mashing process that was previously describatia experimental design section
resulted in the successful separation of indivicedls for the purpose of the study. However, it
was seen that various levels of cell separationewgnesent on the slides, based on the
maceration of the tissue sample. These variowsdevere defined as follows:

- Less macerated: indicating large colonies ofdntigsue

- More macerated: indicating less presence of iritsgue and more single cells

- Sparse: indicating virtually no intact tissue amtbw density of cells across the slide

surface.

In order to visualize these various levels of selparation, a cross-section of the physical
tissue block was compared against the separatksdficeh the same tissue. As seen in Figure 9,
the tissue from sample 349 stained with HE stdiows typical liver morphology. Figure 10 is
an example of the “less macerated” cells, stainigld Muclear Fast Red (NFR) dye that resulted

from the tissue mashing of sample 349. As it carséen in the image of the cells, there are

larger chunks of intact tissue, as well as indigidzells throughout the slide.
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Figure 9- Sample 349, Tissue block, HE Stain, 100 Magnification
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Figure 10- Sample 349, separated cells, NFR stat0 X magnification
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In another example, the cells for sample 342 wdaesdied as falling between “less

macerated” and “more macerated”. The intact andstdihed tissue for sample 342, seen in
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Figure 11 shows the typical liver cell morphologyhile Figure 12 is the image of the NFR
stained and separated cells from the tissue blbskmple 342. While there are large sections of
intact tissue visible, there are also individudlsceresent, but in less density across the slide

than seen in sample 349 (Figure 10, above).

E Stain, 100magnification

Figure 11- Sample 342, Tissue block, H

Figure 12- Sample 342, separated cells, NFR stait)0 X magnification
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In another example, the cells from sample 355 wesn to be “more macerated.” There
was no intact tissue block remaining for sample 85how the intact tissue morphology,
however Figure 13 is the image of the separated\diel stained cells from the tissue block of
sample 355. It can be seen in Figure 13 that theregain smaller clusters of tissue, as well as
single cells, all of which are again dispersed xs3sely than was seen in the slide images for

samples 349 and 342 (Figure 11 and Figure 12, césply above).

Figure 13- Sample 355, separated cells, NFR stait0 X magnification
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For a final example, the cells from sample 261 wassified as “sparse” when the slide
was reviewed. The HE-stained intact tissue for@ar®61, seen in Figure 14 shows typical liver
cell morphology, while Figure 15 is the image oé thFR stained and separated cells from the
tissue block of sample 261. It can be seen inrEidib that no clusters of cells are visible, and
the cells that are present are single, intact gallsulating a very low-density field across the

slide surface.
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HVI SNP Assay Development and Validation

Following the completion of the protocol design faapturing individual cells, work
began on developing an HVI SNP assay that woulddegl to screen both the gross tissue and
the individual cells for mtDNA heteroplasmy. Thesf step in this process was to identify the
hotspot positions in the mtDNA HVI region. Theioaile here was that point heteroplasmy was
most often seen at these hotspot locations, so sgkdening would be the best way to uncover
heteroplasmy within a cell. Several publicationd anline databases list known HVI hotspots,
and while nearly every single location within HV&$ some published instance of being a
“hotspot,” there were several locations that showethuch higher percentage of base-change
prevalence. It was determined that the SNP assajydwhave to target these regions, and that
while not all could be tested, specific locatiomsild be identified that were evenly spaced out
within the HVI region. Based on the publicatiomglalatabases, the following locations were
initially chosen:

16069, 16189, 16223, 16324, 16366, 16390, 16519
(Achilli et al., 2005; Achilli et al., 2004; Coblet al., 2004; Finnila et al., 2001; Ingman &
Gyllensten, 2003; Ingman et al., 2000; Kong et2003; Maca-Meyer et al., 2003; Mishmar et
al., 2003; Palanichamy et al., 2004; Parsons & €ab001; Thangaraj et al., 2005; Xiu-Cheng
Fan et al., 2008)

The hotspot for 16069 was reported as a transttid®-T bases, occurring in a maximum
frequency of 43 out of 241 samples, or 17.84% eftime, to a minimum frequency of 17 out of

192 samples, or 8.85% of the time (Coble et aD4A2Finnila et al., 2001).
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The hotspot for 16223 was reported as a transttid®-T bases, occurring in a maximum
frequency of 50 out of 80 samples, or 62.5% oftiime, to a minimum frequency of 6 out of 75
samples, or 8% of the time (Ingman et al., 200GarRehamy et al., 2004).

The hotspot for 16324 was reported as a T-C tiansiby Parsons, et al, but no
frequency data was published in the various dagsbadHowever, this SNP site was evenly
spaced in the HVI region among the other hotspsatst was chosen for the SNP plex (Parsons
& Coble, 2001).

The hotspot for 16390 was reported as a transtida-A bases, occurring in a maximum
frequency of 6 out of 48 samples, or 12.5% of thef to a minimum frequency of 4 out of 44
samples, or 9.09% of the time (Maca-Meyer et 8032 Mishmar et al., 2003).

The hotspot for 16519 was reported as a transafoi+C bases, occurring in maximum
frequency of 171 of 241 samples, or 70.95% of itne tto a minimum frequency of 15 out of 29
samples, or 39.46% of the time (Achilli et al., 20Coble et al., 2004). It should be noted that
while 16519 technically falls outside of the detindVI region from 16069 to 16324, it is still
technically within the major non-coding hypervatabegion.

The SNP sites 16189 and 16366 were eventually éwpgmpm the SNP assay. The
16189 position is part of the HVI C-stretch; theplgvariable stretch of cystine bases that get
interrupted at 16189 by a thymine base. Sincdrtresition of this thymine to a cystine is the
root cause for length heteroplasmy in the cell, &mhth heteroplasmy is a very common
occurrence in mtDNA testing due to what is commadgn as an “all-or-none” T-C change, this
position was dropped since it was not informativighe 16366 position was abandoned after it

was seen that the region between 16300 and 1648@omacrowded with SNP primers, and the
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16366 primers were seen to be problematic basedhenthermodynamic calculations for
dimerization and secondary-structure formation.

For the remaining five SNP locations, it was detagd that the hotspots would be
probed using a SNP amplification/extension assHyis would be done by amplifying a target
region around the SNP base of interest using fatvaad reverse primers, and then targeting the
SNP position using an extension primer in which 3hend sits one base away from the SNP
base in question. The addition of a labeled dixgiracleoside triphosphate terminator base at
the 3 end of the extension primer would then be analypeidentify the SNP base. Since the
SNP assay was designed to target five SNP regionsthe extension bases would then be used
to analyze the SNP from each region, a total ¢édii primers needed to be designed, such that
each SNP location was targeted with a forward, re®/eand extension primer. The rCRS was
used as a template for primer design, and variousard and reverse primers and extension
primers were developed based on published SNP sassdy using the rCRS sequence to target
the five SNP locations (see Appendix B) (Vallonalet2004).

As noted in the Appendix A, the primers were unifprethe targeted regions of the HVI
SNP locations. The various primer sequences wWere analyzed using the Primer3 software
and it was seen that no self-dimerization or seapndtructure was present in the proposed
oligonucleotide sequences (Rozen & Skaletsky, 1998he primer sequences were then
analyzed using Auto-Dimer software to check on gwofential dimerization between the
different primers, and none was found (Vallone &tlBy 2004). The primer sequences were
then run through BLAST using the following setting@dastN algorithm, no complexity, expect
10 matches (Altschul et al., 1990). When this d@ase, it was seen that four of the five sets of

primer sequences had the top alignment with theamumtDNA genome, with the next best

47



alignment score being several orders of magnitade that the human mtDNA alignment. The
exceptions were the 16519 forward and reverse psiméhe 16519 primer sequences were seen
to still have a secondary alignment with some rarcigenes, with the forward primer aligning to
a location on Chromosome 11, with minor builds teeo sites on Chromosomes 13, 5, and 4.
The reverse primer was aligning to a site on Chsonee 17, with minor builds to sites on
Chromosomes 1, 7, 8, 9, and the X-chromosome.aét @stablished based on the BLAST data
there should be no risk of amplification of the leac sites due to the distances between the
forward and reverse primers, but minor secondamlification might be expected for the 16519
primer set at these locations, and would be consitl@hen analyzing the data.

The necessary forward and reverse primers were theéared from Integrated DNA
Technologies (Coralville, 1A) in 100 uM concentoats. These were reconstituted to 100 pM
primer stocks using sterile water, and working @mt@ations of each primer were made at 10
UM. Each of the individual primer pairs were thien against a standard extract of HL60 DNA
(0.1 ng/ 10 pl) (Collins, 1987) in a 25 ul reantigsing theraq polymerase, under the following
conditions:

Soak at 95°C for 9 minutes
- 95°C for 10 seconds
34 cycles:{ - 60°C for 30 seconds
- 72°C for 30 seconds
Storage soak at 4°C indefinitely

The amplified samples were then run on the AgiledD0 Bioanalyzer (Agilent
Technologies, Santa Clara, CA) to determine thditguend quantity of the amplified mtDNA.

It was seen that each primer pair successfully diegblthe separate HVI SNP regions based on
the comparison between the measured amplicon sddhe expected amplicon size from the

rCRS map. The results from the first run are #evs:
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(Note the Agilent 2100 Bioanalyzer data preseriietbw contains the following: the
electropherogram sizing graph, virtual gel laneal #re table of the peak data. The peaks in the
graph are labeled with the “bp size” of each samg@hel each graph will contain an upper and
lower marker peak, at 15 and 1500 bp, respectivélye peak data table contains the peak size

(in bp), concentration (in ng/ul), and molarity @it nmol/L) from each peak in the sample.)

Figure 16- Agilent 2100 Bioanalyzer data for 1606Primers
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Overall Results for sample 2 : 69
Number of peaks found: 1
Peak table for sample 2 : 069
Pea Size Conc. Molarity Observati Aligned Migration Area Time Peak Peak % of
k [bp] [mg/pl] [nmeol/l] ons Time [s] corrected area Height Width Total
1 415 4.20 424.2 Lower 43.00 40.2 1011 63.8 1.5 0.0

Marker
2 108 13.98 193.6 55.50 192.7 377.0 413.2 1.9 100.0
3 b 1,500 2.10 2.1 Upper 113.00 68.3 66.3 94.5 2.5 0.0
Marker

The associated amplification negative control stdbone peaks for this sample.
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Figure 17- Agilent 2100 Bioanalyzer data for 1622Brimers
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Number of peaks found:
Peak table for sample 4 :
Pea Size Conc. Observati Aligned Migration Area Time corrected Peak % of
k [bp] [ng/pl] ons Time [s] area Total
1 415 4.20 Lower 43.00 66.8 171.0 0.0
Marker
2 80 7.21 51.76 89.0 190.5 100.0
3 b 1,500 2.10 Upper 113.00 66.8 66.6 0.0

The associated amplification negative control sltbne peaks for this sample.

Marker
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Figure 18- Agilent 2100 Bioanalyzer data for 1632@rimers
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Overall Results for sample 6 : 324
Number of peaks found: 1
Peak table for sample 6 : 324
Pea Size Conc. Molarity Observati Aligned Migration Area Time Peak Peak % of
k [bp] [ng/pl] [nmol/I] ons Time [s] corrected area Height Width Total
1 415 4.20 424.2 Lower 43.00 46.0 120.2 69.7 3.2 0.0
Marker
2 100 8.85 134.2 54.36 122.4 255.8 263.5 2.0 100.0
3 ) 1,500 2.10 2.1 Upper 113.00 69.8 71.6 101.2 3.4 0.0
Marker

The associated amplification negative control sltbne peaks for this sample.
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Figure 19- Agilent 2100 Bioanalyzer data for 1639frimers
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Overall Results for sample 8 : 390
Number of peaks found: 2
Peak table for sample 8 : 390
Pea Size Conc. Molarity Observati Aligned Migration Area Time corrected Peak Peak % of
k [bp] [ng/pl] [nmeol/l] ons Time [s] area Height Width Total
1 13 0.00 0.0 41.11 15.1 419 23.2 1.8 0.0
2 415 4.20 424.2 Lower 43.00 36.1 95.9 60.4 1.4 0.0
Marker
3 22 2.54 173.9 44.77 20.0 51.1 20.7 2.7 21.7
4 95 5.76 91.4 53.79 72.2 155.4 167.6 1.8 78.3
S ) 1,500 210 2.1 Upper 113.00 64.2 67.5 98.2 2.8 0.0
Marker

The associated amplification negative control stibne peaks for this sample.
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Figure 20- Agilent 2100 Bioanalyzer data for 1651primers
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Number of peaks found: 1
Peak table for sample 10 : 519
Pea Size  Conc. Molarity Observati Aligned Migration Area Time corrected Peak Peak % of
k [bp] [ng/pl] [nmol/l] ons Time [s] area Height Width Total
1 415 4.20 424.2 Lowes 43.00 67.7 181.1 87.3 4.8 0.0
Marker
2 136 3.53 3%.4 58.68 51.2 102.3 121.0 2.7 100.0
3 b 1,500 2.10 2.1 Upper 113.00 68.7 73.0 100.5 3.1 0.0
Marker

The associated amplification negative control stibn@ peaks for this sample.

The results of the sizing for each individual prirset were established as presented in Table 1:

Table 1- SNP base-pair sizing

SNP Position 16069 16223 16324 16390 16519

Base-pair size 109 80 100 95 136
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Validation of the Single-Cell Amplification Using t he HVI SNP Primers

Once the primers were established as properlyifynmgj the HVI regions of interest for
the SNP assay, it was decided that the criticalofam the project was whether or not the
mtDNA from a single cell could be successfully aifigdl with the same primers. In order to
validate the one-step amplification on a singlé, @etotal of 50 cells were collected by isolating
10 cells each from the following tissue samples3, 3316, 340, 351, and 354. Each of these
tissue samples had gone through the process dfipaemoval, mashing and cell filtration, and
cell staining with the MitoTrack& Green FM and Nuclear Fast Red dyes. The cels fo
single tissue were immobilized onto the PEN micopscslides and desiccated for 24 hours prior
to laser dissection. The samples were screenedhfact, single cells under 20 X - 40 X
microscopy, and then using the PALM computer iategfthe single cells were cut and isolated,
with each cell captured into a separate microdeiggei tube that contained 18-20 ul of sterile
water in the cap.

Based on the SNP primer validation data, it was $leat the highest yields from the 10
MM primers were from the 16069 primer pairs, soydhkse primers were run against one cell
from each tissue source, using the standard 34 @ublification protocol. The cells were lysed
and the mtDNA was amplified in this one-step reacti

The rationale of the one-step HVI amplification tisat at the beginning of the
amplification, the 9-minute, 95 °C soak which aates the polymerase is also rupturing the
cellular membranes, organelle membranes, and fjedie mMtDNA into the surrounding
amplification master mix. The water and PCR buffearould also be contributing osmaotic
pressure to the cells, further disrupting the memes. The amplification of the 16069 primers

against the cells from the five tissues produceddlowing results shown in Figure 21:
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Figure 21- Tissue 354, single cell with 16069 pring 34-cycle amplification

354.069 [ one cell capture sample 354 w/069 primers ]
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Overall Results for sample 8 : 354.069
Number of peaks found: 3
Peak table for sample 8 : 354,069
Pea Size Conc. Molarity Observati Aligned Migration Area Time corrected Peak Peak % of
k [bp] [ng/pl] [nmol/I] ons Time [s] area Height Width Total
1 415 4.20 424.2 Lowes 43.00 29.8 77.0 50.8 1.3 0.0
Marker
2 21 5.93 423.4 44.51 40.7 101.7 51.4 1.3 43.5
3 25 4.86 296.4 45.38 344 84.4 47.8 2.8 36.8
4 111 1.62 22.1 55.62 184 37.2 45.0 1.6 19.7
5 ) 1,500 2.10 21 Upper 113.00 56.4 57.0 80.5 2.8 0.0
Marker

Out of the five initial tissues, this was theypsmple to have a measureable result, but it
was clear that the expected amplicon size (11as) present above the threshold of detection
for the Agilent 2100 Bioanalyzer, and therefore afigation of the 16069 SNP region from a
single cell was achieved.

At this point it became necessary to determinthéf single-cell samples can be over-
amplified to increase the yield and give measueeallta. The samples were re-amplified for
another 34 rounds of amplification to give a taibl68 cycles of amplification to the samples.
When run on the Agilent 2100 Bioanalyzer, the samipere seen to have peaks in the 109-111
bp range, but the amplification negative contrebatontained peaks in this same range, meaning

that low-level contaminants were also over-amplifi@he results are presented in Figure 22:
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Figure 22- Tissue 354, single cell with 16069 pring 68-cycle amplification
354.69 [ ampx2 single cell sample 354, 069 primers ]
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Overall Results for sample 8 : 354.69
Number of peaks found: 2
Peak table for sample 8 : 354,69
Pea Size  Conc. Molarity Observati Aligned Migration Area Time corrected Peak Peak % of
k [bp] [ng/pl] [nmol/l] ons Time [s] area Height Width Total
1 415 4.20 424.2 Lower 43.00 44.1 113.7 67.7 3.0 0.0
Marker
2 21 3.51 254.3 44492 33.1 828 22.9 3.5 29.5
3 110 5.03 69.2 55.51 78.9 160.1 136.7 2.1 70.5
4 ) 1,500 210 2.1 Upper 113.00 77.8 79.5 113.8 3.2 0.0
Marker

However, when looking at the results from theu#s854 cell, it is clear that the second
round of amplification increased the 16069 HVI myiyield nearly 3 times. Since the over-
amplification of 68 cycles resulted in a failed difigation negative control, it was decided that
if additional rounds of amplification were needed]y 16 additional rounds would be done to
give a total of 50 cycles of amplification.

The remainder of the cells were run against athef primer pairs to determine if other
individual cells could yield amplicons at the diffat SNP regions. The samples were run at 50
cycles of amplification using the one-step ampdifion strategy. In general, the amplification
negative controls for the 16223 and 16324 amptibces showed minor amplification at the
same size of the expected amplicon for those regsmthe data is inconclusive; however, every

sample from the set resulted in a quantifiable peakhe Agilent 2100 Bioanalyzer. For the
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cells that were amplified using the 16390 and 16a1®ers, the amplification negative controls
passed analysis, and for the 16390 samples, altedix (one from each of the tissues) gave a
guantifiable peak on the Agilent 2100 Bioanalyzeith a range of 4.89 ng/ul to 6.65 ng/ul. Itis
important to note here that any of these sampladdimben be capable of being re-amplified in
the SNaPshot™ system, based on the need to hampuarof 0.2 pmol of template DNA for the
SNaPshot™ reaction. Likewise, for the 16519 prartbiat were run across the different cells,
the amplifications were successful for three of shecells, resulting in an amplification yield
range of 0.89 ng/ul to 4.22 ng/ul, which againusfiisient for SNaPshot™ analysis.

The following observations were made from thes@eements: 1) mtDNA HVI
amplification was accomplished on a single celhgsa one-step amplification strategy, 2) the
yield from these amplifications is sufficient foecondary amplification in the SNaPshot™
reaction, and 3) 50 cycles of amplification would the maximum cycle threshold for the
amplifications, and will only be used if the origir34 cycles of amplification results in an un-

guantifiable peak on the Agilent 2100 Bioanalyzer.

Primer Titration Studies and Multiplex Design

The primers were seen to amplify the HVI SNP regisrexpected so the next step was
to titrate the primers at various concentrationgirid which primer concentration produced a
standard yield of amplified DNA that was equaltie amplicons of the other primers, so that the
final output for each primer set would result ireely-matched peak heights after the multiplex
amplification of the gross tissue samples. Thenprs were aliquotted from the 100 uM primer
stock to the following concentrations: 1 pM, 5 pM) uM, 15 pM, and 25 puM. The primers
were run for each SNP region primer pair againsd®template DNA (0.1 ng / 10 pl) using the

standard amplification strategy, but increasing tiyeles from 34 to 50 to verify that the
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amplification negative controls from each primeration would pass at the upper end of the
previously established amplification range. Th&rpm yield for each of the five primer sets is

shown in Figure 23 through Figure 27:

Figure 23- Agilent 2100 Bioanalyzer data for 1606Primers, best yield at 5 uM
069.5 [ 16069, SuM ]

[FU]
: &
\
2004
150
1004
50
LI || Ll I I T 1 T LI T
15 50 100 200 300 400 500 700 1500 [bp]
Overall Results for sample 4 : 069.5
Number of peaks found: 1
Peak table for sample 4 : 069.5
Pea Size Conc. Molarity Observati Aligned Migration Area Time Peak Peak % of
k [bp] [ng/pl] [nmel/l] ons Time [s] corrected area Height Width Total
1 415 4.20 424.2 Lower 43.00 38.2 911 53.6 3.3 0.0
Marker
2 108 9.96 139.2 55.05 133.6 250.9 236.0 2.9 100.0
3 } 1,500 2.10 21 Upper 113.00 66.6 61.9 86.1 2.7 0.0
Marker

The associated amplification negative control stibn@ peaks for this sample.
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Figure 24- Agilent 2100 Bioanalyzer data for 1622Brimers, best yield at 10 uM

223.10 [ 16223, 10uM ]
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Overall Results for sample 6 : 223.10
Number of peaks found: 1
Peak table for sample 6 : 22310
Pea Size  Conc. Molarity Observati Aligned Migration Area Time Peak Peak % of
k [bp] [ng/pl] [nmeol/I] ons Time [s] corrected area Height Width Total
1 415 4.20 424.2 Lower 43.00 746 181.2 791 4.3 0.0
Marker
2 80 11.05 208.9 51.58 162.8 332.0 322.8 3.6 100.0
3 ) 1,500 2.10 21 Upper 113.00 79.6 75.4 103.4 2.8 0.0
Marker

The associated amplification negative control stibn@ peaks for this sample.
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Figure 25- Agilent 2100 Bioanalyzer data for 1632grimers, best yield at 10 uM

324.10 [ 16324, 10uM ]
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Overall Results for sample 6 : 324.10
Number of peaks found: 1
Peak table for sample 6 : 32410
Pea Size Conc. Molarity Observati Aligned Migration Area Time Peak Peak % of
k [bp] [mg/pl] [nmel/l] ons Time [s] corrected area Height Width Total
1 415 4.20 424.2 Lower 43.00 43.6 107.8 62.0 3.2 0.0
Marker
2 100 8.12 123.1 54.04 107.7 214.0 192.5 3.7 100.0
3 ) 1,500 2.10 21 Upper 113.00 67.0 64.9 92.8 2.7 0.0
Marker

The associated amplification negative control slibn@ peaks for this sample.
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Figure 26- Agilent 2100 Bioanalyzer data for 1639frimers, best yield at 5 uM
390.5 [ 16390, SuM ]
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Overall Results for sample 4 : 390.5
Number of peaks found: 1
Peak table for sample 4 : 390.5
Pea Size Conc Molarity Observati Aligned Migration Area Time Peak Peak % of
k [bp] [ng/pl] [nmel/l] ons Time [s] corrected area Height Width Total
1 415 4.20 424.2 Lower 43.00 43.2 103.3 63.5 1.8 0.0
Marker
2 93 8.05 130.7 53.26 118.6 230.7 238.0 2.0 100.0
3 ) 1,500 2.10 2.1 Upper 113.00 76.0 71.0 101.2 2.7 0.0
Marker

The associated amplification negative control slibne peaks for this sample.
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Figure 27- Agilent 2100 Bioanalyzer data for 1651primers, best yield at 5 uM
S19N.5 [ S19NEW; 5 uM titration ]
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Overall Results for sample 4 : 519N.5
Number of peaks found: 1
Peak table for sample 4 : S519N.5
Peak Size [bp] Conc. [ng/pl] Molarity [nmol/I] Observations
1 13 0.00 0.0
2 %@ 15 4.20 424.2 Lower Marker
3 138 6.11 67.1
4 b 1,500 2.10 2.1 Upper Marker

The associated amplification negative control sttbwe peaks for this sample. The
yellow “lock” symbol in the 2 line of the above table is indicative of the mdraheling of the
lower marker, since the shoulder peak at 13 bpasiggally incorrectly labeled as such.

With the 16519 primers, there was the known isstigoassible nuclear DNA co-
amplification. Possibly as a result of this and itcreased amplification cycle number, only the
primers titrated at 1 pM and 5 uM passed. This sasto the amplification negative controls
for the 15 pM and 25 pM primer titration samplesitaming peaks at the expected amplicon
size, and the 10 uM primer titration sample did display any amplicon peak. The best data
overall was for the primers titrated at 25uM, giyi6.95 ng/ul at 138 bp, but the passing data
was for the primer titration of 5uM, giving 6.11/pgat 138 bp.

The optimal primer concentrations were establiskeetbllows in Table 2:
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Table 2- Optimal SNP primer concentrations

SNP Position 16069 16223 16324 16390 16519

Primer conc. 5uM 10 uM 10 uM 5uM 5uM

The primers were seen to optimally amplify the F-BNIP region as expected at specific
concentrations of each primer, so the next step wwasvestigate if the primers worked
cooperatively in a multiplex. Three replicate rwighe primer multiplex were then attempted,
using the HL60 template DNA and standard 34-cyahpldication conditions as before, along

with the optimal primer concentrations establisf@deach primer set.

Figure 28- Agilent 2100 Bioanalyzer data for the Mliiplex SNP Primers- 1st attempt
M3 [ multiplex triplicate ]
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Overall Results for sample4 : M3
Number of peaks found: 3
Peak table for sample 4 : M3
Pea Size  Conc. Molarity Observati Aligned Migration Area Time corrected Peak Peak % of
k [bp] [ng/pl] [nmeol/l] ons Time [s] area Height Width Total
1 415 4.20 424.2 Lowes 43.00 66.1 169.2 71.0 4.8 0.0
Marker
2 9 1.38 21.2 54.24 19.2 396 29.7 1.8 22.7
3 109 2.51 34.8 55.47 356 716 59.5 3.3 42.0
< 177 1.81 154 63.37 29.9 52.9 26.9 4.6 353
5 b 1,500 210 2.1 Upper 113.00 70.5 713 96.8 3.1 0.0
Marker

All three of the runs revealed the same resuhs, the amplification negative for the
sample passed. As it was seen in Figure 28, tméetpeaks were visible, with a double-sized

peak around 109 bp. Based on the previous dat#héosingle primer amplification, it was
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expected that the amplicons for 16324 and 16390ldvbave resulted in a double-high peak
being so close in size (95 bp and 100 bp, respygjiv Also, the longer amplicon should have
been the 16519 amplicon at 138 bp, which was ngssirtthe multiplex set, and instead an even
longer amplicon of 177 bp was appearing. The ggehpeak at 109 corresponded perfectly
with the 16069 amplicon, but it registered appraadiaty twice the size of the surrounding peaks,
which was inconsistent with the data from the imlnal primer titration study. It was
hypothesized at this point that additional primbgjween various forward and reverse primers
might be occurring to give the non-standard mudtiptesults. A sequence alignment analysis
was then done to determine all of the possible mmplsizes that could occur in the HVI region
among all of the various forward and reverse SNigns. The results of the amplifications are
grouped into the SNP map of HVI in Appendix B.

In Appendix B, the numbers in the yellow boxes abthe red brackets indicate the
estimated amplicon size for each forward and revgmmer pair, followed by the actual
amplicon size determined by the Agilent 2100 Bidgrexr (in parentheses). Based on the HVI
amplicon map, it was hypothesized that the 177dgkseen in the multiplex was a result of the
amplification of the 16324 forward and 16390 reegpsimers, and the 99 bp peak is the 16324
amplicon by itself. The 16223 and 16519 primersewaot being activated in the multiplex,
possibly due to an overwhelming amount of the offreaners in competition for the template
DNA. The thermodynamics of the amplification weakso re-analyzed. Since the melting
temperature of each primer pair was establishethgprimer design, and individually each
primer set was validated as properly working, thiemvas established that there might be
competition within the multiplex to accomplish tipeoper melting temperature due to the

physical presence of the other primer peaks.
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To screen for possible primer interference, anegrpent was designed to re-run the
multiplex by systematically withholding one of themer sets to see if any of the primers are
interfering with the overall multiplex efficiencyThe scheme for the design of the amplification

is presented in Table 3:

Table 3- Setup scheme for primer withholding study

Amplification # 1 WITHHELD 16223 16324 16390 16519
Amplification # 2 16069 WITHHELD 16324 16390 16519
Amplification # 3 16069 16223 WITHHELD 16390 16519
Amplification # 4 16069 16223 16324  WITHHELD 16519
Amplification # 5 16069 16223 16324 16390 WITHHELD

The samples in the withholding study were amglifiessing the HL60 template DNA
using the same multiplex amplification conditiossbefore. Each of the primers were amplified
at 5 uM concentrations to maintain primer conceiamaconsistency. Note that this was a
decrease in the previously established primer auratgon for the 16223 and 16324 primers (see
Table 2), which was done to equalize the size e$ehpeaks to the 16069 peak for more even
peak heights in the multiplex data. The amplifmatmegative controls for each sample passed.

The results for each of the five amplifications evas follows:
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Figure 29- Agilent 2100 Bioanalyzer data for withhtding study- no 16069 primers in Multiplex

NO 069 [ HL60 ]
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Overall Results for sample 2 : NO 069
Number of peaks found: 2
Peak table for sample 2 : NO 069
Pea Size Conc. Molarity Observati Aligned Migration Area Time corrected Peak Peak % of
k [bp] [ng/pl] [nmeol/I] ons Time [s] area Height Width Total
1 415 4.20 424.2 Lower 43.00 71.2 178.7 72.7 6.5 0.0
Marker
2 9 1.19 18.3 54.23 18.0 36.1 224 2.5 26.9
3 177 272 23.2 63.43 48.9 84.2 53.8 3.3 73.1
4 ) 1,500 210 21 Upper 113.00 76.4 74.8 105.1 2.7 0.0
Marker

By withholding the 16069 primers, it was seen igufe 29 that the 109 bp peak was not
present, and the only resulting peaks are the 98bj that was expected for 16324 and the 177
bp peak that was estimated to be the result o1 @324 forward and 16390 reverse primers. The

amplicons for the 16223 and 16519 primer sets wa#taot present.
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Figure 30- Agilent 2100 Bioanalyzer data for withhtding study- no 16223 primers in Multiplex
NO 223 [ HL60 ]
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Overall Results for sample 4 : NO 223
Number of peaks found: 1
Peak table for sample 4 : NO 223
Pea Size  Conc. Molarity Observati Aligned Migration Area Time corrected Peak Peak % of
k [bp] [ng/pl] [nmol/l] ons Time [s] area Height Width Total
1 415 4.20 424.2 Lowes 43.00 54.1 137.6 77.7 19 0.0
Marker
2 109 3.75 52.2 55.44 58.5 116.8 81.6 4.0 100.0
3 ) 1,500 2.10 2.1 Upper 113.00 774 77.3 106.2 3.1 0.0
Marker

By withholding the 16223 primers, the 109 bp peakf6069 was present in Figure 30,
and unlabeled amplicons around 100 and 177 bp stdrgresent, indicating the lack of the

amplicon for the 16519 primers.
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Figure 31- Agilent 2100 Bioanalyzer data for withhtding study- no 16324 primers in Multiplex

NO 324 [ HL60 ]
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Overall Results for sample 6 : NO 324
Number of peaks found: 1
Peak table for sample 6 : NO 324
Pea Size Conc. Molarity Observati Aligned Migration Area Time corrected Peak Peak % of
k [bp] [ng/pl] [nmol/l] ons Time [s] area Height Width Total
1 415 4.20 424.2 Lower 43.00 77.6 200.1 82.7 4.5 0.0
Marker
2 109 5.76 79.8 55.50 93.8 189.8 166.9 3.8 100.0
3 ) 1,500 2.10 2.1 Upper 113.00 80.7 82.2 111.2 3.1 0.0
Marker

By withholding the 16324 primers, only the 109 bgak of the 16069 amplicon was

present in Figure 31, along with an unlabeled pleakwas less than 100 bp. It is important to

note here that neither the 100 nor 177 bp peaks mersent, indicating that the 16324 primers

played a role in the formation of those amplicofifie minor unlabeled peak that was less than

100 bp could be the 95 bp peak amplicon for the9Qg8imers.
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Figure 32- Agilent 2100 Bioanalyzer data for withhtding study- no 16390 primers in Multiplex

NO 390 [ HL60 ]
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Overall Results for sample 8 : NO 390
Number of peaks found: 2
Peak table for sample 8 : _NO 390
Pea Size Conc. Molarity Observati Aligned Migration Area Time corrected Peak Peak % of
k [bp] [ng/pl] [nmeol/I] ons Time [s] area Wwidth  Total
1 415 4.20 424.2 Lower 43.00 60.8 157.4 5.5 0.0
Marker
2 99 233 35.5 54.31 32.8 68.2 1.8 46.7
3 109 2,61 36.1 55.50 37.5 76.3 1.3 53.3
4 ) 1,500 210 2.1 Upper 113.00 71.3 73.4 2.9 0.0
Marker

By withholding the 16390 primers, the 109 bp peakthe 16069 amplicon was present

in Figure 32, as well as the 99 bp peak that wagseted for the 16324 amplicon, but the 177 bp

peak was not present due to the lack of the 1689€rse primer, validating the hypothesis that

the 177 bp peak was due to this primer interactvgh the 16324 forward primer.

It is again

important to note that the amplicons for the 16288 16519 primers were not present.
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Figure 33- Agilent 2100 Bioanalyzer data for withhtding study- no 16519 primers in Multiplex
NO 519 [ HL60 ]
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Overall Results for sample 10 : NO 519
Number of peaks found: 1
Peak table for sample 10 : _NO 519
Pea Size  Conc. Molarity Observati Aligned Migration Area Time corrected Peak Peak % of
k [bp] [ng/pl] [nmol/l] ons Time [s] area Height Width Total
1 415 4.20 424.2 Lower 43.00 42.8 1099 59.6 2.0 0.0
Marker
2 109 2.69 37.5 55.41 38.3 77.6 61.0 2.3 100.0
3 b 1,500 2.10 21 Upper 113.00 70.7 72.4 101.8 2.6 0.0

Marke:
By withholding the 16519 primers, the 109 bp amgiidor the 16069 primers was again
present in Figure 33, and unlabeled amplicons waks@ present at the 99 and 177 bp positions.
Two things were apparent based on this data:téjrial priming was occurring between
the 16324 forward and 16390 reverse primers, anhe)16223 and 16519 primers were not
affected by the removal of any other primer painglicating they were below an effective
concentration for the multiplex. To this end, iasvdetermined that the preferential internal
priming between the 16324 forward primer and th@906reverse primer would be exploited to
create a “block amplicon” that would then cover tdire region for the 16324 and 16390
hotspots, and the primers for the 16223 hotspotldvba increased back to the original 10 uM
concentration within the multiplex amplificationtgp. The rationale for the block amplicon was

that the two corresponding SNP hotspots, 1632418390 would be targeted with extension
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primers on opposing strands, with the 16324 exéengiimers binding to the forward strand and
the 16390 extension primers binding to the revetsand, so there would be no competition of
the two opposing primers during SNP analysis. Wnslld also eliminate an amplicon peak
from the Agilent 2100 Bioanalyzer runs, and alldwe remaining four peaks to be more readily
resolved.
The new multiplex amplification was establishedngsthe block amp design and an

increased concentration of the 16223 primers, aasl tested in triplicate against HL60 template
DNA (0.1 ng / 10 pl) using the standard 34-cyclephincation conditions. The associated

amplification negatives passed. The results oftbh#iplex amplification were as follows:

Figure 34- Agilent 2100 Bioanalyzer data for optimzed Multiplex with block amplification design
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Overall Results for sample 1 : PE-1
Number of peaks found: -
Peak table for sample 1 : PE-1
Peak Size [bp] Conc. [ng/pl] Molarity [nmol/I] Observations
1 4 15 4.20 424.2 Lower Marker
2 81 1.87 34.8
3 110 1.51 20.8
4 137 2.00 22.2
5 178 1.00 8.5
6 b 1,500 2.10 21 Upper Marker

The resulting multiplex amplification using theobk amp and the increased 16223

primer concentration successfully produced the ebggeamplicons. As seen in the Agilent 2100
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Bioanalyzer electropherogram in Figure 34, the g@é&ak corresponded to the amplicon for the
16223 primers, the 108 bp peak corresponded tartiicon for the 16069 primers, the 138 bp
peak corresponded to the amplicon for the 1651@qys, and the 177 bp peak corresponded to
the block amplicon of the 16324 forward and 1639@erse primers. As further work progressed
on the validation study, it was noted that whercpssing validation tissue samples that the 177
bp block amplicon was amplifying below the optinsahcentration, and the 80 bp amplicon for
the 16223 primers was over-amplifying. A slightdifization in the primer concentrations was
therefore carried out, decreasing the 16223 pricogicentration to 5 UM and increasing the
16324 forward and 16390 reverse primer concentratio 10 uM in the multiplex amplification.
This modified multiplex setup was run against Hlitétplate DNA using the standard 34-cycle
amplification setup. The amplification negativenttol for the associated samples passed. The

results of the HL60 amplification were as follows:
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Figure 35- Agilent 2100 Bioanalyzer data for new Mltiplex design; HL60 Positive Control DNA

PE-10thou [ PE, organic extraction redo, Multiplex G ]
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Overall Results for sample 1 : PE-10thou
Number of peaks found: 5
Peak table for sample 1 : _PE-10thou
Peak Size [bp] Conc. [ng/pl] Molarity [nmol/I] Observations
1 4 15 4.20 424.2 Lower Marker
2 82 0.29 5.3
3 110 0.35 4.9
4 137 111 12.3
5 178 246 21.0
6 267 0.74 4.2
7 b 1,500 2.10 2.1 Upper Marker

While the new multiplex setup tended to skew thegér amplicons to higher post-
amplification concentrations for HL60 as seen igufe 35, it worked beautifully for the actual
tissue samples in which the previous over- and uadw®lification problems were noted. An
example of a tissue extract, diluted at 1/1000 amglified with the new multiplex is presented

in Figure 36:
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Figure 36- Agilent 2100 Bioanalyzer data for new Mltiplex design run against tissue sample 347
347.001 [ New sample 347, 1/1k dilution ]
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Overall Results for sample 4 : 347.001
Number of peaks found: -
Peak table for sample 4 : 347.001
Peak Size [bp] Conc. [ng/pl] Molarity [nmol/I] Observations
1 4 15 4.20 424.2 Lower Marker
2 82 143 26.3
3 110 0.93 129
4 138 1.55 17.1
5 179 3.53 29.9
6 p 1,500 2.10 21 Upper Marker

Based on these results, the multiplex SNP amatifia was seen to be validated and was

then used under the new multiplex conditions t@ess the gross tissue samples for this project.

Extension Primer Design and Validation

The implementation of the oligonucleotide extenspimers for the SNaPshot™ assay
had several additional primer design aspects tlegie wequired for the extension primers to be
effective in targeting and locating the intendedP3tdtspots in the HVI region. These extension
primers needed to effectively target the SNP locetiin question, but be smaller than 30-50 bp
while still maintaining a unique length for eachnper. In order to be properly separated and

detected on the 318Dcapillary electrophoresis instrument, the extemgioimers needed to

differ by at least four bp in length. The lengiffetences between each extension primer were
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accomplished with the use of poly-thymine taildhegt 3 end of the extension primers. As seen
in the Appendix A, not all of the extension primées/e the Smodification. The original primer

sequences are presented in Table 4.

Table 4- Unmodified extension primers sequences

E16069 C-T CCACCCAAGTATTGACT
E16223 C-T AGCAAGTACAGCAATCAACC
E16324 T-C TACATAGTACATAAAGCCAT
E16390 G-A GATGGTGGTCAAGGGAC
E16519 T-C TGTGGGCTATTTAGGCTTTATG

After the 3 modification by adding the poly-thymine tails, thesulting primers are

presented in Table 5, with the poly-thymine taidiéidns in subscript.

Table 5- Extension primer sequences modified with’$oly-thymine additions

E16069 C-T CCACCCAAGTATTGACT

E16223 C-T TAGCAAGTACAGCAATCAACC

E16324 T-C T TACATAGTACATAAAGCCAT

E16390 G-A rrrrrrrriTGATGGTGGTCAAGGGAC
E16519 T-C T lGTGGGCTATTTAGGCTTTATG

The additions of the thymine tails to four of theef extension primers allowed two
conditions to be satisfied: 1) the primers weresafarated by 4 bp, ideal for the separation on
the capillary electrophoresis instrument, 2) thpasation of the primers should result in the
smallest primer being the 16069, followed in kindthe 16223, 16324, 16390, and finally the
16519. The thermodynamic measurements of theséiatbdligonucleotide primers all had a
similar melting temperature, no auto-dimerizatiorg secondary structure, and no cross-
dimerization with any of the other primers basedta analysis with the Primer3 software
(Rozen & Skaletsky, 1998).

To check the amplification efficiency of the exd@n primers, each extension primer
was run in a standard amplification against theosp primer from the same HVI region of
interest (see Appendix A and Appendix B for prindetails and primer map). The extension

primer and opposing primer set were each amplditetl0 uM concentration using HL60 as the
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template DNA and the standard 34-cycle amplificatisetup, as used in the multiplex
amplification assay. The resulting amplicons weire on the Agilent 2100 Bioanalyzer, and the
expected amplicon sizes for each extension prirpposing primer set were displayed. This
data showed that the extension primers are taéti@ expected regions of the HVI mtDNA,
and since amplification occurred for each primey & extension primers are therefore capable
of annealing and extending the corresponding bagke.extension primers were not titrated like
the SNP multiplex primers, since the extension prgrused in the SNaPshot™ assay noted a
working range of input primer concentration betw®®b uM and 1 uM. Another factor that
was considered was the purification of the amgifimultiplex mtDNA to remove the
unincorporated primers and dNTP bases so thatandeound of PCR could be performed with

the extension primers.

Amplified DNA Purification and Protocol Validation

The first step in validating the extension primmsuse in the SNaPshot™ assay was to
evaluate the methods for purifying the initial aifiphtion to remove the unincorporated primers
and dNTPs. ExoSAP-fT(USB Corporation, Cleveland, OH) was chosen duéa¢oenzymatic
combination of the exonuclease and shrimp alkamesphatase to purify the amplified mtDNA.
Under the standard manufacturer's conditions, thefipation was not efficient as secondary
amplifications still produced the original multigl@eaks, indicating that the multiplex primers
were not effectively removed. A second purificatimethod using ethanol was attempted, in
which the amplified mtDNA was precipitated and tgpernatant removed, leaving purified
mMtDNA with none of the original PCR primers or dNSTPThis ethanol purification was seen to
successfully remove the multiplex primers, but i&swalso noted that the ethanol-purified

MtDNA quickly degraded after purification. This svaeen in a time study in which various
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volumes (1, 5, 8, and 10 pl) of ethanol-purifiedDNA were amplified using the extension
primers and the associated opposing primers. Thatdation results of the amplifications were

measured on the Agilent 2100 Bioanalyzer, andébalts are presented in Table 6.

Table 6- Data for ethanol-purified mtDNA samples, @ays after purification

1puL 5 uL 8 uL 10 pL
Peak #1 68 bp 68 bp 69 bp 40 bp

[1.78 ng/ul] [1.40 ng/pl] [1.23 ng/ul] [0.88 ng/pl]
Peak #2 94 bp 115 bp 116 bp 70 bp

[0.42 ng/pl] [1.53 ng/ul] [1.34 ng/ul] [1.13 ng/pl]
Peak #3 115 bp 244 bp 187 bp 116 bp

[1.53 ng/pl] [1.38 ng/ul] [0.37 ng/ul] [1.00 ng/pl]
Peak #4 245 bp - 244 bp 188 bp

[1.10 ng/pl] [1.60 ng/ul] [0.48 ng/ul]
Peak #5 - - - 245 bp

[1.55 ng/pl]

TOTAL [] 4.83 ng/ul 4.31 ng/ul 4.54 ng/ul 4.04 ngl

The purified mtDNA was stored at 4 °C for a toth#8 hours, and then re-sampled in the
same volumes as before and again amplified withstilee extension and opposing primers as

before. The quantitation results of this seconglditation were generated and are presented in

Table 7.
Table 7- Data for ethanol-purified mtDNA samples, 2lays after purification

1puL 5uL 8 uL 10 pL
Peak #1 68 bp 68 bp 69 bp 69 bp

[1.09 ng/ul] [1.03 ng/ul] [0.86 ng/ul] [0.85 ng/ul]
Peak #2 117 bp 84 bp 84 bp 84 bp

[1.50 ng/ul] [0.67 ng/ul] [0.63 ng/ul] [0.60 ng/ul]
Peak #3 244 bp 117 bp 118 bp 117 bp

[1.03 ng/ul] [1.10 ng/ul] [0.66 ng/ul] [0.60 ng/ul]
Peak #4 - 245 bp 244 bp 243 bp

[1.33 ng/pl] [1.18 ng/ul] [1.25 ng/pl]

TOTAL[] 4.02 ng/ul 4.13 ng/ul 3.33 ng/ul 3.3 ngiu

The final data indicated that after 48 hours, thveas a loss of mMtDNA concentration and

even loss of entire amplifiable peaks in all samptethe ethanol-purified mtDNA. This was
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unacceptable since it was possible for purified @amto be unprocessed for up to a week or
longer once the testing began on the single-ceipées.

A third option was then explored by revisiting #BeoSAP-IT® purification and applying
the extended incubation times recommended in a SiNgP* protocol from Peter Vallone
(Vallone et al., 2004). In this protocol, both theubation and protein denaturation steps were
significantly lengthened to provide more time foetExoSAP-IT enzymes to fully act on the
amplified mtDNA. The recommended settings from Idfa¢ were 90 minutes at 37 °C, 20
minutes at 80 °C, 5 minutes at 25 °C, and a fireddl lat 4 °C. Using these settings, purified
multiplex mtDNA was generated and amplified usiig textension primers and opposing
primers. The quantitation results were obtainedhenAgilent 2100 Bioanalyzer, and matched
the expected amplicon sizes for the extension priameplicons only, with no residual peaks
from the multiplex amplification, indicating thahe modified ExoSAP-IT protocol was
effectively removing the multiplex primers and dNSTPTo check the stability of the purified
mMtDNA, a time study was performed with the samesetsed in the ethanol purification study,
and repeated over 48 and 72 hours. For each agpket of data, no significant loss of mtDNA
was seen indicating that the mtDNA purified witle tmodified ExoSAP-I? protocol was stable

for use in the project.

SNaPshot™ Assay and Protocol Validation

SNaPshot™ kits were obtained from Applied Biosyst¢Roster City, CA). To validate
the kits, a series of HL60 amplicons were createdeiich SNP hotspot region using only the
specific forward and reverse primers for that lmrgtresulting in unique amplicons for 16069,
16223, 16324, 16390, and 16519 in separate tulesnultiplex sample was also generated,

along with the representative negative controls dach amplification set. This setup was
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duplicated, in order for one set of amplicons tpbefied with the ethanol precipitation process
and the other with the modified ExoSAPZIProtocol from Vallone, et al (2004). The ethanol
precipitation was done on the same day as the 3M&Psassay to eliminate any possible
effects of DNA degradation. For the SNaPshot™ ygssach amplified sample was aliquotted
into four different tubes. Since the SNaPshot™ayspecified a range of amplified mtDNA

input concentrations and a range of primer inpuiceatrations, it was decided to modify these

two variables across the four amplified aliquotsizing the scheme presented in Table 8.

Table 8- Setup scheme for SNaPshot™ assay validatio
0.2 uM primers 1.0 puM primer

U

0.2 pmol DNA Sample 1 Sample 2

0.4 pmol DNA  Sample 3 Sample 4

Since the recommended input range of the DNA was 0.01 pmol to 0.4 pmol in a 10
pl mixture, and the maximum DNA concentration waseassary to detect all primer binding
sites, the maximum input (0.4 pmol) and half-maximimput (0.2 pmol) were attempted. The
recommended input range of the primers was listed.2 uM within the SNaPshot™ literature,
with a note:

“If a particular primer has a consistently low agln signal, increase or decrease

the concentration of that primer. Successful reshive been obtained using

primers with concentrations that range between pNd%nd 1uM in a six-primer

mixture” (Applied-Biosystems, 2000).

Since there were five extension primers in thetien, it was decided to test both the

optimal primer concentration (0M) and the maximum recommended primer concentration

(2.0 uM).
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The HL60 samples were then amplified at the varydNA input concentrations and
primer concentrations, along with the necessarytipescontrols and negative controls for the
SNaPshot™ reaction. The positive control and megatontrol for the SNaPshot™ kit was
based on a specific DNA and primer set includedhwhe SNaPshot™ kit, which was
independent of the extension primers that were Idped for this study. Therefore, a water
blank sample was also run as a no-template cofdrahe extension primers, which was not
controlled by the negative control for the SNaP8hd&it. The SNaPshot™ reaction was carried
out under the following conditions-

- 96 °C for 10 seconds
25 cycles:{ - 50 °C for 5 seconds
- 60 °C for 30 seconds

Storage soak at 4 °C indefinitely

Following the SNaPshot™ assay, the HL60 sampleg Wweated with 1.5 units of SAP
(shrimp alkaline phosphatase) (Promega Corporatiadison, WI) and incubated for 60
minutes at 37°C, followed by a 15 minute, 75C denaturation step, and then held atCGl
indefinitely. Following SAP purification, 0.5 plf each SNaPshot™ amplified sample was
combined with 9 pl aliquots of Hi-Di formamide (Ajgx Biosystems, Foster City, CA) that
also contained 0.5 pl of GS120-LIZ size standardp{#ed Biosystems, Foster City, CA). These
samples were heated and cooled to denature thet tatdPNA, and injected onto a capillary
array on the 3130 genetic analyzer (Applied Biosystems, Foster C&W), utilizing 7%
performance-optimized polymer (POP-7™), a 36 cmilleap array, and the E5 chemistry
detection and analysis protocol. Following elegharesis and data collection, the data files
were analyzed using GeneMapper™ software from Agpgdiosystems (Foster City, CA).

It was seen in the analysis of the data that tlogvitiual extension primers for each

specific region worked, but with a drastic diffecenin the peak heights of the ExoSAFIT
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treated samples compared to the ethanol-precigisgmples in which the ExoSAPS Bamples
showed a 4-fold to 20-fold increase in the peakmevalues compared to the similar peaks in
the ethanol-treated samples. For the multiplex psasn the ethanol precipitation failed to
produce any viable SNP profile for any of the mtDN#mer combinations, whereas the
ExoSAP-IT® purified multiplex mtDNA gave a full and expect88IP profile for all five of the
corresponding extension primers.

In regards to the mtDNA/primer input concentratiomsvas noted that the combination
of the 0.4 pmol mtDNA input and 1.0 uM primer inpubrked the best for the individual
extension primers when applied to the separateieoms, but caused the multiplex samples to
become overblown. For the multiplex samples, tbst Ipeak heights and even signal output
were seen in the 0.2 pmol mtDNA / 1.0 pM primer plas for the ExoSAP-IT purified
MtDNA.

Once the peak height and quality data was verddss the samples, it was necessary to
determine the average migration time for each knpeek and to check these times against the
redundant datasets. For the SNaPshot™ positivieatothe protocol listed the expected peaks
according to color and migration pattern as presenh Table 9 and Figure 37 (Applied-

Biosystems, 2000)-

Table 9- SNaPshot™ Positive Control expected valué&pplied Biosystems, 2000)

Length of
Multiplex Control Final Products
Primer Mix (nt) Signal Color Heterozygosity

20A primer 21 Green Homozygote
28G/A primer 29 Blue/green Heterozygote
36G primer 37 Blue Homozygote
44T primer 45 Red Homozygote
52C/T primer 53 Black/red Heterozygote
60C primer 61 Black Homozygote
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Figure 37- SNaPshot™ Positive Control (Applied Bigstems, 2000)

' . . _
Primer 20A 28G/A 36G 60C

Relative size of

SNaPshot 24 29 39 46 s3 62

product®

*:As determined by sizing against GeneScan-120 Liz size standard

Based on the duplicate runs of the SNaPshot™ pesdontrol, individual bins were
defined within the GeneMappersoftware for each relative peak or peak set & phbsitive
control, and a bin set was created to be usedysfdelthe analysis of positive and negative
SNaPshot™ kit controls. Applying the bin set te Httual data resulted in the data presented in
Figure 38, in which the orange peaks represented>$120-LIZ size standard, and the labeled

peaks corresponded to the expected SNaPshot™wveositntrol SNP profile.

Figure 38- SNaPshot™ Positive Control actual SNP p&s

GereMapper ID v3.2.1

Sample File Sample Name Panel SQ0 0s sQ
PC1_A01_001fsa PC1 SNaPshot_PC m 0]
20Ap... 36G_primer 44T p.. 52C-T... 60C_primer
21 28 35 42 49 56 63 70 77
1900 /\ {XJ A ‘/\
ol —l /,\ i -
al A alG alT alC alC
sz31.70 sz43.39 sz52.44 sz57.46 sz 64.66
ht 3427 ht 1232 ht 3739 ht 1372 ht 2385
ar 22743 ar7324 ar 21319 ar 8769 ar 13045
al G alT
5723291 sz 58.39
ht 3002 ht 1876
ar 17814 ar 11977
al A
52 33.57
ht 2392
ar 14770

By running this same bin set against the SNaPshotBative control, no peaks were

seen in any of the bins, or anywhere else in tha dat. Therefore, the criteria for a valid
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SNaPshot™ run was determined to correspond toNadShot™ positive control displaying the
peaks shown above, and the negative control shomoreak data in the defined bin set.

Once the bin set was defined for the SNaPshot™ralgntit was necessary to define a
separate set of bin data for the expected peattseiidVVl mtDNA multiplex. By analyzing the
SNP sizes of the individual extension primers an k60 mtDNA, each primer was able to be
resolved at a specific bp size relative to the @8IZ size standard. The average extension

primer peak size for each of the five SNP hotspofsesented in Table 10.

Table 10- Multiplex SNP peaks

Hotspot Average Ex'Fens?on Primer
Peak Size (in bp)
16223 29.90
16324 34.47
16069 35.37
16390 36.52
16519 43.46

The data for the bp size of each extension primes based on the redundant data from
all eight of the corresponding samples for thamer (four samples run at the four varying
DNA/primer input concentrations from the ExoSAF|furification, and four samples run under
the same conditions from the ethanol purificatioDespite the ethanol data showing lower peak
heights for the individual extension primers, the sizes were all seen to correspond to the
ExoSAP-IT® data, and when analyzed, the standard deviatipsife determination for each
primer set across all eight samples was determiadoe less than or equal to 0.2 bp. The
individual HL60 extension primer peaks were thempared to the HL60 multiplex data, and
the multiplex peaks were seen to be concordanheointdividually run primer peaks for the

HL60 mtDNA.
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Using the HL60 primer peak and base-size data,diferent bin sets were created for
the purposes of analysis. One bin set was defasettie entire region from 20 bp to 50 bp, and
was set to define any and all peaks (except thegerd&5S120-LIZ size standard peaks) that
appeared within that region above the baselinestimle of 30 RFU. The second bin set defined
each separate bin for the five extension primersedaon the average sizes of the separate
extension primers run against the HL60 mtDNA. Taigonale for the two different bins is that
heteroplasmy in the extension primers will appearaifferent colored peak for the extension
primer of interest, but this second peak may naattdde same position as the first peak due to a
difference in the motility of the extension primeith a different base, due to the different sizes
of the fluorescent dyes attached to each ddNTPitetor base.

Applying the individual bin set to the multiplex sitve control (HL60 mtDNA), the

profile shown in Figure 39 was obtained.

Figure 39- SNaPshot™ Multiplex data for HL60 - Pogive Control DNA

Sample File Sample Name Panel S0 0s sQ
PE_7.30.10_#2_CO01_005.fsa PE_7.30.10_#2 SNaPshot_Indv_Multiplex_Primers [ i

[

105 17.5 245 315 385 455 52.5 59.5 66.5

o
1600 Q [ : : J
o . A

alC alT al A
sz.30.21 sz34.86 sz 43.83
ht 2054 ht 2426 ht 2235
ar 12915 ar 16683 ar 13669

alT

sz 35.89
ht 2348
ar 17354

alC

5236.92
ht 1392
ar 8204

The five expected peaks of the SNP assay were wgbnthe expected bases for the
HL60 sequence at the specific hotspot positiongjever, they were out of the expected order
based on the original extension primer design. drhallest extension primer was designed to be
16069, however this peak was found to be arounbp3%nd the 16223 primer peak was seen to

be closer to the 30 bp size. As previously memwtiprit is not unusual for the primers to be
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affected by the addition of the dye-tagged ddNTinileator base, and this affect might also
explain the 1 bp separation between the 16324,9,68%l 16390 extension primers as well. It
was interesting to note that the order of the SNmgr peaks are the same as was seen in the
Agilent 2100 Bioanalyzer data when the multiplexalpelata was examined, with 16223 being
the smallest peak, followed by the peaks for 16AQ@%519, and finally the block amp peak for

16324 and 16390.

Cycle Number Titration and Melting Temperature Titr  ation Studies on Individual

Primer Sets

Initial Amplification and Agilent 2100 Bioanalyzer Data

Based on the decision that only the primers fer pheviously identified heteroplasmic
SNP positions would be run on the single cellgjas necessary to find the optimal cycle number
and melting temperature for the single primer sdtswvas apparent from the multiplex studies
that the combination of all primers was influencthg amplification efficiency of the multiplex,
and upon removal of key primer sets, the primecieficy was seen to change. Two primer sets,
16390 and 16519, were optimized for the usage ag#ée single cells. The 16390 primer
represents the mid-range primers, which have been $ generate peaks in the 83-109 bp
range. The 16519 primers have been shown to cadateger amplicon, around 136 bp, so they
were validated separately. To carry out this \al@h, HL60 control DNA (0.1 ng / 10 pl)
(Collins, 1987) was amplified in a 25 pl reactiosing the AmpliTag Gofdl polymerase to
establish 45 samples that were amplified with t6890 primers, and another 45 samples that
were amplified using the 16519 primers. Fifteerplification negative control samples were

also established for each of the 16390 and 165i8eprsets. To test for the optimal melting
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temperature simultaneously, three thermal cycleesewset up, each with different annealing

temperatures, and each set to a total of 46 awgtiifin cycles:

Thermal Cycler #1 Soak at 95 °C for 9 minutes
95 °C for 10 seconds
46 cycles:< 55°C for 30 seconds
72 °C for 30 seconds
Storage soak at 4 °C indefinitely

Thermal Cycler #2 Soak at 95 °C for 9 minutes
95 °C for 10 seconds
46 cyclesy 57 °C for 30 seconds
72 °C for 30 seconds
Storage soak at 4 °C indefinitely

Thermal Cycler #3 Soak at 95 °C for 9 minutes
95 °C for 10 seconds
46 cyclesy 59 °C for 30 seconds
72 °C for 30 seconds
Storage soak at 4 °C indefinitely

To each thermal cycler, the following samples waztded:

- 15 of the HL60 samples w/ 16390 primers

- 5 of the negative control samples w/ 16390 primers

- 15 of the HL60 samples w/ 16519 primers

- 5 of the negative control samples w/ 16519 primers

In order to also test for the optimal cycle numltleree of each of the HL60 samples and

one of the negative control samples for each priseémwas removed as the samples underwent
amplification: at 22 cycles, at 28 cycles, at 34ley, at 40 cycles, and finally at 46 cycles. The
amplified samples were then run on the Agilent 2B@fanalyzer (Agilent Technologies, Santa
Clara, CA) to determine the quality and quantityhef amplified mtDNA. It was seen that each
primer pair successfully amplified the separate906and 16519 SNP regions based on the

comparison between the measured amplicon sizehanepected amplicon size from the rCRS

map. In order to more efficiently view the respttse virtual gel images from the Agilent 2100

86



Bioanalyzer data were generated below (Figure d@utih Figure 49), with the sample names
displayed above each lane of the virtual gel imagke sample name shows the cycle number,
melting temperature, and primer set used for eachpke. The negative control samples are
denoted as “AN” for “Amplification Negative” contkcand each AN is associated with the three
samples that immediately follow the negative cdntrdhe samples amplified with the 16390
primers should have displayed bands around thep9®dion. The samples amplified with the

16519 primers should have displayed bands arownd36 bp region.
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Figure 40- Melting Temp. and Cycle # Titration Studes, Virtual Gel Image #1

Lane Lane Lane Lane Lane Lane  Lane Lane Lane  Lane Lane Lane
Ladder 1 2 3 4 5 6 7 8 9 10 11 12
1500 — e— N S S S S— —

1000 — —
E50 — ——

TOO — ——

400 — —

200 — w—

50 —
85 -

15 —

Figure Legend-

Lane 1 AN, 22 cycles, Melting Temp =55 Lane 7 HL60, 28 cycles, Tm =55, 16390
Lane 2 HL60, 22 cycles, Tm =55, 16390 Lane 8 HL60, 28 cycles, Tm =55, 16390
Lane 3 HL60, 22 cycles, Tm =55, 16390 Lane 9 AN, 34 cycles, Melting Temp =55
Lane 4 HL60, 22 cycles, Tm =55, 16390 Lane 10 HL60, 34 cycles, Tm =55, 16390
Lane 5 AN, 28 cycles, Melting Temp =55 Lane 11 HL60, 34 cycles, Tm =55, 16390
Lane 6 HL60, 28 cycles, Tm =55, 16390 Lane 12 HL60, 34 cycles, Tm =55, 16390

The amplification negative control samples (ANsJigure 40 displayed no bands at the
16390 amplicon position. At 55 °C, the 22-cyclenptes were less concentrated than the 28- or

34-cycle samples.
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Figure 41- Melting Temp. and Cycle # Titration Studes, Virtual Gel Image #2

Lane Lane Lane  Lane Lane Lane  Lane Lane Lane Lane Lane Lane
Ladder 1 2 3 4 5 6 7 8 9 10 11 12
1500 — P SR S S

1000 — EEE———
850 — E————
—

700 —

300 — e——

Figure Legend-

Lane 1 AN, 40 cycles, Melting Temp =55 Lane 7 HL60, 46 cycles, Tm =55, 16390
Lane 2 HL60, 40 cycles, Tm =55, 16390 Lane 8 HL60, 46 cycles, Tm =55, 16390
Lane 3 HL60, 40 cycles, Tm =55, 16390 Lane 9 AN, 22 cycles, Melting Temp =57
Lane 4 HL60, 40 cycles, Tm =55, 16390 Lane 10 HL60, 22 cycles, Tm =57, 16390
Lane 5 AN, 46 cycles, Melting Temp =55 Lane 11 HL60, 22 cycles, Tm =57, 16390
Lane 6 HL60, 46 cycles, Tm =55, 16390 Lane 12 HL60, 22 cycles, Tm =57, 16390

At 55 °C, the 40-cycle amplification passed, the #6-cycle amplification failed due to
bands at the 16390 position in the amplificatiogat®e control, as seen in Figure 41. For the
57 °C samples at 22 cycles, the amplification riegatontrol passed but the samples were at a

low concentration.
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Figure 42- Melting Temp. and Cycle # Titration Studes, Virtual Gel Image #3

Lane  Lane Lane Lane Lane
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A
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6

7
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12

Figure Legend-

Lane 1 AN, 28 cycles, Melting Temp =57 Lane 7 HL60, 34 cycles, Tm =57, 16390
Lane 2 HL60, 28 cycles, Tm =57, 16390 Lane 8 HL60, 34 cycles, Tm =57, 16390
Lane 3 HL60, 28 cycles, Tm =57, 16390 Lane 9 AN, 40 cycles, Melting Temp =57
Lane 4 HL60, 28 cycles, Tm =57, 16390 Lane 10 HL60, 40 cycles, Tm =57, 16390
Lane 5 AN, 34 cycles, Melting Temp =57 Lane 11 HL60, 40 cycles, Tm =57, 16390
Lane 6 HL60, 34 cycles, Tm =57, 16390 Lane 12 HL60, 40 cycles, Tm =57, 16390

displayed a band in the 16390 position for the #roation negative control, as seen in Figure
42. Also, the bands in lanes 4 and 9 appearedue shifted relative to the bands for the similar
samples with the same cycle numbers and meltingeaestures. Since these shifts resulted in

bands that still were within the appropriate ranféhe amplicon, the bands were determined to

At 57 °C, the 28- and 34-cycle amplifications aksbut the 40-cycle amplification

be valid.
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Figure 43- Melting Temp. and Cycle # Titration Studes, Virtual Gel Image #4

Lane  Lane Lane Lane Lane  Lane Lane Lane Lane Lane Lane Lane
Ladder 1 2 3 4 5 6 7 8 9 10 11 12
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1000 — ——
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Figure Legend-

Lane 1 AN, 46 cycles, Melting Temp =57 Lane 7 HL60, 22 cycles, Tm =59, 16390
Lane 2 HL60, 46 cycles, Tm =57, 16390 Lane 8 HL60, 22 cycles, Tm =59, 16390
Lane 3 HL60, 46 cycles, Tm =57, 16390 Lane 9 AN, 28 cycles, Melting Temp =59
Lane 4 HL60, 46 cycles, Tm =57, 16390 Lane 10 HL60, 28 cycles, Tm =59, 16390
Lane 5 AN, 22 cycles, Melting Temp =59 Lane 11 HL60, 28 cycles, Tm =59, 16390
Lane 6 HL60, 22 cycles, Tm =59, 16390 Lane 12 HL60, 28 cycles, Tm =59, 16390

As seen in Figure 43, at 57 °C, the 46-cycle dioption failed due to bands at the
16390 position in the amplification negative cohtrBor the 59 °C samples at 22- and 28-cycles,

the amplification negative controls passed buteycle samples were at a low concentration.
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Figure 44- Melting Temp. and Cycle # Titration Studes, Virtual Gel Image #5

Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane
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Figure Legend-

Lane 1 AN, 34 cycles, Melting Temp =59 Lane 7 HL60, 40 cycles, Tm=59, 16390
Lane 2 HL60, 34 cycles, Tm=59, 16390 Lane 8 HL60, 40 cycles, Tm=59, 16390
Lane 3 HL60, 34 cycles, Tm=59, 16390 Lane 9 AN, 46 cycles, Melting Temp =59
Lane 4 HL60, 34 cycles, Tm=59, 16390 Lane 10 HL60, 46 cycles, Tm=59, 16390
Lane 5 AN, 40 cycles, Melting Temp =59 Lane 11 HL60, 46 cycles, Tm=59, 16390
Lane 6 HL60, 40 cycles, Tm=59, 16390 Lane 12 HL60, 46 cycles, Tm=59, 16390

At 59 °C, the 34-cycle amplifications passed, the 40- and 46-cycle amplifications
displayed bands in the 16390 position for the afieplion negative controls, as seen in Figure
44. Also, the amplification negative controls bstaghpeared to have shifted relative to the other
bands within the data set. However, the bandshi®mamplification negative controls were still

within the range of appropriate size for the 16a8tplicon, and were deemed valid.
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Figure 45- Melting Temp. and Cycle # Titration Studes, Virtual Gel Image #6
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Figure Legend-

Lane 1 AN, 22 cycles, Melting Temp =55 Lane 7 HL60, 28 cycles, Tm =55, 16519
Lane 2 HL60, 22 cycles, Tm =55, 16519 Lane 8 HL60, 28 cycles, Tm =55, 16519
Lane 3 HL60, 22 cycles, Tm =55, 16519 Lane 9 AN, 34 cycles, Melting Temp =55
Lane 4 HL60, 22 cycles, Tm =55, 16519 Lane 10 HL60, 34 cycles, Tm =55, 16519
Lane 5 AN, 28 cycles, Melting Temp =55 Lane 11 HL60, 34 cycles, Tm =55, 16519
Lane 6 HL60, 28 cycles, Tm =55, 16519 Lane 12 HL60, 34 cycles, Tm =55, 16519

At 55 °C, the negative control samples for the &2d 28-cycle amplifications displayed
no bands at the 16519 amplicon position as seéigure 45. The 22-cycle samples were less
concentrated than the 28- or 34-cycle samples. 3Bheycle samples failed, however, due to a

band at the 16519 amplicon position in the am@ltfan negative control.

93



Figure 46- Melting Temp. and Cycle # Titration Studes, Virtual Gel Image #7
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Figure Legend-

Lane 1 AN, 40 cycles, Melting Temp =55 Lane 7 HL60, 46 cycles, Tm =55, 16519
Lane 2 HL60, 40 cycles, Tm =55, 16519 Lane 8 HL60, 46 cycles, Tm =55, 16519
Lane 3 HL60, 40 cycles, Tm =55, 16519 Lane 9 AN, 22 cycles, Melting Temp =57
Lane 4 HL60, 40 cycles, Tm =55, 16519 Lane 10 HL60, 22 cycles, Tm =57, 16519
Lane 5 AN, 46 cycles, Melting Temp =55 Lane 11 HL60, 22 cycles, Tm =57, 16519
Lane 6 HL60, 46 cycles, Tm =55, 16519 Lane 12 HL60, 22 cycles, Tm =57, 16519

As seen in Figure 46, at 55 °C, both the 40- hedd6-cycle amplifications failed due to
bands at the 16519 position in the amplificatiogatiwve control. For the 57 °C samples at 22

cycles, the amplification negative control passetitbe samples were at a low concentration.
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Figure 47- Melting Temp. and Cycle # Titration Studes, Virtual Gel Image #8
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Figure Legend-

Lane 1 AN, 28 cycles, Melting Temp =57 Lane 7 HL60, 34 cycles, Tm =57, 16519
Lane 2 HL60, 28 cycles, Tm =57, 16519 Lane 8 HL60, 34 cycles, Tm =57, 16519
Lane 3 HL60, 28 cycles, Tm =57, 16519 Lane 9 AN, 40 cycles, Melting Temp =57
Lane 4 HL60, 28 cycles, Tm =57, 16519 Lane 10 HL60, 40 cycles, Tm =57, 16519
Lane 5 AN, 34 cycles, Melting Temp =57 Lane 11 HL60, 40 cycles, Tm =57, 16519
Lane 6 HL60, 34 cycles, Tm =57, 16519 Lane 12 HL60, 40 cycles, Tm =57, 16519

At 57 °C, the 28-cycle amplification passed, bug 84- and 40-cycle amplifications
displayed a band in the 16519 position for the #mation negative control as seen in Figure
47. While the AN displayed a weak band in the gdlec amplification negative control, the 40-
cycle amplification negative control was equal lte toncentration of the associated 40-cycle

samples.
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Figure 48- Melting Temp. and Cycle # Titration Studes, Virtual Gel Image #9
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Figure Legend-

Lane 1 AN, 46 cycles, Melting Temp =57 Lane 7 HL60, 22 cycles, Tm =59, 16519
Lane 2 HL60, 46 cycles, Tm =57, 16519 Lane 8 HL60, 22 cycles, Tm =59, 16519
Lane 3 HL60, 46 cycles, Tm =57, 16519 Lane 9 AN, 28 cycles, Melting Temp =59
Lane 4 HL60, 46 cycles, Tm =57, 16519 Lane 10 HL60, 28 cycles, Tm =59, 16519
Lane 5 AN, 22 cycles, Melting Temp =59 Lane 11 HL60, 28 cycles, Tm =59, 16519
Lane 6 HL60, 22 cycles, Tm =59, 16519 Lane 12 HL60, 28 cycles, Tm =59, 16519

At 57 °C, the 46-cycle amplification failed due bands at the 16519 position in the
amplification negative control as seen in Figure #8r the 59 °C samples at 22- and 28-cycles,

the amplification negative controls passed but2theycle samples were at a low concentration.
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Figure 49- Melting Temp. and Cycle # Titration Studes, Virtual Gel Image #10
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Figure Legend-

Lane 1 AN, 34 cycles, Melting Temp =59 Lane 7 HL60, 40 cycles, Tm=59, 16519
Lane 2 HL60, 34 cycles, Tm=59, 16519 Lane 8 HL60, 40 cycles, Tm=59, 16519
Lane 3 HL60, 34 cycles, Tm=59, 16519 Lane 9 AN, 46 cycles, Melting Temp =59
Lane 4 HL60, 34 cycles, Tm=59, 16519 Lane 10 HL60, 46 cycles, Tm=59, 16519
Lane 5 AN, 40 cycles, Melting Temp =59 Lane 11 HL60, 46 cycles, Tm=59, 16519
Lane 6 HL60, 40 cycles, Tm=59, 16519 Lane 12 HL60, 46 cycles, Tm=59, 16519

At 59 °C, the 34-, 40- and 46-cycle amplificatiatisplayed bands in the 16519 position
for the amplification negative controls as seeifrigure 49. The AN band was weak at the 34-
cycle amplification negative control, but the barfds the 40- and 46-cycle amplification

negative controls were equal in concentration ¢ocibrresponding 40- and 46-cycle samples.
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ExoSAP-IT® Treatment and Secondary Agilent 2100 Bioanalyzer Data

All of the amplified samples were then treated WitkoSAP-IT® using the modified
Vallone protocol (Vallone et al., 2004). The samsplwere re-run on the Agilent 2100
Bioanalyzer to see if there was any loss or chamgégnal following the ExoSAP-fTtreatment.

In order to more efficiently view the results oBtExoSAP-IT treated samples, the virtual gel
images from the Agilent 2100 Bioanalyzer data wagain generated (Figure 50 through Figure
59), with the sample names displayed above eacdh dérthe virtual gel image. The sample
names show the cycle number, melting temperatme: pamer set used for each sample. The
negative control samples are denoted as “AN” fomfAification Negative” control, and each
AN is associated with the three samples that imatelyi follow the negative control. The
samples purified with ExoSAP-fTshould have displayed bands around the 93 bpndgicthe

16390 primers, and around the 136 bp region fosimples amplified with the 16519 primers.
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Figure 50- Melting Temp. and Cycle # Post ExoSAP-IT, Virtual Gel Image #1
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Figure Legend-

Lane 1 AN, 22 cycles, Melting Temp =55 Lane 7 HL60, 28 cycles, Tm =55, 16390
Lane 2 HL60, 22 cycles, Tm =55, 16390 Lane 8 HL60, 28 cycles, Tm =55, 16390
Lane 3 HL60, 22 cycles, Tm =55, 16390 Lane 9 AN, 34 cycles, Melting Temp =55
Lane 4 HL60, 22 cycles, Tm =55, 16390 Lane 10 HL60, 34 cycles, Tm =55, 16390
Lane 5 AN, 28 cycles, Melting Temp =55 Lane 11 HL60, 34 cycles, Tm =55, 16390
Lane 6 HL60, 28 cycles, Tm =55, 16390 Lane 12 HL60, 34 cycles, Tm =55, 16390

The negative control samples (AN) above displagedbands at the 16390 amplicon
position as seen in Figure 50. At 55 °C and a@fepSAP-IT® treatment, the 22-cycle samples

were less concentrated than the 28- or 34-cycleksm
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Figure 51- Melting Temp. and Cycle # Post ExoSAP-IT, Virtual Gel Image #2
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Figure Legend-

Lane 1 AN, 40 cycles, Melting Temp =55 Lane 7 HL60, 46 cycles, Tm =55, 16390
Lane 2 HL60, 40 cycles, Tm =55, 16390 Lane 8 HL60, 46 cycles, Tm =55, 16390
Lane 3 HL60, 40 cycles, Tm =55, 16390 Lane 9 AN, 22 cycles, Melting Temp =57
Lane 4 HL60, 40 cycles, Tm =55, 16390 Lane 10 HL60, 22 cycles, Tm =57, 16390
Lane 5 AN, 46 cycles, Melting Temp =55 Lane 11 HL60, 22 cycles, Tm =57, 16390
Lane 6 HL60, 46 cycles, Tm =55, 16390 Lane 12 HL60, 22 cycles, Tm =57, 16390

As seen in Figure 51, at 55 °C and after ExoSAP-Ifeatment, the 40-cycle
amplification passed, but the 46-cycle amplificatiagain failed due to bands at the 16390
position in the amplification negative control. rfhe 57 °C samples at 22 cycles after EXoSAP-
IT® treatment, the amplification negative control pasdut the samples were at a low

concentration.
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Figure 52- Melting Temp. and Cycle # Post ExoSAP-IT, Virtual Gel Image #3
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Figure Legend-

Lane 1 AN, 28 cycles, Melting Temp = 57 Lane 7 HL60, 34 cycles, Tm =57, 16390
Lane 2 HL60, 28 cycles, Tm =57, 16390 Lane 8 HL60, 34 cycles, Tm =57, 16390
Lane 3 HL60, 28 cycles, Tm =57, 16390 Lane 9 AN, 40 cycles, Melting Temp =57
Lane 4 HL60, 28 cycles, Tm =57, 16390 Lane 10 HL60, 40 cycles, Tm =57, 16390
Lane 5 AN, 34 cycles, Melting Temp =57 Lane 11 HL60, 40 cycles, Tm =57, 16390
Lane 6 HL60, 34 cycles, Tm =57, 16390 Lane 12 HL60, 40 cycles, Tm =57, 16390

At 57 °C and after ExoSAP-fTtreatment, the 28- and 34-cycle amplificationsspds
but the 40-cycle amplification displayed a bandthe 16390 position for the amplification
negative control as seen in Figure 52. There wereband shifts observed in the samples

compared to the pre-ExoSAP@ata presented in Figure 42.
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Figure 53- Melting Temp. and Cycle # Post ExoSAP-IT, Virtual Gel Image #4
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Figure Legend-

Lane 1 AN, 46 cycles, Melting Temp =57 Lane 7 HL60, 22 cycles, Tm =59, 16390
Lane 2 HL60, 46 cycles, Tm =57, 16390 Lane 8 HL60, 22 cycles, Tm =59, 16390
Lane 3 HL60, 46 cycles, Tm =57, 16390 Lane 9 AN, 28 cycles, Melting Temp =59
Lane 4 HL60, 46 cycles, Tm =57, 16390 Lane 10 HL60, 28 cycles, Tm =59, 16390
Lane 5 AN, 22 cycles, Melting Temp =59 Lane 11 HL60, 28 cycles, Tm =59, 16390
Lane 6 HL60, 22 cycles, Tm =59, 16390 Lane 12 HL60, 28 cycles, Tm =59, 16390

At 57 °C and after ExoSAP-fTtreatment, the 46-cycle amplification again faitke to
bands at the 16390 position in the amplificatiogatere control as seen in Figure 53. For the 59
°C samples at 22- and 28-cycles after ExoSAPt€atment, the amplification negative controls

passed but the 22-cycle samples were at a low otnatien.
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Figure 54- Melting Temp. and Cycle # Post ExoSAP-IT, Virtual Gel Image #5
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Figure Legend-

Lane 1 AN, 34 cycles, Melting Temp =59 Lane 7 HL60, 40 cycles, Tm=59, 16390
Lane 2 HL60, 34 cycles, Tm=59, 16390 Lane 8 HL60, 40 cycles, Tm=59, 16390
Lane 3 HL60, 34 cycles, Tm=59, 16390 Lane 9 AN, 46 cycles, Melting Temp =59
Lane 4 HL60, 34 cycles, Tm=59, 16390 Lane 10 HL60, 46 cycles, Tm=59, 16390
Lane 5 AN, 40 cycles, Melting Temp =59 Lane 11 HL60, 46 cycles, Tm=59, 16390
Lane 6 HL60, 40 cycles, Tm=59, 16390 Lane 12 HL60, 46 cycles, Tm=59, 16390

As seen in Figure 54, at 59 °C and after ExoSAP-tfeatment, the 34-cycle
amplifications passed, but the 40- and 46-cycle lidficgdions displayed bands in the 16390
position for the amplification negative controlsThere were no band shifts observed in the

samples compared to the pre-ExoSAPB-d&ta presented in Figure 44.
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Figure 55- Melting Temp. and Cycle # Post ExoSAP-IT, Virtual Gel Image #6
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Figure Legend-

Lane 1 AN, 22 cycles, Melting Temp =55 Lane 7 HL60, 28 cycles, Tm =55, 16519
Lane 2 HL60, 22 cycles, Tm =55, 16519 Lane 8 HL60, 28 cycles, Tm =55, 16519
Lane 3 HL60, 22 cycles, Tm =55, 16519 Lane 9 AN, 34 cycles, Melting Temp =55
Lane 4 HL60, 22 cycles, Tm =55, 16519 Lane 10 HL60, 34 cycles, Tm =55, 16519
Lane 5 AN, 28 cycles, Melting Temp =55 Lane 11 HL60, 34 cycles, Tm =55, 16519
Lane 6 HL60, 28 cycles, Tm =55, 16519 Lane 12 HL60, 34 cycles, Tm =55, 16519

At 55 °C and after ExoSAP-fTtreatment, the negative control samples for thea?!
28-cycle amplifications displayed no bands at t6&1DP amplicon position as seen in Figure 55.
The 22-cycle samples were less concentrated tre28h or 34-cycle samples. The 34-cycle
samples failed after ExoSAPTtreatment, however, due to a band at the 16519icmp
position in the amplification negative control. Additional band was also observed in lane 11,

which was not seen in the pre-ExoSAP-IT data ptesein Figure 45.
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Figure 56- Melting Temp. and Cycle # Post ExoSAP-IT, Virtual Gel Image #7
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Figure Legend-

Lane 1 AN, 40 cycles, Melting Temp =55 Lane 7 HL60, 46 cycles, Tm =55, 16519
Lane 2 HL60, 40 cycles, Tm =55, 16519 Lane 8 HL60, 46 cycles, Tm =55, 16519
Lane 3 HL60, 40 cycles, Tm =55, 16519 Lane 9 AN, 22 cycles, Melting Temp =57
Lane 4 HL60, 40 cycles, Tm =55, 16519 Lane 10 HL60, 22 cycles, Tm =57, 16519
Lane 5 AN, 46 cycles, Melting Temp =55 Lane 11 HL60, 22 cycles, Tm =57, 16519
Lane 6 HL60, 46 cycles, Tm =55, 16519 Lane 12 HL60, 22 cycles, Tm =57, 16519

As seen in Figure 56, at 55 °C and after ExoSAPt€atment, both the 40- and the 46-
cycle amplifications again failed due to bandshat16519 position in the amplification negative
control. For the 57 °C samples at 22 cycles a@fepSAP-IT® treatment, the amplification

negative control passed but the samples werecat adncentration.
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Figure 57- Melting Temp. and Cycle # Post ExoSAP-IT, Virtual Gel Image #8
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Figure Legend-

Lane 1 AN, 28 cycles, Melting Temp =57 Lane 7 HL60, 34 cycles, Tm =57, 16519
Lane 2 HL60, 28 cycles, Tm =57, 16519 Lane 8 HL60, 34 cycles, Tm =57, 16519
Lane 3 HL60, 28 cycles, Tm =57, 16519 Lane 9 AN, 30 cycles, Melting Temp =57
Lane 4 HL60, 28 cycles, Tm =57, 16519 Lane 10 HL60, 40 cycles, Tm =57, 16519
Lane 5 AN, 34 cycles, Melting Temp =57 Lane 11 HL60, 40 cycles, Tm =57, 16519
Lane 6 HL60, 34 cycles, Tm =57, 16519 Lane 12 HL60, 40 cycles, Tm =57, 16519

At 57 °C and after ExoSAP-fTtreatment, the 28- and 34-cycle amplificationsspds
while the 40-cycle amplification displayed a bamdtiie 16519 position for the amplification
negative control as seen in Figure 57. Prior te ExoSAP-IT treatment, the 34-cycle
amplification negative showed a weak band in thgatiee control (Figure 47), but after

Ex0oSAP-IT® treatment the samples now passed.
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Figure 58- Melting Temp. and Cycle # Post ExoSAP-IT, Virtual Gel Image #9
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Figure Legend-

Lane 1 AN, 46 cycles, Melting Temp =57 Lane 7 HL60, 22 cycles, Tm =59, 16519
Lane 2 HL60, 46 cycles, Tm =57, 16519 Lane 8 HL60, 22 cycles, Tm =59, 16519
Lane 3 HL60, 46 cycles, Tm =57, 16519 Lane 9 AN, 28 cycles, Melting Temp =59
Lane 4 HL60, 46 cycles, Tm =57, 16519 Lane 10 HL60, 28 cycles, Tm =59, 16519
Lane 5 AN, 22 cycles, Melting Temp =59 Lane 11 HL60, 28 cycles, Tm =59, 16519
Lane 6 HL60, 22 cycles, Tm =59, 16519 Lane 12 HL60, 28 cycles, Tm =59, 16519

At 57 °C and after ExoSAP-fTtreatment, the 46-cycle amplification failed doebands
at the 16519 position in the amplification negatbemtrol, as seen in Figure 58. For the 59 °C
samples at 22- and 28-cycles after ExoSAP-ifeatment, the amplification negative controls

passed but the 22-cycle samples were at a low otiatien.
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Figure 59- Melting Temp. and Cycle # Post ExoSAP-IT, Virtual Gel Image #10
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Figure Legend-

Lane 1 AN, 34 cycles, Melting Temp =59 Lane 7 HL60, 40 cycles, Tm=59, 16519
Lane 2 HL60, 34 cycles, Tm=59, 16519 Lane 8 HL60, 40 cycles, Tm=59, 16519
Lane 3 HL60, 34 cycles, Tm=59, 16519 Lane 9 AN, 46 cycles, Melting Temp =59
Lane 4 HL60, 34 cycles, Tm=59, 16519 Lane 10 HL60, 46 cycles, Tm=59, 16519
Lane 5 AN, 40 cycles, Melting Temp =59 Lane 11 HL60, 46 cycles, Tm=59, 16519
Lane 6 HL60, 40 cycles, Tm=59, 16519 Lane 12 HL60, 46 cycles, Tm=59, 16519

As seen in Figure 59, at 59 °C and after ExoSAP-ffeatment, the 34-cycle
amplification negative control contained no bandkere prior to ExoSAP-IT treatment, the
sample displayed a band (Figure 49) and had fail@the 40- and 46-cycle amplifications
displayed bands in the 16519 position for the adlisplion negative controls after ExoSAPHT

treatment.
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Based on the data from the amplified samples bedork after ExoSAP-IT treatment,
the best results overall for the 16390 primers vee@n to occur at 34 cycles and 57 °C, seen in
Figure 42 and Figure 52. The best results ovéyalhe 16519 primers were seen to occur at 28
cycles and 57 °C, also seen in Figure 42 and Fif2reThe data was determined to pass when
the amplification negative control was indeed negafshowed no band on the Agilent 2100
Bioanalyzer data for the expected amplicon size) ahthree replicates of the HL60 samples
were similar in amplicon size and concentratiorhe Text-best results for the 16390 primers,
despite contaminated amplification negative costrolere seen in the 40-cycle data for both 57
°C and 59 °C. The next-best results for the 16pi®ers were seen at 34 cycles and 57 °C.
Based on this data, it was determined that 57 °€ thva optimal annealing temperature for both
of the primer sets, but the primers’ efficiencyulésd in different amplified DNA concentrations
at different cycle numbers for the 16390 primemd(aherefore the rest of the primers that

generated similarly-sized amplicons) and 16519 eriset (which generated a larger amplicon).

SNaPshot™ Amplification and Analysis

The next step in the validation process was to seadalidation samples noted as “best”
and “next best” to SNaPshot™ amplification and gsial Since the samples were HL60
positive control mtDNA, the expected base in HL6@@sition 16390 was a “C”, and at position
16519 the base was an “A.” Based on the prioibéstanent of the SNaPshot3tzing map, the
16390 extension primer should resolve around 37abp, the 16519 extension primer should
resolve around 43 bp in the SNaPshatf¥ctropherogram. Using the SNaPsha®%ay, the
samples outlined in Table 11 and their associatghtive controls were amplified with the
region-specific extension primers, SAP purifiedd aan on the 3130 capillary electrophoresis

instrument:
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Table 11- Cycle # and Tm Titration Samples Sent t8 NaPshot™

16390 primer sets 16519 primer sets
Best Results 34 cycles @ 57 °C 28 cycles @ 57 °C
Next Best Results 40 cycles @ 57 °C 34 cycles @ 57 °C

40 cycles @ 59 °C

Upon analysis, the SNaPshot™ internal positive ragghtive controls were seen to pass.
The amplification negative controls from the titoat samples were analyzed first. The results

are presented in Table 12:

Table 12- Amplification Negative Controls from Cyck # and Tm Titration

Titration Sample SNaPshot™ Peak Height (in RFU)
Results
16390 AN Control 34 cycles @ 57°C C peak @ ~37 bp 383
40 cycles @ 57°C  C peak @ ~37 bp 3497
40 cycles @ 59°C  C peak @ ~37 bp 1155
16519 AN Control 28 cycles @ 57 °C G peak @ ~43 bp 98
34 cycles @ 57°C G peak @ ~43 bp 906

The results of the amplification negative contrds the 16519 extension primers in
SNaPshot™ generated a minor G peak for both sée&n the assay was screening for an A peak
in the HL60 samples. Also, the data for the 165&8nples confirmed that the 28-cycle
amplification was ideal, only showing the minor péathe amplification negative control at 98
RFU, compared to 906 RFU for the 34-cycle negatimetrol sample. However, since neither of
the peaks was the expected A peak, the G peaksheéexved to be background amplification
resulting from the several rounds of nested PCRcqwmsing. The data for the 16390
amplification negative controls were interpretedairslightly different way. Because C peaks
were present, which was the same peak at 1639060 Hhese controls established the negative
control threshold that the samples must surpabe tweemed valid. Therefore, the 34-cycle, 57
°C samples must show a C peak greater than 383f&Rbat sample to be deemed valid. If any

of the samples were at or below the amplificaticpative threshold, they were deemed
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inconclusive, since the data could not be integutetither as valid or failed due to background
contamination. Despite the presence of the C petle amplification negative control samples,
however, it was clear that the 34-cycle amplificatat 57 °C was the most successful in terms of
the peak height of the C peak. Using the 1639flification threshold and the results of the
passing 16519 amplification negative controls,rém@aining HL60 samples were analyzed, and

the results are presented in Table 13:

Table 13- HL60 Replicate Samples From Cycle # andn Titration in SNaPshot™

Titration Sample  SNaPshot™ result Peak  Average Standard
Height (in  Peak Height Deviation
RFU) (in RFU)
16390 samples 34 cycles @57°C Cpeak@ ~37bp 6701
C peak @ ~37 bp 6014 6460 509

C peak @ ~37 bp 6351
40 cycles @57°C Cpeak @ ~37 bp 7201
C peak @ ~37 bp 5816 6650 735
‘ C peak @ ~37 bp 6933
40 cycles @59°C Cpeak @ ~37 bp 5813
C peak @ ~37 bp 7896 6390 1315

C peak @ ~37 bp 5462

16519 samples 28 cycles @57°C Apeak @ ~43 bp 0819
A peak @ ~43 bp 8148 8183 32
A peak @ ~43 bp 8212
34 cycles @57°C Apeak @ ~43 bp 8101
A peak @ ~43 bp 8107 8087 28
A peak @ ~43 bp 8055

Based on this data, all of the samples typed cthyren the SNaPshot™ assay using the
specific SNP extension primers. Also, all of th6390 samples were well above the
amplification negative thresholds established foe tespective negative controls, and were
therefore valid. It was established that the 5an@ealing temperature produced the best results
in the SNaPshot™ assay, due to the 59 °C sampipdaygling a high standard deviation and
lower average RFU when compared to the 57 °C sampBased on the data, it was therefore

determined that the optimal annealing temperatoiréhfe 16390 and 16519 primers was 57 °C,
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and the optimization of the amplification cycle rhen would be further investigated by

applying this annealing temperature to single agisg the one-step amplification.
Cycle Number Titration With Test Cells

Isolation and Amplification of the Test Cells

In order to validate the proper cycle number f@RPamplification of the single primers,
30 test cells were collected by randomly selecfing gross tissue samples and capturing six
individual cells from each slide, using the esstid laser dissection methodology. The cells
were isolated into amplification tubes containirty {dl of capture buffer (83.4% dB, 16.6%
bovine serum albumin (1.6 pg/ul)), and then theaiaing PCR reagents were added along with
specific SNP primers. The 16390 primers were addefifteen cells: three cells from five
samples each. The 16519 primers were added temh&ning fifteen cells: three cells from five
samples each. The single cells were amplifiethénane-step amplification process using the 57
°C annealing temperature established in the previiudy, but to test for the optimal cycle
number, one set of samples were removed at 28;yble second set was removed at 34 cycles,
and the final set was run for a total of 40 cyaddPCR amplification. For each set of five
samples run with a particular primer at a set cyelmber, a positive control HL60 sample and
amplification negative control was established.

All of the amplified samples were then treated WitkoSAP-IT® using the modified
Vallone protocol (Vallone et al., 2004). The saegplvere run on the Agilent 2100 Bioanalyzer.
In order to more efficiently view the results ofetlone-step amplification on the single cell
samples, the virtual gel images from the Agilen@@Bioanalyzer data were generated, with the
sample names displayed above each lane of thelvgtl image. The sample name shows the

cycle number, melting temperature, and primer seduor each sample. A positive control,
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denoted as “PE” was associated with each sample &t data is presented below (Figure 60
through Figure 63). The negative control samples denoted as “AN” for “Amplification

Negative” control, and are associated with the eepe positive control sample and the five
samples that immediately follow each negative @ntiThe positive control HL60 samples and
the one-step cell samples amplified and purifieth #ixoSAP-IT° were expected to show bands
around the 93 bp region for the 16390 primers, amdind the 136 bp region for the samples

amplified with the 16519 primers. The Agilent 21Bi@analyzer results are as follows:
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Figure 60- Cycle # Titration Study on One-Step Sing Cells, Virtual Gel Image #1
Lane Lane Lane Lane  Lane Lane Lane Lane  Lane Lane Lane Lane
Ladder 1 2 3 4 5 6 7 8 9 10 11 12

1500 — s — T S SR S S SR s S S S S

1000 — ———
S50 — ——

T0O — w——

500 — s————

200 — w—

300 — e————

200 — e—

100 — —

P

15 —

Figure Legend-
Lane 1 PE 16390 - 28 cycles Lane 7 Tissue 357 16390 - 28 cycles
Lane 2 AN 16390 - 28 cycles Lane 8 PE 16519 - 28 cycles

Lane 3 Tissue 251 16390 - 28 cycles Lane9 AN 16519 - 28 cycles
Lane 4 Tissue 287 16390 - 28 cycles Lane 10 Tissue 251 16519 - 28 cycles

Lane 5 Tissue 311 16390 - 28 cycles Lane 11 Tissue 287 16519 - 28 cycles

Lane 6 Tissue 345 16390 - 28 cycles Lane 12 Tissue 311 16519 - 28 cycles

As seen in Figure 60, the positive control (PEnsias for both the 16390 and 16519
primer sets amplified at 28 cycles produced the@@rsized amplicons for the respective primer
sets, and the amplification negative (AN) samplesnit display any bands, but neither did any

of the cells for any of the 16390 or 16519 primarglified at 28 cycles.
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Figure 61- Cycle # Titration Study on One-Step Sing Cells, Virtual Gel Image #2
Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane
Ladder 1 2 3 4 5 6 7 8 9 10 11 12
1500 —

1000 — we——
S50 — —
A

700 —

500 —

400 —

300 — e—

15 —

Figure Legend-
Lane 1 Tissue 345 16519 -28 cycles Lane 7 Tissue 311 16390 -34 cycles
Lane 2 Tissue 357 16519 -28 cycles Lane 8 Tissue 345 16390 -34 cycles
Lane 3 PE 16390 -34 cycles Lane 9 Tissue 357 16390 -34 cycles
Lane 4 AN 16390 -34 cycles Lane 10 PE 16519 -34 cycles
Lane 5 Tissue 251 16390 -34 cycles Lane1l AN 16519 -34 cycles
Lane 6 Tissue 287 16390 -34 cycles Lane 12 Tissue 251 16519 -34 cycles

The remainder of the 28-cycle, 16519 tissue sangieshown in the first two lanes, and
did not display any bands, as seen in Figure 6ie gositive control (PE) samples for both the
16390 and 16519 primer sets amplified at 34 cygteduced the proper sized amplicons for the
respective primer sets, and the amplification rnieggiAN) samples did not display any bands,
but neither did any of the cells for any of the 983®rimers amplified at 34 cycles. A faint band

(Lane 12) was visible in the first cell sample aifigadl with the 16519 primers at 34 cycles.
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Figure 62- Cycle # Titration Study on One-Step Sing Cells, Virtual Gel Image #3
Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane
Ladder 1 2 3 4 5 6 7 8 9 10 11 12

1000 —
850 —

500 —

—
—
700 — SEE————
D ——
400 — e—

Figure Legend-
Lane 1 Tissue 287 16519 -34 cycles Lane 7 Tissue 251 16390 -40 cycles
Lane 2 Tissue 311 16519 -34 cycles Lane 8 Tissue 287 16390 -40 cycles
Lane 3 Tissue 345 16519 -34 cycles Lane 9 Tissue 311 16390 -40 cycles
Lane 4 Tissue 357 16519 -34 cycles Lane 10 Tissue 345 16390 -40 cycles
Lane 5 PE 16390 -40 cycles Lane 11 Tissue 357 16390 -40 cycles
Lane 6 AN 16390 -40 cycles Lane 12 PE 16519 -40 cycles

As seen in Figure 62, the remainder of the 34e;yt6519 tissue samples are shown in
the first four lanes, and displayed faint bandsscxient with the 16519 primer amplicon. The
positive control (PE) samples for both the 16396 26519 primer sets amplified at 40 cycles
produced the proper sized amplicons for the resmegirimer sets, but the amplification
negative (AN) sample for the 16390 primers did kigpa band (Lane 6), which indicated
contamination at 40 cycles. The remainder of tBecycle, 16390 samples were at varying
concentrations, and samples 345 and 357 (Lanes 1d)&showed additional bands which

indicated that non-specific amplification possiblycurred within these cell samples.
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Figure 63- Cycle # Titration Study on One-Step Sing Cells, Virtual Gel Image #4

Lane Lane Lane Lane Lane Lane  Lane Lane Lane  Lane Lane Lane
Ladder 1 2 3 4 5 6 7 8 9 10 11 12

400 —

300 — —

15 —

Figure Legend-

Lane 1 AN 16519 -40 cycles Lane 7 (blank)

Lane 2 Tissue 251 16519 -40 cycles Lane 8 (blank

Lane 3 Tissue 287 16519 -40 cycles Lane 9 (blank

Lane 5 Tissue 345 16519 -40 cycles Lane 11 (blank

)
)
Lane 4 Tissue 311 16519 -40 cycles Lane 10 (blank)
)
)

Lane 6 Tissue 357 16519 -40 cycles Lane 12 (blank

The remainder of the 40-cycle, 16519 tissue sangeshown in Figure 63, and were all
displaying strong bands consistent with the 1651%9¢r amplicon. The amplification negative
(AN) sample for the 40-cycle, 16519 primers displhya band (Lane 1), which indicated
contamination at 40 cycles. Only one sample, &s3bi7, displayed additional bands (Lane 6)
which indicated that additional non-specific anipétion possibly occurred within these cell

samples.
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SNaPshot™ Analysis of the Test Cells

All of the test cell samples were then sent to Bdet™ amplification, regardless of the
status of the amplification negative controls bagsedhe Agilent 2100 Bioanalyzer data. Each
sample was amplified using the SNaPshot™ kit aedréigion-specific extension primer as per
the kit guidelines. The samples were then SAPfipdriand run on the 313D capillary
electrophoresis instrument. Upon analysis, the PalNat™ internal positive and negative
controls passed. The amplification positive angatige controls from the test cell samples were
first analyzed. For reference, the HL60 DNA typd @390 was a C base, and at 16519 it was an

A base. The results are presented in Table 14:

Table 14- Amplification Control Results for Test Cdl in SNaPshot™

Amplification  Control Sample Primer Set SNP Base Peak Height (in

Cycle # Detected RFU)
28 AN 16390 -N/A- -N/A-
34 AN 16390 C 208
40 AN 16390 C 7889
28 PE 16390 C 5548
34 PE 16390 C 7327
40 PE 16390 C 6290
28 AN 16519 G 159
34 AN 16519 G 5143
40 AN 16519 G 8670
28 PE 16519 A 8134
34 PE 16519 A 8093
40 PE 16519 A 7953

The positive control samples typed correctly atoélthe amplification cycles for both
primers. The amplification negative controls wasgative for the 16390 samples at 28 cycles,
and gave a very low peak height at 34 cycles a$ w€he 40-cycle amplification negative
control for both primer sets, as well as the 34lewnplification negative control sample for the
16519 primers were equal and/or greater in peahhéo the relative positive control samples.

Establishing an amplification negative threshold tfttese samples would have been useless as
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some of the positive controls would have failechefefore, the 34-cycle amplification negative
control was used to set the negative control thoiesfor the 16390 samples at 208 RFU. The
28-cycle amplification negative control was usedséd the negative control threshold for the
16519 samples at 159 RFU. The samples and posiiviols would have needed to be higher
than these thresholds for the relative primer sampt order for the samples to pass. In the
samples above, both of the relative positive céstpassed based on these negative control
thresholds. It was also noted that the ampliftsathegative controls for the 16519 primers
displayed a G base in the data. While this didaootespond to the A base in the HL60 positive
control sample, it could have been due to contateindrom any of the other test cells in the
sample set, or it could have been background aicgtibn, and could not be ignored in either
scenario.

The SNaPshot™ results for the test-cell sampleg wWeen analyzed. For reference, the
16390 SNP amplicon resolved around 36 bp, and #4949 SNP amplicon resolved around 42
bp. The tissues that were selected for the cyateber titration are outlined in Table 15, along

with the previously-established SNP profile for #6390 and 16519 SNP positions:

Table 15- Tissues and SNP profiles for Cycle # Tiation Study
Tissue # 16390 SNP 16519 SNP

251 C A
287 C G
311 C G
345 C AIC
357 C G
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The results of the SNaPshot™ analysis are presamieable 16 and Table 17:

Table 16- SNaPshot™ Results for Cycle # TitrationtB8dy, 16390 primers, test cells

Amplification Test Cell Primer Set SNP Base Peak Height (in
Cycle # Sample Detected RFU)
28 251 16390 C 39
34 251 16390 C 208
40 251 16390 c 4668
28 287 16390 C 32
34 287 16390 (@ 528
40 287 16390 [of 3148
28 311 16390 (& below threshold
34 311 16390 @ 289
40 311 16390 o4 6603
28 345 16390 C 43
34 345 16390 @ 532
40 345 16390 [of 4469
28 357 16390 C 33
34 357 16390 C 670
40 357 16390 C 5640

Table Legend-

" = incorrect position

= additional minor T peak at ~40 bp

4 = additional minor C peak at ~39 bp

"¢ = peak not automatically called, could not be dize

Table 17- SNaPshot™ Results for Cycle # TitrationtBdy, 16519 primers, test cells

Amplification Test Cell Primer Set SNP Base Peak Height (in

Cycle # Sample Detected RFU)
28 251 16519 G 179
34 251 16519 & 8199
40 251 16519 & 8485
28 287 16519 G 78
34 287 16519 G 6136
40 287 16519 & 8356
28 311 16519 G 135
34 311 16519 G 6908
40 311 16519 & 8553
28 345 16519 G 230
34 345 16519 G 3780
40 345 16519 & 8524
28 357 16519 G 197
34 357 16519 G 6285
40 357 16519 & 8544

Table Legend-
° = peak overblown past matrix threshold, shows-pplbf other spectral colors
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For the 16390 samples, it was clear that the 28csamples were below the negative
control threshold, and could not be successfuligrpreted. For the 34-cycle samples, the 16390
primers successfully amplified four out of the fis@mples to give peak heights greater than the
negative control threshold, and the fifth samples waactly at 208 RFU, which was exactly the
same as the negative control threshold for the Q&28nples at 34 cycles. As the 40-cycle,
16390 primer amplified samples were analyzed, & alaar that the increased cycle number was
showing artifacts in the samples, such as additiomaor peaks occurring at 39 and 40 bp,
compared to the 37 bp 16390 peak in the electrogin@m. Overall, for the 16390 primers, 34-
cycles of amplification appeared to generate optimsults above the amplification threshold,
with the correct base called for each sample. $ame amplification strategy would then apply
to the 16069, 16223, and 16324 primers as wellgesithese all generated similarly-sized
amplicons.

For the 16519 samples, the 28-cycle samples aggéargive optimal peak heights for
the samples, with three of the five samples showeak heights above the 159 RFU negative
control threshold for 28 cycles. However, the phalghts were low, and the peak heights that
were seen in the samples at 34 cycles were more db¢he amplification negative control for
the 34-cycle, 16519 primer samples was establisistdad as the negative control threshold, the
new threshold became 5143 RFU. With this new megabntrol threshold, four out of the five
samples passed analysis; however, one of the sawale overblown and difficult to interpret.
This difficulty was due to the fact that when a géaron the 3134 capillary electrophoresis was
above the maximum concentration for detection oa itstrument, the fluorescent signal
overloaded the CCD camera and caused artifactppeaa within the peak, known as pull-ups.

This pull-up artifact was due to additional colthat were normally removed by an established
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subtraction matrix now being detected in a greRtieé quantity than the matrix standards, and
causing the other colored peaks to appear undeovbsblown peak in the electropherogram.
This is a critical problem in SNP analysis, wheotymorphisms (or in the specific case of this
study, heteroplasmy) are detected as differencdsasés at the end of an extension primer,
displayed as the mixing of two or more colored bagihin a range of the same position.

Overblown samples were simple to identify due asigeshape of the sample peak and
also by the peak height, but the presence of therbtown peaks did make SNP analysis
impossible for the affected samples. For thisapag was seen that the 40-cycle samples were
un-interpretable for the 16519 primers, and thetropimal and conservative cycle number for
the 16519 primers was 28 cycles, leaving the poggifor additional amplification cycles to be
performed on the samples if necessary in the future

An interesting observation from the 28-cycle samplas that despite the presence of no
bands in the Agilent 2100 Bioanalyzer data, and addlitional cycling of the samples,
SNaPshot™ results were obtained for nine of thes@mples, ignoring the negative control
thresholds for each primer set. This same phenomess also noted for the 34-cycle samples
as well, where in the 16390 Agilent 2100 Bioanatydata did not contain any bands, and the
16519 Agilent 2100 Bioanalyzer data contained faiahds, the results from the SNaPshot™
analysis were optimal for nine of the ten samplegh the tenth sample actually being
overblown. The implication of this observation what additional cycles of amplification may
not be necessary when the single-cell samples apgpeble negative on the Agilent 2100
Bioanalyzer. Specifically, the occurrence of thMaBshot™data at those specific cycle
numbers shows that the single-cell samples wesn amplified concentration appropriate for

the SNaPshot™assay to produce results. Therefore, the loweragnithe working detection
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range of the Agilent 2100 Bioanalyzer assay wakdrighan the lowest cutoff concentration for
the SNaPshot™ssay. As such, negative Agilent 2100 Bioanalyesults can and will be sent
to SNaPshot™ amplification as long as the relgbesitive and negative controls pass based on
the analysis of the Agilent 2100 Bioanalyzer data.

The final issue with the 16519 primers was that tfidhe samples, 251 and 345, were
previously identified in the gross tissue analyssspossessing an A base at the 16519 position
(see Table 15). The SNP analysis of the singlks aitl not show this A peak, but instead
showed a G peak. The G peak was present at edbb ofcle number replicates, and increased
in peak height as the cycle number increased ds Baked on the analysis of the HL60 positive
control DNA, it was verified that the 16519 primen® capable of detecting and identifying an
A peak when present, so it was interesting thac#ils were uniformly showing a G peak upon
analysis. Referring back to the data generaterh ftloe gross tissue SNP typing using the
multiplex (data not shown), it was seen that th&1B6A in sample 251 had a peak height of 114
RFU, and for the 345 tissue the A peak was at IBBWU. While the 251 sample 16519 peak
was below the average peak height for the reshefdata, the 345 tissue 16519 A peak was
above average, and both peaks are therefore believ® true values for the gross tissue.

The fact that the single cell samples from the sassees were giving different values at
the 16519 position is a curiosity, but not unexpdcor unprecedented. The five positions
identified in the HVI mitochondrial region are hptds for base-change mutational events. The
point of this research was screening these hot$potiifferences in the bases at these positions.
It was previously postulated that a tissue might digplaying a homoplastic base where
underlying cells might have a different base, et ¢culmination of a majority of one type either

cancels or overwhelms the minor heteroplasmic baaage. This might be what is occurring in
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the 16519 position of the test cells. It is polesthat within the 251 and 345 tissues, there did
exist an A/G heteroplasmy, but the minor G was swnthat when several thousands of cells in
the gross tissue were extracted, amplified, antedeshe major A profile overwhelmed the
minor G base to the point where it was not eveedaetl on the SNaPshot™ assay. However,
when six random cells from 251 and 345 were ablated tested individually, these six cells
displayed the G base as the major, and the A wvilasraninor or not there, due to the fact that it
was not detected in the SNaPsha@34ay of the single cells.

While the purpose of this series of validation ekpents was designed to establish the
optimal cycle number that should be applied todimgle primer amplifications for 16390 and
16519, the issues surrounding the profiles uncavatel6519 in the test cells relate directly to a
fundamental issue with the overall project: theededn of heteroplasmy was limited by the
sensitivity of the SNaPshot™ssay and the detection threshold of the R0 3fapillary
electrophoresis machine, as well as the limitinggdies on the amplification process such as the
reagents, primers, polymerase, and dNTPs. What tieterminations were made as to the
presence or absence of heteroplasmy in the simefe ltad to account for these limiting factors
and sensitivity thresholds. Also, since the datenfthe test cells in 16519 showed that one
postulated scenario was plausible, then otherstrhigée been as well. Since possible low-level
heteroplasmy was found in a sample where none veagopsly believed to exist, it was equally
likely that single cells from the known heteroplasmsamples might end up displaying a single
homoplastic mitochondrial SNP profile as well.

The end result of the cycle number and melting temore optimization study,
notwithstanding the results of the 16519 primershia test cells, showed that 57 °C was the

optimal annealing temperature for both the 1633D¥6619 primer sets, and by association, the
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rest of the primer sets as well. For the singleapr amplification set, the 16390 primers were
optimized at 34 cycles, which is also extendedht 16069, 16223, and 16324 primer sets as
well due to approximately similar amplicon sizeheT16519 primers were separately optimized
at 28 cycles. These parameters allowed for optangblification of the individual primers on
the single cells from known heteroplasmic tissumstlfie purposes of screening the individual

cells for mitochondrial heteroplasmy.

Pathology Screening Results

The slides were visually analyzed by Dr. Zoran iBuga from the Office of Chief
Medical Examiner in New York City. The slides weegamined under 100 X to 500 X
magnification using standard stereomicroscopes rundemal Koéhler illumination. The cells
were noted as either “uniform hepatic cells” orlpemnatic, with varying reasons noted as to the
problems seen in the cells. Out of the 109 slgtepared from the tissue blocks, seven samples
were identified as not being liver cells and thesre removed from the study. An additional
twenty-three samples contained cells of questiengdalthology. Out of these twenty-three
samples, the visual results indicated either “molpgically changed hepatic cells,” “non-
uniform cells,” “questionable cells,” or “questidiia pathology.” These samples were
identified, and flagged for additional processinghe original tissue blocks for each of the
twenty-three samples were sent for histologicals€rsection preparation, and stained with
hematoxylin and eosin (HE) stain. These stainexbcrsections were re-examined by Dr.
Budimlija, and out of the twenty-three slides, thrgere identified as containing pre-cirrhotic
morphology, six were flagged for in-depth microscopxamination, and the remainder of the
thirteen slides were classified as normal livesueswith the exception of sample 275, which was

noted as only containing kidney tissue on the esestioned slide. It is possible that the hepatic
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tissue was consumed from tissue block 275 pridheccreation of the histological cross-section,
but as a precaution, sample 275 was removed fransthdy altogether. Based on the
pathological examinations, a total of seventeateslwere found to have problematic pathology
or not to contain liver cells, and these were reedgofrom the study. Therefore, a total of 92
slides were determined to contain uniform hepatitschat were viable for cell isolation and

one-step amplification, contingent upon the resoftighe gross tissue analysis of the same

tissues.

Extraction Negative Control Analysis

For each organic extraction set of the gross tigemenants, an extraction negative
control was generated that accounted for 5 to di¥idual samples. Following the validation of
the SNaPshot™ assay and the creation of the asgysiocols, each extraction negative control
was amplified at a neat concentration in the migd@mmplification and run at full input volume
in the SNaPshot™ assay. The extraction negatiaegrals would only be considered valid if no
peaks were present anywhere in the HVI SNP regismg either the individual bins or the
multiplex region bin for analysis. The extractioegative controls that were tested accounted for
a total of 92 tissue samples, based on the vigddads identified in the pathology review of the
cells. After the initial round of analysis on tletraction negative controls, two separate
extraction negative controls failed, each reprasgrfive samples. These ten samples were re-
extracted, and upon reanalysis, the new extractegative controls were seen to successfully
pass analysis, resulting in a total of 92 viablm@as from the gross tissue processing. The
corresponding amplification positive and negativatmls for the amplification of the extraction
negative controls were also analyzed, and were déemlid. Under the established guidelines

for the analysis of the controls, the extractiogatave controls accounting for 92 samples were
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deemed valid. However, it was noted that one sajgample #347, was exhausted after the
initial extraction and re-extraction process. 8imo additional tissue was available for this
sample that could serve to confirm future testthg, sample #347 was removed from the study,

resulting in 91 viable gross tissue samples fompilmposes of the study.

Gross Tissue Sample Analysis

The 91 valid gross tissue extracts were amplifiedthie multiplex SNP assay, and
guantitated on the Agilent 2100 Bioanalyzer. Oampgle gave no quantitation data following
amplification, and four other samples were linkedat contaminated amplification negative
control, and were thus deemed invalid and abanddeadng 86 viable samples for SNaPshot™
analysis of the gross tissue samples. The 86 sampére then purified with the modified
ExoSAP-IT® protocol, and amplified using the SNaPshot™ arigglifon kit and the SNP
extension primers. Following sample reinjectiaesyuns, and confirmatory amplification runs, a
total of 122 run files were generated with SNaP%hadata. The data from the GeneMapper™
analysis software was exported as comma separatedsvto an Excel spreadsheet, and a VBA
macro was executed to find any samples in whichdifferent SNP peaks fell within a range of
amplicon sizes (+/- 4 bp), which would indicatedmeplasmy at that particular SNP position.
Several samples were noted as containing mixedspedkin the pre-defined SNP bins, but
several samples also had significant peaks outsidee defined bins. When the data was re-
analyzed using the multiplex macro instead of tidividual bin macro, several samples were
seen to contain more than the expected five SNRspedth some samples containing up to
seven valid peaks. Two specific samples were wgletom the gross tissue samples to act as

controls for the remainder of the study; sample® &8d 329. Neither of these samples showed
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any heteroplasmy in the multiplex SNP assay forghass tissue, and each sample generated

SNP data for all five SNP positions.

Extension Primer Length Study

It was noted in the processing of the gross tiskae several peaks were found outside
the previously established bins when the multiplata was analyzed. Since the analysis bins
were based on the peaks of the HL60 mtDNA whicloaoted for only one peak at each SNP
position, the bin sizes did not reflect all of fhessible extension primer peaks for each extension
primer. It was for this reason that the analy$ithe GeneMapper™ data was done with a +/- 4
bp window in the Excel macro, however, this settivag arbitrary based on what was published
about the fluorescent dyes attached to the ddNEB@Applied-Biosystems, 2000). Since each
fluorescent dye had a unique molecular structua¢ aliowed for the difference in fluorescent
wavelength, each molecular weight of the dye was dlfferent, and this difference affected the
overall mobility of the extension primer when difat dyes were attached.

Due to the multiplex setup for this study, and blase the HL60 mtDNA analysis,
several of the previously established bins werey daB bp wide, and three of the bins were
within 6-8 bp of each other. However, due to tlosgible range of the extension primers, the
data from one primer bin was most likely spillinga other data bins when additional peaks
were being detected that were not originally in#i&0 mtDNA SNaPshot™ profile. This led
to the interpretation that the “heteroplasmy” aB4® might not have been heteroplasmy at
16390, but overlapping data from 16069, 16324,X56800 instead.

When the raw SNP peak data was overlaid from althef valid gross tissue (see
Appendix C for the overlay detail), the patternexttraneous peaks outside of the previously

defined bins was clear, and additional work wagetoee required to correctly define the true
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sizes of the individual SNP bins for the study.ohder to begin investigating the length effects
occurring in the SNP data, initial estimations wévemed based on established data for the
extension primers and the fluorescently dye-label@d TP bases. Using the known molecular
weight (MW) of each of these components, calcutetizvere done to estimate the outcomes of
each possible base addition to the extension psimeFirst, the fluorescent 4,7-dichloro-

substituted rhodamine (d-Rhodamine) dye groups e ddNTP bases were outlined as

presented in

Table 18:
Table 18- d-Rhodamine Dye Information
ddNTP Dye Label Color MW
A dR6G Green 479
C dTAMRA Black 916
G dR110 Blue 380
T(U) dROX Red 1035

The molecular weights above are the product ofdihd TP base plus the succinyl ester
dye. Using this data, the estimated differencéwdren the 16390E C and the 16390E T primers
could be calculated:

16390 extension primer = 14101.28 MW units (g/msd),

16390E + ddCTP = 15017.28
16390E + ddTTP = 15136.28

This data was empirically confirmed by the SNP dathere in the 16390 extension
primer the C normally resolved around 37 bp, ardThpeak normally resolved around 40 bp.
Examination of the various ddNTP bases without therescent dyes displayed the
commonality of these unmodified bases, with an ayemolecular weight of ~500 g/mol units,

as presented in Table 19:
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Table 19- Molecular Weights of ANTP bases

dNTP MW

dATP 488.16
dCTP 463.13
dGTP 504.16
dTTP 479.14
duTpP 465.12

In essence, the commonality of the dNTP basesoldft the molecular weight of the
fluorescent dye as the true modifier of the exmmgrimers. However, when examining the
molecular weight differences between the 16390nsit@& primers labeled with a C versus a T
base, the difference between these constructs mgd 9 molecular weight units. At this point
the question was posed; is this difference enoaglalidate the C/T shift seen in the data? The
data was reviewed, and it was verified that the id whigrate farther than the C in the
electropherogram data, with the T base appearimgnar40 bp and the C base appearing around
37 bp. It was also considered that an additiond siight have occurred due to the mobility of
the primer through the POP7 polymer, which is viscand known to affect the mobility of the
dye groups. A third consideration for the sizinffedences was the secondary structure of the
extension primer to the dye group (ionic, or atixecforces in the dye groups to the polar DNA
molecule), and vice-versa, the possibility of ai®@hsional structure of the dye group that
would affect the overall mobility of the extensipnmer.

To address these issues before carrying out tlgthestudy, it was deemed necessary to
answer the questions surrounding the resolutionthef 313&l capillary electrophoresis
instrument. Utilizing POP-7 within a 36 cm capillarray should have been able to resolve less
than 0.1 bp, since normal DNA sequencing was capafithis same resolution under POP-6 / 50

cm capillary conditions. What was discovered withipplemental documentation from Applied
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Biosystems was as follows (ABI SNaPshot™ suppleaietocumentation for POP-7 on the
313l):

Figure 64- Primer Focus Data from Applied Biosysters

dTAMRA™

dR6G

drOX™

dR110

0

Figure 11 Primer Focus® Kit samples run with POP-7 polymer on a 3130x/
Genetic Analyzer with a 36-cm capillary array. Mobility of a 32-mer
oligonucleotide primer focus product is shown for each of the 4 dyes: dR110
(blue), dR6G (green), d-TAMRA™ (yellow) and dROX™ (red).

Figure 64 above shows an example of the separatiothe SNaPshot dyes, and
therefore all of the possible SNP base additionsa gingle 32-mer extension primer. What is
important to note here is the separation betweerCti{black) and T (red) peaks for the single
32-mer oligonucleotide product. The same approtensaparation of the C and T was seen in
the 16390 peak data, with the C peak eluting ar@rbp and the red peak around 40 bp. It was
also noted that the order of the primers in Figbdewas the expected separation pattern that
should have occurred based solely on the moleewgéaght differences of the d-Rhodamine dye

groups (see Table 19, above).

Figure 65- Dual Primer Focus Data from Applied Biogstems
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Figure 12 Multiplexed Primer Focus Kit samples run with POP-7 polymer on a
3130x/ Genetic Analyzer with a 36-cm capillary array. Mobility of two primer focus

oligonucleotide products, the 32-mer shown in Figure 11 and a 36-mer when
mixed in equal amounts and run in the same capillary.
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Figure 65, above, shows an example of the separabio 32-mer and 36-mer
oligonucleotide products, showing that the fourdgparation is enough to separate all possible
SNP dyes for each oligonucleotide product, buhatdame time each dye is separated by one or
more bp in length. Note that the separation wdk estident for each of the primer peaks
between each oligonucleotide product. This ingisdhat the T peaks seen in the SNP data at 40
bp are not heteroplasmic peaks to the C peaks bBp3vithin the 16390 extension primer data,
and the seven instances of gross-tissue heteroplasre therefore incorrectly identified as
such.

To investigate the issue with the primer lengtle, itidividual primer sets were amplified
within the gross tissue samples that were prewougsntified as containing multiple peaks, as
well as the control samples 288 and 329. Thisltex$in 34 samples amplified against the single
primer sets. The gross tissue samples were applifi a 25 pl reaction using the AmpliTaq
Gold® polymerase, under the following conditions:

Soak at 95°C for 9 minutes
5{ - 95°OC for 10 seconds
34 cycles: - 57°C for 30 seconds
- 72°C for 30 seconds
Storage soak at 4°C indefinitely

An HL60 positive control and amplification negatigentrol were established for each
primer amplification set. Following amplificatiothe amplified samples were treated with
ExoSAP-IT® using the Vallone protocol (Vallone et al., 2004The amplified samples and
controls were run on the Agilent 2100 Bioanalyzéihe positive control for each of the five
SNP locations displayed the appropriately-sizeghégk, and the negative control at each of the
five SNP locations showed no bands. (Refer to AdpeD for the corresponding Agilent 2100

Bioanalyzer data figures for the positive and niggatontrols.)
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The 34 gross tissue samples were analyzed, arghmlples were seen to generate the
appropriate 16069 primer peak (see Figure 66 below)

Figure 66- Agilent 2100 Bioanalyzer results for 346069 samples

# 12:370-069 & B: 326,069 2: 354.089 & 8: 282069 2 316-069 # 8: 349069
® 3: 266.069 9: 338.069 3: 257069 ® 9 783069 3: 320069 9: 355-069
® 4 284.069 ® 10: 395.069 ® 4 258-069 10: 289-069 * % 324069 10: 361-069

5: 312,089 11: 346.089 & 5: 261069 11: 293-089 # 5: 329-069 # 11: 359-069
® 5: 315.069 # 12: 351.069 ® 5 264-069 ® 12: 309-059 # 6: 339-069

7: 325.069 ® 1: 352,089 7: 278089 1: 314-069 7: 342-063
[Fu] 370-069
200+ Gross tissue extract, 1/100 dilution
150+

|

100+

50+ |

40 60 80 100 120 140 [s]

The 34 gross tissue samples were analyzed, arghmlples were seen to generate the
appropriate 16223 primer peak (see Figure 67 below)

Figure 67- Agilent 2100 Bioanalyzer results for 346223 samples

# 12:345.223 # 6 339-223 12: 370-223 9: 288-223 # 2351223 # 8:315.223

& 1:314-223 7:342-223 # 4: 258-223 # 10: 239-223 # 3: 352,223 9: 325.223

#® 2: 316-223 # 8: 345-223 5: 261-223 # 12: 309-223 4 354,223 10: 326.223

3: 320-223 9: 355-223 &: 264-223 # 3:252-223 # 5: 266,223 # 11: 338.223
& 4 324223 # 10: 361-223 7:278-223 # 11: 293-223 # 6: 234,223
5: 328223 # 11: 369-223 8: 282-223 1: 346.223 7: 312.223
[FU] 345,223
T Gross tissue extract, 0.001 dilution

160+

140

120

100+

80+

60—

40+ i

20

] —
204
T T T T T T
40 60 80 100 120 140 [s]
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The 34 gross tissue samples were analyzed, arghmlples were seen to generate the
appropriate 16324 primer peak (see Figure 68 below)

Figure 68- Agilent 2100 Bioanalyzer results for 346324 samples

# 6:354.324 & 6:339-324 12; 370-324 8: 282-324 8: 284.324 # 2:345.324
® 1:314-324 7: 342-324 3:252-324 ® 9: 283-324 # 9:312.324 3: 346.324
#® 2:3165-324 # 8: 349-324 4; 258-324 ® 10: 289-324 # 10: 315,324 4 351.324
3t 320-324 9: 355-324 ® 5:261-324 & 11: 293-324 # 11: 325,324 5: 352,324
#® 4324324 # 10: 361-324 # 5: 264-324 # 12: 309-324 12: 326.324
5: 329-324 # 11: 369-32¢ 7: 278-324 ® 7:266.324 # 1:333.324
[FU] 354.324
Gross tissue extract, 0.1 dilution
160+
140+
120 I
I
100+
80+
60—
40
20
0
204
T T T T T T
40 60 80 100 120 140 [s]

The 34 gross tissue samples were analyzed, arghmlples were seen to generate the
appropriate 16390 primer peak (see Figure 69 below)

Figure 69- Agilent 2100 Bioanalyzer results for 346390 samples

# 12:315.390 # 6 338-390 12: 370-380 8: 282-390 # 2: 326,390 # 8: 354,390
& 1: 314-390 7: 342-390 3:252-390 # o: 238-390 # 3: 338,390 9 266,390
# 2: 316-390 & 8: 345-390 # 4: 253-350 10: 289-350 # 4 345,390 10: 284.330
3: 320-320 9: 355-380 # 5: 261-350 # 11: 293-350 # 5: 346,390 11: 312.330
& 4: 324-390 # 10: 361-390 # 6: 264-390 # 12: 309-390 # 6: 351,390
5: 328-390 # 11: 369-390 # 7: 278-350 # 1:325.390 # 7:352.390
[FU] 315.390
140 Gross tissue extract, 0.01 dilution
120
100+
80+
60—
40
20+ L
04 = — T—
T T T T T T
40 60 a0 100 120 140 [s]
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The 34 gross tissue samples were analyzed, arghmlples were seen to generate the

appropriate 16519 primer peak (see Figure 70 below)

Figure 70- Agilent 2100 Bioanalyzer results for 346519 samples

# 10:354.519 # 6: 338-519 12; 370-519 8: 282-519 12; 284.519 6: 345.519
# 1: 314-519 7: 342-519 # 3:252-519 9: 288-519 1: 312.51% # 7:346.519
# 2: 316-519 # 8: 349-519 # 4 258-519 10: 289-519 # 2: 315,519 8:351.519
3: 320-519 9: 355-519 # 5: 261-519 # 11: 293-519 3: 325,519 9: 352,519
# 4: 324-519 # 10: 361-519 6: 264-519 # 12: 309-519 # 4 326.519
5: 329-519 # 11: 359-519 & 7:278-519 11: 266.519 # 5:338.519

[FUl 354.519
Gross tissue extract, 0.1 dilution
200+
150+

100+

50 I

All of the samples were then amplified using theaBshot™ kit, using the standard
amplification conditions. The samples were pudfigith SAP, mixed with GS120-LIZ size
standard and deionized formamide and loaded ontaved6 plates for 313€l capillary
electrophoresis. Aliquots of each SNaPSkarnplified primer set within a specific tissue
sample were pooled together, and the 5-primer poolixture was aliquotted with size standard
and formamide and loaded onto the electrophoréaie ps well. Similar pooling was done with
the positive and negative control samples. Theviddal and pooled samples were run under
normal SNaPshot™ electrophoresis conditions, uitiz7% performance-optimized polymer
(POP-7™), a 36 cm capillary array, and the E5 ckagndetection and analysis protocol.

Using the GeneMappersoftware, the samples were analyzed using onlyrthkiplex
analysis setting, which did not define bins andead called all above-threshold samples (30
RFU and above) within the multiplex range from ZD{&p. Using this analysis, the possible

peaks for each primer within each gross tissue Eamere determined, and this was compared
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to the pooled data sample for each tissue sampieells The positive and negative controls
were also analyzed in the same way, and usingatia$ysis, the positive control samples were
seen to pass, and the amplification negative cbstimples established the negative control
threshold for remainder of the sample analysis.eline negative control threshold was applied
to the samples, only three samples were seen taindrelow-threshold C peaks, and only at the
16390 positions. In each of these samples, a nfajpeak was present at the 16390 position
instead, indicating that a possible heteroplasmme&k was present, but since they were below
the negative control threshold, these samples we@nclusive for analysis at the 16390 SNP
position. All other peaks in every sample werevabthe negative control threshold, and were
therefore deemed valid peaks.

Based on the analysis of the single primers agdirestgross tissue samples, the new

individual bin sets were determined, as displaye@iable 20:

Table 20- Bin Sizes Based on Length Study

SNP Primers Bin Range
16069 31to 37 bp
16223 28to 35 bp
16324 30to 37 bp
16390 34 to 42 bp
16519 39.5t0 45.5 bp

Only the specific bin set above was used to aealyz one-step cells and/or individual
primer amplicons from the gross tissue, based ersSthP primers utilized in the testing for

MtDNA heteroplasmy.

Re-analysis of the Gross Tissue and Length Study Da  ta

Based on the early interpretation of the grossiéisata, it was incorrectly deduced that
only seven samples contained heteroplasmy, andadnhe 16390 and 16519 locations. Prior to

the length study, three samples were selectedreeisdndividual cells as a proof of concept
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study, samples 261 and 342 for 16390 and 355 f649.6 When the cells from these samples
were analyzed using the specific extension primergas seen that the 16390 samples contained
an unusual level of heteroplasmy within an odd §¢Bk pattern, and the 16519 sample was
also displaying a divergent result, in which theested peak was not present in the sample. The
issues noted with the individual cells from theaeples led to the design of the length study.
(Note: The raw data from 261, 342, and 355 weravayzed following the length study, and the
results of these analyses are presented latee idisicussion.)

Using the new SNP bin sizes, the gross tissuewlasare-analyzed, taking into account
the possible crossover within the 16069, 162232463and 16390 data. Using this new analysis
within an Excel macro, sixteen gross tissue sampbae found to contain twenty possible HVI
hotspot heteroplasmic positions, with represergatboverage of all of the SNP positions
throughout the sixteen samples. A final confirmatvas done by visually confirming the mixed
peaks in the electropherograms from each of thieesixsamples. The detailed results of the
heteroplasmic gross tissues are presented in Appé&ndetail Table of Heteroplasmic Tissue
Samples.

Based on the post-length study reanalysis, san#8and 329 were again seen to
contain a homoplastic SNP profile at each SNP posiind therefore these two samples were
confirmed as the control samples for the remaindéhne study. When the heteroplasmic single
cells were tested, five control cells from sam@®B& 2nd five control cells from sample 329 were
added to each set of fifty cells during the ong@-stmplification. This was done to control for
the amplification of additional low-level heterophay in the heteroplasmic single cells using

control cells with expected homoplastic SNP prgfile
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Age vs. Heteroplasmy of the Gross Tissue

Once the heteroplasmic samples were identifietliwithe gross tissues, the known age
and sex of the tissue donors was evaluated aghmsteteroplasmic findings. The results of this
comparison are seen in Figure 71. Although thgimmai age range of the study was seen to
cover from 1 year of age up to 83 years of agesacitoe 129 original samples (see Figure 3), the
heteroplasmic samples were concentrated in a migbtet age range, with fourteen of the
twenty heteroplasmic samples occurring betweendtpes of 34 and 55, with one sample
occurring at age 2, and the remaining five samiglesely clustered between the ages of 64 and
79. Out of the twenty heteroplasmic samples, & s@en that seven of the samples were female,
and thirteen of the samples were male, which woefkct a heteroplasmy rate of 20% in the
female samples, and 13.8% in the male samples b@sdte screening of the gross tissue.
Within the scope of the data set, it was noted tltaheteroplasmy was seen in the samples
between the ages of 3 and 33, with all but oneants of heteroplasmy occurring at and above

the age of 34.
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Figure 71- Age vs. Instances of Heteroplasmy

Age vs. Instances of Heteroplasmy

2.5

1.5 -
m Instances of Male Heteroplasmy

m Instances of Female Heteroplasmy
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0 - ,
1 4 6 1518202225293133353739414345474952555860626468707274767983

Pathology Follow-Up

When the length study was performed, several tsssiere extracted and tested for the
generation of the new bin size data. Any of the@as found to contain possible heteroplasmy
were included in the reanalysis data along withathginal samples. Four such samples from the
length study that were found to contain heteroplasmere previously eliminated due to
guestionable pathology: sample 312, sample 338plgaBu5, and samples 354. The use of
these samples in the validation was not problensitice the length study data from these
samples corresponded with the other samples anel twerefore deemed concordant. However,
it was noted that sample 345 was one of two idiedtiheteroplasmic samples that contained

three possible heteroplasmic hotspots based ogrthss tissue analysis; the other sample that
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contained three heteroplasmic hotspots was sang{dlevzhich had no pathological problems. It
was decided at this point, however, that no furtiesting would be performed on the sample
261. Therefore, with the elimination of sample 26dng with the four questionable pathology
samples, the list of possible heteroplasmic griassué samples contained fifteen samples
representing nineteen different heteroplasmic lonat which again covered all five of the
representative SNP locations throughout all offitbeen samples (see Appendix E for the detail
on peak size, height, area, and ratios).

After the questionable samples were removed froenpbol of eligible heteroplasmic
samples, the age range of the remaining fifteegibddi heteroplasmic samples was again plotted,
and the data was again seen to be concentrated mge range of 34 and 55, but the majority of
the previous outlier data was now gone (see FigiZebelow). With the removal of the
guestionable samples, the remaining seventeen samglre clustered in the main group of 34 to
55 years of age, and a second group of three sam@ee clustered around 64 to 69 years of
age, with a single outlier of a 79 year-old matgut of these seventeen remaining heteroplasmic
samples, it was seen that six of the samples vegnale, and eleven of the samples were male,
which would then reflect a heteroplasmy rate (cdee for the removal of the
guestionable/pathological samples) of 20% in timale samples, and 15% in the male samples,
within the scope of the data set based on the miogef the gross tissue. Although based on a
relatively small sample set (gross tissues, n=128sted samples, n=109, after
guestionable/pathological samples removed, n=82g¢& heteroplasmy rates are consistent and
in range with the heteroplasmy rates seen in tipeilation, as per the literature (Bendall et al.,
1997; Budowle et al., 2002a; Budowle et al., 2002atloway et al., 2000; D'Eustachio, 2002;

Grzybowski, 2000, 2001; Grzybowski et al., 2008viir et al., 2009; Lagerstrom-Fermer et al.,
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2001; Li et al., 1999; Roberts & Calloway, 2011|aSaet al., 2001; Tully et al., 2000; Wilson et
al., 1997; Zsurka et al., 2007).
Figure 72- Age vs. Instances of Heteroplasmy, patlogy/mixture samples removed

Age vs. Instances of Heteroplasmy
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SNaPshot™ Analysis of Single Cells

Isolation of Single Cells from Heteroplasmic Samples and Controls

Based on funding and resource constraints, it weterchined that only ten samples
would be selected for single cell isolation and Bdlaot™ testing. Due to representative
coverage of every SNP position within the remainiifigen samples, it was decided that two

samples would be chosen for each SNP site andlte$tee criteria for selection was as follows:
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1) Samples with the lowest ratio of heteroplasmic phelghts are optimal, which
would indicate strong signals from both of the hgpéasmic peaks within the gross
tissue sample.

2) If multiple samples exist for a SNP location withughly similar peak height ratios,
two different heteroplasmic mixtures will be segtto test for varying coverage of
the SNP heteroplasmy at the position.

Based on these criteria, the following samples vgetected for single-cell isolation and

one-step amplification, as presented in Table 2& &ppendix E for detail on peak size, height,

area, and ratios).
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Table 21- Controls and Heteroplasmic Samples Selett for SNaPshot™ Analysis of Single Cells

16069 16223 16324 16390 16519
5 5 5 S S
g g g g g
o 8 41 8 | § o 8 o § ,
£ L o L a o _a o A ©
| & <| § <| & <| § =<| G <
288 16069 C |16223 C 16324 T |16390 C | 16519 A
329116069 C |16223 C 16324 T |16390 C | 16519 A
284 116069 T
A
289 16324 T
G
293 16223 T
C
314 16223 T
C
315 | 16069 C
A
339 16390 T
C
349 16324 T
A
355 16390 C
<
16519 G
A
369 16519 G
A

For each of the selected heteroplasmic tissue ssnapld the two control tissue samples,
fifty cells were then isolated for analysis for tlepresentative heteroplasmic SNP position. The
cells that were utilized were from the previoushgegared microscope slides. The cells were
identified, isolated, and collected on the PALMeRasdissection microscope. Each cell was

individually collected in 15 pl of capture bufféd3.4% dHO, 16.6% bovine serum albumin (1.6
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png/ul)) within a sterile collection tube. The aduh of the BSA to the capture buffer allowed
the liquid to completely ensconce the interior lné tollection tube lid, providing a maximum
target area for the ablated cell within the norgnalydrophobic interior of the plastic cap. The
total volume of the capture buffer contained thesaolumes of water and BSA as the targeted
amplification, so the entire capture buffer volumas applied to the one-step amplification of
the individual cells.

An example of this process is shown in Figure 7#®ubh Figure 77, below. In the
example, the field of view shows separated cetisnfthe 355 tissue sample. The computer-
outlined regions, which make up the digital mapth# cells, can be seen in Figure 73 as the
numbered green circles. For this example, noteptb&imity of the 110 and 111 numbered
cells.

F|gure 73 355 ceIIs identified
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Under the FITC filter, it is shown in Figure 74atithe 110 and 111 cells each contain a
single nuclear void, and along with the light-fietdage from Figure 73, indicate that the cells

are single cells and therefore eligible for indivadi collection.

Figure 74- 355 cells under FITC filter

Once identified, the cells were each cut using ldser microscope. This involved
selecting each sample individually and setting IHser dissection microscope to activate the
laser and cut along the indicated oval pathway.th&daser is activated, the robotic stage moved
to allow the fixed laser to cut along the greerwdear pathways. As seen in Figure 75, this can
be done with such precision as to not disturb tlieosnding cells. In this example, cell 110 was
first cut, followed by cell 111, and they are bethl present on the slide and ready for catapult

capture into individual collection tube caps.
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Flgure 75 355 cells after LDM cut
+ Y o L A TR
p

Once the cut was performed on the slide surfdeeliuid-filled collection tube would
be attached to the laser dissection microscopeatah tube holder, and moved into place above
the slide. The height was manually controlled gshe computer interface to verify that neither
the cap nor any liquid came into contact with thées Once confirmed, the 110 cell was then
selected with a single catapult launch point, aras waunched off the slide surface into the
collection cap. As is seen in Figure 76, the agpion of the focused, pulsed laser on the slide
surface only affected the targeted cell, and didafiect the 111 cell, or any of the other cells or

debris surrounding the 110 cell.
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Figure 76- 355 cells after 1st LDM catapult
N R T R I e T s i AR
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After the 110 cell collection tube was removed alabed, a second tube was inserted
onto the tube collection arm of the laser dissectiocroscope, and was again moved into place
above the slide. The visual check was done torernbiat the proper collection tube cap height
was valid, and the 111 cell was then selected atapalted off the surface of the slide. As seen
in Figure 77, this cell was also successfully reetbfrom the slide surface without disrupting

any of the surrounding cells or debris.
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Figure 77- 355 cells after 2nd LDM catapult

Amplification and Agilent 2100 Bioanalyzer Data for Isolated Single Cells

The cells from the heteroplasmic samples and olsnivere one-step amplified using the
specific SNP primers per sample based on the apgildn settings that were previously
validated. The cells from samples containing gmesheteroplasmy at 16069, 16223, 16324,
and 16390 were run using 34 cycles of amplificatioming the one-step amplification process.
The cells from the samples containing possiblerbptasmy at 16519 were run using 28 cycles
of amplification for the one-step amplification pess. To each set of fifty heteroplasmic
sample cells, five control cells were added to dhaplification set from sample 288, and five
control cells were also added from sample 329,ngia total of sixty cells that were amplified
within each test set. To control for the amplifion, a positive control (PE), amplification
negative control (AN), and cycling amplificationgative control (CAN) were established for

each set of 60 cells. The positive control andaimglification negative control were run at the
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standard number of amplification cycles specificdach primer set, and were used to establish
the negative control threshold after SNaPshoatalysis was complete. The cycling
amplification negative control (CAN) was only to bsed if it was determined that the samples
required further rounds of primary amplificationliéeving Agilent 2100 Bioanalyzer sizing
analysis, before the SNaPshot™ amplification o@lrr

Based on funding and resource constraints, onlgdnérols and a representative number
of samples for each set of sixty cells were runtlosm Agilent 2100 Bioanalyzer. A total of
twenty-four samples were run from each amplifioatset, which included the positive control,
the amplification negative control, the cycling agge control, seventeen of the heteroplasmic
sample cell samples, and four of the control cathgles. This was done, based mainly on the
resource constraints of the study, but also orethpirical data from the validations, in which the
one-step amplified single cells would not be expedb display a visible peak in the Agilent
2100 Bioanalyzer data. As noted in the cycling bamvalidation study using the test cells,
negative results on the Agilent 2100 Bioanalyzetaddid not indicate that the single-cell
samples could not transition to SNaPshot™ analpsised on the low-end level of the detection
of the Agilent 2100 Bioanalyzer being higher th&e fow-end input concentration for the
SNaPshot™ assay. In order for the samples totefédg pass Agilent 2100 Bioanalyzer sizing
analysis, however, the positive control must haiwspldyed the appropriate band and the
negative controls must have been negative.

Following the one-step amplification, all of theg@lified single-cell samples were treated
with ExoSAP-IT° using the Vallone protocol (Vallone et al., 2004)The representative

amplified single cells and controls were then rumtbe Agilent 2100 Bioanalyzer. Refer to
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Appendix F for the Agilent 2100 Bioanalyzer elepinerograms for the one-step amplification
positive and negative control results.

The positive controls for the 16069 primers, calfitrg the 284 and 315 samples and
control cells, were seen at the appropriate bp sizd the negative controls for the sample sets
displayed no amplified peaks.

The positive controls for the 16223 primers, caltitrg the 293 and 314 samples and
control cells, were seen at the appropriate bp size the negative controls for the sample sets
displayed no amplified peaks.

The positive controls for the 16324 primers, caltitrg the 289 and 349 samples and
control cells, were seen at the appropriate bp sizé the negative controls for the sample sets
displayed no amplified peaks.

The positive controls for the 16390 primers, calfitrg the 339 and 355 samples and
control cells, were seen at the appropriate bp sizé the negative controls for the sample sets
displayed no amplified peaks.

The positive controls for the 16519 primers, calfitrg the 355 and 369 samples and
control cells, were seen at the appropriate bp sizé the negative controls for the sample sets
displayed no amplified peaks.

When the Agilent 2100 Bioanalyzer data for the rgell samples was analyzed, it was
seen that no detectable peaks were present foofatlye single cell samples or control cell
samples. In Figure 78 below, the twenty-one sarsfgetropherograms for the representative
cells and controls are overlaid, and no peaks aggept in the 109 bp region for the 284 sample

cells and control cells for primer 16069.
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Figure 78- 284 sample cells and control cells, 180@rimers

# 12:329¢-30 & 7: 234-10 # 11: 28422 3: 284-34 & 7: 284-9%6 # 11: 329c-28
® 42841 B: 28413 12: 28425 4 28437 # 5: 28449
& 5: 25344 & 5: 284-15 # 1: 284-28 # 5: 284-40 # 9: 288c-27
B6: 284-7 10: 234-19 # 2: 284-31 B 284-43 # 100 329c-30
[Fu] 329c-30
100
80+
60
40+
20
0 TN 59 k : _
T T T T T T
40 60 80 100 120 140 [s]

In Figure 79 below, the twenty-one sample electeopgrams for the representative cells

and controls are overlaid, and no peaks are praseheé 109 bp region for the 315 sample cells

and control cells for primer 16069.

Figure 79- 315 sample cells and control cells, 18D@rimers
# 12:329¢-35

& 7:315-10 ® 11:315-22 3 315-34 7: 315-4% ® 11 323¢-33
& 4 315-1 8: 315-13 12: 315-25 # 4 315-37 8: 31549
# 5: 3154 # 9 315-16 # 1: 315-28 # 5: 315-40 # 9: 288c-32
6: 3157 10: 315-19 # 231531 6: 31543 # 10: 288¢-35
[FU] 329¢-35
120
100
20 !
60
40
20
0 o - e R Fi &—--- S ————
T T T T T T
40 60 80 100 120 140 [s]

In Figure 80 below, the twenty-one sample electeopgrams for the representative cells
and controls are overlaid, and for twenty of th& 8&mple cells and control cells, no peaks are
present in the 81 bp region for primer 16223. Th# #46 sample displayed a peak in the

Agilent 2100 Bioanalyzer electropherogram, and preiak was above the detection threshold for
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the Agilent 2100 Bioanalyzer software and was atlyadentified at the appropriate base-size
pair for the 16223 primers, as seen in Figure 8lgw.

Figure 80- 293 sample cells and control cells, 162primers
# 12:329¢c-40

# 7: 29310 # 11: 293-22 3 293-34 ® 7: 93-4% # 11: 329¢-38
# 42931 8: 293-13 12: 293-25 4: 29337 # 8:293-45
# 5:2934 ® 929315 # 1:293-28 # 529340 9: 288c-37
B: 293-7 10: 293-19 # 229331 # 6:293-43 10: 288c-40
[Ful 329¢-40
120+
100+
80 |
60
40
20+
0= — —
-20 T T T T T T
40 60 a0 100 120 140 [s]

Figure 81- 293 cell #46, 16223 primer
[Fu] 293-46

Z
%
%

100+

T T T
40 60 a0 100 120 140 [s]

In Figure 82 below, the twenty-one sample electeopgrams for the representative cells
and controls are overlaid, and for twenty of thd 32mple cells and control cells, no peaks are
present in the 81 bp region for primer 16223. Gélé#1 sample displayed a peak in the Agilent
2100 Bioanalyzer electropherogram, but the peak bedsw the detection threshold for the

Agilent 2100 Bioanalyzer software and was therefaeidentified, as seen in Figure 83, below.
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Figure 82- 314 sample cells and control cells, 162primers

# 12:329c-45 # 7:314-10 # 11: 31422 3: 31434 7: 31446 11: 329c-43
* 43141 8: 314-13 12: 314-25 # 431437 8: 31449
# 5: 3144 # 9:314-16 # 1: 31423 # 5: 31440 # 9: 288c-41

6: 314-7 10: 314-19 # 2:314-31 # 6:314-43 # 10: 283c-44

[Fu]
120

320c-45

100+

80

60

40

) L ]

40 60 a0 100 120 140 [s]

Figure 83- 314 cell #1, 16223 primer
[Fu] $ 314-1

80

ZEETenTasmnsan:

T T T T T
40 50 60 70 a0 Eli] 100 110 120 130 140 [s]

In Figure 84 below, the twenty-one sample electeopbgrams for the representative cells
and controls are overlaid, and for twenty of th® 288mple cells and control cells, no peaks are
present in the 99 bp region for primer 16324. Gélé#4 sample displayed a peak in the Agilent
2100 Bioanalyzer electropherogram, but the peak bedsw the detection threshold for the

Agilent 2100 Bioanalyzer software and was therefaeidentified, as seen in Figure 85, below.
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Figure 84- 289 sample cells and control cells, 168primers

# 12:329¢-50 # 7: 289-10 # 11: 289-22 3: 289-34 ® 7: 289-96 # 11: 329c-48
& 4 2891 8: 289-13 12: 289-25 # 4: 289-37 8: 289-49
# 5: 2394 & 9: 289-16 # 1: 289-23 # 5: 289-40 #® 9: 288c-47
B6: 289-7 10: 239-19 # 2: 289-31 # 6: 289-43 # 10: 288c-50
[Fu] 329¢-50
100+
80+
60—
40
20+ J \l
L o e S TR "
T T T T T T
40 60 80 100 120 140 [s]
Figure 85- 289 cell #4, 16324 primer
[FU] o 289-4
— 3
NG
80+
70+
60—

50

40

30

20

10+

T T T
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In Figure 86 below, the twenty-one sample electeopbrams for the representative cells
and controls are overlaid, and no peaks are présehe 99 bp region for the 349 sample cells

and control cells for primer 16324.
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Figure 86- 349 sample cells and control cells, 168primers

# 12:329-25

® 7 349-10 # 11: 349-22 3: 349-34 # 7:399-96 11: 329-23
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& 5: 345-4 # 5: 349-15 # 1: 349-28 # 5: 349-40 9: 288-22
6: 349-7 10: 345-19 # 2: 349-31 6: 349-43 10: 288-25
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In Figure 87 below, seventeen of the sample elph&#mgrams for the representative
cells and controls are overlaid, and for the 33®@a cells and control cells, no peaks are
present in the 93 bp region for primer 16390. Ti& remaining samples for the 339 cells
displayed electrophoresis artifacts in the datd, rmne of the samples displayed an above-

threshold peak in the 93 bp region for the 33%¢al seen in Figure 88 below.

Figure 87- 339 sample cells and control cells, 163@rimers
# 4:339-1 7: 33%-10 # 12: 333-25 3 339-34

8: 339-49 11: 329¢-53
& 5: 339-4 & 8 339-13 1: 339-28 # 6 339-43 9: 288c-52 12: 329¢-55
& 61 339-7 9: 339-16 ® 2: 339-31 ® 7 339-96 # 10: 288c-55
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80
60
404
20
0+ -
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Figure 88- 339 cells with electrophoresis artifactsL6390 primers

# 5: 339-40 |‘ 10: 339-19 ‘. 11: 339-22 4:339-37
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In Figure 89 below, the twenty-one sample electeopgrams for the representative cells

and controls are overlaid, and no peaks are présehe 93 bp region for the 355 sample cells

and control cells for primer 16390.

Figure 89- 355 sample cells and control cells, 163@rimers

# 12:329c¢-60 # 7 355-10 # 1135522 3: 355-34 # 7: 3554 # 11 325058
& 4 355-1 8: 355-13 12: 355-25 # 4: 355-37 # 3: 355-4%
# 5: 355-4 # 9 355-16 # 1: 355-28 5: 355-40 # 9: 288c-57
6: 3557 10: 355-13 # 2: 35531 # 635543 # 10: 288c-60
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In Figure 90 below, the twenty-one sample electeopbgrams for the representative cells

and controls are overlaid, and no peaks are prasehé 137 bp region for the 355 sample cells

and control cells for primer 16519.
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Figure 90- 355 sample cells and control cells, 185 primers

# B:329-10

#® 7:355-13 # 3 355-43 41 355-22 4: 355-34 & 51 329-7
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In Figure 91 below, the twenty-one sample electeopgrams for the representative cells

and controls are overlaid, and no peaks are préase¢hé 137 bp region for the 369 sample cells

and control cells for primer 16519.

Figure 91- 369 sample cells and control cells, 185 primers
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SNaPshot™ Amplification of the Single Cells

The single-cell samples and controls were amplifrethe SNaPshot™ystem based on
the observations made in the validation of the #oation cycle number regarding negative
Agilent 2100 Bioanalyzer results for the singlelsaimples. The SNaPshot™ amplification was
performed based on the data that the positive alsnfior each specific primer set displayed the
appropriate-sized amplicon, and the negative ctmtlisplayed negative results. The samples
were amplified in the SNaPshot8ystem as per the standard kit guidelines usingspieeific
SNP extension primer for the related samples: 8@69 extension primers for the 284 and 315
cells and controls, the 16223 extension primerghfer293 and 314 cells and controls, the 16324
extension primers for the 289 and 349 cells androts) the 16390 extension primers for the 339
and 355 cells and controls, and the 16519 extengioner for the 355 and 369 cells and
controls. In order to maintain a conservative apph to the controls, the PE was run at the
optimal input of 0.2 pg of amplified DNA, which neged dilution. The AN and CAN samples
were run at a neat input concentration based orsithgar level of sample input for all of the
single-cell samples in the sample set. For examplea scenario where three samples are
amplified in the SNaPshot™ssay, one sample requires a 1/100 dilution toeaeh?.2 pg of
amplified DNA, one sample requires a 1/10 dilutiorachieve 0.2 pg of amplified DNA, and the
third sample is not diluted (input neat) into tiéa®shot™ assay. In this scenario, the negative
controls would be run neat (not diluted) to tak® iaccount the highest possible level of sample
input into the system. The rationale here was@hgtSNP peaks seen in these negative controls
will be at the highest possible level for all saeglwith diluted samples theoretically containing
less contaminant (if present) due to the dilutiand therefore will be the most stringent and

conservative interpretation of the negative costraFor the single cells, the AN and the CAN
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were amplified neat, as were all of the single-salinples since the Agilent 2100 Bioanalyzer
data did not detect a quantity of amplified DNA timese samples. Following SNaPshot™
amplification, the samples were purified with SABn on the 3134 capillary electrophoresis

instrument utilizing 7% performance optimized pogmiPOP-7™), a 36 cm capillary array, and

the E5 chemistry detection and analysis protocol.

SNaPshot™ Results of Sample 284 Cell Analysis

Upon analysis, the SNaPshot™ internal positive re@ghtive controls were seen to pass.
The amplification positive and negative controlsnirthe 284 cell samples were analyzed first.
For reference, the HL60 DNA type at 16069 shouldabe base around 34 bp. The results are

presented in Table 22:

Table 22- Control Sample Results for 284 Cells inNg&aPshot™

Control Sample Primer Set SNP Base Base-pair size Peak Height (in
Detected RFU)
PE 16069 T 34.62 8139
AN 16069 C 31.93 520
CAN 16069 C 32.1 41

The positive control passed, and the negative obttireshold was established as 520
RFU for ~32 bp sized peaks based on the peak sete iamplification negative control. The
cycling amplification negative control (CAN) for dee samples did show peaks as well, but
since none of the samples were amplified with &l cycles, this control would not be
analyzed any further.

The fifty single cell samples for 284 as well ae ten control cell samples were then
analyzed. Based on the gross tissue analysissidi284, the 16069 extension primer showed
an A/T heteroplasmy. While this A/T heteroplasmgswexpected based on the gross tissue

analysis, C/T peaks were instead found (see tloeisgon for analysis of this issue).
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The results of the SNaPshotSNP typing for each cell set are displayed in wbéeich

as Table 23 below. For each table that followsinkdesidual cell data sets, the tables are divided
into sets of columns, with one column for eachhef bases of DNA detected in the various cell
samples. The first set of columns reflects anyhef first peaks detected in the heteroplasmic
samples. The second set of columns reflects asonglary peaks detected in the samples, and so
on for each column. Each set of the main peaknsoptucontains individual data columns for the
allele detected, as well as the size of the peddpjrthe height of the peak in RFU, and the area
of the peak. Within each table, any sample nastievied by a lowercase “c” is a control cell

sample.
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Table 23- SNaPshot™ Results for A/T heteroplasmic82 Cells and Controls, 16069 Primers

— (@]
o 8 ~ 8
T oo E I o E oS
Z 8 3 §|T % 3 B
Sample Name | < »h T a| < n T a
PE-284 T 34.62 8139 57833
AN-284 C 3193 520 3580
CAN-284 C 321 41 306
1-284 C 3194 725 5073
2-284 C 3203 78 544
3-284 C 3209 573 3970
4-284 C 31.94 1309 9020
5-284 C 3189 673 4575
6-284 C 3183 492 3372
7-284
8-284 C 3189 363 2497
9-284 C 3205 298 2044
10-284 C 3194 440 3058
11-284 C 32.01 1804 12360
12-284 C 32.04 1572 10625
13-284 C 3191 779 5275
14-284 C 3191 761 5114
15-284 C 3189 153 1033
16-284 C 31.91 3463 23573
17-284 C 3189 591 3982
18-284 C 3202 297 2038
19-284 C 3196 1155 7832
20-284 C 3191 803 5462
21-284 C 3191 468 3185
22-284 C 3191 1470 9941
23-284
24-284 C 31.84 1245 8467
25-284 C 3191 816 5510
26-284 T 3449 994 6925
27-284
28-284 C 3197 875 5959
29-284 C 31.91 1867 12545
30-284 C 3191 466 3136
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Table 23- SNaPshot™ Results for A/T heteroplasmic82 Cells and Controls, 16069 Primers (continued)

— (@]
o 8 ~ 8
T o< E I3 oo E o<
2 8 g gl 8 T 8
Sample Name | < »h T a| < n T a
31-284 C 32 610 4117|T 34.62 1177 8141
32-284 C 3191 1189 8133
33-284 C 3189 893 6136
34-284 C 318 129 917
35-284 C 3191 812 5574
36-284 C 31.83 240 1659
37-284 C 3197 225 1560{T 34.61 3781 26101
38-284 C 3189 243 1659
39-284
40-284 C 32 416 2833
41-284 C 3191 794 5325
42-284
43-284 T 345 560 3828
44-284
45-284 C 3195 311 2092
46-284 C 3191 127 855
47-284 C 3191 140 936
48-284 C 3204 274 1876
49-284 C 31.89 1840 12346
50-284
26-288c C 32 479 3218
27-288c C 3198 1114 7674
28-288c
29-288c C 3191 1020 6811
30-288c C 3191 366 2473
26-329¢ C 3191 240 1611
27-329¢ C 3198 507 3412
28-329c C 31.89 1664 11366
29-329c C 3191 217 1448
30-329¢ C 3191 1353 9084(T 34.5 1864 12700
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Using conditional formatting within the MicrosGfExcel 2010 software, the negative
control threshold of 520 RFU was applied to theadatd any ~32 bp C peak heights less than or
equal to this threshold were labeled as red, ayd~&2 bp C peak heights above this threshold
were labeled as green. As the data was analyizedsiseen that seven of the fifty samples and
one of the ten controls gave no data, and thesplsamames were changed from black to red
text (samples 7, 23, 27, 39, 42, 44, 50, and cbetnmple 28-288c from the 284 cells). For the
remaining samples, it was seen that eighteen otdmeples were displaying peaks below the
negative control threshold of 520 RFU for the ~®2sized peaks. For the control cells, five of
the cells were also below this negative contrashold.

However, a second issue was occurring in the datavell. An additional T peak
occurred in four random samples and one of therabsamples. When this T peak occurred, it
was seen to be approximately 34 bp in size. Becthesamplification negative sample did not
display a T peak, no negative control thresholdtf@ T peak could be set, and therefore any
visible T peak around 34 bp would be deemed a ymk. When this was applied to the data,
one sample that was seen to contain a below-thiceshgeak around 31 bp also contained a
valid T peak around 34 bp: sample 37. The anapaiameters for this sample will be addressed
in the discussion. Therefore, by eliminating tlaenples that only contained a single below-
threshold C peak at 31 bp, the remaining twentygble cell samples (samples 1, 3, 4, 5, 11,
12, 13, 14, 16, 17, 19, 20, 22, 24, 25, 26, 28,329,32, 33, 35, 37, 41, 43, and 49) and four

control samples (27-288c, 29-288c, 28-329c, an82) were deemed valid for interpretation.

SNaPshot™ Results of Sample 315 Cell Analysis

Upon analysis, the SNaPshot™ internal positive rigghtive controls were seen to pass.

The amplification positive and negative controlsnfrthe 315 cell samples were first analyzed.
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For reference, the HL60 DNA type at 16069 shouldabe base around 37 bp. The results are

presented in Table 24:

Table 24- Control Sample Results for 315 Cells inNg&aPshot™

Control Sample Primer Set SNP Base Base-pair size Peak Height (in
Detected RFU)
PE 16069 T 34.49 8341
AN 16069 C 31.91 295
CAN 16069 N/A N/A N/A

The positive control passed, and the negative abiitreshold was established as 295
RFU for ~32 bp sized peaks based on the peak settre iamplification negative control. The
cycling amplification negative control (CAN) foregke samples did not show peaks, but since
none of the samples were amplified with additiotydles, this control would not be analyzed
any further.

The fifty single cell samples for 315 as well ae ten control cell samples were then
analyzed. Based on the gross tissue analysis1®€9 extension primer showed a C/A
heteroplasmy. While this C/A heteroplasmy was etguk based on the gross tissue analysis,
C/AIT peaks were instead found (see the discugsioanalysis of this issue). The results of the

SNaPshot™SNP typing are displayed in Table 25 below.
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Table 25- SNaPshot™ Results for C/A heteroplasmicl3 Cells and Controls, 16069 Primers

— ()] (0]
. o Bl w E v E
o = ™ =
T 7 0B e 3B Oz o9 B =
Sample Name | < 5 T = 5 =T 2= & =T &
PE-315 T 34.49 8341 62476
AN-315 C 3191 295 1999
CAN-315
1-315 C 3191 531 3662
2-315
3-315 C 319 47 374|T 34.5 425 2879
4-315 C 31.89 646 4400
5-315 C 31.88 862 5844
6-315 C 3195 263 1787
7-315 C 31.89 2192 14768
8-315
9-315 C 3191 260 1769
10-315
11-315 C 31.89 7769 53231
12-315 C 3191 1338 9002
13-315 C 3191 787 5317
14-315 C 3191 2562 17195
15-315 C 3199 622 4213
16-315
17-315 C 3191 676 4589
18-315
19-315
20-315 C 31.88 857 5831
21-315 C 3191 449 3035
22-315 C 31.97 1452 9805
23-315 C 3183 260 1769
24-315 C 3191 109 747
25-315
26-315 C 32 193 1337
27-315 A 3095 429 2853(C 31.89 700 5427
28-315
29-315
30-315
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Table 25- SNaPshot™ Results for C/A heteroplasmicl8 Cells and Controls, 16069 Primers (continued)

— ()] (0]
o 9 ~ 9 o 9
T o< E I3 oo E OZl3 g S
2 ¥ g Bl g ¥ Bl o2 T B
Sample Name | < n T a|< n T a|< % T a
31-315 A 3098 85 580/|C 31.91 133 1041
32-315 A 3081 57 383C 3202 101 778
33-315 A 3082 107 713|C 31.89 142 1125
34-315
35-315 A 3098 171 1130{C 31.91 243 2117
36-315 A 3081 51 349|C 31.89 75 617
37-315
38-315 A 3098 227 1462|C 31.91 305 2348
39-315 A 30.81 158 1035({C 31.75 193 1488
40-315
41-315 A 3084 75 498|C 3191 838 716
42-315 A 31.04 55 354|C 319 67 561
43-315 A 3088 264 1766/C 31.81 335 2605
44-315
45-315 A 30.8 107 716/C 31.85 108 855
46-315 A 30.88 278 1866|C 31.8 340 2713
47-315 A 3098 488 3247|C 31.91 645 5109
48-315
49-315 C 3183 36 281
50-315 A 3091 42 283|C 31.83 50 386
31-288c A 30,9 48 310|C 31.82 59 461
32-288c A 3088 123 821|C 31.81 182 1447
33-288c A 3091 376 2553{C 31.83 663 5052
34-288c A 3081 131 851f{C 31.75 168 1335
35-288c
31-329c A 3098 58 373|C 3191 74 582
32-329c A 3083 155 981|C 31.84 184 1421
33-329c¢
34-329c A 3081 113 729({C 31.85 171 1362
35-329¢
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Using conditional formatting within the MicrosGfExcel 2010 software, the negative
control threshold of 295 RFU was applied to theadatd any ~32 bp C peak heights less than or
equal to this threshold were labeled as red, ayd~&2 bp C peak heights above this threshold
were labeled as green. As the data was analyzedsiseen that fifteen of the fifty samples and
three of the ten controls gave no data, and thesgple names were changed from black to red
text (samples 2, 8, 10, 16, 18, 19, 25, 28, 29338037, 40, 44, 48, and control samples 35-288c,
33-329c, and 35-329c from the 315 cells). Forrémeaining samples, it was seen that seventeen
of the samples were displaying C peaks below tigatnee control threshold of 295 RFU for the
32 bp sized peaks. For the control cells, sixhef ¢ells were also below this negative control
threshold.

However, a second issue was identified in the datavell. An additional T peak
occurred in one random sample. When this T peakroed, it was seen to be around 34 bp in
size. Because the amplification negative samplendt display a T peak, no negative control
threshold for the T peak could be set, and theeedmy visible T peak around 34 bp would be
deemed a valid peak. When this was applied ta#te@, one sample that was seen to contain a
below-threshold C peak around 32 bp also contaanealid T peak around 34 bp: sample 3. The
analysis parameters for this sample will be ades#s the discussion.

A third issue was occurring in the data as welh alditional A peak occurred in fifteen
random samples and seven control samples. Whgmtpieak occurred, it was approximately
31 bp in size. Because the amplification negagample did not display an A peak, no negative
control threshold for the A peak could be set, #matefore any visible A peak around 31 bp
would be deemed a valid peak. When this was egpti the data, ten samples and six controls

that were seen to contain a below-threshold C jpealnd 32 bp also contained a valid A peak
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around 31 bp: samples 31, 32, 33, 35, 36, 39, 21448, 50, and control samples 31-288c, 32-
288c, 34-288c, 31-329c, 32-329c, and 34-329c frieen315 cells. The analysis parameters for
these seventeen samples will be addressed ingbesdion. Samples 2, 6, 8, 9, 10, 16, 18, 19,
23, 24, 25, 26, 28, 29, 30, 34, 37, 40, 44, 48, 4hdvere deemed fully invalid, along with the
control samples 35-288c, 33-329c¢ and 35-329c. réhmining twenty-nine viable cell samples

and seven controls samples were deemed valid tenpiretation.

SNaPshot™ Results of Sample 293 Cell Analysis

Upon analysis, the SNaPshot™ internal positive regghtive controls were seen to pass.
The amplification positive and negative controlsnfrthe 293 cell samples were first analyzed.
For reference, the HL60 DNA type at 16223 shouldalfe base around 29 bp. The results are

presented in Table 26:

Table 26- Control Sample Results for 293 Cells inNg&aPshot™

Control Sample Primer Set SNP Base Base-pair size Peak Height (in
Detected RFU)
PE 16223 C 29.5 8073

C 29.62 593

AN 16223 A 31.68 363

T 32.63 164

C 29.59 705

CAN 16223 A 31.62 460

T 32.68 246

The positive control passed, and the negative abiitreshold was established as 593
RFU for ~29 bp sized C peaks based on the peakisgbe amplification negative control. A
second peak was also seen in the AN control ar8arap, and this A peak had a peak height of
363 RFU. A third peak, a T, was also seen in thecAntrol around 32 bp with a peak height of
164 RFU. Since these additional peaks were unéggethe size and peak heights of the second

and third peaks were noted. The cycling ampliftcanegative control (CAN) for these samples
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did show peaks as well, but since none of the sasnpkre amplified with additional cycles, this
control would not be analyzed any further.

The fifty single cell samples for 293 as well ae ten control cell samples were then
analyzed. Based on the gross tissue analysis1®223 extension primer showed a C/T
heteroplasmy. While this C/T heteroplasmy was etquebased on the gross tissue analysis,
C/AIT peaks were instead found (see the discudsioanalysis of this issue). The results of the

SNaPshot™SNP typing are displayed in Table 27 below.
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Table 27- SNaPshot™ Results for C/T heteroplasmi93 Cells and Controls, 16223 Primers

— ()] (0]
. o Bl w E v E
o = ™ =
T 7 0B e 3B Oz o9 B =
Sample Name | < 5 T = 5 =T 2= 5 I &
PE-293 C 29.5 8073 52954
AN-293 C 29.62 593 3901|A 31.68 363 2625|T 32.63 164 1077
CAN-293 C 2959 705 4487|A 31.62 460 3347|T 32.68 246 1879
1-293 C 29.64 497 3146|A 31.71 292 2110|T 32.78 138 886
2-293 C 2947 300 1929|A 31.68 214 1518|T 32.76 87 581
3-293 C 29.64 2941 18709] A 31.71 2043 13866| T 32.78 866 5620
4-293 C 2964 781 4981|A 31.71 627 4472|T 32.78 280 2025
5-293 C 29.64 925 5845|A 31.7 745 5312|T 3278 400 3314
6-293 C 2958 1293 8137|A 31.62 638 4537|T 32.68 336 2177
7-293 C 2959 773 4931|A 31.76 496 3598|T 32.68 264 2001
8-293 C 2964 746 4728 A 31.71 432 3093|T 32.78 207 1342
9-293 C 29.64 491 3031]A 31.7 571 4021|T 32.64 316 2771
10-293 C 29.64 850 5436/A 31.71 532 3761|T 3278 241 1584
11-293 C 2959 795 5098/A 31.76 634 4561|T 32.82 350 2939
12-293 C 2959 1349 8686|A 31.62 744 5502|T 32.68 442 3463
13-293 C 29.5 1330 8337|A 3171 819 5942(T 32.65 399 2704
14-293 C 2947 847 5734|A 3154 479 3742|T 32.62 229 1659
15-293 C 2957 614 3961|A 31.61 323 2320|T 32.67 163 1062
16-293 C 2959 918 5838/ A 31.62 540 3848|T 32.68 270 1842
17-293 C 2959 455 2905|A 31.62 324 2313|T 3268 141 902
18-293 C 31.89 1005 7467 A 31.89 893 5936/ T 32.68 1005 10797
19-293 C 29.59 2826 18072|A 31.76 219 1551|T 32.81 484 4041
20-293 C 29.59 1057 6692|A 31.76 700 5004]T 32.68 344 2520
21-293 C 29.5 989 6228| A 31.7 530 3754|T 32.64 348 2786
22-293 C 29.5 1322 8470|A 31.71 696 5029|T 32.65 345 2254
23-293 C 29.64 499 3184|A 31.71 405 2856|T 32.65 190 1485
24-293 C 29.5 630 3938/ A 3157 403 2872(T 32.64 210 1525
25-293 C 29.5 1590 10121 A 31.7 283 1927|T 32.64 351 2848
26-293 C 29.68 717 4828 A 31.68 342 2565|T 32.72 185 1246
27-293 C 2959 980 6366/|A 31.63 606 4357|T 32.69 295 2103
28-293 C 29.59 1208 7920|A 31.63 592 4496|T 32.69 307 2039
29-293 C 29.5 1817 11352| A 31.57 180 1287|T 32.64 282 2093
30-293 C 29.64 1915 12231
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Table 27- SNaPshot™ Results for C/T heteroplasmic®®2 Cells and Controls, 16223 Primers (continued)

— ()] (0]
o 9 ~ 9 o 9
T o< E I3 oo E OZl3 g S
2 ¥ g Bl g ¥ Bl o2 T B
Sample Name | < n T a|< n T a|< n T a
31-293 C 29.67 1963 12675 T 3259 126 1104
32-293 C 29.59 2830 17792 T 3255 652 4612
33-293 C 29.5 1644 10403
34-293 C 29.53 1242 7943
35-293 C 29.64 2379 15048
36-293 C 29.5 1634 10350 T 32.65 1299 8570
37-293 C 29.64 2629 16568 T 3265 378 2817
38-293 C 29.5 1983 12345
39-293 C 29.62 2866 18006 T 32.7 229 1818
40-293 C 29.58 3281 20385 T 3255 699 4891
41-293 C 29.5 3347 21216
42-293 C 29.59 2180 13652
43-293 C 29.59 3276 20860
44-293 C 29.5 2625 16594 T 32.65 247 1957
45-293 C 29.56 1836 11821 T 3253 302 2225
46-293 C 29.59 7100 45399
47-293 C 29.5 1646 10534
48-293 T 32.55 4879 31839
49-293 C 29.59 3676 23208 T 3255 408 3075
50-293 C 29.47 3083 19659 T 32.63 488 3556
36-288c C 29.47 1819 11524
37-288c C 29.59 1426 9108 T 3269 426 2966
38-288c C 29.59 2924 18269 T 3255 346 2580
39-288c C 29.64 5899 37078 T 32,65 395 3153
40-288c C 29.56 2567 16000
36-329c C 29.64 1718 10915 T 3265 595 3986
37-329c C 29.56 3527 22009 T 3261 902 6144
38-329c¢ C 29.5 2082 13059 T 3251 691 4689
39-329c¢ C 29.5 2490 15666 T 32.65 593 4062
40-329c C 29.61 2829 17540 T 3257 368 2740
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Using conditional formatting within the MicrosGfExcel 2010 software, the negative
control threshold of 593 RFU was applied to theadatd any ~29 bp C peak heights less than or
equal to this threshold were labeled as red, ayd~28 bp C peak heights above this threshold
were labeled as green. As the data was analyzedsiseen that all of the samples and controls
contained data. Five of the samples displayedgbalow the negative control threshold of 593
RFU for the 29 bp sized C peaks. For the contetlscnone of the cells were below this
negative control threshold.

However, a second issue was occurring in the datavell. As was seen in the
amplification negative control, an additional A geaas occurring in twenty-nine samples.
When this A peak occurred, it was approximatelyb®2in size. Therefore, for the samples
affected by this A peak, additional conditionalf@tting was applied to the table to establish the
negative control threshold of 363 RFU for the Alpsaen in the amplification negative control.
When this was applied to the data, only eight semplere below this 363 RFU negative control
threshold, and three of these same samples werealsady below the 29 bp negative control
threshold as well for the C peaks, and thereforeevaéready ineligible for analysis (samples 1,
2, and 17 from the 293 cells). The remaining twerte samples that contained an A peak were
compared against the samples that also contaivebke C peak at ~29 bp above the negative
control threshold, and nineteen samples were segmass both negative control thresholds
(samples 9 and 23 contained a below-threshold & aemaund 29 bp, but an above threshold A
peak around 32 bp).

A third issue was occurring in the data as wells iAwas noted in the amplification
negative control, an additional T peak was occgrimforty samples and eight of the control

cell samples. When this T peak occurred, it wagg@pmately 33 bp in size. Therefore, for the
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samples affected by this T peak, additional coodd#l formatting was applied to the table to
establish the negative control threshold of 164 RétJthe T peak seen in the amplification
negative control. When this was applied to thedahly five samples were seen to be below
this 164 RFU negative control threshold, and folithese same samples were also already
below the 29 bp negative control threshold as ¥eglthe C peaks or below the 32 bp negative
control threshold for the A peaks, and thereforeewaready ineligible for analysis (samples 1,
2,15, and 17 for the 293 cells). The remainingyive samples that contained a T peak were
compared against the samples that also containgdbée C peak around 29 bp above the
negative control threshold, and thirty-four sampesl eight control cell samples were seen to
pass both negative control thresholds. Samples 4n@ 17 were deemed fully invalid, leaving

the remaining forty-seven viable cell samples @amdcontrols samples valid for interpretation.

SNaPshot™ Results of Sample 314 Cell Analysis

Upon analysis, the SNaPshot™ internal positive regghtive controls were seen to pass.
The amplification positive and negative controlsnfrthe 314 cell samples were first analyzed.
For reference, the HL60 DNA type at 16223 shouldli base around 29 bp. The results are

presented in Table 28:

Table 28- Control Sample Results for 314 Cells inNg&aPshot™

Control Sample Primer Set SNP Base Base-pair size Peak Height (in
Detected RFU)
PE 16223 C 29.66 5806
AN 16223 C 29.64 1584
CAN 16223 C 29.67 1698

The positive control passed, and the negative obtitreshold was established as 1584
RFU for ~29 bp sized peaks based on the peak settre iamplification negative control. The

cycling amplification negative control (CAN) fordke samples did show peaks as well, but

173



since none of the samples were amplified with &ola#l cycles, this control would not be
analyzed any further.

The fifty single cell samples for 314 as well ae ten control cell samples were then
analyzed. Based on the gross tissue analysis1®223 extension primer showed a C/T
heteroplasmy. While this C/T heteroplasmy was etquebased on the gross tissue analysis,
G/CIT peaks were instead found (see the discu$sroanalysis of this issue). The results of the

SNaPshot™SNP typing are displayed in Table 29, below.
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Table 29- SNaPshot™ Results for C/T heteroplasmicld Cells and Controls, 16223 Primers

— ()] (0]
- 9 ~ 9 o 8
PR -1 1 A A -
2 3 3 §|T T T T ¥ T B
Sample Name | < N T a|< N T a|< %) T a
PE-314 C 29.66 5806 36633
AN-314 C 29.64 1584 10039
CAN-314 C 29.67 1698 10677
1-314 C 29.59 2750 17414|T 32.68 128 1154
2-314 C 2958 1212 7724
3-314 C 29.77 1224 7901|T 32.77 6318 42284
4-314 C 29.64 2699 17026
5-314 C 29.63 1924 12129|T 32.64 558 3770
6-314 C 29.49 2254 14343|T 32.64 557 3841
7-314 C 29.58 1876 11795
8-314 C 29.61 2723 17253|T 32.7 347 2591
9-314 C 29.64 3020 19048
10-314 C 29.67 1123 7194|T 32.85 49 480
11-314 C 29.7 2425 15516|T 32.74 564 4056
12-314 C 29.72 3655 23073|T 32.68 467 3452
13-314 C 29.66 2222 13872|T 32.66 347 2576
14-314 C 29.58 3175 19698|T 32.62 671 4693
15-314 C 29.58 2233 14011|T 32.76 69 758
16-314 C 29.67 1801 11261
17-314 C 29.58 1200 7481|T 32.63 811 5351
18-314 C 29.64 408 2584
19-314 C 29.61 2269 14283
20-314 C 29.67 2125 13177|T 32.66 622 4241
21-314 C 29.55 3338 20888
22-314 C 29.58 3100 19417|T 32.63 734 4988
23-314 C 29.64 1738 10876|T 32.78 640 4407
24-314 C 29.67 2117 13197|T 3266 76 747
25-314 C 29.67 3520 21823|T 32.66 673 4846
26-314 C 29.61 1654 10441|T 32.7 273 2034
27-314 C 29.75 1908 12154
28-314 C 29.67 2561 15871|T 32.66 401 2804
29-314 C 29.55 1752 10937|T 32.74 1044 6948
30-314 C 29.58 1915 11959
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Table 29- SNaPshot™ Results for C/T heteroplasmicld Cells and Controls, 16223 Primers (continued)

— ()] (0]
o 9 ~ 9 o 9
T o< E I3 oo E OZl3 g S
2 ¥ g Bl g ¥ Bl o2 T B
Sample Name | < n T a|< n T a|< % T a
31-314 C 29.5 2106 13219
32-314 G 2821 348 2163|C 29.61 2962 18511
33-314 C 29.67 605 3841|T 32.66 3309 21450
34-314 C 29.64 964 6185|T 32.64 443 2987
35-314 C 29.56 3594 22434
36-314 C 29.67 1888 11675|T 32.66 333 2334
37-314 C 29.7 1720 10641
38-314 C 29.66 4621 28721
39-314 C 29.5 1233 7757
40-314 C 29.55 2590 15995
41-314 C 29.66 2163 13578|T 32.66 202 1584
42-314 C 2956 663 4270|T 32.61 4157 27219
43-314 C  29.53 3195 20340
44-314 C 29.63 1683 10640|T 32.64 276 2017
45-314 C 29.64 3045 18936
46-314 C 29.5 3254 20545|T 32.64 323 2531
47-314 C 29.5 943 6006|T 32.64 586 3939
48-314 C 29.67 1483 9390
49-314 C 29.61 2404 15107|T 32.7 1025 6973
50-314 C 29.58 2059 12981
41-288c C 29.5 2043 12998
42-288c G 2822 250 1567({C  29.62 3051 19288|T  32.58 463 3473
43-288c C 29.61 2879 17976|T 32.57 705 4898
44-288c C 29.67 2669 16542
45-288c C 29.52 2314 14544
41-329c G 2812 1217 7535|C  29.55 1688 10431
42-329c C 29.66 2340 14512|T 32.66 328 2462
43-329c¢ C 29.64 2349 14904
44-329c C 29.64 1701 10626|T 32.72 607 4186
45-329c C 29.66 3171 19744|T 32.66 821 5663

176



Using conditional formatting within the MicrosGfExcel 2010 software, the negative
control threshold of 1584 RFU was applied to theadand any ~29 bp C peak heights less than
or equal to this threshold were labeled as red, amgl ~29 bp C peak heights above this
threshold were labeled as green. As the data nelgzed, all of the samples displayed data. It
was noted that eleven of the samples were disggy@aks below the negative control threshold
of 1584 RFU for the 29 bp sized C peaks: samples 20, 17, 18, 33, 34, 39, 42, 47, and 48.
For the control cells, none of the cells were bethig negative control threshold. This left 39
viable cell samples and all ten control samplesla@ia for interpretation.

A second issue was present in the data as well. additional T peak displayed in
twenty-nine random cell samples and five controhglas. When this T peak occurred, it was
approximately 33 bp in size. Because the amptibcanegative sample did not display a T
peak, no negative control threshold for the T ps@akld be set, and therefore any visible T peak
around 32 bp would be deemed a valid peak. Whienatas applied to the data, seven samples
that were seen to contain a below-threshold C pealind 29 bp also contained a valid T peak
around 32 bp: samples 3, 10, 17, 33, 34, 42, and ™ analysis parameters for these seven
samples will be addressed in the discussion. Tdrxeby eliminating the samples that only
contained a single below-threshold C peak at 23H®premaining forty-six viable cell samples
and ten controls samples were deemed valid forgregation.

A third issue was also occurring in the data. Aldigonal G peak displayed in one
sample and two control samples. When this G peakroed, it was seen to be around 28 bp in
size. Because the amplification negative samplendt display a G peak, no negative control
threshold for the G peak could be set, and thesedow visible G peak around 28 bp would be

deemed a valid peak. When this was applied tal#ta, all of the samples that were seen to
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contain a G peak around 28 bp also contained ol peaks as well. Therefore, no additional
samples were eliminated from the set, samples,239,8and 48 were deemed fully invalid, and
the remaining forty-six viable cell samples and tamtrols samples were deemed valid for

interpretation.

SNaPshot™ Results of Sample 289 Cell Analysis

Upon analysis, the SNaPshot™ internal positive aadative controls passed. The
amplification positive and negative controls frone 289 cell samples were first analyzed. For
reference, the HL60 DNA type at 16324 should be ba$e around 34 bp. The results are

presented in Table 30:

Table 30- Control Sample Results for 289 Cells inN&aPshot™

Control Sample Primer Set SNP Base Base-pair size Peak Height (in
Detected RFU)
PE 16324 T 34.36 8433
AN 16324 T 34.26 494
CAN 16324 T 34.25 1998

The positive control passed, and the negative abiitreshold was established as 494
RFU for ~34 bp sized peaks based on the peak sete iamplification negative control. The
cycling amplification negative control (CAN) for dee samples did show peaks as well, but
since none of the samples were amplified with &l cycles, this control would not be
analyzed any further.

The fifty single cell samples for 289 as well ae ten control cell samples were then
analyzed. Based on the gross tissue analysis1®324 extension primer showed a G/T

heteroplasmy. The results of the SNaPsh8NP typing are displayed in Table 31, below.
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Table 31- SNaPshot™ Results for G/T heteroplasmiB®2 Cells and Controls, 16324 Primers

— (gl

- O ~ 8

g 3B 32 3B

Sample Name | = 5 = = & =T &
PE-289 T 34.36 8433 59053
AN-289 T 34.26 494 2984
CAN-289 T 34.25 1998 11971
1-289 T 34.24 1370 8237
2-289 T 34.35 1006 6137
3-289 T 34.25 2428 14711
4-289 T 34.26 1592 9499
5-289 T 34.22 7656 45854
6-289 T 34.37 2787 17167
7-289 T 34.24 1823 10958
8-289 T 34.24 1802 10812
9-289 T 34.24 1512 9026
10-289 T 34.24 1048 6330
11-289 T 34.25 2093 12609
12-289 T 34.36 2766 16619
13-289 T 34.22 1440 8592
14-289 T 34.24 1461 8687
15-289 T 34.24 1134 6782
16-289 T 34.36 2079 12537
17-289 T 34.22 4256 25476
18-289 T 34.23 1022 6210
19-289 G 3149 30 292|T 34.24 4333 25866
20-289 T 34.22 1477 8852
21-289 T 34.22 1743 10529
22-289 T 34.24 476 2841
23-289 T 34.24 1826 10941
24-289 T 34.35 1874 11248
25-289 T 34.23 1126 6737
26-289 T 34.24 2018 12151
27-289 T 34.24 2944 18009
28-289 T 34.24 2645 15932
29-289 T 34.22 1391 8320
30-289 T 34.22 2048 12187
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Table 31- SNaPshot™ Results for G/T heteroplasmi@B®2 Cells and Controls, 16324 Primers (continued)

— (@]

o 8 ~ 8

T o< E I3 oo E o<

2 8 g gl 8 T 8

Sample Name | < »h T a| < n T a
31-289 T 34.24 975 5814
32-289 T 34.24 2078 12440
33-289 T 3422 710 4247
34-289 T 34.23 466 2782
35-289 T 34.23 2643 15917
36-289 T 34.36 2701 16183
37-289 T 34.23 2525 15082
38-289 T 34.22 7587 44751
39-289 T 34.22 2168 12925
40-289 T 34.22 1372 8249
41-289 T 34.23 1249 7390
42-289 T 34.24 1336 8167
43-289 T 34.24 1959 11823
44-289 T 34.24 1278 7585
45-289 T 34.23 1683 10019
46-289 T 34.24 2062 12339
47-289 T 34.23 1891 11299
48-289 T 34.23 834 4988
49-289 T 34.23 1520 9045
50-289 T 34.22 1511 9062
46-288c T 34.23 1861 11240
47-288c T 34.24 3446 20830
48-288c T 34.24 2141 13036
49-288c T 34.24 6964 41887
50-288c T 34.22 2695 16247
46-329c T 34.22 2110 12568
47-329c T 34.22 2640 15713
48-329c T 34.22 2097 12497
49-329c T 34.22 1346 8021
50-329c T 34.24 3035 18538
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Using conditional formatting within the MicrosGfExcel 2010 software, the negative
control threshold of 494 RFU was applied to theadatd any ~34 bp peak heights less than or
equal to this threshold were labeled as red, aryd~&4 bp peak heights above this threshold
were labeled as green. As the data was analyzedsiseen that all of the fifty samples and all
ten of controls displayed data. It was seen thatdf the samples were displaying peaks below
the negative control threshold of 494 RFU for tAebP sized T peaks (samples 22 and 34 for the
289 cells). For the control cells, none of thdscalere below this negative control threshold.
This left forty-eight viable cell samples and temtrols samples available for interpretation.

A second issue was noted in the data as well. dxitianal G peak occurred in one
samples. When this G peak occurred, it was apprabaly 31 bp in size. Because the
amplification negative sample did not display a €alg no negative control threshold for the G
peak could be set, and therefore any visible G jpealknd 31 bp would be deemed a valid peak.
When this was applied to the data, the sampledbiatained the G peak at 31 bp contained a
valid T peak as well at 34 bp, which was sample TBerefore, by eliminating the samples that
contained the below-threshold T peak at 34 bpreéh®aining forty-eight viable cell samples and

ten controls samples were deemed valid for intéagice.

SNaPshot™ Results of Sample 349 Cell Analysis

Upon analysis, the SNaPshot™ internal positive aadative controls passed. The
amplification positive and negative controls frone 349 cell samples were first analyzed. For
reference, the HL60 DNA type at 16324 should be ba$e around 34 bp. The results are

presented in Table 32:
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Table 32- Control Sample Results for 349 Cells inNg&aPshot™

Control Sample Primer Set SNP Base Base-pair size Peak Height (in
Detected RFU)
PE 16324 T 34.88 8346
G 31.42 34
AN 16324 34.64 1156
G 31.7 41
CAN 16324 1 34.76 498

The positive control passed, and the negative obtitreshold was established as 1156
RFU for ~34 bp sized peaks based on the T peakisetie amplification negative control. A
second peak was also seen around 31 bp, and theakshad a peak height of 34 RFU. Since
this additional peak was unexpected, the size aa#t peight of the second peak was noted. The
cycling amplification negative control (CAN) fordke samples did show peaks as well, but
since none of the samples were amplified with &olu#l cycles, this control would not be
analyzed any further.

The fifty single cell samples for 349 as well ae ten control cell samples were then
analyzed. Based on the gross tissue analysis1@824 extension primer showed an A/T
heteroplasmy. While this A/T heteroplasmy was eige based on the gross tissue analysis,
GI/T peaks were found instead (see the discussioarfalysis of this issue). The results of the

SNaPshot™SNP typing are displayed in Table 33, below.
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Table 33- SNaPshot™ Results for A/T heteroplasmicd® Cells and Controls, 16324 Primers

— (@]
o 8 ~ 8
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Sample Name | < »h T a| < »n T a
PE_349 T 34.88 8346 63484
AN_349 G 3142 34 429(T 34.64 1156 7615
CAN_349 G 31.7 41 541|T 3476 498 3255
1 349 T 3476 706 4652
2 349 T 34.64 794 5251
3349 G 3155 43 532|T 34.76 1444 9580
4 349 G 31.5 31 438(T 34.63 1040 6884
5 349 G 3165 35 341|T 34.64 381 2500
6_349 G 3158 36 329({T 34.75 1118 7344
7 349 G 3171 31 29T 34.75 1701 11135
8_349 T 3476 511 3354
9 349 G 31.5 34 464|T 34.76 1183 7707
10 349 T 34.76 1024 6836
11 349 G 31.6 40 411(T 34.64 1015 6743
12 349 G 3143 35 355|T 34.52 1864 12225
13 349 G 3128 34 302(T 3452 1019 6687
14 349 T 34,51 855 5566
15 349 G 3128 30 294|T 34.52 716 4730
16_349 G 3158 30 303|T 34.63 1317 8579
17 349 T 34.39 1009 6699
18 349 T 3452 200 1285
19 349 G 3137 42 511{T 3463 786 5060
20_349 T 34.52 1406 9167
21 349 G 3132 33 317|T 34.63 954 6192
22 349 G 31.3 37 332(T 3452 418 2728
23 349 G 3145 32 302|T 34.63 1055 6811
24 349
25 349 T 34.52 1013 6523
26_349 T 34,51 490 3180
27 349 G 31.6 39 497(T 34.65 1537 10216
28 349 G 3125 35 356|T 34.51 867 5666
29 349 G 3153 30 290|T 34.64 1349 8842
30 349 T 34.64 637 4194
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Table 33- SNaPshot™ Results for A/T heteroplasmicd® Cells and Controls, 16324 Primers (continued)

— (@]
o 8 ~ 8
T o< E I3 oo E o<
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Sample Name | < »h T a| < n T a
31_349 T 3451 579 3778
32349 G 3127 31 283|T 3451 1402 9137
33_349 T 34.63 950 6168
34 349 T 3451 477 3116
35 349 G 3143 38 421|{T 34.64 1474 9749
36_349 G 3158 31 370{T 34.53 1070 6903
37349 G 3137 32 297(T 34.51 1434 9307
38_349 G 3146 37 359(T 3451 1049 6738
39 349 G 3137 33 421|T 34.51 1152 7483
40_349 G 3151 31 290({T 34.64 545 3572
41 349 G 31.24 34 432(T 3453 673 4633
42 349 T 3451 662 4307
43_349 G 3146 36 442(T 34.64 4201 28113
44 349 G 3133 31 280(T 34.63 1330 8701
45 349 T 34.51 1658 10795
46_349 G 3143 34 359({T 3452 169 1055
47349 T 34,51 407 2591
48 349 T 34,51 298 1913
49 349 G 31.3 36 528{T 34.52 1541 10002
50 349 T 3451 697 4582
21_288c G 3138 30 286(T 3451 1291 8375
22 _288c G 3143 33 431{T 3452 1118 7314
23_288c T 34.51 1264 8198
24 288c G 31,5 30 355(T 34.51 1759 11385
25 288c G 3138 30 294{T 34.51 1079 6949
21 329c¢
22 329c G 31.25 35 354({T 34.51 2183 14018
23 329c T 34.51 2637 17159
24 329c T 34,52 790 5146
25 329c G 3125 37 467|T 3451 1160 7397
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Using conditional formatting within the MicrosGfExcel 2010 software, the negative
control threshold of 1156 RFU was applied to thieadad any ~34 bp T peak heights less than
or equal to this threshold were labeled as red,aaryd~34 bp peak heights above this threshold
were labeled as green. As the data was analyze@si seen that only one of the fifty samples
and one of the ten controls gave no data, and thesple names were changed from black to
red text (sample 24, and control sample 21-329u fitee 329 cells). For the remaining samples,
it was seen that thirty-four of the samples wergpldiying peaks below the negative control
threshold of 1156 RFU for the 34 bp sized T pedksrt the control cells, three of the cells were
also below this negative control threshold. Tk sixteen viable cell samples and six control
samples available for interpretation.

A second issue was occurring in the data as wa#.it was seen in the amplification
negative control, an additional G peak was deteutetthirty random samples and six control
samples. When this G peak occurred, it was apprabaly 31 bp in size. Therefore, for the
samples affected by this G peak, additional coowl#i formatting was applied to the data to
establish the negative control threshold of 34 RBlUthe G peak seen in the amplification
negative control. When this was applied to the@ds¢venteen of the thirty samples and four of
the six controls were seen to be below this 34 REdative control threshold. Ten of these
samples and two of the controls already containbdlaw-threshold T peak around 34 bp, and
were marked as ineligible for analysis. It wasnsé®at six of the samples and two of the
controls contained above-threshold signals for ibéhG peaks around 31 bp and the T peaks
around 34 bp: samples 3, 12, 27, 35, 43, 49, antt@msamples 22- 329c and 25-329c¢ from the
349 cells. It was seen in the data that seven legnamd two controls contained a valid T peak

around 34 bp while also displaying a below-thregl®Ilpeak around 31 bp: samples 7, 9, 16, 29,
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32, 37, 44, and controls 21-288c and 24-288c frioen349 cells. It was also noted that seven
samples contained a valid G peak around 31 bp awtimvalid T peak: samples 5, 6, 11, 19, 22,
28, and 38. Finally, it was seen in the data timy two samples and two controls contained a
valid T peak around 34 bp with no G peak displayetthe data: samples 20, 45, and controls 23-
288c and 23-329c from the 349 cells. The twewy-tiable cell samples (3, 5, 6, 7, 9, 11, 12,
16, 19, 20, 22, 27, 28, 29, 32, 35, 37, 38, 43454 and 49) and six controls samples (22-329c,
23-329c, 25-329c, 21-288c, 23-288c and 24-288cyewleemed valid for interpretation. The

remainder of the samples will be addressed in ibrudsion.

SNaPshot™ Results of Sample 339 Cell Analysis

Upon analysis, the SNaPshot™ internal positive re@ghtive controls were seen to pass.
The amplification positive and negative controlsnfrthe 339 cell samples were first analyzed.
For reference, the HL60 DNA type at 16390 shouldalie base around 36 bp. The results are

presented in Table 34:

Table 34- Control Sample Results for 339 Cells inNg&aPshot™

Control Sample Primer Set SNP Base Base-pair size Peak Height (in
Detected RFU)
PE 16390 C 36.38 4779
C 36.23 272
AN 16390 39.19 128
CAN 16390 C 36.21 128

The positive control passed, and the negative abiitreshold was established as 272
RFU for ~36 bp sized peaks based on the peak setreiamplification negative control. A
second peak was also seen around 39 bp, and fhesk had a peak height of 128 RFU. Since
this additional peak was unexpected, the size aa#t peight of the second peak was noted. The

cycling amplification negative control (CAN) fordake samples did show peaks as well, but
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since none of the samples were amplified with &ola#l cycles, this control would not be
analyzed any further.

The fifty single cell samples for 339 as well ae ten control cell samples were then
analyzed. Based on the gross tissue analysis1®380 extension primer showed a C/T

heteroplasmy. The results of the SNaPsh8NP typing are displayed in Table 35, below.
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Table 35- SNaPshot™ Results for C/T heteroplasmic33 Cells and Controls, 16390 Primers

— (@]
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Sample Name | < n T a| < »n T a
PE-339 C 36.38 4779 27931

AN-339 C 36.23 272 1641|T 39.19 128 770
CAN-339 C 3621 128 759
1-339 C 36.23 724 4297
2-339 C 36.36 196 1202
3-339 C 36.1 1241 7290

4-339 C 36.23 958 5587|T 39.19 234 1418
5-339 C 36.24 504 2921
6-339 C 36.24 1100 6405
7-339 C 36.23 842 5068
8-339 C 36.22 361 2100
9-339 C 36.36 893 5274

10-339 C 36.23 660 3926|T 39.16 237 1415
11-339 C 36.22 348 2129
12-339 C 36.37 795 4729

13-339 C 3622 159 935|T 39.16 231 1392
14-339 C 36.23 684 4013
15-339 C 36.23 3122 18043
16-339 C 36.23 1250 7270
17-339 C 36.22 561 3309

18-339 C 36.36 210 1248(T 39.16 115 694
19-339 C 3623 171 1051
20-339 C 36.23 501 2982
21-339 C 36.23 613 3572

22-339 C 36.22 238 1440|T 39.16 257 1640
23-339 C 36.24 1553 9217
24-339 C 36.23 562 3266
25-339 C 36.37 532 3151

26-339 C 36.23 1625 9408(T 39.05 149 893
27-339 C 36.22 202 1202

28-339 C 36.24 1085 6272|T 39.2 111 679
29-339 C 36.24 492 2881
30-339 C 36.37 689 3995
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Table 35- SNaPshot™ Results for C/T heteroplasmic38 Cells and Controls, 16390 Primers (continued)

— (@]
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Sample Name | < n T a| < »n T a

31-339 C 36.37 413 2433|T 39.18 569 3421
32-339 C 36.23 356 2085

33-339 C 36.37 254 1491|T 39.18 92 547
34-339 C 36.38 1018 5962
35-339 C 36.37 866 5076
36-339 C 36.35 661 4017
37-339 C 36.36 550 3187
38-339 C 36.36 571 3357
39-339 C 36.37 1038 15968
40-339 C 36.36 783 4604
41-339 C 3611 334 1972

42-339 C 36.23 59 3513(T 39.05 231 1385
43-339 C 36.09 954 5677
44-339 C 36.22 618 3636
45-339 C 36.23 126 749
46-339 C 36.22 371 2228

47-339

48-339 C 36.23 200 1194|T 39.05 137 813
49-339 C 36.1 826 4802
50-339 C 36.23 528 3072

51-288c C 36.23 393 2286(T 39.03 75 474
52-288c C 36.22 480 2898

53-288c C 3636 201 1194|T 39.16 354 2103
54-288c C 36.23 725 4205
55-288c C 36.22 351 2021
51-329¢ C 36.24 195 1147
52-329c C 36.36 254 1512
53-329c C 36.24 1028 5941

54-329c C 36.24 283 1661|T 39.2 38 246
55-329¢ C 36.23 607 3488
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Using conditional formatting within the MicrosGfExcel 2010 software, the negative
control threshold of 272 RFU was applied to theadatd any ~36 bp C peak heights less than or
equal to this threshold were labeled as red, ayd~86 bp C peak heights above this threshold
were labeled as green. As the data was analyze@si seen that only one of the fifty samples
gave no data, and these sample names were chaongedlack to red text (sample 47). For the
remaining samples, it was seen that nine of thepksmwere displaying peaks below the
negative control threshold of 272 RFU for the 36sklged C peaks. For the control cells, three of
the cells were also below this negative controdshold. This left forty viable cell samples and
seven controls samples available for interpretation

However, a second issue was occurring in the dstavell. As it was seen in the
amplification negative control, an additional T kedisplayed in eleven random samples and
three control samples. When this T peak occuriedyas approximately 39 bp in size.
Therefore, for the samples affected by this T pedkijtional conditional formatting was applied
to the data to establish the negative control tiolesof 128 RFU for the T peak seen in the
amplification negative control. When this was aggblto the data, only three samples were seen
to be below this 128 RFU negative control threshbtvever two these same samples were also
already below the 36 bp negative control threslaaldvell for the C peaks, and therefore were
already ineligible for analysis. Three other sasphat contained valid C peaks were seen to
contain invalid T peaks, which now made these sasphlid for interpretation. The remaining
nine samples and three controls that containegphaak were compared against the samples that
also contained a viable C peak at ~36 bp abovadiative control threshold, and five samples
and one control were seen to pass both negatiteottimresholds: samples 4, 10, 26, 31, 42, and

control 53-288c from the 339 cells. Samples 2,188,27, 33, 45, and 47 , and controls 51-329¢c
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and 52-329c were deemed fully invalid, which letotal of forty-three viable cell samples and

eight controls samples that were deemed validrfi@rpretation.

SNaPshot™ Results of Sample 355 (16390) Cell Analysis

Upon analysis, the SNaPshot™ internal positive regghtive controls were seen to pass.
The amplification positive and negative controlsnfrthe 355 cell samples were first analyzed.
For reference, the HL60 DNA type at 16390 shouldli base around 36 bp. The results are

presented in Table 36:

Table 36- Control Sample Results for 355 (16390) ®in SNaPshot™

Control Sample Primer Set SNP Base Base-pair size Peak Height (in
Detected RFU)
PE 16390 C 36.24 5870
C 36.22 2677
AN 16390 T 30.13 138
CAN 16390 C 36.22 177

The positive control passed, and the negative abtitreshold was established as 2677
RFU for ~36 bp sized C peaks based on the C peakisghe amplification negative control. A
second peak was also seen around 39 bp, and fiesk had a peak height of 138 RFU. Since
this additional peak was unexpected, the size aa#t peight of the second peak was noted. The
cycling amplification negative control (CAN) for dbe samples did show peaks as well, but
since none of the samples were amplified with &l cycles, this control would not be
analyzed any further.

The fifty single cell samples for 355 as well ae ten control cell samples were then
analyzed. Based on the gross tissue analysis1®380 extension primer showed a C/T

heteroplasmy. The results of the SNaPsh8NP typing are displayed in Table 37, below.
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Table 37- SNaPshot™ Results for C/T heteroplasmic3 Cells and Controls, 16390 Primers

— (@]

o 8 ~ 8

T oo E I o E oS

Z 8 3 §|T % 3 B

Sample Name | < »h T a| < »n T a
PE-355 C 36.24 5870 34300

AN-355 C 36.22 2677 15915|T 39.13 138 851
CAN-355 C 36.22 177 1029
1-355 C 3636 71 456
2-355 C 3635 160 965
3-355 C 36.22 625 3695
4-355 C 36.22 902 5320
5-355 C 36.23 347 2061
6-355 C 36.36 1066 6208
7-355 C 36.23 330 1934
8-355 C 36.22 156 930
9-355 C 36.24 3096 17907

10-355 C 36.23 513 3022|T 39.03 205 1251

11-355 C 36.21 572 3363|T 39.12 281 1714

12-355 C 36.23 351 2036(T 39.03 252 1526

13-355 C 36.24 767 4528|T 39.06 475 2842
14-355 C 3622 142 852
15-355 C 36.22 622 3643
16-355 C 36.22 447 2615
17-355 C 36.24 432 2519
18-355 C 36.22 354 2100
19-355 C 36.22 867 5059
20-355 C 36.36 700 4150
21-355 C 36.23 588 3386
22-355 C 36.36 562 3307

23-355 C 36.23 319 1877|T 39.16 284 1741

24-355 C 36.23 491 2894(T 39.05 132 782

25-355 C 36.09 369 2161|T 39.18 285 1705
26-355 C 3635 141 836

27-355 C 36.21 219 1314|T 38.99 309 1878
28-355 C 36.23 280 1644
29-355 C 36.37 206 1194

30-355 C 3622 124 743|T 39.02 5952 35628
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Table 37- SNaPshot™ Results for C/T heteroplasmic5 Cells and Controls, 16390 Primers (continued)

— (@]
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Sample Name | < »h T a| < »n T a
31-355 C 36.35 453 2662

32-355 T 39.12 129 777
33-355 C 36.36 402 2382
34-355 C 36.22 274 1630
35-355 C 36.22 792 4701
36-355 C 36.24 745 4350
37-355 C 36.36 280 1623

38-355 C 36.36 178 1047(T 39.16 293 1759
39-355 C 36.1 425 2531
40-355 C 36.24 289 1692

41-355 C 36.36 1049 6034(T 39.17 310 1882
42-355 C 36.23 535 3143

43-355 C 36.22 1144 6766(T 39.13 454 2747
44-355 C 36.22 1563 9062
45-355 C 36.22 133 783
46-355 C 36.09 338 2002
47-355 C 36.22 209 1238
48-355 C 36.1 187 1088
49-355 C 36.09 455 2682
50-355 C 36.22 560 3247

56-288c C 3622 96 557[T 39.15 233 1425
57-288c C 36.21 686 4058
58-288c C 36.23 287 1682
59-288c C 36.37 469 2729
60-288c C 36.22 721 4212
56-329c C 36.24 305 1760
57-329¢ C 36.23 602 3581

58-329c

59-329c C 36.36 533 3148
60-329c C 36.1 704 4055
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Using conditional formatting within the MicrosGfExcel 2010 software, the negative
control threshold of 2677 RFU was applied to theadand any ~36 bp C peak heights less than
or equal to this threshold were labeled as red, amgl ~36 bp C peak heights above this
threshold were labeled as green. As the data nalyzed, it was seen that only one of the ten
controls gave no data, and this sample name wasgeldarom black to red text (control sample
58-329c from the 355 cells). For the remaining @as) it was seen that forty-nine of the
samples were displaying C peaks below the negatwrol threshold of 2677 RFU for the 36
bp sized C peaks. For the control cells, all rohehe remaining cells were also below this
negative control threshold. This left only onebl& cell sample and no controls samples
available for interpretation.

However, a second issue was occurring in the dstavell. As it was seen in the
amplification negative control, an additional T pesas occurring in thirteen random samples
and one control samples. When this T peak occuitedas approximately 39 bp in size.
Therefore, for the samples affected by this T pedkijtional conditional formatting was applied
to the data to establish the negative control tiokesof 138 RFU for the T peak seen in the
amplification negative control. When this was aggblto the data, only two samples (samples 24
and 32) were seen to be below this 138 RFU negatbrerol threshold. Sample 24 also
contained a below-threshold C peak, and was thereftseady ineligible for analysis. Sample
32 did not display any C peak at 36 bp, so theltiagibelow-threshold T peak alone resulted in
the sample being invalid. The twelve samples (sesn®, 10, 11, 12, 13, 23, 25, 27, 30, 38, 41,
and 43) and one control (56-288c) that containgdadove-threshold peaks were deemed valid

for interpretation. The remainder of the samplédsbe addressed in the discussion.
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SNaPshot™ Results of Sample 355 (16519) Cell Analysis

Upon analysis, the SNaPshot™ internal positive ra@ghtive controls were seen to pass.
The amplification positive and negative controlsnfrthe 355 cell samples were first analyzed.
For reference, the HL60 DNA type at 16519 shouldehbeen an A base around 43 bp. The

results are presented in Table 38:

Table 38- Control Sample Results for 355 (16519) &in SNaPshot™

Control Sample Primer Set SNP Base Base-pair size Peak Height (in
Detected RFU)
PE 16519 A 44.02 6082
AN 16519 G 43.36 70
CAN 16519 N/A N/A N/A

The positive control passed, and the negative obttreshold was established as 70
RFU for ~43 bp sized peaks based on the peak settre iamplification negative control. The
cycling amplification negative control (CAN) foregke samples did not show any peak and was
also negative, but since none of the samples wamifeed with additional cycles, this control
would not be analyzed any further.

The fifty single cell samples for 355 as well ae ten control cell samples were then
analyzed. Based on the gross tissue analysis1®®49 extension primer showed a G/A
heteroplasmy. The 355 cells, however, only disggplialgomoplastic G peaks (see the discussion
for analysis of this issue). The results of theaBshot™SNP typing are displayed in Table 39,

below.
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Table 39- SNaPshot™ Results for G/A heteroplasmi3 Cells and Controls, 16519 Primers

— (@]
s 35 32 3 F %
Sample Name | < 5 = = 5 I &
PE-355 A 44.02 6082 38961
AN-355 G 4336 70 413
CAN-355
1-355 G 43.16 135 825
2-355 G 4324 72 436
3-355 G 43.3 371 2257
4-355 G 43.23 173 1075
5-355 G 4333 75 447
6-355 G 4331 97 603
7-355 G 4324 115 701
8-355 G 43.23 157 981
9-355 G 4324 149 881
10-355 G 43.3 103 647
11-355 G 4338 95 584
12-355 G 4324 163 1009
13-355 G 433 79 482
14-355 G 43.07 133 834
15-355 G 4323 128 799
16-355 G 43.13 188 1160
17-355 G 43.18 152 959
18-355 G 43.16 104 657
19-355 G 4335 191 1187
20-355 G 43.17 2838 1777
21-355 G 4324 185 1171
22-355 G 43.3 60 381
23-355 G 4323 104 628
24-355 G 4329 123 751
25-355 G 43.23 232 1455
26-355 G 43.3 159 1016
27-355 G 4329 172 1059
28-355 G 4324 153 941
29-355
30-355 G 4324 104 662
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Table 39- SNaPshot™ Results for G/A heteroplasmi3 Cells and Controls, 16519 Primers (continued)

— (@]
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Sample Name | < »h T a| < »n T a
31-355 G 4328 112 709
32-355 G 43.31 224 1377
33-355 G 4324 91 567
34-355 G 43.29 105 670
35-355 G 4329 301 1871
36-355 G 4324 107 689
37-355 G 43.2 214 1350
38-355 G 43.07 147 926
39-355 G 4324 158 977
40-355 G 4323 65 413
41-355 G 4324 172 1082
42-355 G 4324 97 611
43-355 G 43.28 350 2207
44-355 G 4324 19 1252
45-355 G 43.23 169 1060
46-355 G 4328 117 725
47-355 G 4324 92 565
48-355 G 43.16 105 665
49-355 G 4331 130 820
50-355 G 43,2 134 833
6-288c G 43.32 175 1083
7-288c G 4329 251 1628
8-288c G 4324 183 1101
9-288c G 43.15 173 1075
10-288c G 43.15 99 595
6-329¢ G 4324 91 544
7-329¢ G 43.23 248 1514
8-329¢ G 4324 158 951
9-329¢ G 4324 90 564
10-329c G 43.3 218 1330
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Using conditional formatting within the MicrosGfExcel 2010 software, the negative
control threshold of 70 RFU was applied to the datd any ~43 bp peak heights less than or
equal to this threshold were labeled as red, aryd~@3 bp peak heights above this threshold
were labeled as green. As the data was analyze@siseen that only one of the fifty 355 cells
samples gave no data, and this sample name wageth&nom black to red text (sample 29 from
the 355 cells). For the remaining samples, it s@an that two of the samples were displaying
peaks below the negative control threshold of 70 R¥t the 43 bp sized peaks. For the control
cells, none of the cells were below this negatimetml threshold. Samples 22, 29, and 40 were
therefore deemed fully invalid, and the remainimgty-seven viable cell samples and ten

controls samples were deemed valid for interpi@tati

SNaPshot™ Results of Sample 369 Cell Analysis

Upon analysis, the SNaPshot™ internal positive re@ghtive controls were seen to pass.
The amplification positive and negative controlsnirthe 369 cell samples were first analyzed.
For reference, the HL60 DNA type at 16519 shoulaibe\ base around 43 bp. The results are

presented in Table 40:

Table 40- Control Sample Results for 369 Cells inNB&aPshot™

Control Sample Primer Set SNP Base Base-pair size Peak Height (in
Detected RFU)
PE 16519 A 43.35 8223
AN 16519 G 42.65 197
CAN 16519 G 42.79 669

The positive control passed, and the negative obttireshold was established as 197
RFU for ~42 bp sized G peaks based on the G peakisethe amplification negative control.

The cycling amplification negative control (CAN)rfthese samples did show peaks as well, but
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since none of the samples were amplified with &ola#l cycles, this control would not be
analyzed any further.

The fifty single cell samples for 369 as well ae ten control cell samples were then
analyzed. Based on the gross tissue analysis1®®49 extension primer showed a G/A
heteroplasmy. While this G/A heteroplasmy was etgze based on the gross tissue analysis,
G/A/C peaks were found instead (see the discudsioamnalysis of this issue). The results of the

SNaPshot™SNP typing are displayed in Table 41, below.
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Table 41- SNaPshot™Results for G/A heteroplasmic 369 Cells and Contrsl 16519 Primers

i ()] o
- 2 ~ O o O
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Sample Name | = S 2 &l =z » = &z » = &
PE-369 A 43.35 8223 56053
AN-369 G 4265 197 1310
CAN-369 G 4279 669 4390
1-369 G 42.79 691 4524 C 4391 48 325
2-369 G 42,59 330 2178
3-369 G 42.64 719 4668 C 4376 68 449
4-369 G 4272 624 3999 C 438 57 383
5-369 G 4272 169 1082 C 438 33 218
6-369 G 4272 415 2702 C 43,85 88 616
7-369 G 4272 653 4179 C 438 87 572
8-369 G 42.69 272 1818 C 4376 45 328
9-369 G 4279 673 4353 C 4391 67 443
10-369 G 4258 601 3967 C 4369 71 509
11-369 G 42,59 473 3225 C 43.69 46 305
12-369 G 42.66 591 3768 C 43.78 63 458
13-369 G 4274 688 4528 C 4399 35 258
14-369 G 4258 464 3029 C 4383 48 344
15-369 G 4265 49 3188 C 4376 38 272
16-369 G 42.79 460 3031 C 4391 78 519
17-369 G 42.66 148 982 C 439 31 222
18-369 G 4272 184 1193 C 4383 43 311
19-369 G 42,65 537 3504 C 4377 70 467
20-369 G 4279 471 3109 C 439 69 503
21-369 G 4273 941 6063 C 43.86 83 582
22-369 G 42.74 722 4697 C 438 52 373
23-369 G 4265 768 4954 C 4389 81 541
24-369 G 4271 368 2358 C 438 37 250
25-369 G 4279 817 5328 C 4378 53 383
26-369 G 42.64 544 3596 C 43.88 42 287
27-369 G 42.65 664 4426 C 4375 65 449
28-369 G 4272 397 2600 C 438 71 499
29-369 G 4272 420 2704 C 4397 51 330
30-369 G 4272 514 3332 C 438 48 313
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Table 41- SNaPshot™ Results for G/A heteroplasmi®8 Cells and Controls, 16519 Primers (continued)

i ()] [ep]
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Sample Name | < n T a|< n T a|< n T a
31-369 G 4265 512 3303

32-369 G 42.73 848 5566 C 4384 62 418
33-369 G 42.66 350 2264
34-369 G 4259 559 3653
35-369 G 4272 844 5432
36-369 G 42.65 838 5465

37-369 G 42.74 1819 11611 C 4386 64 460

38-369 G 42.59 1671 10808 C 43.84 108 737
39-369 G 42.66 535 3480
40-369 G 42,66 732 4854

41-369 G 42.65 1233 7977 C 43.89 44 288
42-369 G 42.59 548 3606
43-369 G 42.63 1413 9548
44-369 G 42,65 688 4372
45-369 G 42.64 1163 7503
46-369 G 42.58 1112 7351
47-369 G 42.66 598 3872
48-369 G 42,65 462 2958
49-369 G 42.7 926 6044
50-369 G 42.6 525 3429
11-288c G 4273 634 4086
12-288c G 42.51 1251 8154
13-288c G 4258 673 4374
14-288c¢ G 42.8 839 5444
15-288c¢ G 42.64 753 4759
11-329c G 42.6 794 5069
12-329c¢ G 42.6 1219 7827
13-329¢ G 42,67 802 5171
14-329c¢ G 42.66 1142 7313
15-329c¢ G 42.6 983 6270
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Using conditional formatting within the MicrosGfExcel 2010 software, the negative
control threshold of 197 RFU was applied to theadatd any ~42 bp G peak heights less than or
equal to this threshold were labeled as red, agd~d2 bp G peak heights above this threshold
were labeled as green. As the data was analyzedas seen that all samples and controls
displayed data. It was seen that three of the kEmmwpere displaying peaks below the negative
control threshold of 197 RFU for the 42 bp sizegpéaks: samples 5, 17, 18 from the 369 cells.
For the rest of the samples and control cellspfalhe cells were above this negative control
threshold, leaving forty-seven viable cell sampbsd ten controls samples available for
interpretation.

A second issue was noted in the data. An additi@reak was occurring in thirty-three
samples. When this C peak occurred, it was sedyetaround 43 bp in size. Because the
amplification negative sample did not display ad&alg no negative control threshold for the C
peak could be set, and therefore any visible C peaknd 43 bp would be deemed a valid peak.
When this was applied to the data, the three santpbt were seen to contain a below-threshold
G peak around 42 bp also contained a valid C peaknd 43 bp. The analysis parameters for
these three samples will be addressed in the digous None of the control samples displayed
this additional C peak around 43 bp. Thereforesaroples were eliminated from the sample set

and all fifty samples and the ten controls werentlegb viable and valid for interpretation.
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Additional testing of non-heteroplasmic tissues- 26 1 and 342

Prior to the length study, the tissues 261 and\gdi2 initially analyzed and mistakenly
interpreted as containing heteroplasmy at 1639fls fieteroplasmy was later determined to be a
combination of the signals from the 16069, 1639t) 46324 extension primers within the
original 16390 bin, due to the shift in the signalseach extension primer caused by the
fluorescently tagged ddNTP base. Prior to the detigm and analysis of the length study, fifty
cells were isolated from each of these tissuestestéd for what was mistakenly believed to be
16390 heteroplasmy, in an attempt to gather soraknpnary data for the study. The initial
analysis of these cells showed heteroplasmy inrntizidual cells. However, upon the gross
tissue reanalysis following the completion of ldngtudy, neither the 261 nor 342 gross tissues
displayed a heteroplasmic peak for the 16390 pusitiThe results of the SNaPshatata from

these cells are presented below.

Typing results of non-heteroplasmic tissue showing possible heteroplasmic cells

(sample 261, with the 16390 primers)

For the 261 tissue samples, 50 cells were isola&dedanalysis for the representative
16390 SNP position. The cells that were utilizestevfrom the previously prepared microscope
slides. The cells were identified, isolated, amglected on the PALM laser-dissection
microscope utilizing the same methodology as preshodescribed.

The cells from the 261 sample and controls weresiap amplified using the 16390 SNP
primers based on the amplification settings thatewseviously validated. The cells from the
261 sample were run using 34 cycles of amplificatioring the one-step amplification process.
To each set of fifty sample cells, five controllselvere added to the amplification set from

sample 288, and five control cells were also addad sample 329, giving a total of sixty cells
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that were amplified within each test set. To colnfior the amplification, a positive control (PE),
amplification negative control (AN), and cycling glification negative control (CAN) were
established for each set of 60 cells. The positiv&rol and the amplification negative control
were run at the standard number of amplificatiodley specific for each primer set, and were
used to establish the negative control threshdiek &NaPshot™analysis was complete. The
cycling amplification negative control (CAN) waslgrio be used if it was determined that the
samples required further rounds of primary amgiien following Agilent 2100 Bioanalyzer
sizing analysis, before SNaPshot™ amplificationuoied.

All of the controls and samples for each set ofysoells were run on the Agilent 2100
Bioanalyzer. Based on the empirical data from thkdations, the one-step amplified single
cells would not be expected to display a visiblakom the Agilent 2100 Bioanalyzer data. As
noted in the cycling number validation study ustihg test cells, negative results on the Agilent
2100 Bioanalyzer data did not indicate that theglsitell samples could not transition to
SNaPshot™ analysis, based on the low-end levelhef detection of the Agilent 2100
Bioanalyzer being higher than the low-end inputcaration for the SNaPshot™ assay. In
order for the samples to effectively pass Agileb®@ Bioanalyzer sizing analysis, however, the
positive control must have displayed the approeriaak and the negative controls must have
been negative.

Following the one-step amplification, all of theesstep amplified samples were treated
with ExoSAP-IT° using the Vallone protocol (Vallone et al., 2004)The representative
amplified single 261 cells and controls were then on the Agilent 2100 Bioanalyzer. The

positive control for the 16390 primer was seerhatdppropriate bp size (see Figure 92, below),
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and the negative controls for the sample set shaweethands (see Figure 93, and Figure 94

below).

Figure 92- Positive Control for 16390 primers, Samig 261 Cells

PE 261 [ PE 261 ]

FU
[Fu] &
2504 ‘
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100 )
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1T T T T T 1 (] T LI T
15 100 150 200 300 400 500 700 1500 [bp]
Overall Results for sample 1 : PE 261
Number of peaks found: 1
Peak table for sample 1 : PE 261
Peak Size [bp] Conc. [ng/pl] Molarity [nmol/I] Observations
1 4 15 4.20 424.2 Lower Marker
2 93 10.51 171.6
3 b 1,500 2.10 21 Upper Marker
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Figure 93- Amplification Negative Control for 16390primers, Sample 261 Cells
AN 261 [ AN 261]
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Overall Results for sample 2 : AN 261
Number of peaks found: 0
Peak table for sample 2 : AN 261
Peak Size [bp] Conc. [ng/pl] Molarity [nmol/I] Observations
1 4 15 4.20 424.2 Lower Marker
2 ) 1,500 2.10 2.1 Upper Marker

Figure 94- Cycling Amplification Negative Control,16390 primers, Sample 261 Cells
CAN 261 [ CAN 261 ]
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Overall Results for sample 3 : CAN 261
Number of peaks found: 0
Peak table for sample 3 : CAN 261
Peak Size [bp] Conc. [ng/pl] Molarity [nmol/I] Observations
1 4 15 4.20 424.2 Lower Marker
2 b 1,500 2.10 2.1 Upper Marker
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In Figure 95 below, the first 48 sample electroplgeams for the 261 cells are overlaid,
and it is clear that no peaks are present in thb@8gion. The remaining data for the last 2
samples of the 261 cells, as well as seven ofethe&dntrol samples for the 16390 primers can be
seen in Figure 96. The last three control samgdlesy 329 (329-18, 329-19, and 329-20)
showed a peak in the 93 bp region (Figure 97), whias consistent with the 16390 primers, and
was determined to be valid amplification of thegiincells giving a detectable signal on the

Agilent 2100 Bioanalyzer.

Figure 95- Overlay of Agilent 2100 Bioanalyzer Datal6390 primers, 261 cells

# 4:261-1 # 12: 2619 8: 261-17 # 4 261-25 # 12: 261-33 # 826141
# 5:261-2 1: 261-10 & 9:261-18 5:261-26 1: 261-34 # 926142
# 6:261-3 # 2:261-11 10: 261-19 6: 261-27 2: 261-35 # 10: 261-43
7 2614 # 3:261-12 # 11: 261-20 7. 261-28 3 261-36 # 11: 261-44
# 8: 261-5 4: 261-13 12: 261-21 # 3:261-29 4 261-37 # 12: 26145
9: 261-6 # 5:261-14 1: 261-22 # 9 261-30 # 5 261-33 # 1261496
# 10: 2617 6: 261-15 ® 226123 10: 261-31 # 6:261-39 * 226147
11: 2618 # 7:261-16 & 3:261-24 # 11: 261-32 #* 7. 261-40 # 3:261-48
[FU1 261-1

261-1
100+

80+

60+

40

20

40 60 80 100 120 140 [s]
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Figure 96- Overlay of Agilent 2100 Bioanalyzer Datal6390 primers, 261 cells and controls

% 12:329-17 # 5: 261-50 % 7:288-17 # 9: 288-19 # 11: 329-16
* 426143 6: 288-16 8: 238-18 10: 238-20
[FuUl 329-17
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Figure 97- Overlay of Agilent 2100 Bioanalyzer Datal6390 primers, 329 controls for 261 cells

# 1:329-18 ‘. 2: 329-19 ‘. 3t 329-20
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Upon analysis, the SNaPshot™ internal positive aadative controls passed. The
amplification positive and negative controls frone 261 cell samples were first analyzed. For
reference, the HL60 DNA type at 16390 should belza€e around 36 bp. The results were as

presented in Table 42:

Table 42- Control Sample Results for 261 Cells inNgaPshot™

Control Sample Primer Set SNP Base Base-pair size Peak Height (in
Detected RFU)
PE 16390 C 36.09 5524
AN 16390 C 36.08 53
CAN 16390 C 36.21 431
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The positive control passed, and the negativerabtitreshold was established as 53
RFU for ~36 bp sized peaks based on the peak sete iamplification negative control. The
cycling amplification negative control (CAN) for dbe samples did show peaks as well, but
since none of the samples were amplified with &l cycles, this control would not be
analyzed any further.

The fifty single cell samples for 261 as well ae ten control cell samples were then

analyzed. As seen below in Table 43, the restiltiseoSNaPshot™NP typing is shown.
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Table 43- SNaPshot™ Results for 261 Cells and Cowis, 16390 Primers
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PE-261 |C  36.09 5524 33588

AN-261 [C  36.08 53 425

CAN-261|C 36.21 431 3204

1-261 C 36.34 92 742

2-261 C 3634 69 584

3-261

4-261 C 3634 86 679

5-261 C 36.48 61 442

6-261 C 36.48 178 1367

7-261 C 36.34 217 1621|C 38.44 156 959(T 39.22 42 457

8-261 C 36.2 68 550

9-261 C 36.34 225 1725

10-261 |C  36.19 123 928|C  38.41 178 1083|T  39.18 50 392

11-261 |C 36.19 260 2032

12-261 |C 36.35 101 716|C 38.48 249 1500(T 39.27 64 471

13-261 |C 36.36 193 1423

14-261 |C 3635 69 504

15-261 |C 3859 93 576

16-261 |C  36.34 539 3989|C  38.45 189 1212

17-261 |C 36.22 114 888

18-261 |C 36.09 121 949

19-261 |C  36.21 206 1547|C  38.47 166 1019|T  39.12 48 461

20-261 |C 36.2 87 648

21-261 |C 36.36 108 763(C  38.49 129 779|T  39.27 36 294

22-261 |C 36.49 135 997

23-261

24-261 |C 36.34 45 341

25-261 |C  36.34 211 1569

26-261 |C  36.33 151 1110{C 38.42 132 838

27-261 |C  36.06 176 1359

28-261 |C 36.48 159 1178|C 38.46 219 1380(T 39.24 62 487

29-261 |C 36.36 109 779|C 38.49 386 2338(T 39.27 109 770

30-261 |C 36.47 314 2330
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Table 43- SNaPshot™ Results for 261 Cells and Cowls, 16390 Primers (continued)
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31-261 |C 36.34 107 774

32-261 C 3847 205 1194(T  39.26 56 359

33-261 |C  36.48 273 2046

34-261 |C 3633 54 434

35-261 |C  36.21 138 1043

36-261 |C 3648 116 831|C 3846 75 475

37-261 |C  36.48 351 2583

38-261 C 3849 374 2236(T  39.27 99 655

39-261 |C  36.21 212 1565

40-261 [C 36.33 90 685

41-261 |C  36.34 202 1483|C  38.45 393 2370|T  39.23 108 817

42-261 |C  36.21 163 1254

43-261 |C 36.06 104 821|C  38.39 140 907|T 39.03 41 333

44-261 (C  36.48 177 1312

45-261 [C  36.34 220 1650[C 3831 46 302

46-261 |C  36.48 589 4273|C 38.6 145 933|T 39.25 41 264

47-261

48-261 |C 36.34 113 837|C 38.45 85 520

49-261 [C  36.33 273 2016

50-261 |C 36.36 45 351

16-288c |C  36.34 255 1833

17-288c |C  36.18 310 2188

18-288c |C  36.35 111 797|C  38.48 139 851|T 39.13 41 311

19-288c |C  36.35 133 926|C  38.48 194 1175|T 39.14 60 449

20-288c |C  36.21 259 1624

16-329c |C  36.23 289 1875|C 38.5 194 1189|T 39.3 104 669

17-329¢c |C  36.36 43 270|C  38.49 166 999|T  39.27 71 466

18-329¢ |C  36.35 2702 18128|C  38.48 161 1219

19-329¢ |C  36.33 2982 18734

20-329c |C  36.35 4157 26230(C  38.46 121 1062|T  39.24 78 587
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Using conditional formatting within the MicrosGfExcel 2010 software, the negative
control threshold of 53 RFU was applied to the datd any ~36 bp peak heights less than or
equal to this threshold were labeled as red, aryd~&6 bp peak heights above this threshold
were labeled as green. As the data was analyzedsiseen that only three of the fifty samples
gave no data, and these sample names were chawongedblhick to red text (samples 3-261, 23-
261, and 47-261). For the remaining samples, it ween that two of the samples were
displaying peaks below the negative control thresbb53 RFU for the ~36 bp sized peaks. For
the control cells, one of the cells contained a bf3geak below this negative control threshold,
but contained other valid peak data for that cdrdeomple. This left forty-five viable cell
samples and four control samples available formétation. However, secondary and tertiary
issues were occurring in the data as well. Antaalthl C peak at ~38 bp was occurring in
seventeen random samples and six control samphgs.additional T peak at ~39 bp was
occurring in twelve samples and five control sammpl®&leither of these additional peaks had a
corresponding peak in the amplification negativatad, so all peaks are valid. Out of the
seventeen instances of the C peak at ~38 bp, mélyvere only this additional C peak, acting as
a second peak to the original C peak at ~36 bp. effery instance of the T peak at ~39 bp, it
was associated with a C peak at ~38 bp. Howewtrevery instance of the C-T peaks at ~38
and ~39 bp was associated with a C peak at ~36 o samples, 32-261 and 38-261 contained
only these C and T peaks at ~38 and ~39 bp, anddtidisplay the C peak at ~36 bp. For the
261 cells, there was never an instance of the & aea38 bp or the T peak at ~39 bp displayed
on its own. The T peaks were always associated auf peak at ~38 bp, and the C peak at ~38

bp was either associated with a T peak at ~39h@pCtpeak at ~36 bp, or both of these peaks.
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Typing results of non-heteroplasmic tissue showing possible heteroplasmic cells

(sample 342, with the 16390 primers)

For the 342 tissue sample, 50 cells were isolaiedrialysis for the 16390 SNP position.
The cells that were utilized were from the previgysepared microscope slides. The cells were
identified, isolated, and collected on the PALMeladissection microscope utilizing the same
methodology as previously described.

The cells from the 342 samples and controls weieestep amplified using the 16390
SNP primers per sample based on the amplificagtimgs that were previously validated. The
cells from the 342 samples were run using 34 cyoesmplification during the one-step
amplification process. To the set of fifty 342 sdencells, five control cells were added to the
amplification set from sample 288, and five contrells were also added from sample 329,
giving a total of sixty cells that were amplifieditin the test set. To control for the
amplification, a positive control (PE), amplificati negative control (AN), and cycling
amplification negative control (CAN) were estabédhfor the set of sixty cells. The positive
control and the amplification negative control wena at the standard number of amplification
cycles specific for the 16390 primer set, and wesed to establish the negative control threshold
after SNaPshot™nalysis was complete. The cycling amplificati@gative control (CAN) was
only to be used if it was determined that the sasplequired further rounds of primary
amplification following Agilent 2100 Bioanalyzer zeng analysis, before SNaPshot™
amplification occurred.

Following the one-step amplification, all of theesstep amplified samples were treated
with ExoSAP-IT° using the Vallone protocol (Vallone et al., 2004)The representative

amplified single 342 cells and controls were themon the Agilent 2100 Bioanalyzer. Based on
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the empirical data from the validations, the orepsimplified single cells would not be expected
to display a visible peak in the Agilent 2100 Biabmzer data. As noted in the cycling number
validation study using the test cells, negativailteson the Agilent 2100 Bioanalyzer data did
not indicate that the single-cell samples could tnasition to SNaPshot™ analysis, based on
the low-end level of the detection of the AgiledDP Bioanalyzer being higher than the low-end
input concentration for the SNaPshot™ assay. berofor the samples to effectively pass
Agilent 2100 Bioanalyzer sizing analysis, howevbke positive control must have displayed the
appropriate band and the negative controls must heen negative.

The positive control for the 16390 primer was satthe appropriate bp size (see Figure
98 below), and the negative controls for the sanspls showed no bands (see Figure 99, and

Figure 100 below).

Figure 98- Positive Control for 16390 primers, Samig 342 Cells

PE-163350

[FU]
»
50 |em—
\"".n
T 17T T T T T T T T TT T |
15 50 100 150 200 300 400 500 700 1500 [bp]
Overall Results for sample 1 : PE-16390
Number of peaks found: 1
Peak table for sample 1 : PE-16390
Pea Size Conc. Molarity Observati Aligned Migration Area Time Peak Peak % of
k [bp] [ng/ul] [nmeol/I] ons Time [s] corrected area Height  Width Total
1 415 4.20 424.2 Lower 43.00 38.3 98.2 60.5 3.0 0.0
Marker
2 93 9.95 162.0 52.94 124.6 252.0 204.5 2.7 100.0
3 b 1,500 2.10 2.1 Upper 113.00 64.7 574 77.7 2.8 0.0
Marker

214



Figure 99- Amplification Negative Control for 16390primers, Sample 342 Cells

AN-16390
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15 S0 100 150 200 300 400 500 700 1500 [bp]
Overall Results for sample 2 : AN-16390
Number of peaks found: 0
Peak table for sample 2 : AN-16390
Pea Size Conc. Molarity Observati Aligned Migration Area Time corrected Peak Peak %0 of
k [bp] [ng/ul] [nmol/1] ons Time [s] area Height width Total
1 415 4.20 424.2 Lower 43.00 40.4 103.1 62.4 3.2 0.0
Marker
2 » 1,500 2.10 2.1 Upper 113.00 61.2 54.2 74.8 2.7 0.0
Marker

Figure 100- Cycling Amplification Negative Control,16390 primers, Sample 342 Cells

CAN-163%90
[FU) <
- )
70 R
60
50
40
30
204
10
o
-10 T 171 T T T T T T T TT T
15 S0 100 150 200 300 400 500 700 1500 [bp]
Overall Results for sample 3 : CAN-16390
Number of peaks found: 0
Peak table for sample 3 : CAN-16390
Pea Size Conc. Molarity Observati Aligned Migration Area Time corrected Peak Peak %6 of
k [bp] [ng/pl] [nmol/1] ons Time [s] area Height Width Total
B 4 15 4.20 424.2 Lower 43.00 43.0 110.4 63.9 3.2 0.0
Marker
2 » 1,500 2.10 2.1 Upper 113.00 58.3 523 71.6 2.6 0.0
Marker

In Figure 101 below, the first 48 sample electrapgeams for the 342 cells are overlaid,

and it is clear that no peaks are present in thb®8egion. The remaining data for the last 2
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samples of the 342 cells, as well as the ten cbhsémmples for the 16390 primers can be seen in

Figure 102.

Figure 101- Overlay of Agilent 2100 Bioanalyzer Dat, 16390 primers, 342 cells

# 3:342-48 ® 11: 3428 & 7:342-16 & 3: 342-249 # 11: 342-32 & 7 342-90
& 4 342-1 12: 342-9 8: 342-17 & 4 342-25 12: 342-33 & 3 342-41
& 5:342-2 & 1: 342-10 9: 342-18 5: 342-26 1: 342-34 9: 34242
6: 342-3 - 2: 342-11 & 10: 342-19 & 6: 342-27 & 2: 342-35 10: 342-43
& 7 342-4 3: 342-12 & 11: 342-20 & 7:342-28 3: 342-36 & 11: 342-449
8: 3425 & 4 342-13 & 12: 342-21 8: 342-29 & 4 342-37 12: 342-45
& 9: 3425 & 5: 342-14 1: 342-22 & 5:342-30 & 5:342-38 & 1:342-45
10: 342-7 * o 342-15 2: 342-23 & 10: 342-31 6: 342-39 & 2 34247
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Figure 102- Overlay of Agilent 2100 Bioanalyzer Dat, 16390 primers, 342 cells and control cells

& 3:329-5 # 5: 342-50 # 7. 288-2 & 9: 2834 % 11:329-1 # 1:329-3
- 4 34249 ©: 288-1 8: 288-3 10: 288-5 12; 329-2 * 2:329-4
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The samples were then amplified in the SNaPshot$#yapurified with SAP, and run on
the 313@&l capillary electrophoresis instrument. Upon ariglythe SNaPshot™ internal positive
and negative controls passed. The amplificaticgitipe and negative controls from the 342 cell
samples were first analyzed. For reference, th6GHDNA type at 16390 should be a C base

around 37 bp. The results are presented in Table 4
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Table 44- Control Sample Results for 342 Cells inNg&aPshot™

Control Sample Primer Set SNP Base Base-pair size Peak Height (in
Detected RFU)
PE 16390 C 37.12 4551

C 37.06 236

G 38.93 71

AN 16390 C 39.36 141
T 40.21 98

C 37.10 369

G 39.0 97

CAN 16390 C 39.43 180
T 40.29 164

The positive control passed, and the negative abiitreshold was established as 236
RFU for ~37 bp sized peaks based on the C peakisabe amplification negative control. A
second peak was also seen around 39 bp, and {eskshad a peak height of 71 RFU. A third
peak, another C, was also seen around 39.5 bpavptak height of 141 RFU. A fourth peak, a
T, was seen around 40 bp with a peak height of BB.R Since these additional peaks were
unexpected, the size and peak heights of the setlind, and fourth peaks were noted. The
cycling amplification negative control (CAN) fordake samples did show peaks as well, but
since none of the samples were amplified with &ola#l cycles, this control would not be
analyzed any further.

The fifty single cell samples for 342 as well ae ten control cell samples were then
analyzed. Based on the gross tissue analysis maplsa342, the 16390 extension primer
displayed a homoplastic C base. As seen belovabiel45, the results of the SNaPsh@&@NP

typing are shown.
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Table 45- SNaPshot™ Results for 342 Cells and Cowis, 16390 Primers
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PE-342 |C  37.12 4551 26709
AN-342 |C 37.06 236 1405|G 38.93 71 487|C 39.36 141 806(T 40.21 98 664
CAN-342 |C 37.1 369 2137|G 39 97 618[C  39.43 180 1032|T  40.29 164 1119
1-342 c 3722 30 187 C 3938 86 469|T 40.23 161 991
2-342 C 3718 206 1296 C 3929 69 429|]T 40.13 32 265
3-342 C 3692 875 5152 C 39.36 378 2249|T  40.07 486 3172
4-342
5-342 C 37.07 459 2767 C  39.23 421 2465|T  40.07 522 3249
6-342 C 37.2 1169 6883
7-342 C 37.07 224 1360
8-342 C 37.07 358 2178
9-342
10-342 |C  37.36 1053 6343|G 39.08 54 352
11-342 |C  37.26 666 4041 C 39.37 290 1758|T  40.21 176 1256
12-342 |C  37.22 777 4611 C 39.38 208 1223|T  40.23 144 1018
13-342
14-342 |C  37.08 193 1191
15-342 |C 37.06 91 561 C 39.22 226 1291|T  40.07 297 1858
16-342 |C  37.22 332 2005 C 39.38 188 1199|T  40.23 143 974
17-342 |C  37.23 125 762
18-342 |C 37.36 310 1980 C 3936 109 639|T 40.2 43 415
19-342 C 39.33 303 1713|T  40.17 659 4019
20-342 [C 37.23 182 1093 C 39.4 122 715|T  40.25 156 1028
21-342 [C  37.23 207 1192
22-342 (C  37.22 192 1130 C 3924 56 314|T 40.09 132 801
23-342 C 3943 113 637|T  39.43 113 1826
24-342 (C  37.07 217 1296 C 3938 55 321|T  40.22 241 1441
25-342 G 39.1 68 461|C 39.38 171 952|T  40.23 196 1215
26-342 [C  37.19 401 2385 C 39.33 185 1077|T  40.17 221 1413
27-342 [C 37.21 188 1139
28-342 (C  37.22 711 4138
29-342 [C  37.21 766 4684
30-342 (C 37.22 170 1001
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Table 45- SNaPshot™ Results for 342 Cells and Cowls, 16390 Primers (continued)
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31-342 [C 37.06 151 869 C 39.36 120 721jT  40.21 148 916

32-342 [C  37.07 405 2419

33-342 [C 37.23 373 2156 C 39.4 67 384|T  40.25 506 3033

34-342 |C 37.2 132 800 C 39.34 242 1392|T  40.18 179 1145

35-342 C 39.33 261 1512|T  39.33 261 735

36-342 |C 37.2 111 676/G 39.06 89 609

37-342 [C 37.22 221 1410|G 39.1 63 469|C 39.24 162 878|T  40.09 50 590

38-342 [C 37.22 107 611|G 39.1 148 1084|C  39.24 177 928|T  40.23 56 447

39-342 [C 37.22 299 1880|G 38.95 61 428

40-342 |C  37.06 268 1822(G 39.07 59 413

41-342 |C  37.06 194 1171|G 38.93 95 637

42-342 C 39.19 245 1468|T  40.03 70 493

43-342 |C  37.05 172 1143

44-342 |C  37.07 678 3957

45-342 |C  36.99 267 1789

46-342

47-342 |C  37.07 88 527 C 39.38 119 689|T 40.23 42 314

48-342 |C  37.19 292 1817|G 39.04 97 668/C  39.18 114 642|T  40.16 58 568

49-342 |C  37.05 1082 6566|G 38.9 295 2028

50-342 [C 37.22 164 949 C 39.24 264 1509|T  40.09 139 927

1-288c |C 37.16 161 997|G 38.99 68 454

2-288c [C  37.04 204 1294|G  39.02 161 1124

3-288c |C 37.2 114 766

4-283c |C 37.2 181 1055 C 39.34 199 1149|T  40.18 188 1197

5-288c [C 3719 72 458 C  39.33 250 1410|T  40.17 72 522

1-329c |C 37.21 621 3877

2-329¢ [C 37.36 136 910

3-329c¢ (C 37.22 359 2107 C 3938 41 252|T  40.22 227 1387

4-329c

5-329c [C 37.06 379 2297 C  39.22 236 1395|T  40.07 136 929
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As the data was analyzed, it was seen that only dbthe fifty samples and one of the
ten controls gave no data, and these sample naerescivanged from black to red text (samples
4, 9, 13, 46, and control sample 4 from the 34&XxelFor the remaining samples, it was seen
that twenty-one of the samples were displaying pdadow the negative control threshold of
236 RFU for the ~37 bp sized C peaks, leaving twsatples that contained valid C peaks at
~37 bp. Using conditional formatting, the negateatrol threshold of 236 RFU was applied to
the data and any ~37 bp peak heights less thagual & this threshold were labeled as red, and
any ~37 bp C peak heights above this threshold Va&eded as green. For the control cells, six
of the cells were also below this negative contnoéshold, leaving three control cells with valid
C peaks at the ~37 bp size. However, other isaees occurring in the data. An additional G
peak was occurring in ten random samples and twiralosamples. As it was seen in the
amplification negative control, when this G peakuwtced, it was seen to be around ~38 bp in
size. Therefore, for the samples affected by @igeak, additional conditional formatting was
applied to the data to establish the negative obttireshold of 71 RFU for the G peak seen in
the amplification negative control. When this wasplied, only five samples and one of the
control samples were seen to be above this 71 REeghtive control threshold, thereby
containing valid G peak data. A third issue wasghesence of additional C and T peaks seen in
the amplification negative control, with these sgmeaks appearing in a total of twenty-six out
of the fifty cells, and in four of the control celhs well. When this additional C peak occurred, i
was seen to be around ~39 bp in size, and the K \waa around ~40 bp in size. It was noted
that in the 342 cells, for every instance of thedak at ~39 bp, there was a corresponding T
peak at ~40 bp, however, due to the amplificatiegative control threshold, either none, one or

both of the peaks were invalid at random throughlo@it342 samples. Therefore, for the samples
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affected by the additional C peak at ~39 bp, coowitl formatting was applied to the data to
establish the negative control threshold of 141 RBUthe C peak at ~39 bp seen in the
amplification negative control. For the samplefeektd by the additional T peak at ~40 bp,
conditional formatting was applied to the tableettablish the negative control threshold of 98
RFU for the T peak seen in the amplification negatontrol. When this was applied to the
data, out of the twenty-six 342 cells that contdirtee additional C and T peaks, four cells
contained totally invalid C and T peak data, thce#s contained only valid C peak data with
invalid T peak data, seven cells contained onlydval peak data with invalid C peak data, and
twelve cells contained both valid C and T peak ddtar the control cells, out of the four cells
that contained the additional C and T peaks, oflecoatained only valid C peak data with

invalid T peak data, one cell contained valid Tkpdata with invalid C peak data, and two cells

contained both valid C and T peak data.
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Chapter 4 - Discussion

Project Design and Setup

In a review of the final outcomes of the projeot dahe various processes that occurred
along the way, it was determined that the origs@dpe of the project was appropriate. By
focusing on the possible heteroplasmy in HVI hotsptihe scope of the project was limited to a
set of targets within a fixed range of the mitoath@ad genome, which in turn limited the overall
primer design necessary for the development ofStdkaPshot™ assay. The testing of the HVI
hotspots was also ideal due to the availabilityonfine databases containing the previously
mapped and verified SNP data. If additional hatsfp@ad been chosen within the mitochondrial
HVI or HVII regions, this would have increased tbemplexity of the initial amplification
processes and resulted in an increased consumetidine funding and resources that were
allocated for primer and amplification reagentstaBlishing this narrow scope at the beginning
of the study was important because as the projecepded, problems surrounding the five HVI
hotspots compounded into further issues with tHelaon of the multiplex amplification, and
further still with the issues that were uncoveredrt the length study of the extension primers
with in the SNaPshot™ assay.

The narrow scope was also seen to be appropridbe idecision to use only liver tissue,
which allowed for a constant average level of nfimwdria per cell, uniform cell sizes, and
availability of the tissue for use in the projednitially, the project focused on the use of liver
samples collected from formalin stock jars housetthe histology department of the New York
City Office of Chief Medical Examiner. While thetissues were readily available and easily
malleable for the cell separation technique, it a@esn that the long-term formalin exposure had

effectively destroyed all of the nucleic acid witlthe cells, and these tissues were therefore not
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beneficial for use in the project. The study themed to paraffin tissue blocks, also housed at
the histology department of the New York City Ofiof Chief Medical Examiner. While the
tissues in these paraffin blocks were also formiked, the total formalin exposure was in the
timeframe of 12-36 hours. The tissues were thesed, sectioned, and encased in paraffin to
preserve the tissue and provide support for higtodd microscopic slide preparation. These
paraffin-embedded tissues were therefore idealter project, the only challenge being the

effective removal of the paraffin from the tissoeatlow the isolation of the single cells.

Cell Separation and Gross Tissue Creation

While there were clear visual and physical diffeesin the cell separation slides, the
level of maceration (ranging from less maceratedparse) had no impact on the ability of the
individual cells to be identified and isolated femch tissue. Due to the fact that each level of
maceration produced intact, single cells that wesadily identifiable and capable of being
isolated using the laser dissection microscopechiesification of the “level of maceration” did

not affect the collection of the single cells freime heteroplasmic tissues.

Gross Tissue Screening

The tissue samples that remained on the meskhsfiliowing cell separation served as
the source for the gross tissue that was orgawpiealracted and tested with the SNP multiplex.
The use of this tissue remnant fraction served gugboses; it allowed for the gross tissue to
represent the same cell set from which the sepmhraks originated, while also eliminating the
need for a second cut of the paraffin tissue blpekaffin removal, and additional chemical steps
to break down the intact tissue block for organitraction of the mtDNA. While this tissue was

used to generate the extracted mtDNA from which shmples were screened for possible
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heteroplasmy at the five SNP hotspots, it was wailyy run using the SNP multiplex and
analyzedbefore the length study was performed. As a result,ititél interpretation of the
gross tissue SNP data was incorrect due to theérepdworetic shift caused by the dye-labeled
bases as they were added to each of the externinerp.

The length study was determined to be necessagy iaftvas noted that several peaks
were occurring outside of the previously definedshior the SNaPshot™ analysis in the proof-
of-concept single cell runs, as well as in the adgsis of the preliminary SNP data from the
gross tissues. In the process of validating thgiral SNaPshot™ multiplex, the analysis bin
sizes were defined based on the common peaks #rat pvesent in the HL60 control mtDNA
SNaPshot™ profile. If the mobility of any heteraginic peak fell outside the defined individual
bin set, the peak itself would not be labeled atahiified by the GeneMapper™ software. The
original idea to counter this was the establishnodrd single bin set which was defined as the
extended length of the entire primer migratory eegiThis multiplex region bin would then call
all peaks, regardless of size, that occurred withénentire SNaPshot™ primer region. The use
of these two different bin sets therefore requitwd replicate analyses of the SNP data; first
with the individual bins to ensure that the HL60sipwe and negative controls were in
concordance and that each sample contained vatdatiaach of the expected primer locations,
and then a second analysis using the multipleoregin to locate any peaks that happened to
fall outside of the individual bin regions that @e indicative of heteroplasmy at any of the
HVI hotspots. The initial analysis of the grossstie data displayed several populating peaks
within the defined individual bins, and uncovereden samples that were incorrectly identified
as heteroplasmic. The use of the multiplex rediondid uncover peaks outside the individual

bins, but these peaks appeared to occur randonoly apalysis of the individual samples, and it
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was incorrectly assumed that these were electrephartifacts, and not real peaks. The ABI
manual for SNaPshot™ described artifact peaks gueaerms, and none of the extraneous
peaks from the gross tissue were detected durangahdation of the SNP multiplex, reinforcing
the hypothesis that these peaks were artifact (fpplied-Biosystems, 2000). However,
subsequent rounds of reanalysis of the original MR from the gross tissue began to
demonstrate a pattern in these extraneous peakst was noted that occasionally, for example,
a C peak and an A peak in the same bin were sepabgtthree or more base-pairs (bp), which
was unexpected. The initial research into thisessncovered the possibility that the extension
primers themselves might be responsible for théattan in the SNP data, leading to these
extraneous peaks. As it was noted in the ABI SINaP¥ manual (Applied-Biosystems, 2000):

“In fragment analysis, a fragment is assignedza based on its relative mobility

to size standards as it migrates through the palym@y change in run

conditions, such as capillary array length or pdyntype, affects fragment

mobility. Sizing differences resulting from mobylithanges between various

types of polymer are more apparent for sequencesizase-pairs (bp). Due to the

nature of the polymer, smaller fragments (< 50 toym) on POP-7™ polymer on

the 3130l Genetic Analyzers and on the 37d0DNA Analyzers may have

slightly different mobilities. To avoid sizing ioosistency with smaller

fragments, Applied Biosystems recommends that ggnug projects be started

and completed on the same instrument, using censistin conditions. Avoid

inconsistencies by creating single-base extensiameps no shorter than 25

nucleotides (nts). In addition, the spacing shdwédat least 6-8 nts for primers

that are less than 30 nts and 4-6 nts for primeas are greater than 30 nts

Alternatively, genotypes can be standardized to @mform by running

representative alleles across all platforms andtitrg instrument-specific bin sets
with standardized bin names in GeneMapper Softw@re or higher.”

Based on this information, it was estimated thatdesign of the extension primers for
16069 and 16223 might have been too short for @ptdetection (see Appendix A for the
extension primer modifications and overall primendths). Even though these primers were
shown to be effective in the HL60 multiplex, andngwhat effective in the initial gross tissue

analysis, the length of the primers was perceioedactone reason that the primers failed to detect
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any SNP positions in the single-cell samples. AMBI recommended that for primers less than
thirty nucleotides, the separation should be araixdo eight bp, but based on the validation of
the HVI multiplex, the four bp differences wereegffive, most likely due to the use of only a
small number of SNP’s in the multiplex.

Based on the above information, it was realized tha ABI recommendations for the
primer length were based on the probability of shét in the detected primer size with the
addition of the fluorescently-labeled ddNTP bas&he overall primer length was minor
compared to the effect of the dye-labeled primersthe final detected size of the extension
primer in the SNP data. This explained why thekpaa the SNP multiplex were not exactly
four bp apart; the dyes either “pushed” or “draggbe extension primer to a slightly different
size than what was expected. For example, the4l888 16390 extension primer peaks were
seen to be close in the Agilent 2100 Bioanalyzeingi (71 and 75 bp) but in the SNaPshot™
data, the peaks were nearly overlaid. This wastduke 16324T peak being “pushed forward”
in the sizing of the peak, and the 16390C peakdgo&iragged back” from the original expected
base sizes, causing these two peaks from diffesgtegnsion primers to appear in a single
individual bin (for 16390) andppear as heteroplasmy. This data indicated that the individual
SNP bins were not correctly defined to appropnaggcount for the probable shifts in the SNP
peak data when the different dye-labeled terminlaésies were added to the extension primers.

Based on the information regarding the size-shifthe dye-labeled primers, several
aspects of the study became clear. There was gahaa a true SNP heteroplasmic peak will
ever result in a true “overlaid” peak. The detattof heteroplasmy was thus understood to be
the detection of more than one peak within an éstaa bin of a defined size. The original

individual bin sets were initially adjusted to aaob for a +/- 4 bp window, which is how the
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original (incorrect) heteroplasmic samples werecaliered, but it was determined that this
window needed to be expanded for each primer seictount for the shift in the extension
primers with the addition of the dye-labeled ddNd&3es. What was originally believed to be
amplification artifacts, then, were most likely iapeaks that were shifted upstream/downstream
from the 16223 and 16324 primer sets, and appewithgn the 16390 and 16069 bins.

The extension primer length study was then cardetland the new bin sizes were
determined as described in the Experimental Resétdion. The results of this study
demonstrated that the different dye-labeled tertom®&ases, when added to the extension
primers, shifted the range of the extension primeEstablishing the range of this shift then
allowed for the expansion of the bins for each msiten primer, and defined the possible peaks
for each extension primer as well. The resulthef primer length study was a clear primer map
for all five of the extension primers, with the pide bases and their respective mobilities
(positions) for each primer represented throughbatelectropherogram. The new bins were
then applied in the GeneMapper™ analysis softwane, the raw SNaPshot™ data from the
valid gross tissue samples was re-analyzed. Tédtseof applying the corrected bins and bin
sizes then accounted for every peak within thegytissue SNaPshot™ data, and resulted in the
identification of sixteen samples that containeal tthenty possible heteroplasmic SNP locations.

(See the Experimental Results section, as wellggseAdix E for the full chart data).

Age vs. Heteroplasmy of the Gross Tissue

Once the length study was complete and the hdésmmic gross tissues were identified,
it was desirable to plot the known age and sexheftissue donors against the instances of
heteroplasmy. Within the scope of the data setait be inferred that there is an increased

correlation with heteroplasmic occurrences in Holdpots and increased age.
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Pathology Review of Cells

Following the length study and the resulting gatien of the twenty heteroplasmic
samples, it was determined that the laser-disseaticroscopy slides needed to be examined by
a qualified pathologist to determine if any of #amples contained either cancerous or otherwise
abnormal cells. This was important for the studgduse cancerous hepatic cells would require
an overabundance of mitochondrial activity to supgbe rapid cell growth. The highly
productive mitochondrial genomes would be undethimr oxidative stress or facing increased
mutational events leading to an increase in helasogic events (He et al., 2010). Additionally,
liver-specific diseases such as cirrhosis or hgpatiould be detrimental to the study as well,
due to the fibrous scar tissue that occurs in tgatic tissue as a result of cell death from
exposure to toxins, alcohol, viruses, and fat.sHuar tissue would cause the tissue to shrink and
die, which would cut off the flow of nutrients toet surrounding cells. This in turn would lead to
further cell death, with degradation of the nucleard mitochondrial DNA occurring
simultaneously. Therefore, the identification aetimination of any tissues possessing
cancerous or diseased cells would remove any ssthat would be demonstrating increased or
degraded mitochondrial DNA activity, which couldski being incorrectly interpreted as
heteroplasmy within the mtDNA SNP profile.

Based on the final pathological findings, two séaphat contained heteroplasmy (based
on the length study data) were removed from thdystuOne of these samples, 345, had shown
three separate SNP positions containing heteroptat6969 A/C, 16223 C/T, and 16519 A/G.
These SNaPshot™ results, combined with the restipgthological analysis of the gross tissue
justified the removal of this sample from the pobjdut even without the pathological findings,

the results were suspect. The instance of moredha heteroplasmic point in the genome, even
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at hotspots such as the ones targeted by the SldRsen would commonly be seen as
guestionable, raising concerns ranging from possibhtamination to extreme mutational events
in the cells. Typically in forensic mtDNA sequemgj the finding of two heteroplasmic bases in
a sequence of over 300 nucleotides would be caosedncern, and three or more such
heteroplasmic positions would signal a mixtureved or more separate mtDNA profiles, either
from inadvertent or direct contamination of an #ddal mtDNA source (Budowle, 1999;
Budowle et al., 2010; Wilson, DiZinno et al., 199Filson et al., 1993). While the removal of
sample 345 was justified through pathological asialya second sample in the heteroplasmic
tissues was also seen to contain three heterolaSNIP positions: sample 261. SNaPshot™
analysis of sample 261 produced the following: BZ2/T, 16324 G/T, and 16519 G/A.
Microscopic examination of the 261 cells revealeornmal hepatic cells with no visible
pathology. Due the rationale of facing three passheteroplasmic points without pathological
proof of questionable cells, this sample was ultetyaremoved from the pool of eligible
heteroplasmic tissues due to concerns over possiliamination and/or mixtures of non-

specific cells.

Microscopy & Laser Dissection Microscopy

In the process of developing the protocol foribke of the laser dissection microscope, it
was found that two out of the three potential sesirof error were identified as issues with the
robotic movement and control of the stage. It waen that these general errors could be
controlled by establishing an order of the proceasged to collect the cells from the slides.
Laser dissection microscopy operates based onrtaeyye of the laser and the speed of the
robotically controlled microscope stage; the corabon of the two relates to how efficiently the

cells are collected. It was seen that the mosftcéffe collection of the cells was obtained when
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the identified cell was cut from the slide firsthis allowed the cell and cut slide membrane to
sit on the slide without the influence (ionic, hgghilic) of the collection cap. The collection

cap was then moved into the appropriate positicovatthe cut cell, and then assuming the
height of the collection cap above the slide s@faas confirmed and valid, the cell would be
catapulted off of the slide and into the collectmap. The collection cap would then move up
and away from the slide to allow for removal andsdre of the collection tube. While time-

consuming, this manual control of the robotic stagjewed the greatest control over the
collection cap height above the slide, and theeefomimized the error in cell collection. By

adhering to this methodology, the unique separadiwh collection of the single cells was seen
repeatedly during cell collection, re-affirming th&tionale that a single cell was successfully
collected when the proper collection proceduresewiilowed using the laser dissection

microscope.

The final point of error identified in the procesfdaser dissection microscopy was found
to be the inability to visually confirm the collemt of the captured cell within the
microcentrifuge tube cap. While the laser dissectmicroscope contained the ability to
microscopically inspect the interior of the capgerhwas no way to realistically find the single
cut cell that was on the order of 20-30 micronsemdthin a possible field % inch in diameter,
and of varying focal depths due to the concave soesi of the liquid inside the cap. Therefore,
it was assumed that if the cell was seen to suftdBs¢eave the slide during to the laser
catapulting, and the cap had been at the apprepneight, the cell was collected. Due to the
inability to visually confirm the physical cell dettion, the study relied on the indirect
verification of the presence of amplified mtDNA fincthe single-cell samples to show that the

collection of the cells was successful.
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Cell Lysis and One-Step Amplification

As the samples moved on to cell lysis and one-ateplification, it was again noted that
there was no confirmation of the presence of tmglsicells in the collection tubes. An
additional potential source of error was identifiadthe manual transfer of the collected cells,
from the 1 ml collection tubes to the 0.5 ml ampéfion tubes. In order to carry out this
procedure, the 1 ml collection tubes were centatltpr three minutes at high-speed to bring the
collection buffer and the single cell out of thélection tube cap and into the bottom of the tube.
The 15 ul of collection buffer and the single ceéire then transferred using a large bore 1 ml
pipette tip, to ensure that the separated celltaedsurrounding support membrane would be
taken up along with the collection buffer. Sinke tollection buffer already contained the water
and BSA components used in the amplification satgpgentirety of the collection buffer needed
to be transferred to ensure that the correct vatuafavater and BSA were present in the one-
step amplification. As before, there was no wagdnfirm the presence of the single cell in the
original 1 ml tube cap, or the 0.5 ml tube after gdentrifuging and transfer of the capture buffer.
As the individual PCR reagents were added to ther).amplification tube, the tube was mixed
and re-centrifuged prior to the one-step amplifarat Following the one-step amplification, the
samples were run on the Agilent 2100 Bioanalyzemftmantitation and sizing. At this point, it
was unknown if the tubes contained successfullgdysnd amplified single cells. However, the
positive control contained 100 ng of HL60 DNA prioramplification, and the negative control
tubes, the AN and CAN, should have contained neatiable DNA. The review of the Agilent
2100 Bioanalyzer data for the single cells theefeerved to demonstrate that the positive
control contained detectable DNA at the correce,send the negative controls were indeed

negative. For the single cell samples, it was msslithat if a peak equal to or greater than the
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size of the positive control would have been sé@eamguld have been indicative of contamination
or the presence of more than one cell. The fat dhly a small percentage of the single-cell
samples showed any peak data whatsoever was saqoaiive indication that the tubes did not
have widespread contamination, or additional gqalesent in the sample. Because the Agilent
2100 Bioanalyzer was then used to screen the epeatnplified samples for contamination
rather than actual peak sizing, twenty-four repnegtese samples could be screened (which
included the positive and negative controls) tooaot for the sixty total samples throughout the
amplification set. The benefit of using a repréagwve set of samples was that it reduced the
amount of reagents and consumables necessaryefégitent 2100 Bioanalyzer assay. At the
same time, it left the option available to run diddial samples if any of the representative
samples displayed peak data equal to or greatertiigasize of the positive control, which would
have indicated a problem with the cell collectioramplification setup. The question that was
then posed by the review of the Agilent 2100 Bidgrex data was whether or not the lack of a
sizing peak in the data was due to a true beloestiwld level of amplified mtDNA from the
single cell, or if it was instead a negative sampl@ue to the limits of the sensitivity of the
Agilent 2100 Bioanalyzer, the data gave no indaratas to why the samples did not show a
peak. While there were other sizing instrumentilable, such as the UV-Spec NanoDrop™,
this option was decided against due to the fadtteaspectrophotometer used virtual calibrators
for the DNA quantitation assay, and there was ng wwaaccount for the low-end sensitivity of
the detection based on the overall working rangd@instrument using these virtual calibrators.
Also, the consumption of a larger volume of amptifimtDNA and the low throughput of the
instrument added to the disadvantages of use afghetrophotometer. Other options, such as

gel electrophoresis using agarose or polyacrylamlde failed to account for the low end of
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detection of the amplified mtDNA from a single ¢cedind were likewise not attempted.

Additional considerations regarding the budget awailable resources were taken into account
when considering these alternative measurementsttees® financial factors also led to the

decision to use the Agilent 2100 Bioanalyzer follogvthe one-step amplification of the single

cells.

A question was raised at this point as to if tbecentration of the amplified mtDNA
could be estimated or calculated based on anytitimgy than the Agilent 2100 Bioanalyzer data.
Previous studies investigating ancient DNA andgiguencing of Neanderthal DNA proved the
applicability of the input and analysis of low-l&\@NA testing (Hofreiter et al., 2001; Noonan
et al.,, 2006). An in-depth study of SNP typingawicient DNA samples on a MALDI-TOF
instrument platform demonstrated the successfulsiseof picogram quantities of both mtDNA
and nDNA samples (Mendisco et al., 2011). Theusdn chemistry used on the Agilent 2100
Bioanalyzer for this study had a working range &-80 ng/ul, so can be estimated that the
amplified single cell samples that generated nedalable peaks were at a concentration below
500 pg/ul. Without further data points for compan any attempted calculation of the actual
mtDNA concentration would be arbitrary. If appliea the input volume calculation for the
SNaPshot™ assay, this arbitrary value could negjatiaffect the success of the SNaPshot™
amplification and detection of the HVI SNPs.

Based on the analysis of the Agilent 2100 Bioarexlydata on the single cells, and also
based on the knowledge of the length study, itdedsrmined that the SNaPshot™ amplification
would ultimately address the question as to whetirenot a single cell was successfully
captured, transferred, and amplified. The inisi@gle-cell amplification trials were successful

in demonstrating that a captured cell could be essgfally amplified and detected after
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SNaPshdt, but the multiplex amplification of these singlells was seen to be problematic.
When the decision was made to use only the speeifiension primer for the noted

heteroplasmic SNP in the single cells, this reduitedoverall complexity of amplifying and

analyzing the final samples, but not before thedasion of the multiplex was established in
SNaPshdt. In retrospect, the use of the multiplex was fieiz to the analysis of the gross

tissue, but was unnecessary for the single c&\feen designing the multiplex assay of the five
SNP locations, it was determined to pool the angglifon primers and amplify the extracted
MtDNA, rather than reverse the approach and amtiiéyindividual primers, run the individual

SNaPshot™ extension primers, and then pool the SiNgP" amplicons prior to CE analysis.
While the latter would have reduced the complegityhe validation process by not having to
configure balanced melting temperatures and cyahabrers for the multiplex assay, it would not
have been cost-effective in that it would have nexgua four-fold increase in the SNaPshot™
reagents, which were already established as argrfihancial factor in the study.

Despite the complexity of validating the multiplarplification for use in the project,
there were inherent benefits from the use of thétiphex. The ability to screen the five SNP
hotspots across a wide number of samples wasatntiche design of the early project, and this
was achieved using the multiplex setup. A secameht of the multiplex was the decision in
the design of the project to limit the multiplexdaly five of the HVI hotspot locations. While
more locations were reported in the literaturejtling the project to only five of these hotspots
allowed for a spread of the data across the H\Winrant and permitted for a reasonable time-
frame to validate the multiplex design. If the tiplex had been increased to include additional
SNP hotspot locations, this would have increasesl ¢bmplexity of the multiplex, the

complexity of extension primer design, and requieeldiitional time to balance the multiplex
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reaction for all of the additional primers. Theligation and testing of only five hotspot
locations required just under one year of testagglysis, and retesting to ensure that the
multiplex was operating properly, and this timefeamould have been increased considerably
with the addition of other SNP locations.

Despite the complexity and the time investmenthia validation of the multiplex, the
amplification was ultimately seen to perform to tireginal expectations, and was critical in the
identification of the heteroplasmic gross tissuaglas. However, the results of the SNaPshot™
data were not fully understood until after the gsigl and interpretation of the length study were
determined and the results of such were appliel ttathe original gross tissue multiplex data.
While this detour in the project plan did delay timeeframe somewhat, it was critical for this
length study to be done so that the proper intéapos of the gross tissue multiplex data could
be carried out. In hindsight, this error could édeen avoided by the use of a commercially
available primer focus kit from Applied Biosystenigpplied-Biosystems, 2000). This
commercially available kit would have artificialgpplied the four different dye-labeled ddNTP
bases to the extension primers and allowed a rapgkssment of the separation size and
expected pattern of each extension primer. Howeaethe beginning of the study, it was
unclear why this kit would be of value to the studpd it was decided to allocate the limited
funds towards the maximum number of SNaPshot™ dicgdion kits that could be purchased.
This error, while costly in the sense of time spamtthe project, was abated by the creation of
the internal primer length study. The internalgth study produced the same results that would
have been seen in the use of the commercial kithfech less of the cost of the commercial kit
when averaging the cost of the individual SNaPshotBttions that were used to carry out the

length study. The ultimate effect on the SNP rplétt validation was simply that the value of
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the length study was not identified in the initi@velopment plans, and additional time was then
required at the latter part of the project to fgdinis error. Ultimately, the combination of the

validation of the multiplex, the addition of thength study, and the final interpretation of the
gross tissue data and the single-cell data was teele@ the majority of the time invested in the
project as a whole. The successful identificatma interpretation of the data hinged on the
validity of the multiplex and SNaPshot™ amplificats, so in the end, the time investment in

these critical processes was seen to be bendfidihé study.

Extraction Negative Control Analysis Issues

In the review of the project design, the questas raised as to the elimination of
samples based on the success of the extractiortiveegantrol data. The issue of identifying
contamination in the extraction negative contral #men eliminating the corresponding samples
effectively reduced the overall number of eligilsiemples for the study, but might have also
eliminated a true heteroplasmic sample beforeutccbe screened with the multiplex assay. To
counter this impression of sample loss, the extlachegative controls were established to
control for small extraction sets containing betwdize and twelve samples, such that if a
negative control failed, a large bulk of samplesuldonot be compromised. Also, the
establishment of the extraction negative control aascheck against contamination was
scientifically sound, and extremely conservatiWhile it is true that the only contamination in
the extraction set might have been in the extractiegative control, and the corresponding
samples may not have been affected, it was not agesound scientific practice to ignore the
results of the negative controls just to bolster tumber of available samples for the study. A
second claim, of establishing an extraction negatientrol threshold (as was done for the

amplification negative controls in the multiplexdasNaPshot™ analysis) was also seen as
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imprudent at the extraction level, in such thawvés possible to establish a clean extraction
negative control with proper adherence to the latooy decontamination protocols along with

proper reagent and sample handling practices. af 8een in all passing extraction negative
control samples that no detectable level of DNA wasent at the amplification level, therefore
ensuring that the corresponding gross tissue saexplacts would also be free of contamination

and eligible for amplification in the SNP multiplex

SNaPshot™ Assay Issues

Throughout the processing and analysis of thesgt@sues and single cells in the
SNaPshot™ amplification system, several issues weted. The prominent issue throughout
the process was the question of how to appropyiaehllyze the negative controls from the
nested PCR reaction. Specifically, the analysithefamplification negative (AN) controls and
the cycling amplification negative (CAN) controlsDue to the nature of the nested PCR
reaction, it was seen throughout the validationsvels as the literature review that the nested
amplification of the negative controls could be ging interpretable data that would need to
be addressed (Budowle et al., 2002a; Budowle et2802b; Budowle, Wilson, & DiZinno,
1999; Carrecedo et al., 1998; D'Eustachio, 2002yk&wski, 2000, 2001; Grzybowski et al.,
2003; Musgrave-Brown et al., 2007). It was notadrdy the validation of the multiplex that the
AN and CAN controls did produce data, but the pdadights for these controls were several-
fold lower than the data generated for the posit@etrol and tissue samples. Throughout the
validation and testing phase, it was seen thahef AN and CAN data values were used to
establish a baseline for a minimum interpretablekgeeight, a majority of the data would then
be eligible for interpretation, and lower-quality guestionable data would be excluded. This

was shown to be reproducible in both the grossi¢igest samples as well as the single-cell test
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samples, and was viewed as a sound and consenagipmach to the interpretation of the
electropherogram data.

The peak height values were chosen to establishnidgative control threshold rather
than the peak area. The peak area took into att¢bararea under the peak and did provide
information as to the quantity of the data signdlowever, issues such as peak broadening and
shoulder peaks, due to electrophoretic effectspaogimity to other peak data, skewed this peak
area value. These effects led to an over-estimatidhe true peak area value. Therefore, the
peak height, which was the Y-axis value of the paatia from the electropherogram, was seen as
an appropriate value from which to evaluate theltes When aligned with the peak size (which
in turn related to the SNP analysis bin and theeefioe SNP hotspot in question), all peaks from
the same peak size were analyzed together and cedhpgainst the negative control threshold;
the peaks with heights below the negative contrdghold were excluded from the study, and
the peaks above this value were deemed valid ferpretation.

The question was then raised as to the validitgppilying this negative control threshold
to the data set. Traditionally, any signal in gateve control would indicate that the negative
control failed, which would commonly invalidate tassociated samples linked to the control. In
this study, the negative controls were seen to aat®e first level of amplification and analysis,
demonstrated in the Agilent 2100 Bioanalyzer dataeich amplification negative control and
the cycling amplification negative control. It wasly following the nested PCR of the
SNaPshot assay in which detectable signals app@art@ negative controls. While it's true
that the overall amplification cycling numbers westandard for the initial amplification (34
cycles) and for the SNaPshot amplification (25 eg§l the combined total of the amplification

cycles approaches the original cycling numbersrowetsially reported by Grzybowski et al.,
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which was later heavily attacked upon peer reviéBudowle et al., 2002a; Budowle et al.,
2002b; D'Eustachio, 2002; Grzybowski, 2000, 200dzyBowski et al., 2003). To guard against
the erroneous report of artificial heteroplasmy, blest practice for the SNP data was determined
to be the establishment of the amplification thaddhbased on the negative control. While other
samples in the data sets might have actually Hageanegative result, and would better serve as
placeholder negative control samples, the congistieth conservative application of the negative
control threshold ensured that no data under Hrsshold was utilized for the interpretation of
the results. While this might have actually rentbwalid heteroplasmic samples (or a single
value from a heteroplasmic sample, creating a hdestip sample instead), this was seen to be
acceptable as long as the use of the negativeatahteshold was consistently applied to every
data set.

At another point during the testing and validatitme question was posed as to which
negative control, the AN or CAN, was more apprderi@r the use of establishing the negative
control threshold. As both samples were createallsaneously, and carried through the testing
and analysis simultaneously, it was determined #itlhter could serve as the source of the
negative control threshold. The CAN control waigioally established during the validation to
control for any additional rounds of multiplex dngle-primer amplification that would have
been required following the initial Agilent 2100dginalyzer analysis of the data. In practice,
neither the gross tissue samples nor the singlsaeiples required this additional amplification,
so the CAN was never utilized for the intended psgpas a secondary amplification control.
However, because the AN and CAN controls were fbegeparallel identical controls, it was
decided that arbitrary selection of one controlrove other to establish the negative control

threshold would not be appropriate. It was decithed the AN would be the sole source of the

239



negative control threshold, and the CAN values wdé noted but not analyzed further in the
process of interpreting the SNaPshot™ peak datadtr the gross tissues and the single cells.
In the review of the final single cell data, it wasted that if the CAN would have been used as
the negative control threshold, then eight of th&NGralues for the data would have been less
than the AN value, while seven of the CAN valuesilddhave been greater than the AN value,
so the results would have been negligible on thal filata analysis (see Table 46, below). What
is important to note in the review of the contrelag height data is that the AN peak heights
were never greater than the PE peak heights, whashcritical for the successful analysis of the

corresponding data.
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Table 46- Comparison of AN/CAN control peak height§from SNaPshot™ data

Sample
284-16069

315-16069

293-16223

314-16223
289-16324

349-16324

339-16390

355-16390

355-16519

369-16519

Positive

Control
8139 T
8341 T

8073 C

5806 C
8433 T

8346 T

4779 C

5870 C

6082 A

8223 A

Cycling

Amplification Amplification CAN +/-
Negative Negative compared to
Control Control AN

520 C 41 C -

295 C Neg -

593 C 705 C +
363 A 460 A +
164 T 246 T +

1584 C 1698 C +

404 T 1998 T +

34 G 41 G +
1156 T 498 T -

272 C 128 C -
128 T Neg -

2677 C 177 C -
138 T Neg -

70 G Neg -

197 G 669 G +

Aside from the question of the use of the AN ovyer CAN, another issue brought to
light in the analysis of the controls was the nsitg®f establishing a novel negative control for
the SNaPshot™ amplification step. While the SNaP&hreaction had internal controls which
were denoted as the SNaPshot™ Positive Control #@)SNaPshot™ Negative Control (NC),
these controls were only controlling for the actiBlaPshot™ reagents and reaction, and did not
include the specific extension primers used to eriie amplified mtDNA. The primers added
to these SNaPshot™ controls were included in thaP3iRot™ kit from Applied Biosystems,
and as such,

extension/termination PCR reaction. It was debateth whether or not a novel negative control

controlled only for the validity and#feaiveness of the SNaPshot™
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should have been established at this step to ddatrthe addition of the extension primer to the
SNaPshot™ reaction, but it was ultimately determhitee be unnecessary. The AN and CAN
controls effectively served this purpose, by cdiitrg for the addition of the extension primers
but also ultimately controlling for the nested P@Rction itself. If a novel negative control was
established at the SNaPshot™ step, it would haJg served to contain the SNaPshot™
reagents and specific extension primer(s) for thétiplex or for the SNP of interest. However,
the AN/CAN controls already served to control foe taddition of the extension primers to
known negative samples (based on the Agilent 21@@ralyzer data) and the SNaPshot™
Negative Control controlled for the actual SNaP8hoeagents. The combination of the AN and
NC controls therefore served to effectively contfot the SNaPshot™ reaction with the
extension primers. A benefit to not establishimyaalditional negative control was that the
SNaPshot™ reagents were not consumed further irdtablishment of an unnecessary sample,
reserving these expensive reagents instead fdrefuanalysis of the project samples.

A final issue encountered with the SNaPshot™ aimgplibn was the design of the
extension primers. Based on the available liteeatand discussions with colleagues with
experience in the use of the SNaPshot™ amplifinatid was decided that the length
modifications for the extension primers would benelausing thymine bases (Axler-Diperte,
2010; Brandstatter, Parsons, Niederstatter e2@03; Brandstatter, Parsons, & Parson, 2003;
Coble et al., 2006; Kline et al., 2005; Li et 4999; Parsons, 2006; Sobrino et al., 2005; Vallone
et al.,, 2004). It was also decided that a fouehzar separation between the extension primer
sizes would be sufficient to separate the extenpramers within a multiplex analysis. It was
not until the length study was performed and aredythat it was realized that the four base-pair

separation was the minimum requirement, and whidlowed for the accurate interpretation of
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the SNaPshot™ peaks, the additional separatiorpdbsix base-pairs between the extension
primers would have been more beneficial to the regjom and analysis of the dye-labeled
extension primers. Ultimately, however, the majesign flaw in the extension primers was
seen to be the use of the thymine bases as themplemgth modifiers. While investigating the
issues surrounding the 16519 data (in which G peadte detected in the single cell data where
A peaks were expected based on the gross tisslyesiahait was noted that one factor affecting
this questionable data was the thymine bases oextemsion primers. Based on the Applied
Biosystems SNaPshot™ Multiplex Kit Protocol, théldawing was noted (Applied-Biosystems,
2000):

“Poly (dT), poly (dA), poly (dC), and poly (dAGACHByre 3 non-homologous tails

which are predicted to have minimal secondary tires. They have all been

used successfully. Generally the signal patterasnat affected by the kinds of

tails that are used. Thémoly (dT) tails however may interfere with the #uh
of 3 ddA.” (Emphasis added.)

The 16519 extension primers were the most heavddified extension primers in the
analysis set, and as a result, required elevenitieylmases to be added to theefd of the
extension primer. However, the origindllfase in the unmodified 16519 extension primer was
already a thymine base, which resulted in a tdtévelve thymine residues on théénd of the
16519 extension primer. When applied to the 16&mh8le cell samples, the resulting G peaks
and the lack of the expected A peak might have lasea result of the interference of the poly-
thymine tail, as noted in the SNaPshot™ Kit Proto&@imilar results were seen in the 349 cells
tested with the 16324 extension primers and the @3, tested with the 16069 extension
primers. In the 349 cells, A/T heteroplasmy waseex@d based on the gross tissue analysis, but
G and T peaks were found instead in the singles.cdlh the 284 cells, A/T heteroplasmy was

also expected based on the gross tissue analygi€; bnd T peaks were found instead in the
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single cells. For these primers, the 16324 ex¢enprimer was modified with five thymine
bases. However, the original Base in the unmodified 16324 extension primer alesady a
thymine base, which resulted in a total of six tinenresidues on the’ ®nd of the 16324
extension primer. The 16069 extension primer ditlaontain a S5thymine base in the original
sequence, and the 16069 extension primer was ndifietbwith any thymine residues. Since
the thymine modifications seemed to affect the B6Bktension primers but issues of non-
addition of an expected A base were also notedtension primers that were less modified and
completely unmodified as well, there must have baeradditional factor affecting the non-
addition of the A base.

Ultimately, this non-addition of the A base may &abeen linked to the available
concentration of the template mtDNA. The origigabss-tissue screening of the 355 and 369
samples resulted in heteroplasmic G/A peaks at4,8at when the single cells were analyzed,
only G peaks were detected. More importantly, ghess tissue testing of the control sets 288
and 329 also revealed A peaks at 16519, but wheitigle cells were tested as controls with
the 16519 primers, the cells generated clean dataiag only G peaks across all twenty control
cells between the two 16519 cellular amplificatdata sets. The concentration of the amplified
MtDNA in these gross tissue samples was high enaogbe detected in the Agilent 2100
Bioanalyzer assay and therefore allowed the opticoalcentration of mtDNA template to be
applied to the SNaPshot™ reaction, either in nealilated sample input volumes. In the case
of the single cells, no detectable Agilent 2100&Bialyzer values resulted in a maximum neat
input volume of the amplified single cell mtDNA, igh may or may not have been within the
optimal SNaPshot™ input concentration (Edenbergi& 2009). As a result, the extension

primers may have been simultaneously affected byntin-optimal amplified mtDNA template
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concentration and the poly-thymine tail, resultinghe generation of only the G peak data and
lacking the A peak. Similar results to the lessdified 16324 extension primer and the

unmodified 16069 extension primer might have aleerbdue to this issue of the input mtDNA

concentration.

The notion of mtDNA concentration dependency onabeuracy of the extension primer
base addition was reinforced by the HL60 mtDNA pwsicontrol for the 16519 single cell
samples, which successfully displayed an A pead &ttving a detectable mtDNA concentration
on the Agilent 2100 Bioanalyzer and a calculatedinogd mtDNA input amount into the
SNaPshot™ assay. Since the HL60 positive comimiti mtDNA remained constant throughout
the gross tissue testing and the single cell tgstime expected A peak seen in the gross tissue
positive control remained consistent throughouttdsting of the single cells. The end result of
the 16519 analysis was that the data remained ahesime for the G/A heteroplasmy in light of
the possible extension primer issues. Unfortugatee data concerning the 16069, 16324, and
16519 single cells in which the extension primersravscreening for an A base was not
generated and interpreted until the very end okthdy, at which time the available funding was
exhausted. Additional work to correct the extengiamers would have resulted in the purchase
and validation of new 16324 and 16519 extensiom@rs with an alternate poly-nucleotide
modifier, as well as purchasing additional SNaP%hot¢agents to re-run the 16324 and 16519
single cell amplicons. Since no modifications wdome to the 16069 extension primers, it is
unclear what could have been done to enhance tberamy of the SNaPshot™ reaction.
Additional funding could have been applied to afternto detect lower levels of amplified

MtDNA prior to the SNaPshot™ reaction to ensure titva proper input concentration was met.
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SNaPshot™ Results on Single Cells

At the end of the study, a total of ten heterapiassamples were tested, each generating
fifty cells for SNaPshot™ testing. Along with tleesen heteroplasmic samples, two non-
heteroplasmic control samples, tissues 288 and&#%, also generated fifty individual cells that
were used as internal controls along with the loplasmic cell sets. In addition to these twelve
samples, yielding a total of 600 individual cellsere were also two additional tissue sets that
had cells isolated and tested in SNaP%hofThese two samples, 261 and 342, were both
mistakenly identified as heteroplasmic samplesrpiothe interpretation of the length study
data. As such, cells were collected and testetl &itlaPshot™ from each of these samples,
based on the interpretation of the data (at the)tismowing possible heteroplasmy at 16390 in
each sample. Following the length study, sample#8s seen to retain the status of a possible
heteroplasmic sample, but did not contain a hetasomic SNP at 16390. Rather, this 261
sample was one of the two samples that displaye theteroplasmic points and was removed
from the study as a questionable mixture samptmgalvith the other samples that contained
problematic pathology. Sample 342, on the othedhaas shown not to contain heteroplasmy
following the length study and reanalysis of thesgrtissue data, so in essence the testing of the
single cells from the 342 sample should act as dditianal non-heteroplasmic control
specifically for the 16390 primers. As with thetdreplasmic cell sets, the 261 and 342 cells
also contained control cells from the 288 and 32&rol cells as well, and these were also tested
simultaneously in the SNaPshot™ amplification. Tasults from both the 261 and 342 16390
primer analysis will be discussed in greater desilthe end of this section, following the

discussion on the ten heteroplasmic and two con#ibkets.
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In order to examine whether or not the heteroplasoells contained unique signals
compared to artifacts (such as pull-up or non-djgedye artifacts), the peak heights from only
the heteroplasmic cells were charted on X-Y scajtaphs, along with the negative control
threshold from either one or both of the peak dgyripresent. If the data points above one or
both thresholds fell onto any normal slope of & leontaining a (0,0) intercept, resulting in a
best-fit R value greater than 0.9, then it would be integatethat the peak signals were
dependent on each other and may be artifacts d@rtipdification/electrophoresis rather than true
heteroplasmic signals. If the points do not habest-fit value greater than 0.9, then it would be
interpreted as the heteroplasmic base signalsndepéndently occurring within the data. If a
best-fit R value was seen to be negative, it would be ingtedrthat the data set was following a
non-linear trend, as the application of the bdstdiue to non-linear data points typically result
in negative R values. These negative best-fif Ralues would therefore be interpreted as
occurring due to unique and individual values freacth plotted peak height, indicating valid
heteroplasmy.

In total, seven hundred and twenty cells wereectéld, amplified, purified, re-amplified
with the SNaPshot™ system, and analyzed to gen#natdollowing results. As it has been
previously noted, the SNaPshot™ data was the oelfisation that the single cells were
successfully isolated and collected from the lasesection microscopy process. Across the ten
heteroplasmic cell sets, there were a total of tywime single-cell samples that gave no data.
For the two non-heteroplasmic control cell setere¢hwere a total of seven single-cell samples
that gave no data. In the additional 261 and #I2sets, an additional seven single-cell samples
gave no data. If it is assumed that the lack ekptata is an indicator of a failed cell collection

the cell collection efficiency was 94.5%, with 681 720 cells successfully collected. If,
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however, the negative results of the SNaPshot™ysisahre simply due to a below-threshold
signal, and the cell was actually collected, theceas rate would only increase, so the original
estimate of 94.5% is more conservative, and shtnasthe cell collection methodology using
laser dissection microscopy was successful indpeatification and isolation of the single cells
for the study. The consistency of the data aceas$ fifty-cell sample set was another indicator
that the collection was successful, such that strasandom SNP bases were not appearing in
any significant frequency throughout the SNaPshddta. This was a more difficult aspect to
measure, however, due to the inability of the Akset® consistently generate within the single
cells due to either the possible interference ftbenpoly-thymine tails on the extension primers
or issues related to the mtDNA concentration ofdimgle cells in the SNaPshot™ assay. The
issues of the non-addition of the ddATP bases rbstanding, there were only three instances
of unexpected peaks appearing in the single ceéd, dahich is a second indicator as to the
efficiency of the laser dissection microscopy ia tkolation and collection of the single cells. It
was ultimately seen that the laser dissection rmgopy was effective at identifying and isolating
single cells, but required strict adherence todbléection guidelines regarding the height of the
collection tube cap above the slide, the use ot#pture buffer, and the use of the reference cuts

to repeatedly orient the microscope slide througihepeated cutting events.

Discussion of SNaPshot™ Results of Sample 284 (16069) Cell Analysis

When the data from the twenty-six viable 284 celhsl four valid control cells were
analyzed, no instances of A/T heteroplasmy wersgorein any of the 284 cells (refer to Table
23 in the results section). The 284 cells, aloith the 288 and 329 control cells only displayed
either solitary C peaks or C/T peaks in the da@ut of the 284 cells, one sample (37-284)

displayed a below-threshold C peak but did contaiild T peak data, so the C peak for this
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sample was inconclusive and the T peak was validio other samples (26-284 and 43-284)
contained only valid T peaks, with no C peak datsent. Out of the remaining twenty-three
samples, all displayed C peaks at ~32 bp, and btieese samples also contained a T peak at
~34 bp (31-284). Typically the C peak height rahfiem 500 to 3400 RFU, while the T peaks,
when present, ranged in peak heights from 500 @® &FU, so there was no clear indication of
major or minor signals (see Figure 103). No A peakre seen in any of the 284 cells or control

cells whatsoever.

249



Figure 103- Peak Heights for 284 cells, 16069 primse
(Samples sorted by C peak height size)
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Since none of the cells were seen to contain apgaks in the ~32 bp region, it could be
determined that one of three scenarios were ocoumithin these samples. The first scenario
was that the tested cells were reflecting a truerbplasmic C/T bases within the 16069 position
of the mtDNA genomes. The second scenario wasiltlegpresence of the A base at the 16069
position was so minor within the mitochondrial DNA the individual cells that it was being
overwhelmed by the major C and T base signals. tfiné possibility was the issue of the non-
addition of the ddATP bases in the extension prndre to the concentration of the mtDNA
within the single cell samples.

When the original SNaPshot™ result for the grossug sample 284 was re-examined, it
was seen that the T/A heteroplasmy ratio for th@6®96base position was not 1:1. Instead,
within the gross tissue sample, the T peak was ae8417 RFU, where the A peak appeared at
983 RFU, and no C peak was detected at all. Mvas assumed that the population of
heteroplasmic mitochondrial DNA is not heterogersgoand was split among unique cells
(scenario #1 above), then within the viable 284 darells, a single cell containing the A base

was not found. If it was assumed instead thattarbgeneous population of the heteroplasmic
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mitochondrial DNA exists within the cells (scena#@ above), then the T bases are occurring
over eight times more frequently than the minorasds. The third scenario concerning the non-
addition of the ddATP in the presence of the pblyatine modified extension primer has
already been identified as a source of error ingdtuely, and was seen to be the most likely
reason for the lack of A peaks in the data, espgdiar the 16519 extension primer with the
longest poly-thymine tail. However, in the casetlté 16069 primers, they were unmodified,
and contained no thymine residue at thpdsition.

Apart from the known issue with the extension priraed the ddATP non-addition in
combination with the mtDNA input concentration, tlirst scenario was less likely, due to the
previous assumption that by sampling fifty cellsnfra known heteroplasmic tissue at least one
cell should show the base change, based on knotes @& heteroplasmy in such tissues.
Assuming the heterogeneous spread of the mitocf@dMdNA was equal within the cells and
tissue sample, this could have contributed to éselts of the gross tissue heteroplasmy and the
divergent C/T heteroplasmic individual cells withime 284 sample set. This issue ultimately
focuses on the mtDNA concentration in the sampl&nce thousands of cells contributed
MtDNA in the gross tissue sample, the concentratiothe mtDNA could be measured on the
Agilent 2100 Bioanalyzer, and the culmination o€ thignals of both bases was above the
baseline but was not reflective of the unequal reatd the C/T signal. At the same time, the
A/T concentrations in the gross tissue were pogsibsuch high concentrations as to overwhelm
a minor C signal also present in the data. Imaglsiindividual cell, the mtDNA concentration
was not detectable on the Agilent 2100 Bioanalyaed the prevalence of any heteroplasmic A
base was never at a high enough concentration tteteeted above the major signal of the C

base within the single cells. Since the A base wadble to be detected, this allowed the T base
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signal to come through, but only when the T base mat overwhelmed by the C peak data.

This is somewhat verified based on the graph ofGhgeak heights in relation to the T peak

heights (Figure 103). As the C peak heights ire@dano T peaks were present in the data. It
was seen throughout the data that the additiomefddATP bases was problematic when the
MtDNA concentration was not optimal. For the 2&dls; it appears that the decrease in the
overwhelming C peak signal allowed the T peak talé&tected. The lack of the A base addition

could have caused the previously undetected C tmabe successfully detected in the single

cells. Therefore, the mtDNA concentration of tivgke cells most likely led to results that were

seen for the 284 cells.

In order to determine if the heteroplasmic datatifier 284 cells was due to amplification
and/or electrophoresis artifacts or not, the T @ngeak heights from the heteroplasmic cells
were plotted, as shown in Figure 104. Due to #u that only two cells from the 284 set had
detectable heteroplasmy, and only one of thesealase the negative control threshold and
valid for interpretation, it was impossible to detne if the heteroplasmic data was real or due

to artifacts.
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Figure 104- T Peak Heights vs. C Peak Heights foi82 cells, 16069 primers
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When examining the 288 and 329 control cells therewun along with the 284 cells, one
instance of heteroplasmy was seen; sample 30-3B&ptaged as a C/T heteroplasmy. The
remaining three valid control cells all displayedditary valid C peak. As seen in Table 23,
(pgs. 161-162), these control samples all showedgthsence of a C base at the ~32 bp size. In
the gross tissue analysis of these samples, thar@8829 tissues displayed C bases at the 16069
position for each of the samples. This calls igteestion the validity of the controls, and the
specificity of the 16069 extension primers. Ongai@, this was most likely reflective of the
issue of the non-addition of the ddATP base prilpatue to the mtDNA concentration in the
sample, since the 16069 extension primer was urfraddind contains no poly-thymine bases at

the B position. However, the presence of the T peathéncontrol sample leads to question if
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the T peak was truly present in the control caltsif it was a random addition to the extension
primer. If the T peak in the single control celhsva true base, it means that it was at a high
enough concentration in the sample cell to be tedeand signaled by the 16069 extension
primers. If that was the case, then why was tipedk not seen in the gross tissue analysis of the
control tissues for 288 and 329? If the T peak tsresult of random, non-specific base
addition to the 16069 extension primer in the pmeseof low mtDNA concentration, then a
bigger problem exists. If this T peak was randaon-specific addition, then the 284 single cell
samples would be affected as well, resulting ironutusive data for the 284 cell set due to the
untrustworthiness of the results. However, theed@kpwas expected in the 284 cell set as part of
the possible A/T heteroplasmy based on the gresadij so the presence of the T peak in the 284
cells is not believed to be non-specific additibat instead true data. Also, it would be unlikely
for the T base displaying in the control sampld&oany type of artifact, since a fluorescently-
labeled ddNTP base must be adding to the extemsiorer for the samples to be detected, and
this can only be occurring when the template stigmains the corresponding A base.

To address the specificity of the primers, it dddue noted that while no A bases were
present in the 284 cells, the control cells, or ahthe positive or negative controls, the 16069
primers did in fact show A base addition in theoset 16069 cells set (cells 315, see next
discussion section for details). Ergo, an A baselme properly added and detected in the 16069
extension primers. This reinforces the notion thatddATP addition is tied to both the mtDNA
concentration of the sample as well as the presehtiee modified poly-thymine tails on the
extension primers, since the 315 cells showed bleviA base signal and the 16069 extension

primers contained no Bnodification to interfere with the A base additioim the case of the 284

254



cells, the limiting factor for the A base additionght have been more affected by the available
MtDNA concentration in the sample, causing the selsanot be detected.

As to the issue of the validity of the control sdesp the C bases that were detected
above the negative control threshold were of theect bp size for the 16069 extension primer.
Only three valid control cells are uniformly dispiag the C base at 16069 along with the C/T
mixture for the fourth control sample 30-329c. Tness tissues for the controls did not show an
indication of any base other than the C at 16069 as1such, the implications of the controls
samples are open to interpretation. However, tiggnal rationale of targeting the hotspots in
the HVI section of the mtDNA genome was to scresrhfgher instances of heteroplasmy, so it
is not unlikely that the 30-329c sample might conta valid T signal at the 16069 position
within the single cell. If this is case, that sy sample might not serve as a valid control, but
would be an important data point to show heteroplasat the cellular level where no
heteroplasmy was seen in the gross tissue. Theakiscope of the research allowed for this
possibility to occur within the cells, and now tifi$ interpreted as a valid type, it is importamt t

note.
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Discussion of SNaPshot™ Results of Sample 315 (16069) Cell Analysis

When the data from the twenty-nine viable 315 cafid seven valid control cells was
analyzed, it was seen that five instances of Ct&roplasmy were present in the 315 cells (refer
to Table 25 in the results section). The 315 celleng with the 288 and 329 control cells
displayed either solitary C peaks or C/A peakshimdata. Out of the 315 cells, one sample (3-
315) displayed a below-threshold C peak but didaiarvalid T peak data, so the C peak for this
sample was inconclusive and the T peak was validis was the only sample in the 315 cells
and controls to display a T peak. Out of the reingi twenty-eight samples, ten samples
displayed a valid A peak with a below-threshold&alg so only the A peak was valid for those
samples. The remaining eighteen samples con$tde five C/A heteroplasmic samples and
thirteen samples that only displayed a valid C pe@kpically the C peak height ranged from
300 to 7700 RFU, while the A peaks, when presamged in peak heights from 40 to 480 RFU,
so the C peaks were seen as the major signalsréFigb). Seven of the ten controls displayed

a valid A peak, with only one of those seven cdriedis also showing a valid C peak (33-288c).

Figure 105- Peak Heights for 315 cells, 16069 primse
(samples sorted by C peak-height size)
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Since only five of the cells were seen to contamy &/A heteroplasmy, it could be

determined that one of three scenarios were ocmusithin the 315 cell samples. The first
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scenario was that the viable cells were reflecting heteroplasmic C/A bases or a homoplastic
C base within the 16069 position of the mtDNA gelesm The second scenario was that the
presence of the A base at the 16069 position wasiisor within the mitochondrial DNA in all

of the individual cells that it was being overwhebinby the major C base signals, particularly in
the samples which only displayed a solitary C bashke third possibility was the issue of the

non-addition of the ddATP bases in the extensiamegns due to the concentration of the

mtDNA within the single cell samples.

When the original SNaPshot™ result for the grossug sample 315 was re-examined, it
was seen that the C/A heteroplasmy ratio for the626base position was not 1:1. Instead,
within the gross tissue sample, the C peak was ae8853 RFU, where the A peak appeared at
669 RFU, and no T peak was detected at all. HKvais assumed that the population of
heteroplasmic mitochondrial DNA is not heterogersgoand was split among unique cells
(scenario #1 above), then within the viable 315 @ancells, the five cells that contained this
unequal partitioning of the heteroplasmic mtDNA &éound. If it is assumed instead that a
heterogeneous population of the heteroplasmic maedrial DNA exists within the cells
(scenario #2 above), then the C bases are occuwviegtwelve times more frequently than the
minor A bases, which is also somewhat verified bg 815 cell data. The third scenario
concerning the non-addition of the ddATP due topbky-thymine modified extension primer in
combination with the mtDNA input concentration lei®ady been identified as a source of error
in the study, and was seen to be the most likedgae for the lack of A peaks in the other data
sets, especially for the 16519 extension primeh wie longest poly-thymine tail. However, in
the case of the 16069 primers, they were unmodiied contain no thymine residue at the 5

position. It is critical to note that the 315 setlid show valid A peaks, which reinforces the
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theory that part of the ddATP addition is tied e fpoly-thymine modified extension primers.
The 16069 extension primer successfully displajedA peak in the 315 cells as a result of the
unmodified extension primers.

Apart from the known issue of the ddATP non-additithe second scenario was more
likely, due to the previous assumption that by damggifty cells from a known heteroplasmic
tissue at least one cell should show the base ehdaged on known rates of heteroplasmy in
such tissues. Assuming the heterogeneous spreth@ ohitochondrial DNA was equal within
the cells and tissue sample, this could have duorigd to the results of the gross tissue
heteroplasmy within the 315 sample set. In famtthie ten 315 cell samples that displayed only
valid A peaks, every sample in that set of ten atsttained an invalid C peak that was below the
amplification negative control threshold. Had #h&3 peaks been above the threshold, an even
higher number of heteroplasmic cells would havenbamcovered in the 315 cells. This issue
ultimately focuses on the mtDNA concentration ire teamples. Since thousands of cells
contributed mtDNA in the gross tissue sample, tbacentration of the mtDNA could be
measured on the Agilent 2100 Bioanalyzer, and thmioation of the signals of both bases was
therefore above the baseline but was not refleativéhe unequal nature of the C/A signal.
Similarly, the C/A concentrations in the grossuissvere possibly in such high concentrations as
to be detected in the SNaPshot™ assay and refflisctlifference in the quantity of the C peaks
compared to the A peaks. In the individual cah® mtDNA concentration was not detectable
on the Agilent 2100 Bioanalyzer, and the prevalesfcany heteroplasmic A base was only at a
high enough concentration in five of the fifty sdagpto be detected above the major signal of
the C base within the single cells. This is somawierified based on the graph of the C peak

heights in relation to the A peak heights (Figub®)L As the C peak heights increased, the A
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peaks were not present. It was seen throughouddtee that the addition of the ddATP bases
was problematic when the mtDNA concentration wasamtimal. For the 315 cells, it appears

that the decrease in the overwhelming C peak s@i@abed the A peak to be detected. The lack
of the A bases in the cells that displayed onlygaks might be due to this non-addition of a
valid A peak (as in scenario #2) or it is insteaflective of the actual homoplastic C profile in

those cells (as in scenario #1). Therefore, thBNWt concentration of the single cells most

likely led to the results that were seen for thb 8élls.

In order to determine if the heteroplasmic datatifier 315 cells was due to amplification
and/or electrophoresis artifacts or not, the A @geak heights from the heteroplasmic cells
were plotted, as shown in Figure 106. Since thpe&ks contained a negative control threshold,
the majority of the heteroplasmic points fall beldkis threshold, leaving only five valid
heteroplasmic 315 cells. However, as seen in Eid06, the totality of the heteroplasmic points
fall on a common slope with a best-fi Ralue of 0.96, thereby demonstrating a strong
correlation of the A and C peaks. This data waoundticate that the heteroplasmic A and C peaks
in the 315 cells are not independent events angassibly linked, therefore invalidating all of
the heteroplasmic 315 cells due to potentially ldigpg amplification artifacts and not true

heteroplasmy.
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Figure 106- A Peak Heights vs. C Peak Heights forl3 cells, 16069 primers
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However, when the invalid data points are removethfthe plot (Figure 107), the best-
fit R? value for the remaining points drops to 0.85, ébgrindicating that while still close, the
points are less correlated that before. Whethewobi true best fit can be established with only
five data points a valid question, and it is poesthat with additional valid heteroplasmic data

points this best-fit value could go above the @rf9@shold yet again.

Figure 107- Valid A Peak Heights vs. C Peak Heighter 315 cells, 16069 primers
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When examining the 288 and 329 control cells therewun along with the 315 cells, one
instance of heteroplasmy was seen; sample 33-2B®taged as a C/A heteroplasmy. The
remaining six valid control cells all displayed alid A peak but also contained C peaks that
were below the negative control threshold, and whesesfore invalid. As seen in Table 25, (pgs.
165-166), these control samples all showed theepoesof an A base at the ~31 bp size, with the
one valid C base appearing at ~ 32 bp. In thesgissue analysis of these samples, the 288 and
329 samples were seen to be C bases at the 16688Rmpdor each of the samples. This calls
into question the validity of the controls, and #ecificity of the 16069 extension primers.
Once again, this is seen to be most likely reflectf the issue of the mtDNA concentration in
the sample. However, in this case, the A peak suasessfully added to the extension primers
when the cells were at low concentrations, rathen the reverse. If that was the case, then why
was the A peak not seen in the gross tissue asalyshe control tissues for 288 and 329? If the
A peak was the result of random, non-specific lzakbtion to the 16069 extension primer in the
presence of low mtDNA concentration, then a biggeblem exists. If this A peak is random,
non-specific addition, then the 315 single cell gke® would be affected as well, resulting in
totally inconclusive data for the 315 cell set die the untrustworthiness of the results.
However, the original rationale of the study dedigcused on the hotspot locations in the HVI
mitochondrial genome. It is not unlikely that hhefdasmy would be found in these cells at these
positions, even after not having detected hetesopyain the gross tissue. The design of the
project proposed this exact occurrence. It mighpassible that in the gross tissue of the control
samples, there was an overwhelming C signal, whicbked out the ability of the A base to be

reasonably detected. When isolating a single foeth these samples that contained this C/A
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heteroplasmy, the overall concentration of the €elsignal was decreased, allowing the A base
to now be detected and displayed.

This might have only been possible for the 1606@msion primer as well, since it was
the only extension primer to not contain ariypsly-thymine modification that was believed to
interfere with the ddATP base addition in low mtDN@&ncentration. Also, it would be unlikely
for the A base displaying in the control sampld&oany type of artifact, since a fluorescently-
labeled ddNTP base must be adding to the extemsiorer for the samples to be detected, and
this can only be occurring when the template st@rdains the corresponding T base.

To address the specificity of the primers, it dddoe noted that viable A bases were
present in the 315 cells and the control cellstefloee an A base can be properly added and
detected in the 16069 extension primers. Thidoates the hypothesis that the ddATP addition
is tied to both the mtDNA concentration of the sémgs well as the presence of the modified
poly-thymine tails on the extension primers, sititoese 315 cells showed a viable A base signal
and the 16069 extension primers contained honé&dification to interfere with the A base
addition.

As to the issue of the validity of the control saesp the single C base that was detected
above the negative control threshold was of theecotbp size for the 16069 extension primer.
Since the valid control cells are uniformly displtaythe A base at 16069 along with the C/A for
33-288c, the implications of the control samples @pen to interpretation. None of the control
cells displayed a T peak, as was seen in the Z8llSample. This solitary T peak was a valid
peak with a peak height of 425, and could have amigurred if the fluorescent ddNTP was
added to the extension primer, with a correspondingase in the template strand. Since no

other instance of T peaks were seen in the otHisrarecontrols for 315, it is assumed that this is
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a valid T signal, but is not indicative of additadrheteroplasmy since it was not verified in any
of the other 315 cells or controls. This sampbtabntain a below threshold C peak, which was
invalid, but compared to the T peak, the T wasrtiagor signal for that particular cell sample.
On the whole, the negative control threshold fog 815 cells eliminated several samples
containing a C signal that could have lent weightte veracity of the heteroplasmy in the
control cells and additional heteroplasmic 315scalt well. However, the elimination of the
invalid samples by use of the negative controlghotd was the most conservative way to guard
against false signals from artifacts, non-speditidition, and contamination. If the control cells
are seen to be viable with the presence of thegAass and the incorporation of a single C/A
heteroplasmic sample, then the preponderance oBibecells are viable and seen as valid
instances of heteroplasmy in the single cells, iwitthe limited scope of the five cells that

contained this heteroplasmy.
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Discussion of SNaPshot™ Results of Sample 293 (16223) Cell Analysis

When the data from the forty-seven viable 293 caligl ten valid control cells was
analyzed, it was seen that a majority of the aiplayed some form of C/T heteroplasmy (refer
to Table 27 in the results section). The 293 calleng with the 288 and 329 control cells
displayed either solitary C peaks or C/T peakfiendata. Only one sample (48-293) displayed a
solitary T peak. The first twenty-nine consecutsiagle cells samples of the 293 cells also
displayed an A peak as well. Out of the 293 céll® samples (9-293 and 23-293) displayed a
below-threshold C peak but did contain valid A dhgeak data, so the C peak for this sample
was inconclusive and the A and T peaks were validio other samples (15-293 and 31-293)
contained only valid C peaks due to invalid T off Aeaks. Four other samples (19-293, 25-
293, 26-293, and 29-293) contained valid C/T pealdinvalid A peaks. Out of the remaining
thirty-seven samples, nine samples displayed oalifjasy C peaks at ~30 bp, nine others
displayed heteroplasmic C/T bases with the C atbf8@nd the T at ~33 bp. The remaining 19
single-cell samples displayed the C/A/T heteroplgswith the C base at ~30 bp, the A base at
~31 bp, and the T base at ~33 bp. Typically thee@k height ranged from 600 to 3600 RFU,
while the A peaks, when present, ranged in peaghiteifrom 400 to 2000 RFU. The T peaks,
when present, ranged in peak heights from 200 @8 480 there was no clear indication of major
or minor signals. However, it was noted that as@hpeak heights increased the A peaks were
no longer present in the samples. It was notedftinahe first 29 consecutive samples, where
the A peak was seen (before the application ofathelification negative threshold) the C peak
heights ranges from 600 to 1500 RFU, with two &f samples actually at 2800-2900 RFU. The
21 consecutive end samples, where no A peaks veteetdd, the C peak heights ranged from

1200 to over 3000 RFU, with one sample at 7100 FfHgure 108). No A peaks were seen in
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any of the control cells whatsoever, with all temizol samples displaying C peaks ranging from
1400 to over 5800 RFU.

Figure 108- Peak Heights for the 293 cells, 16228imers
(Samples sorted by C peak-height size)
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Since thirty-four of the cells were seen to contaimme form of C/T or C/A/T
heteroplasmy, it could be determined that one delscenarios were occurring within the 293
cell samples. The first scenario was that theleiaklls were reflecting the true heteroplasmic
C/T or C/AIT bases or homoplastic T base or C asi@n the 16223 position of the mtDNA
genomes. The second scenario was that the presktiee A and T bases at the 16223 position
was so minor within the mitochondrial DNA of thedimidual cells that it was being
overwhelmed by the major C base signals, partibularthe samples which only displayed a

solitary C base, or in the case of the missing gebaonly the C/T bases. The third possibility
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was the issue of the non-addition of the ddATP &adee to the extension primers in
combination with the input concentration of the m#®within the cell sample.

When the original SNaPshot™ result for the grossug sample 293 was re-examined, it
was seen that the T/C heteroplasmy ratio for th2236base positions was not 1:1. Instead,
within the gross tissue sample, the T peak was ae&806 RFU, where the C peak appeared at
67 RFU, and no A peak was detected at all. If @swassumed that the population of
heteroplasmic mitochondrial DNA was not heterogeise@nd was split among unique cells
(scenario #1 above), then thirty-four cells thantamed this unequal partitioning of the
heteroplasmic mtDNA were found. If it was assurmetead that a heterogeneous population of
the heteroplasmic mitochondrial DNA exists withlretcells (scenario #2 above), then the T
bases are occurring over twenty-eight times maguently than the minor C bases. The third
scenario concerning the non-addition of the ddATP t the poly-thymine modified extension
primer and the mtDNA input concentration has alyslaelen identified as a source of error in the
study, and was seen to be the most likely reasothélack of A peaks in the data, especially for
the 16519 extension primer with the longest polystme tail. However, in the case of the
16223 primers, they were modified with only onentiirye residue at the position. Apart from
the known issue with the ddATP addition, the secsoenario was more likely, due to the
previous assumption that by sampling fifty celisnfra known heteroplasmic tissue at least one
cell should show the base change, based on knotes & heteroplasmy in such tissues.
Assuming the heterogeneous spread of the mitocfedidNA was equal within the cells and
tissue sample (scenario #2, above), this could kan&ibuted to the results of the gross tissue
heteroplasmy and the divergent C/T and C/A/T helasmic individual cells within the 293

sample set. This issue ultimately focuses on tHaNA concentration in the samples. Since
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thousands of cells contributed mtDNA in the grossue sample, the concentration of the
MtDNA could be measured on the Agilent 2100 Biogredl, and the culmination of the signals
was above the baseline but was not reflective efutmequal nature of the C/A/T signal. At the
same time, the C/T concentrations in the grossdisgere possibly in such high concentrations
as to overwhelm a minor A signal also present andhata. In an individual cell, the mtDNA
concentration was not detectable on the Agilen02B@analyzer, but the overall concentration
of the C/T signal was lower, allowing the A basebt detected and not overwhelmed by the
amplified C/T signal. This is somewhat verifiedsbd on the graph of the C peak heights in
relation to if the A peak is present or not (Figl@8). As the C peak heights increase, the
presence of A peak becomes less and less. It @asthroughout the data that the addition of
the ddATP bases was problematic when the mtDNA eaimation was not optimal. For the 293
cells, it appears that the decrease in the ovemihgl C peak signal allowed the A peak to be
detected. Therefore, the mtDNA concentration efgdhngle cells most likely led to results that
were seen for the 293 cells.

In order to determine if the heteroplasmic datatifier 293 cells was due to amplification
and/or electrophoresis artifacts or not, the A @geak heights from the heteroplasmic cells
were plotted, as shown in Figure 109. The negatorgrol thresholds from both the A and C
peaks boundary the valid cells, and invalidate extesells from the data set. The resulting best-
fit R? value is 0.05, reflecting little correlation betwethe A and C peaks, indicating that they

are independently appearing in the heteroplasntis. ce
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Figure 109- A Peak Heights vs. C Peak Heights fo®23 cells, 16223 primers
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However, when the invalid cells were removed frdme plot, the best-fit Rvalue
improved dramatically, to 0.87 (see Figure 110). hilé/ this is below the 0.9 cutoff for
correlation, it is very close, indicating that themight be more of a moderate correlation
between the data points than true independentdpéesmy. Since this new best-fit value is
calculated by a representative number of validscélwould be unlikely to become less with the
addition of additional valid data points, therefotke 293 cells may not be exhibiting truly

independent heteroplasmic peaks.
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Figure 110- Valid A Peak Heights vs. C Peak Heighter 293 cells, 16223 primers
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When examining the 288 and 329 control cells thatewun along with the 293 cells,
eight instances of C/T heteroplasmy were seen; satgples 36-288c and 40-288c contained
solitary C peaks. As seen in Table 27, (pgs. 1I7Ds1these control samples all showed the
presence of a C base at the ~30 bp size, and wleeh base was present, it was at the ~33 bp
size. In the gross tissue analysis of these sanffie 288 and 329 samples were seen to be C
bases at the 16223 position for each of the sampléss calls into question the validity of the
controls, and the specificity of the 16223 extengioimers. The presence of the T peak in the
control samples opens the question if the T peaktwdy present in the control cells, or if it was
a random addition to the extension primer. If Thpeak in the control cells was a true base, it
means that it was at a high enough concentratidhersample cells to be detected and signaled
by the 16223 extension primers. If that is theecdsen why was the T peak not seen in the

gross tissue analysis of the control tissues f@ a@8d 3297 |If the T peak was the result of
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random, non-specific base addition to the 16228restbn primer in the presence of low mtDNA
concentration, then a bigger problem exists. i§ thpeak was random, non-specific addition,
then the 293 single cell samples would be affeatedell, resulting in totally inconclusive data
for the 293 cell set due to the untrustworthinebshe results. However, the T peak was
expected in the 293 cell set as part of the pas€iT heteroplasmy based on the gross tissue, so
the presence of the T peak in the 293 cells washaliéved to be non-specific addition, but
instead true data. Also, it would be unlikely tbe T base displaying in the control samples to
be any type of artifact, since a fluorescently-ladeldNTP base must be adding to the extension
primer for the samples to be detected, and thisocdy be occurring when the template strand
contains the corresponding A base. It is also ghahthe presence of the T base was not
affected by the addition of the C base to the esitenprimer in the way that affected the A base
addition (Figure 111). There was no decrease & Thpeak signal as the C peak signal
increased.

In order to determine if the heteroplasmic datatifier 293 cells was due to amplification
and/or electrophoresis artifacts or not, the T @gdeak heights from the heteroplasmic cells
were plotted, as shown in Figure 111. A majoritythee data points for the 293 T/C cells are
seen to be above both negative control threshafuts therefore valid. The best-fit Ralue for
the data, however, was noted as -0.14, indicatiag) the data points may be non-linear, and
therefore the best-fit correlation would not befukés establishing the independence of the

heteroplasmic data.
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Figure 111- T Peak Heights vs. C Peak Heights fohé 293 cells, 16223 primers
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The removal of the invalid data points from the8Z0C cells does little to change the
overall best-fit calculation, as seen in Figure.1The valid cells still show a negativé Ralue
of -0.19, confirming that the cells are followingn@n-linear regression on the scatter plot.
However, the variability of the data points doesndastrate the common trend noted before,
where the increase in the C peak height has &ftect of the overall T peak height, providing a
strong indication that the T and C heteroplasmigkpan the 293 cells are independent events,

and therefore demonstrating valid heteroplasmy.
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Figure 112- Valid T Peak Heights vs. C Peak Heighter the 293 cells, 16223 primers
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To address the specificity of the primers, it dddae noted that the presence of the A
bases in the 293 cells and negative controls reiafothe notion that the ddATP addition is tied
to both the mtDNA concentration of the sample a#l a® the presence of the modified poly-
thymine tails on the extension primers, since 9@ @ells showed a viable A base signal and the
16223 extension primers contained only a singlth¥mine modification, which was probably
not enough to interfere with the A base additidm.the case of the 293 cells, the limiting factor
for the A base addition might have been more affktty the available mtDNA concentration in
the sample, causing the A bases not to be detedbed in the presence of larger C/T peak
heights.

As to the issue of the validity of the control sdespthe T bases that were detected above

the negative control threshold were of the corbgcsize for the 16223 extension primer. Since
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the valid control cells are uniformly displayingetlC base at 16223 along with the T base in
eight of the samples, while the gross tissuestercontrols did not show any indication of any
base other than the C at 16223, the implicationsthef controls samples are open to
interpretation. However, the original project dgsof targeting the hotspots in the HVI section
of the mtDNA genome was to screen for higher instarof heteroplasmy, so it is not unlikely
that the 288 and 329 samples might contain a vialgignal at the 16223 position within the
single cell. If this is case, the samples might serve as valid controls, but would be an
important data point to show heteroplasmy at thiellee level where no heteroplasmy was seen
in the gross tissue. The original scope of theaesh allowed for this possibility to occur within

the cells, and if it is interpreted as a valid typés important to note.
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Discussion of SNaPshot™ Results of Sample 314 (16223) Cell Analysis

When the data from the forty-six viable 314 cellsdaen valid control cells was
analyzed, it was seen that a majority of the aiplayed some form of C/T heteroplasmy (refer
to Table 29 in the results section). The 314 cellsng with the 288 and 329 control cells
displayed either solitary C peaks or C/T peakshandata. One sample cell (32-314) and two
control cells (42-288c and 41-329c) also displaged peak as well. Out of the 314 cells, seven
samples displayed a below-threshold C peak butaidain valid T peak data, so the C peak for
this sample was inconclusive and the T peaks waltel.v Out of the remaining thirty-nine
samples, sixteen samples displayed only solitagye@ks at ~30 bp, while twenty-two others
displayed C/T heteroplasmic bases with the C atb3@nd the T at ~33 bp. The remaining
single cell sample displayed the G/C heteroplasmityy the C base at ~30 bp, and the G base at
~28 bp. Typically the C peak heights ranged frdf # 4600 RFU, while the T peaks, when
present, ranged in peak heights from 40 to oveD630U. The C peaks were the major peaks in
the cells, when either the C or T was present (Eidii3). It was observed that as the C peak
heights increased there appeared to be no effeitteoaddition or presence of the T peaks in the

heteroplasmic cells.

Figure 113- Peak Heights for 314 cells, 16223 primse
(Samples sorted by C peak-height size)
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In order to determine if the heteroplasmic datatifier 314 cells was due to amplification
and/or electrophoresis artifacts or not, the T @gdeak heights from the heteroplasmic cells
were plotted, as shown in Figure 114. With only tlegative control threshold to apply to the C
peak heights, it is seen that when the heteroptaselis were plotted, a majority of the data
points were valid. However, the best-fit ®Ralue was negative (-0.23) which would indicatet th
the data points are non-linear. This reinforces tlotion that the heteroplasmic cells are

displaying unique and independent base signals.

Figure 114- T Peak Heights vs. C Peak Heights, 3télls, 16223 primers
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When the invalid cells were removed from the pilog, best-fit R value did not improve,
and remained negative, reinforcing the notion thatT and C signals from the heteroplasmic

cells were unique and independent signals (Figlisg.1
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Figure 115- Valid T Peak Heights vs. C Peak Height814 cells, 16223 primers

7000

6000

5000 Negative

Control

+ Threshold
000

()
N =
<

8000
-

2000

y =0.1853x
R?=-0.102
1000 * +
. * hd
* * o < R °
0 T T T T .‘. T ‘ T T 1
0 500 1000 1500 2000 2500 3000 3500 4000
C peak height

For the control cells, all ten control samples [igpd C peaks at ~30 bp, ranging from
1700 to over 3100 RFU. Five of the control celsoalisplayed T peaks at ~33 bp, ranging from
300 to over 800 RFU. Two control samples alsoldisgdl G bases at ~28 bp, at 250 and 1217
RFU, respectively. For the 42-288c sample, aleghheteroplasmic bases were present,
reflecting a G/C/T heteroplasmy. For the 41-328ugle, only the G/C bases were present. The
remaining four control samples displayed a solitaryeak.

Since twenty-two of the cells were seen to consame form of C/T heteroplasmy (plus
the one containing G/C heteroplasmy), it could beadnined that one of three scenarios was
occurring within the 314 cell samples. The firstgario was that the viable cells were reflecting
a true heteroplasmic C/T or G/C bases and homap@dbases within the 16223 position of the
MtDNA genomes. The second scenario was that #sepce of the T and G bases at the 16223
position was so minor within the mitochondrial DNA the individual cells that it was being

overwhelmed by the major C base signals, partibularthe samples which only displayed a
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solitary C base. The third possibility was theiessf the non-addition of the ddNTP bases in the
extension primers due to the modified extensiomers and/or concentration of the mtDNA
within the single cell sample.

When the original SNaPshot™ result for the grossug sample 314 was re-examined, it
was seen that the T/C heteroplasmy ratio for th2236base positions was not 1:1. Instead,
within the gross tissue sample, the T peak was ae&824 RFU, where the C peak appeared at
119 RFU, and no G peak was detected at all. kas assumed that the population of
heteroplasmic mitochondrial DNA was not heterogeise@and was split among unique cells
(scenario #1 above), then twenty-two cells thatt@ioed this unequal partitioning of the
heteroplasmic mtDNA were found. If it was assunmstead that a heterogeneous population of
the heteroplasmic mitochondrial DNA exists withlretcells (scenario #2 above), then the T
bases occurred over sixteen times more frequendy the minor C bases. The third scenario
concerning the non-addition of the ddNTP due topbby-thymine modified extension primer
and mtDNA concentration has already been identifieé source of error in the study, and was
seen to be the most likely reason for the lack gieaks in the data, especially for the 16519
extension primer with the longest poly-thymine.taidowever, in the case of the 16223 primers,
they were modified with only one thymine residuetta 3 position, and no A peaks were
detected in the gross tissue or single cells fot. 3However, the effect of the non-optimal
MtDNA concentration in the single cells cannotdpgored. Apart from the known issue with the
ddNTP non-addition, the second scenario was mkedyli due to the previous assumption that
by sampling fifty cells from a known heteroplasrtigsue at least one cell should show the base
change, based on known rates of heteroplasmy ih 8ssues. Assuming the heterogeneous

spread of the mitochondrial DNA was equal withie ttells and tissue sample, this could have
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contributed to the results of the gross tissuerbptasmy and the C/T heteroplasmic individual
cells within the 314 sample set. This issue ultetyafocuses on the mtDNA concentration in
the samples. Since thousands of cells contribatddNA in the gross tissue sample, the
concentration of the mtDNA could be measured on Algdent 2100 Bioanalyzer, and the
culmination of the signals of both bases was alibeebaseline but was not reflective of the
unequal nature of the C/T signal. At the same tithe C/T concentrations in the gross tissue
were possibly in such high concentrations as tovalvelm a minor G signal also present in the
data. In an individual cell, the mtDNA concentoatiwvas not detectable on the Agilent 2100
Bioanalyzer, but the overall concentration of th& €ignal was lower, allowing the T base to be
detected and not overwhelmed by the C signal. Wewehis was seen as a reverse of the gross
tissue results, in which the T peaks were majahengross tissue, and the C peak was minor.
This might be indicative of the concentration o timtDNA in the single cells compared to the
gross tissue. It is possible that the ratio of@heo T peaks is closer to 1:1 on average for the
tissue, and that fluctuation in this ratio is seenhe cellular level, indicating that the spre&d o
the heteroplasmic mtDNA may not be evenly distlouthroughout the cells. This observation
is reinforced in the 314 cells by the presencehef random G peaks in the cells and control
samples. If these G peaks are real, and refleofitke heteroplasmic peaks in the cells, then it
reinforces the hypothesis that the spread of thertyglasmic samples was heterogeneous, and
these minor peaks become detectable at the celaual when not overwhelmed by the major
peaks of the sample. In the case of the 314 dhlse results would indicate that heteroplasmy
in the single cells was most likely present, and w@read among the cells in the heteroplasmic

tissue sample.
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When examining the 288 and 329 control cells thatewrun with the 314 cells, five
instances of C/T heteroplasmy were seen. As sedralble 29, (pgs. 175-176), these control
samples all displayed the presence of a C base at30 bp size. When the T base was present,
it was at the ~33 bp size, and the G base, wheseptén two samples, was at the ~28 bp size.
In the gross tissue analysis of these sample88and 329 samples were seen to be C bases at
the 16223 position for each of the samples. Taliks énto question the validity of the controls,
and the specificity of the 16223 extension primefhe presence of the T and G peaks in the
control samples opens the question if these peaakisudy present in the control cells, or if itds
random addition to the extension primer. If therTG peak in the control cells is a true base, it
means that it was at a high enough concentratidhaersample cells to be detected and signaled
by the 16223 extension primers. If that is theecisen why was the T or G peak not seen in the
gross tissue analysis of the control tissues f& &&1 329? If the T or G peak was the result of
random, non-specific base addition to the 16228restbn primer in the presence of low mtDNA
concentration, then a bigger problem exists. i§ th or G peak was random, non-specific
addition, then the 314 single cell samples would dffected as well, resulting in totally
inconclusive data for the 314 cell set due to theustworthiness of the results. However, the T
peak was expected in the 314 cell set as partegpdissible C/T heteroplasmy based on the gross
tissue, so the presence of the T peak in the 283was not believed to be non-specific addition,
but instead true data. The G peak, however, wdsseen in the original gross tissue
heteroplasmy, but was present in one of the sicgllesamples. It would also be unlikely for the
T or G base displaying in the control samples tabyg type of artifact, since a fluorescently-
labeled ddNTP base must be adding to the extemsiorer for the samples to be detected, and

this can only occur when the template strand coattie corresponding A or C base.
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As to the issue of the validity of the control saaspthe T bases that were detected above
the negative control threshold were of the corbgcsize for the 16223 extension primer. Since
the valid control cells are uniformly displayingetll base at 16223 along with the T base in five
of the samples, while the gross tissues for therotesndid not show any indication of any base
other than the C at 16223, the implications of ¢batrols samples are open to interpretation.
However, the original project design of targetihg hotspots in the HVI section of the mtDNA
genome was to screen for higher instances of h@tenmy, so it is not unlikely that the 288 and
329 samples might contain a valid T or G signahat16223 position within the single cell. If
this is case, the samples might not serve as ealitrols, but would be an important data point
to show heteroplasmy at the cellular level wherehateroplasmy was seen in the gross tissue.
The original scope of the research allowed for pluissibility to occur within the cells, and if & i

interpreted as a valid type, it is important toenot

Discussion of SNaPshot™ Results of Sample 289 (16324) Cell Analysis

When the data from the forty-eight viable 289 calfgl ten control cells was analyzed,
one instance of G/T heteroplasmy was present ir28ecells; sample 19-289 (refer to Table 31
in the results section). The remaining 289 ceallsng with the 288 and 329 control cells only
displayed solitary T peaks in the data. Out ofutalkd forty-eight samples, the T peak displayed
at ~34 bp, and the single G peak appeared at ~31Thp T peak heights ranged from 400 to
over 4300 RFU. The solitary G peak height was BUR The T peak height was greater than

the G peak, so the G peak was minor (Figure 116).
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Figure 116- Peak Heights of 289 cells, 16324 printer
(Samples sorted by T peak-height size)

9000
8000
r ——T Peak Heights
7000 .
—u— G Peak Heights
—— Linear (T Peak Heights)
6000

5000

4000
/// y = 78.35x
2 _
3000 ‘»/ R?=0.5924
2000 “/#"
1000

Vg

0 T T T T 8 T 1
0 10 20 30 40 50 60
Sample sort order

RFU
™ —

Since only one of the cells was seen to containpag&ks in the ~31 bp region, it could be
determined that one of three scenarios was ocgumithin these samples. The first scenario
was that the cells were reflecting true homoplabtizTases and a single instance of heteroplasmic
G/T bases within the 16324 position of the mtDNA@®es. The second scenario was that the
presence of the G base at the 16324 position wasrswr within the mitochondrial DNA of the
individual cells that it was being overwhelmed hg tmajor T base signals. The third possibility
was the issue of the non-addition of the ddNTP $dsethe extension primers due to the
modified B poly-thymine tails and the mtDNA input concentati

When the original SNaPshot™ result for the grossug sample 289 was re-examined, it

was seen that the G/T heteroplasmy ratio for thH&246base positions was not 1:1. Instead,
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within the gross tissue sample, the T peak was seeund 2408 RFU, where the G peak
appeared at 103 RFU. If it was assumed that thmlpton of heteroplasmic mitochondrial
DNA was not heterogeneous, and was split amongueniglls (scenario #1 above), then within
the viable 289 sample cells, a single cell contajrthe G base was found, but only once out of
the fifty supposedly heteroplasmic cells. If it svassumed instead that a heterogeneous
population of the heteroplasmic mitochondrial DNsgs within the cells (scenario #2 above),
then the T bases are occurring over twenty-threegimore frequently than the minor G bases.
The third scenario concerning the non-additionhef ddNTP due to the poly-thymine modified
extension primer in combination with the mtDNA ingoencentration has already been identified
as a source of error in the study, and was sedre tithe most likely reason for the lack of A
peaks in the data, especially for the 16519 exbenprimer with the longest poly-thymine tail.
Apart from the known issue with the extension prirmed the ddNTP addition, the second
scenario was more likely, due to the previous agsiam that by sampling fifty cells from a
known heteroplasmic tissue at least one cell shebhlow the above-threshold heteroplasmic
bases, based on known rates of heteroplasmy intmsthes, which is reflected in the results for
the 289 cells. Assuming the heterogeneous sprettk anitochondrial DNA was equal within
the cells and tissue sample, this could have duorigd to the results of the gross tissue
heteroplasmy and the apparent individual homopastcells within the 289 sample set. This
issue ultimately focuses on the mtDNA concentratiothe samples. Since thousands of cells
contributed mtDNA in the gross tissue sample, tbacentration of the mtDNA could be
measured on the Agilent 2100 Bioanalyzer, and theioation of the signals of both bases was
above the baseline but was not reflective of thequal nature of the G/T signal. At the same

time, the G concentrations in the gross tissue vierbigh enough concentrations as to be
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detected within the data. In a single individugll,dhe mtDNA concentration was not detectable
on the Agilent 2100 Bioanalyzer, and the prevalesfcthe heteroplasmic G base was only at a
high enough concentration in a single sample tddtected above the major signal of the T base
within the single cells. Combined with the issdeth®e non-addition of the ddNTP due to the
poly-thymine modified extension primers and mtDN@&ncentration, the previously minor G
base was only at a high enough concentration inceti¢o be probed and successfully detected,
leading to the single heteroplasmic cell resulhergfore, the mtDNA concentration along with
the non-addition of the ddNTP bases due to the-fhglsnine modified extension primers most
likely led to results that were seen for the 288ce

Since only one of the 289 cells exhibited hetersipha the data from the peak heights of
each signal was not plotted since the scattervptatld not be informative with only one data
point.

When examining the 288 and 329 control cells thetewun along with the 289 cells, no
instances of heteroplasmy were seen. As seenhle Bd, (pgs. 179-180), these samples only
displayed the presence of the T base at the ~34zbp This correctly reflected the T base seen
in the 16324 position for the gross tissues ofdhetrol samples, and thereby demonstrates the
validity of the control samples.

To address the specificity of the primers, it ddobe noted that the HL60 positive
control sample displayed the appropriate T peak3dtbp with a peak height of 8433 RFU, so
the fact that an T base can be added and detectin i16324 extension primers is known to
properly occur. This reinforces the notion thag #hdNTP addition is tied to the mtDNA
concentration of the sample, since the HL60 pasitiontrol consistently showed a detectable

Agilent 2100 Bioanalyzer value for the mtDNA contration. Also, it would be unlikely for the
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T bases displaying in the control samples to betypg of artifact, since a fluorescently-labeled
ddNTP base must be adding to the extension prior@h& samples to be detected, and this can
only be occurring when the template strand contdiesorresponding A base.

As to the issue of the validity of the control saespthe T bases that were detected were
above the negative control threshold, and are efdbrrect bp size for the 16324 extension
primer. Since the control cells were uniformly plég/ing the T base at 16324, the controls

passed.
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Discussion of SNaPshot™ Results of Sample 349 (16324) Cell Analysis

When the data from the twenty-two viable 349 celigl six valid control cells was
analyzed, no instances of A/T heteroplasmy wersgprein any of the 349 cells (refer to Table
33 in the results section). The 349 cells, aloith e 288 and 329 control cells only displayed
either solitary T peaks or G/T peaks in the d&daut of the 349 cells, seven samples displayed a
below-threshold T peak but did contain valid G pdaka, so the T peak for these samples was
inconclusive and the G peak was valid. Seven athemples displayed a below-threshold G peak
but did contain valid T peak data, so the G peaktiese samples was inconclusive and the T
peak was valid. Two other samples (20-349 and48)-8ontained only valid T peaks, with no
G peak data present. Out of the remaining sixdvedimples, all displayed a valid mixture of T
peaks at ~34 bp and G peaks at ~31 bp. TypicadyTt peak height ranged from 200 to 4200
RFU, while the G peaks, when present, ranged ik pegghts from 30 to 43 RFU, so the T
peaks were seen as the major signal (Figure 1N§.A peaks were seen in any of the 349 cells

or control cells whatsoever.

Figure 117- Peak Heights for 349 cells, 16324 primse
(Samples sorted by T peak-height size)
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Since none of the cells contained any A peaks & 483 bp region, it could be
determined that one of three scenarios was ocguwithin these samples. The first scenario
was that the cells were reflecting a true hetespla G/T bases within the 16324 position of the
MtDNA genomes. The second scenario was that #sepce of the A base at the 16324 position
was so minor within the mitochondrial DNA of thedimidual cells that it was being
overwhelmed by the major G and T base signals. tfiné possibility was the issue of the non-
addition of the ddATP bases in the extension prénaere to the modified’ poly-thymine tails in
combination with the mtDNA input concentration.

When the original SNaPshot™ result for the grossug sample 349 was re-examined, it
was seen that the A/T heteroplasmy ratio for th@2#6base positions was not 1:1. Instead,
within the gross tissue sample, the T peak was ae2805 RFU, where the A peak appeared at
101 RFU, and no G peak was detected at all. kvas assumed that the population of
heteroplasmic mitochondrial DNA is not heterogersgoand was split among unique cells
(scenario #1 above), then within the viable 349arells, a single cell containing the A base
was not found. If it is assumed instead that @&regeneous population of the heteroplasmic
mitochondrial DNA exists within the cells (scena#@ above), then the T bases are occurring
over twenty-one times more frequently than the mikdoases. The third scenario concerning
the non-addition of the ddATP due to the poly-thyenmodified extension primer and mtDNA
concentration has already been identified as aceanir error in the study, and is seen to be the
most likely reason for the lack of A peaks in ttegad especially for the 16519 extension primer
with the longest poly-thymine tail. In the casetloé 16324 primers, they were also modified,
and contain six thymine residues at tHepbsition. Apart from the known issue with the

extension primer and the ddATP addition, the sececehario was more likely, due to the
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previous assumption that by sampling fifty cellsnfira known heteroplasmic tissue at least one
cell should show the base change, based on knotes @& heteroplasmy in such tissues.
Assuming the heterogeneity of the mitochondrial DMAs equal within the cells and tissue
sample, this could have contributed to the resaftshe gross tissue heteroplasmy and the
divergent G/T heteroplasmic individual cells withime 349 sample set. This issue ultimately
focuses on the mtDNA concentration in the sampl&nce thousands of cells contributed
MtDNA in the gross tissue sample, the concentratiothe mtDNA could be measured on the
Agilent 2100 Bioanalyzer, and the culmination af 8ignals was above the baseline but was not
reflective of the unequal nature of the A/T signalt the same time, the A/T concentrations in
the gross tissue were in such high concentratierte averwhelm a minor G signal also present
in the data. In a single individual cell, the mtBNoncentration was not detectable on the
Agilent 2100 Bioanalyzer, and the prevalence of heteroplasmic A base was never at a high
enough concentration to be detected above the raigjoal of the T base within the single cells.
This is somewhat verified based on the graph ofGhpeak heights in relation to the T peak
heights (Figure 117). As the T peak heights irseedhere appears to be no effect on the
presence of the G peaks, so there is no correldtedween these two peaks. It was seen
throughout the data that the addition of the ddAERes was problematic when the mtDNA
concentration was not optimal. The possibilityséxithat the lack of the A bases caused the
previously undetected G base to be successfullgctit in the single cells. Therefore, the
MtDNA concentration of the single cells most likédd to results that were seen for the 349
cells.

In order to determine if the heteroplasmic datatifier 349 cells was due to amplification

and/or electrophoresis artifacts or not, the G @&ngeak heights from the heteroplasmic cells
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were plotted, as shown in Figure 118. Based omégative control thresholds for both the G
and T peaks, only six heteroplasmic cells were sedre valid, but exhibited a wide range of
variability. The resulting best-fit Rfor all of the heteroplasmic cells was shown to-2@.4,

indicating that the data points are highly nondin@nd therefore the heteroplasmic G and T

peak signals are probably unique and independerkt signals.

Figure 118- G Peak Heights vs. T Peak Heights fo9 cells, 16324 primers
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When the invalid cells were removed from the pilog best-fit R value did not improve,
and remained negative, reinforcing the notion thatG and T signals from the heteroplasmic

cells were unique and independent signals (Figligg.1

Figure 119- Valid G Peak Heights vs. T Peak Heighter 349 cells, 16324 primers
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When examining the 288 and 329 control cells thatewun along with the 349 cells,
two instances of heteroplasmy were seen; sampl8292- and 25-329c displayed a G/T
heteroplasmy. The remaining four valid controll<ell displayed a valid T peak, with two of
these controls displaying a solitary T peak, arelrdgmaining two displaying a valid T peak as
well as an invalid G peak. As seen in Table 38s([183-184), these control samples all showed
the presence of a G base at the ~31 bp size antl base at ~34 bp size. In the gross tissue

analysis of these samples, the 288 and 329 samplesseen to be T bases at the 16324 position
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for each of the samples. This calls into questimvalidity of the controls, and the specificity
of the 16324 extension primers. The presence ef@hpeak in the control samples opens the
guestion whether the G peak was truly presentarctmtrol cells, or if it was a random addition
to the extension primer. If the G peak in the oantells was a true base, it means that it was at
a high enough concentration in the sample cellbdodetected and signaled by the 16324
extension primers. If that was the case, then whyg the G peak not seen in the gross tissue
analysis of the control tissues for 288 and 329thd G peak was the result of random, non-
specific base addition to the 16324 extension prinme the presence of low mtDNA
concentration, then a bigger problem exists. 8 th peak was random, non-specific addition,
then the 349 single cell samples would be affeatedell, resulting in totally inconclusive data
for the 349 cell set due to the untrustworthinebshe results. However, the T peak was
expected in the 349 cell set as part of the pas#ibl' heteroplasmy based on the gross tissue, so
the presence of the T peak in the 349 cells ivabeved to be non-specific addition, but instead
true data. Also, it would be unlikely for the Gskadisplaying in the control sample to be any
type of artifact, since a fluorescently-labeled déM\base must be adding to the extension primer
for the samples to be detected, and this can amlyclourring when the template strand contains
the corresponding C base.

To address the specificity of the primers, it dddue noted that while no A bases were
present in the 349 cells, the control cells, or ahthe positive or negative controls, the 16324
primers did display the A base addition in the griissue sample for 349, so the fact that an A
base can be added and detected in the 16324 extigirginers is known to properly occur. This
reinforces the hypothesis that the ddATP additsotieid to both the mtDNA concentration of the

sample as well as the presence of the modified-fhgiyine tails on the extension primers, since
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the 349 gross tissue showed a viable A base sagiththe 16324 extension primers contained a
5" modification to interfere with the A base additioin the case of the 349 cells, the limiting
factor for the A base addition might have been mafiected by the available mtDNA
concentration in the sample, causing the A base®rme detected.

As to the issue of the validity of the control séesp the G bases that were detected
above the negative control threshold were of theect bp size for the 16324 extension primer.
Since the valid control cells uniformly displayd@®tG base at 16324 along with the G/T based
on the 349 cells, while the gross tissues for thr&rols did not show any indication of any base
other than the T at 16324, the implications of tlatrols samples are open to interpretation.
However, the original design of targeting the hotspn the HVI section of the mtDNA genome
was to screen for higher instances of heteroplasimyg, not unlikely that the control samples
might contain a valid G signal at the 16324 positiathin the single cell. If this is case, that
solitary sample might not serve as a valid contsat, would be an important data point to show
heteroplasmy at the cellular level where no helesspy was seen in the gross tissue. The
original scope of the research allowed for thissgmbty to occur within the cells, and if it is

interpreted as a valid type, it is important toenot

201



Discussion of SNaPshot™ Results of Sample 339 (16390) Cell Analysis

When the data from the forty-three viable 339 caltal eight valid control cells was
analyzed, five instances of C/T heteroplasmy weesgnt in the 339 cells (4-339, 10-339, 26-
339, 31-339, and 42-339) (refer to Table 35 in rdmults section). The remaining 339 cells,
along with the 288 and 329 control cells eithepldiged solitary C peaks in the data, or valid T
peaks alongside invalid C peaks. Out of the viditly-three samples, the C peak displayed at
~36 bp, and the T peak appeared at ~39 bp. Theak Ipeights ranged from 120 to over 3100
RFU. The T peak height ranged from 90 to over B6Q. The C peak height was greater than

the T peak, so the T peaks were minor (Figure 120).

Figure 120- Peak Heights for 339 cells, 16390 prime
(Samples sorted by C peak-height size)
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Since only five of the cells were seen to contagtetoplasmic C/T peaks, it could be
determined that one of three scenarios was ocguwithin these samples. The first scenario

was that the cells were reflecting true heteroplastiT bases and homoplastic C bases within
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the 16390 position of the mtDNA genomes. The seésmenario was that the presence of the T
base at the 16390 position was so minor withinrtfichondrial DNA of the individual cells
that it was being overwhelmed by the major C bageats. The third possibility was the issue
of the non-addition of the ddNTP bases to the extenprimers due to the modified poly-
thymine tails and mtDNA input concentration.

When the original SNaPshot™ result for the grossug sample 339 was re-examined, it
was seen that the C/T heteroplasmy ratio for th&9@6base positions was not 1:1. Instead,
within the gross tissue sample, the T peak was seeand 1618 RFU, where the C peak
appeared at 96 RFU. If it was assumed that thelptpn of heteroplasmic mitochondrial DNA
is not heterogeneous, and was split among uniqlie (sEenario #1 above), then within the
viable 339 sample cells, cells containing the Cételoplasmic bases were found, but only for
five out of the fifty supposedly heteroplasmic sell If it was assumed instead that a
heterogeneous population of the heteroplasmic maedrial DNA exists within the cells
(scenario #2 above), then the T bases are occurriegsixteen times more frequently than the
minor C bases. The third scenario concerning treaddition of the ddNTP due to the poly-
thymine modified extension primers and mtDNA coricaion has already been identified as a
source of error in the study, and was seen to éentbst likely reason for the lack of A peaks in
the data, especially for the 16519 extension primin the longest poly-thymine tail. Apart
from the known issue with the extension primer #mel ddNTP addition, the second scenario
was more likely, due to the previous assumptiont thyasampling fifty cells from a known
heteroplasmic tissue at least one cell should stih@vabove-threshold base change, based on
known rates of heteroplasmy in such tissues, wtaaieflected in the results for the 339 cells.

Assuming the heterogeneous spread of the mitocfedidNA was equal within the cells and
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tissue sample, this could have contributed to éselts of the gross tissue heteroplasmy and the
apparent individual homoplastic C cells within 829 sample set. This issue ultimately focuses
on the mtDNA concentration in the samples. Sihoaisands of cells contributed mtDNA in the
gross tissue sample, the concentration of the mtRNAd be measured on the Agilent 2100
Bioanalyzer, and the culmination of the signalbath bases was above the baseline but was not
reflective of the unequal nature of the C/T signalt the same time, the C base signal in the
gross tissue was possibly in high enough conceémtrais to be detected and present in the data.
In a single individual cell, the mtDNA concentratiovas not detectable on the Agilent 2100
Bioanalyzer, and the prevalence of any heteroplasmibase was never at a high enough
concentration to be detected above the major sighdhe C base within the single cells.
Combined with the issue of the non-addition of dadNTP in the presence of the poly-thymine
modified extension primers, the minor T base wdyg aha high enough concentration in five
cells to be probed and successfully detected, ngaii the heteroplasmic cell results. There did
not appear to be a correlation between the preseint®ee C and T peaks, indicating that the
detection of the T peaks was not limited by thespnee of a higher signal from the C peaks
(Figure 120). Therefore, the mtDNA concentratibong with the non-addition of the ddNTP
bases due to the poly-thymine modified extensiomgns most likely led to results that were
seen for the 339 cells.

In order to determine if the heteroplasmic datatifier 339 cells was due to amplification
and/or electrophoresis artifacts or not, the T @gdeak heights from the heteroplasmic cells
were plotted, as shown in Figure 121. Due to thgative control thresholds from both the T

and C peak heights, only five cells were seen todigl out of the set of heteroplasmic cells.
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However, the overall best-fit’Rialue was negative (-1.30) indicating that theadsinon-linear,

and therefore may be unique and independent hédsrojc base signals within the 339 cells.

Figure 121- T Peak Heights vs. C Peak Heights for33 cells, 16390 primers
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When the invalid cells were removed from the pilog, best-fit B value did not improve,
and remained negative, reinforcing the notion thatT and C signals from the heteroplasmic

cells were unique and independent signals (Fig2g).1
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Figure 122- Valid T Peak Heights vs. C Peak Heighter 339 cells, 16390 primers
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When examining the 288 and 329 control cells thetewun along with the 339 cells, no
instances of heteroplasmy were seen. As seenhie B3b, (pgs. 188-189), these samples all
showed the presence of either a valid C base at36ebp size, or a T base at the ~39 bp size.
For two samples displaying a valid C base, invadlidases were also present (51-288c and 54-
329c). The single valid T base was in the presehem invalid C base for control cell 53-288c.
For the seven valid control cells displaying thédse, this correctly reflected the C base seen in
the 16390 position for the gross tissues of thetrobsamples, and thereby demonstrates the
validity of the control samples. For the one cohsample displaying the valid T, the results are
open to interpretation, along with the additionahttol samples that displayed valid C bases

with invalid T bases.
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To address the specificity of the primers, it ddobe noted that the HL60 positive
control sample displayed the appropriate C peak3étbp with a peak height of 4779 RFU, so
the fact that an C base can be added and detectheé L6390 extension primers is known to
properly occur. This reinforces the notion tha¢ #hdNTP addition is tied to the mtDNA
concentration of the sample, since the HL60 pasitiontrol consistently showed a detectable
Agilent 2100 Bioanalyzer value for the mtDNA contration. Also, it would be unlikely for the
T bases displayed in the control samples to betyg of artifact, since a fluorescently-labeled
ddNTP base must be adding to the extension prior@h& samples to be detected, and this can
only be occurring when the template strand contdiesorresponding A base.

As to the issue of the validity of the control saespthe T bases that were detected were
above the negative control threshold, and weréhefdorrect bp size for the 16390 extension
primer. Since the control cells were displaying t base at 16390, as well as the solitary T
base, the implications of the control samples grenao interpretation. However, the original
design of targeting the hotspots in the HVI sectidrthe mtDNA genome was to screen for
higher instances of heteroplasmy, so it is notketyi that the control samples might contain a
valid T signal at the 16390 position within theglencell. If this is case, that solitary sample
containing the valid T signal might not serve asbd control, but would be an important data
point to show heteroplasmy at the cellular levekerhno heteroplasmy was seen in the gross
tissue. The original scope of the research allofeedhis possibility to occur within the cells,

and if it is interpreted as a valid type, it is ionfant to note.

297



Discussion of SNaPshot™ Results of Sample 355 (16390) Cell Analysis

When the data from the twelve viable 355 cells anel viable control cell was analyzed,
it was seen that no instances of C/T heteroplasermg wresent in any of the 355 cells due to an
extremely high amplification negative control threkl that invalidated all but one C peak (refer
to Table 37 in the results section). The twelviidvsamples either showed a solitary C peak (9-
355) or valid T peak data against invalid C peatad®nly one sample displayed both invalid C
and T peak data (24-355). Another solitary sardplayed no C peak data, and the T peak
data was below the negative control threshold,veasl therefore invalid (32-355). Out of the
fifty cells, none were negative, indicating thatlhanot been for the high negative control
threshold for the C peak data, the amplificatiorulddhave been successful. For the C peaks,
the peak heights were seen to range from 70 to3®@0 RFU, but due to the negative control
threshold at 2677 RFU, all but the one sample 8080 RFU were invalid for analysis. The T
peaks ranged in height from 130 to over 5900 RHwemthe T peak was present. While the C
peak heights are larger overall, it is uncleahére was a major or minor contributing peak

within the 355 cells for the 16390 primers (Figugs).
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Figure 123- Peak Heights for 355 cells, 16390 primse
(Samples sorted by C peak-height size)
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Since none of the cells were seen to contain aterd@asmic peaks in the ~36 to ~39 bp
region, it could be determined that one of threenados was occurring within these samples.
The first scenario was that the cells were reftecal true homoplastic C base within the 16390
position of the mtDNA genomes. The second scenvea® that the presence of the T base at the
16390 position was so minor within the mitochondB&A of the individual cells that it was
being overwhelmed by the larger C base signal. tiid possibility was the issue of the non-
addition of the ddNTP bases to the extension psndele to the modified’ poly-thymine tails
and mtDNA input concentration.

When the original SNaPshot™ result for the grossug sample 355 was re-examined, it
was seen that the C/T heteroplasmy ratio for tf#9Q6ase positions was close to 1:1. Within
the gross tissue sample, the C peak was seen a6@uRdU, where the T peak appeared at 53
RFU. If it was assumed that the population of feggkasmic mitochondrial DNA was not
heterogeneous, and was split among unique cel&ngsio #1 above), then within the twelve

viable sample cells, a single cell containing btita C and T base was not found. If it is
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assumed instead that a heterogeneous populatitwe dieteroplasmic mitochondrial DNA exists
within the cells (scenario #2 above), then the §ebaare occurring at the same frequency as the
T bases, which was not seen in the data. The #gedario concerning the non-addition of the
ddNTP due to the poly-thymine modified extensiommgr and mtDNA concentration has
already been identified as a source of error ingdtuely, and was seen to be the most likely
reason for the lack of A peaks in the data, espgdiar the 16519 extension primer with the
longest poly-thymine tail. Apart from the knowsug with the extension primer and the ddNTP
addition, the second scenario was more likely, tdudne previous assumption that by sampling
fifty cells from a known heteroplasmic tissue aadeone cell should show the base change,
based on known rates of heteroplasmy in such ssséessuming the heterogeneous spread of
the mitochondrial DNA was equal within the cellslarssue sample, this could have contributed
to the results of the gross tissue heteroplasmythadapparent homoplastic individual cells
within the 355 sample set. This issue ultimatelguses on the mtDNA concentration in the
samples. Since thousands of cells contributed MtDN the gross tissue sample, the
concentration of the mtDNA could be measured on Algdent 2100 Bioanalyzer, and the
culmination of the signals of both bases was alitbeebaseline but was not reflective of the
mixed nature of the C/T signal. In an individuallcthe mtDNA concentration was not
detectable on the Agilent 2100 Bioanalyzer, andptiealence of any heteroplasmic T base was
never at a high enough concentration to be deteaitede the signal of the C base within the
single cells. Therefore, the mtDNA concentratioosirikely led to results that were seen for the
355 cells. There appeared to be no correlatiowdst the addition of the C bases and the
presence of the T bases, so the possibility ofintexference of the ddNTP addition from the

poly-thymine modified extension primer is ruled ¢kitgure 123).
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In order to determine if the heteroplasmic datatifier 335 cells was due to amplification
and/or electrophoresis artifacts or not, the T @gdeak heights from the heteroplasmic cells
were plotted, as shown in Figure 124. Due to #gative control thresholds for both the T and
C peak heights, none of the heteroplasmic cellewatid due to the high negative control
threshold on the C peak heights (2677 RFU). Algiothe best-fit R value is negative,
indicating unigque and independent base signalsfabethat none of the cells are valid for
analysis results in inconclusive data for the 3Blscowith the 16390 primers. Since all of the

heteroplasmic cells were invalid, there was nongteto re-plot the data for only valid cells.

Figure 124- T Peak Heights vs. C Peak Heights foi53 cells, 16390 primers
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When examining the 288 and 329 control cells thatewun along with the 355 cell, no
instances of heteroplasmy were seen. Howevergas & Table 37, (pgs. 192-193), nine of
these ten samples displayed an invalid C baseeat3 bp size. One of the control samples was
negative (58-329c). The only sample to contairalidwpeak was 56-288c, which displayed a

valid T peak at ~39 bp, alongside an invalid C pe&kis was a problem, because in the gross
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tissue analysis of these samples, the 288 and &2fles were seen to be C bases at the 16390
position for each of the samples. This calls igtestion the validity of the controls, and the
specificity of the 16390 extension primers. OngaiR, this was seen to be most likely reflective
of the issue of the mtDNA concentration in the siEngbongside the high amplification negative
control threshold. None of the C peaks in the mbrdells were above this threshold; thereby
causing the C peaks to be invalid. However, tlesgmce of the T peak in the control sample
opens the question of whether the T peak was pudgent in the control cells, or if it was a
random addition to the extension primer. If the@dak in the control cells was a true base, it
means that it was at a high enough concentratidhersample cells to be detected and signaled
by the 16390 extension primers. If that was theec#hen why was the T peak not seen in the
gross tissue analysis of the control tissues f@?28|f it was assumed in this case that the
concentration of the mtDNA genomes containing doa$e were at a higher concentration, but
the inefficiency of the 16390 extension primerstkips from being detected, then the T peak
might have been real. However, if the T peak ésrdsult of random, non-specific base addition
to the 16390 extension primer in the presence wf matDNA concentration, then a bigger
problem exists. If this T peak is random, non-#fpeaddition, then the 355 single cell samples
would be affected as well, resulting in totally amclusive data for the 355 cell set due to the
untrustworthiness of the results. However, thee@lkpwas expected as a valid heteroplasmic
peak in the 355 cells for the 16390 primers, g6 lielieved to be valid in the 355 cells, which
leaves the validity of the T peak in the contrdl cequestion.

To address the specificity of the primers, it ddobe noted that the HL60 positive
control sample displayed the appropriate C peak3étbp with a peak height of 5870 RFU, so

the fact that an C base can be added and detectheé L6390 extension primers is known to

302



properly occur. Also, it would be unlikely for tAiebase displaying in the control sample to be
any type of artifact, since a fluorescently-labetietNTP base must be adding to the extension
primer for the samples to be detected, and thisocdy be occurring when the template strand
contains the corresponding A base.

As to the issue of the validity of the control sdesp the T base that was detected was
above the negative control threshold, and was efcirrect bp size for the 16390 extension
primer. Since only one control cell was displaythg T base at 16390 with no valid C peaks,
the implications of the controls samples are opeimterpretation. If the control cell results for

the 16390 extension primers are inconclusive, themesults of the 355 cells are as well.
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Discussion of SNaPshot™ Results of Sample 355 (16519) Cell Analysis

When the data from the forty-seven viable 355 aalld ten control cells was analyzed, it
was seen that no instances of G/A heteroplasmy we&gent in any of the 355 cells (refer to
Table 39 in the results section). The 355 celisng with the 288 and 329 control cells only
displayed solitary G peaks in the data. Out offiltye 355 cells, one sample (29-355) displayed
no data and was negative. Two other samples (82aB8 40-355) were below the negative
control threshold and were therefore inconclusing will not be included in the analysis. The
G peak heights ranged from 60 to 371 RFU (Figur®).12No A peaks were seen in any of the

355 cells or control cells whatsoever.

Figure 125- Peak Heights for 355 cells, 16519 prime
(Samples sorted by G peak-height size)
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Since none of the cells were seen to contain amgré@asmic peaks in the ~43 bp

region, it could be determined that one of threenados was occurring within these samples.
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The first scenario was that the cells were reftectn true homoplastic G base within the 16519
position of the mtDNA genomes. The second scenaai® that the presence of the A base at the
16519 position was so minor within the mitochondB&A of the individual cells that it was
being overwhelmed by the major G base signal. third possibility was the issue of the non-
addition of the ddATP bases due to the extensiongss with the modified Joly-thymine tails
combined with the mtDNA input concentration.

When the original SNaPshot™ result for the grossug sample 369 was re-examined, it
was seen that the G/A heteroplasmy ratio for thel@6base positions was not 1:1. Instead,
within the gross tissue sample, the G peak wasR#84, where the A peak was at 42 RFU. If it
was assumed that the population of heteroplasmioectmndrial DNA was not heterogeneous,
and was split among unique cells (scenario #1 ghdlven within the forty-seven viable sample
cells, a single cell containing the A base was fooind. If it was assumed instead that a
heterogeneous population of the heteroplasmic maedrial DNA exists within the cells
(scenario #2 above), then the G bases are occuwviegthirteen times more frequently than the
minor A bases. The third scenario concerning thie-addition of the ddATP due to the poly-
thymine modified extension primer and mtDNA concation has already been identified as a
source of error in the study, and was seen to éentbst likely reason for the lack of A peaks in
the data, especially for the 16519 extension primin the longest poly-thymine tail. Apart
from the known issue with the extension primer #mel ddATP addition, the second scenario
was more likely, due to the previous assumptiont thyasampling fifty cells from a known
heteroplasmic tissue at least one cell should sth@abase change, based on known rates of
heteroplasmy in such tissues. Assuming the heteegus spread of the mitochondrial DNA

was equal within the cells and tissue sample, ¢bidd have contributed to the results of the
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gross tissue heteroplasmy and the apparent honticpladividual cells within the 355 sample
set. This issue ultimately focuses on the mtDNAcsmtration in the samples. Since thousands
of cells contributed mtDNA in the gross tissue skEmfhe concentration of the mtDNA could be
measured on the Agilent 2100 Bioanalyzer, and theioation of the signals of both bases was
above the baseline but was not reflective of thequal nature of the G/A signal. In a single
individual cell, the mtDNA concentration was notet#able on the Agilent 2100 Bioanalyzer,
and the prevalence of any heteroplasmic A baseneasr at a high enough concentration to be
detected above the major signal of the G base withe single cells. Therefore, the mtDNA
concentration along with the non-addition of thé&d@& bases due to the poly-thymine modified
extension primers most likely led to results thatevseen for the 355 cells.

When examining the 288 and 329 control cells thatewun along with the 355 cell, no
instances of heteroplasmy were seen. Howevereas m Table 39, (pgs. 196-197), these
samples all showed the presence of a G base atithbp size. This was a problem, because in
the gross tissue analysis of these samples, tha28829 samples were seen to be A bases at
the 16519 position for each of the samples. Talls into question the validity of the controls,
and the specificity of the 16519 extension prime@ce again, this was seen to be most likely
reflective of the issue of the non-addition of thATP base with the poly-thymine modified
extension primers in conjunction with the mtDNA centration in the sample. However, the
presence of the G peak in the control samples apenguestion of whether the G peak was truly
present in the control cells, or if it was a randaddition to the extension primer. If the G peak
in the control cells was a true base, it meansithatas at a high enough concentration in the
sample cells to be detected and signaled by th&9 &%tension primers. If that was the case,

then why was the G peak not seen in the grossetigsalysis of the control tissues for 288 and
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329? If it was assumed in this case that the caraton of the mtDNA genomes containing an
A base were at a higher concentration, but thenale inefficiency of the 16519 extension
primers kept this from being detected, then thee@kpmight be real. However, if the G peak
was the result of random, non-specific base additm the 16519 extension primer in the
presence of low mtDNA concentration, then a biggeblem exists. If this G peak was random,
non-specific addition, then the 355 single cell p® would be affected as well, resulting in
totally inconclusive data for the 355 cell set dm¢he untrustworthiness of the results.

To address the specificity of the primers, it shdobke noted that the HL60 positive
control sample displayed the appropriate A pealddip with a peak height of 6082 RFU, so the
fact that an A base can be added and detectedeiri@8619 extension primers is known to
properly occur. This reinforces the notion thag¢ thdATP addition is tied to the mtDNA
concentration of the sample, since the HL60 pasitentrol consistently showed a detectable
Agilent 2100 Bioanalyzer value for the mtDNA contration. Also, it would be unlikely for the
G bases displaying in the control samples to betypgy of artifact, since a fluorescently-labeled
ddNTP base must be adding to the extension priarethe samples to be detected, and this can
only be occurring when the template strand contéiasorresponding C base.

As to the issue of the validity of the control sdespthe G bases that were detected were
above the negative control threshold, and are efdbrrect bp size for the 16519 extension
primer. Since the control cells are uniformly désping the G base at 16519, while the gross
tissue did not show any indication of any base rotihan the A at 16519, the implications of the
controls samples are open to interpretation. &l@n since a different base is present at 16519

when compared to the gross tissue results, itateanif the control samples are valid or not. If
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the control cell results for the 16519 extensioimprs are inconclusive, then the results of the

355 cells are as well.
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Discussion of SNaPshot™ Results of Sample 369 (16519) Cell Analysis

When the data from the fifty viable 369 cells d@ad control cells was analyzed, it was
seen that no instances of G/A heteroplasmy wergeptan any of the 369 cells (refer to Table
41 in the results section). The 369 cells, alontp whe 288 and 329 control cells displayed
either solitary G peaks or G/C peaks in the d&@at of the 369 cells, three samples (5-369, 17-
369, and 18-369) displayed below-threshold G pestk thut did contain valid C peak data, so
the G peaks for those samples were inconclusivethedC peaks were valid. Out of the
remaining forty-seven samples, all displayed G pestk~43 bp, and thirty-three of the samples
also contained a C peak at ~44 bp. Typically thee@k height was 10 X that of C peaks, so the
C peaks were minor (Figure 126). No A peaks vgeen in any of the 369 cells or control cells

whatsoever.

Figure 126- Peak Heights for 369 cells, 16519 prime
(Samples sorted by G peak-height size)
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Since none of the cells were seen to contain apgaks in the ~43 bp region, it could be
determined that one of three scenarios were ocgumithin these samples. The first scenario
was that the cells were reflecting true heteropiadgiC bases or homoplastic G bases within
the 16519 position of the mtDNA genomes. The sécmenario was that the presence of the A
base at the 16519 position was so minor withinrtfi@chondrial DNA of the individual cells
that it was being overwhelmed by the major G anoh€e signals. The third possibility was the
issue of the non-addition of the ddATP bases ingkiension primers due to the modified 5
poly-thymine tails in combination with the mtDNAgat concentration.

When the original SNaPshot™ result for the grossug sample 369 was re-examined, it
was seen that the G/A heteroplasmy ratio for th&l@6base positions was not 1:1. Instead,
within the gross tissue sample, the G peak was seeund 146 RFU, where the A peak
appeared at 39 RFU, and no C peak was detectdld #itiawas assumed that the population of
heteroplasmic mitochondrial DNA was not heterogeise@and was split among unique cells
(scenario #1 above), then within the viable 369arells, a single cell containing the A base
was not found. If it was assumed instead thattarbgeneous population of the heteroplasmic
mitochondrial DNA existed within the cells (scema#i2 above), then the G bases are occurring
over four times more frequently than the minor Adm The third scenario concerning the non-
addition of the ddATP due to the poly-thymine maatf extension primer and mtDNA
concentration has already been identified as aceanfrerror in the study, and was seen to be the
most likely reason for the lack of A peaks in ttegad especially for the 16519 extension primer
with the longest poly-thymine tail. Apart from thaown issue with the extension primer and
the ddATP addition, the second scenario was mbkedylidue to the previous assumption that by

sampling fifty cells from a known heteroplasmicstie at least one cell should show the base
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change, based on known rates of heteroplasmy im tsgues. Assuming the heterogeneity of
the mitochondrial DNA was equal within the cellslaissue sample, this could have contributed
to the results of the gross tissue heteroplasmythedlivergent G/C heteroplasmic individual
cells within the 369 sample set. This issue ultetyafocuses on the mtDNA concentration in
the samples. Since thousands of cells contribatddNA in the gross tissue sample, the
concentration of the mtDNA could be measured on Algdent 2100 Bioanalyzer, and the
culmination of the signals of both bases was alibeebaseline but was not reflective of the
unequal nature of the G/A signal. At the same tithe G/A concentrations in the gross tissue
were possibly in such high concentrations as towvelm a minor C signal also present in the
data. In a single individual cell, the mtDNA contration was not detectable on the Agilent
2100 Bioanalyzer, and the prevalence of any helasopc A base was never at a high enough
concentration to be detected above the major sighdhe G base within the single cells.
Combined with the issue of the non-addition of dd&ATP in the presence of the poly-thymine
modified extension primers, the previously minob&e was now capable of being probed and
successfully detected in the single cells. Thisosiewhat verified based on the graph of the C
peak heights in relation to the G peak heightsuifeidl26). As the C peaks increase in height,
the G peak heights do not seem to be affected. tHeB69 cells, it appears that there is no
correlation between the presence of the C peaks Gnpeaks. Therefore, the mtDNA
concentration along with the non-addition of thé&d@& bases due to the poly-thymine modified
extension primers most likely led to results thatevseen for the 369 cells.

In order to determine if the heteroplasmic datatifier 369 cells was due to amplification
and/or electrophoresis artifacts or not, the C @ngdeak heights from the heteroplasmic cells

were plotted, as shown in Figure 127. Due to ¢lveriegative control threshold on the G peaks,
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only three cells were seen to be invalid, leavingnajority of the 369 cells valid for
interpretation. However, the best-fit Ralue for the heteroplasmic cells was seen todgative
(-1.23) which would indicate that the data was hoear, resulting in the interpretation that the

C and G peaks are unigue and independent signtis imeteroplasmic 369 cells.

Figure 127- C Peak Heights vs. G Peak Heights fo69 cells, 16519 primers
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When the invalid cells were removed from the pilog, best-fit B value did not improve,
and remained negative, reinforcing the notion thatC and G signals from the heteroplasmic

cells were unique and independent signals (Fig2&).1
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Figure 128- Valid C Peak Heights vs. G Peak Heighfsr 369 cells, 16519 primers
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When examining the 288 and 329 control cells thatewun along with the 369 cell, no
instances of heteroplasmy were seen. Howevergas s Table 41, (pgs. 200-201), these
samples all showed the presence of a G base atéithbp size. This was a problem, because in
the gross tissue analysis of these samples, tha28329 samples were seen to display A bases
at the 16519 position for each of the samples. s Walls into question the validity of the
controls, and the specificity of the 16519 extengomers. Once again, this is seen to be most
likely reflective of the issue of the non-additiaf the ddATP base with the poly-thymine
modified extension primers in conjunction with thn@DNA concentration in the sample.
However, the presence of the G peak in the cosawiples opens the question of whether the G

peak is truly present in the control cells, ot ivas a random addition to the extension primér. |
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the G peak in the control cells was a true baseneans that it was at a high enough
concentration in the sample cells to be detecteldsggnaled by the 16519 extension primers. |If
that was the case, then why was the G peak notiseye gross tissue analysis of the control
tissues for 288 and 3297 If it was assumed indhge that the concentration of the mtDNA
genomes containing an A base were at a higher otmatien, but the ultimate inefficiency of the
16519 extension primers kept this from being det&dhen the G peak might be real. However,
if the G peak was the result of random, non-spebiéise addition to the 16519 extension primer
in the presence of low mtDNA concentration, thelmigger problem exists. If this G peak was
random, non-specific addition, then the 355 singgd samples would be affected as well,
resulting in totally inconclusive data for the 368&ll set due to the untrustworthiness of the
results.

To address the specificity of the primers, it ddobe noted that the HL60 positive
control sample displayed the appropriate A peak3aip with a peak height of 8223 RFU, so the
fact that an A base can be added and detectedeiri@8619 extension primers is known to
properly occur. This reinforces the hypothesid tha ddATP addition is tied to the mtDNA
concentration of the sample, since the HL60 pasitentrol consistently showed a detectable
Agilent 2100 Bioanalyzer value for the mtDNA contration. Also, it would be unlikely for the
G bases displaying in the control samples to betymy of artifact, since a fluorescently-labeled
ddNTP base must be adding to the extension prior@h& samples to be detected, and this can
only occur when the template strand contains theesponding C base.

As to the issue of the validity of the control sdespthe G bases that were detected were
above the negative control threshold, and are efdbrrect bp size for the 16519 extension

primer. Since the control cells are uniformly désping the G base at 16519, while the gross
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tissue did not show any indication of any base rotihan the A at 16519, the implications of the
controls samples are open to interpretation. &l@n since a different base is present at 16519
when compared to the gross tissue results, itateanif the control samples are valid or not. If
the control cell results for the 16519 extensiomprs are therefore inconclusive, then the

results of the 369 cells are as well.
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Additional testing of non-heteroplasmic tissues- 26 1 and 342

Discussion of SNaPshot" results of non-heteroplasmic tissue showing possible

heteroplasmic cells (sample 261, with the 16390 primers)

Based on the gross tissue analysis following tingtle study, sample 261 was seen to
contain a solitary C peak around ~36 bp for theQDe@rimer. For the 261 cells amplified with
the 16390 primers, the peak heights for the C patk86 bp ranged from 45 to over 580 RFU.
The peak heights for the C peaks at ~38 bp ranged 46 to over 390 RFU, and the T peaks
ranged in height from 36 to over 100 RFU (Figur8)12The C peak at ~36 bp is the major peak
for the sample, with the additional C and T pea&sd minor signals to the cells when they

occur.

Figure 129- Peak Heights for 261 cells, 16390 primse
(Samples sorted by ~36 bp C peak-height size)
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For the control samples for the 261 cells, nintheften samples displayed a valid C peak
at ~36 bp. Six of the cells also displayed a Ckpea~38 bp, and five of these samples also
contained a T peak at ~39 bp. For the one costiwilple that contained an invalid C peak at ~36
bp, the C peak at ~38 bp and the T peak at ~39dvp present as well.

There does not appear to be any correlation wihaftpearance of the C peak at ~36 bp
and the presence of either the additional C pealdatbp or the T peak at ~39 bp (Figure 129).
In order to determine if the heteroplasmic datatiier 261 cells was due to amplification and/or
electrophoresis artifacts or not, the C and T peeights from the heteroplasmic cells were
plotted, as shown in Figure 130, Figure 131, arguf@ 132. Due to the negative control
threshold only applying to the C peaks at ~36 Injl, @0 heteroplasmic cells were present below
this threshold, all of the resulting heteroplasnoells were determined to be valid for
interpretation. When comparing the ~38 bp C péikgure 130) and the T peaks (Figure 131)
to the C peaks at ~36 bp, it is seen that the plaitats are highly variable, and both instances
display a best-fit Rvalue that is negative, indicating that the datinis in each instance are
non-linear, and possibly indicative of unique andependent signals from the peaks in the

heteroplasmic 261 cells.
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Figure 130- C Peak Heights at ~38 bp vs. C Peak Héits at ~36 bp, 261 cells, 16390 primers
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Figure 131- T Peak Heights vs. C Peak Heights at 63p, 261 cells, 16390 primers
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However, as noted when the T peaks were comparedtlgi to the C peaks at ~38 bp
(Figure 132), there was nearly a 1:1 correlatiorthelse two peaks, which is also graphically
demonstrated in Figure 129 as well. With a besRfivalue of 0.99 for the T and ~38 bp C
peak-height plots, it is clear that these peaksewdre result of an amplification or
electrophoresis artifact of some kind, but as tactvipeak is real and which peak is the artifact
remains an outstanding question. If it is assumthed the true peak demonstrated the highest
peak height between the two signals, then the Gspaa~38 bp would be the true peak with the
T peaks being the artifact. However, the presaice heteroplasmic C peak at ~36 bp versus
~38 bp is also questionable, so it is unclear wiwatrue answer for this data set is simply based

on the data plots of the heteroplasmic peak heights

Figure 132- T Peak Heights vs. C Peak Heights at 8®p, 261 cells, 16390 primers
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Based on the gross tissue analysis, the 16390 sateprimer showed a homoplastic C
base, but did display heteroplasmy at the 16223246and 16519 hotspots. Sample 261 was

only one of two samples to display more than twatances of heteroplasmy, with the second
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sample (sample 345) having been removed from tndysbver concerns of the tissue sample
pathology. The fact that the 261 sample displdyetéroplasmy at three separate locations was
troublesome, and led to the assumption that thepleamas a mixture of two separate tissues,
possibly introduced in the histology fixation stagBopiolek et al., 2003). Additional support
for this assumption is seen in common rules reggrdieteroplasmy in mitochondrial DNA
analysis. In a sample, if heteroplasmy is seemetwas in two separate locations of point
heteroplasmy within one sample) it is recommendhed the sample be retested to confirm the
heteroplasmic points, because the recorded ingarfoalid two-point heteroplasmy is rare, but
not impossible. Therefore, the presence of thremare heteroplasmic points in a sample is
regarded as indicative of a mixture of two mtDNAuses, and the sample should not be
processed further. This was the rationale fortesting the heteroplasmic positions at 261, but
since the 16390 primers were already attemptechagthe 261 cells, it was an opportunity to
test the effectiveness of the SNaPshot™ assay sigairsupposedly homoplastic hotspot at
16390. The results, seen above, do indicate tmaixture of mtDNA might be present in the
sample due to the mixture of results seen at tlte ~38, and ~39 bp positions, but is difficult to
determine based on the issues of the mtDNA coretamtr applied to the SNaPshot™ reaction,
as well as the issue of the proper ddNTP base iaddih conjunction with the mtDNA
concentration.

There is also evidence to show that the 261 cedlg not contain a mixture of mtDNA,
but do contain valid heteroplasmy. If the contrells for the 261 samples are any indicator, it
would be assumed that the results are somewhat siaice the control tissues of 288 and 329
did not contain any heteroplasmic peaks in thegtssue analysis, but the cells in the 16390

primers are showing what appears to be heteroptapeaks. The results of the 261 cells are
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fascinating from the standpoint that the grossuéisgid not display heteroplasmy at the 16390
position but it is being seen in the cells, whishairepeat of what was seen in the control cells
from the ten valid test sets. Again, this might tiedl to the overall concentration of the
heteroplasmic bases in the gross tissue compar¢detaells. In the case of the 261 cells
(assuming no mixture of mtDNA), what might havereecurring was that the overwhelming C
signal at ~36 bp caused the gross tissue to displeglitary C base, but when the single cells
were tested, the overall amount of this ~36 bpdDaiwas diminished, allowing the additional
~38 bp C peak and ~39 bp T peak to be detecteds admin highlights the idea that the
mitochondria are heterogeneous within the cellshdbat some of the 261 cells displayed the
solitary C peak at ~36 bp, while others displaysel ¢ombination of two or three peaks. This
reinforces the hypothesis that at the gross tissted the dominant signal of the ~36 bp C peak
overwhelmed the additional signals, and was onlg &b be overcome by the additional peak
signals when the overall concentration of the ~B8bpeak signal was limited to a single cell.
However, if the 261 cells are actually a mixturéwb or more mtDNA sources, then the results

are inconclusive and should not be interpreted.

Discussion of the SNaPshot™ results of non-heteroplasmic tissue showing possible

heteroplasmic cells (sample 342, with the 16390 primers)

Based on the gross tissue analysis following tingtle study, sample 342 was seen to
contain a solitary C peak around ~36 bp for the9D6@rimer. When examining the 342 cell
data, the peak-height range for the C peak at #36uiggests that this C peak is the dominant
signal in the cell, with a range of peak heightenséom 30 to over 1100 RFU (Figure 133).
There are only six out of the fifty cells that cainied a valid C peak signal at ~36 bp along with

valid C/T peaks at ~39-40 bp (cells 3-342, 5-34R 342, 12-342, 16-342, and 26-342). There

321



are only two cells that contained a valid C peak3 bp and a valid G peak at ~38 bp (48-342
and 49-342).

Figure 133- Peak Heights of 342 cells, 16390 printer
(Samples sorted by C peak-height size)

1400
—— C Peak Heights at ~37
bp
1200 —=a— G Peak Heights
/ C Peak Heights at ~39
1000 bp
/j —e—T Peak Heights
800 Linear (C Peak
z _ Heights at ~37 bp)
" y = 13.344x Linear (G Peak
R2=0.7129 .
600 Heights)
Linear (C Peak
/ Heights at ~39 bp)
W/ I —— Linear (T Peak
400 Heights)
A J./// ﬂ y = 3.0524x
200 A R?2=-0.123
{ \ ,\J//LZLL y = 2.7303x
R2=-0.2
0 - A \ l y = 0.7453x
TR ' p2 _
1 4 71013161922252831343740434649 - 0201
Sample sort order

However, out of the fifty 342 cells, only forty-owentain a C peak at ~36 bp, and out of
these forty-one cells, only twenty are valid C peakOut of the ten control cells, only nine
contained the C peak at ~36 bp, and out of thesky, three of the nine were valid. This
indicates that while the C peak at ~36 bp mightitsminant, it was not present in every cell, and
even when present, only half of the samples digulay valid peak over what was a low-to-
moderate amplification negative control threshdld86 RFU. The fact that additional peaks
are appearing in the cells from this sample agzadd to the question; is this actual cellular-level
heteroplasmy that is being seen due to a dropaendtminant signal, or is this some form of

contamination? Based on the analysis of the 3#i2la&a, there appeared to be no correlation
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with the presence of the C peak at ~37 bp with.Ghgeak at ~38 bp (Figure 134) the C peak at
39 bp (Figure 135), or the additional T peak at bg(QFigure 136). Each of the respective best-
fit R? values below are negative, indicating non-lineatadfor each comparison, demonstrating

the possibility that the heteroplasmic instances warique and independent base signals in the

heteroplasmic cells.

Figure 134- G Peak Height vs. C Peak Height at ~3ip, 342 cells, 16390 primers
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Figure 135- C Peak Height at ~39 bp vs. C Peak Héigat ~37 bp, 342 cells, 16390 primers
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Figure 136- T Peak Height vs. C Peak Height at ~33p, 342 cells, 16390 primers
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When the invalid cells were removed from the pldte best-fit R value did not
improve, for the comparison of the ~37 bp C peath®~39 bp C peak (Figure 138) and the T
peak to the ~37 bp C peak (Figure 139) and remaieegdtive, reinforcing the notion that the T
and C signals from the heteroplasmic cells wergqumiand independent signals. The resulting
valid cells from the comparison of the G peaksh® +37 bp C peaks resulted in only two valid
data points, which artificially skewed the besttfit0.98, which is not a valid comparison with

only two data points in the plot (Figure 137).

Figure 137- Valid G Peak Height vs. C Peak Heightta-37 bp, 342 cells, 16390 primers
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Figure 138- Valid C Peak Height at ~39 bp vs. C Pkaleight at ~37 bp, 342 cells, 16390 primers
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Figure 139- Valid T Peak Height vs. C Peak Heightta-37 bp, 342 cells, 16390 primers
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The C and T peak at ~39 and ~40 bp do appear liokssl, in such that the peaks always
appear as a pair (Figure 140), but when the peghktseare graphed on the scatter plot, the best-
fit R? value is only 0.27, indicating very little posdityi that the peaks are correlated (Figure
141).

Figure 140- T and ~39bp C Peak Heights of 342 cells6390 primers
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Figure 141- T Peak Height vs. C Peak Height at ~3%p, 342 cells, 16390 primers
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When the invalid cells were removed from the pltbie best-fit R value did not
drastically improve, reinforcing the notion thaeth and C signals from the heteroplasmic cells

were unique and independent signals (Figure 142).

Figure 142- Valid T Peak Height vs. C Peak Heightta-39 bp, 342 cells, 16390 primers
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By examining the control cells, it is noted thattbthe 288 and 329 controls displayed at
solitary C base at the 16390 primer position in ¢ness tissue analysis, however, the prior
analysis of the 339 and 355 cells at the 16390 gariragion both revealed additional T peaks
~39 bp in the control cells as well (see Table 85page 188 and Table 37 on page 196 for
reference). A contaminant cannot be ruled out wheking at the 342 cellular data, especially
in light of the prior assessment of the 261 cetiswhich the standard mitochondrial analysis
rules were applied and more than two instancestd@rbplasmy were seen to be indicative of a
contamination event (Wilson et al., 1993). Howeveat analysis was based on the presence of
more than one heteroplasmic hotspot for the 28%,aghich is not the case for the 342 cells. In
the 342 cells, what occurred was the presence o# than one heteroplasmic base in the single

16390 primer position. The complication with th&23ells was the presence of two seemingly
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independent C peak signals. It was originallydadd that the presence of the T peak at ~40 bp
was shifting the original ~36 bp C peak to ~39 It in six cells, both the ~36 and ~39 bp C
peaks are present, invalidating the idea of a sibgke shift. If both C peaks are valid, then it
was possible that other events were occurringerSiNaPshot™ assay independent of the 16390
extension primer. For both C peaks to occur withimdata roughly 3-4 RFU apart, it would be
reasonable to assume that an additional base washsov being inserted into the extension
primer, and perhaps the C peak at ~39 bp is agtpatlbing the 16389 position instead (the
16390 extension primer detects on the reversedsirathe opposite direction). If this was the
case, then inefficient ExoSAP-TTmight be the cause of leftover NTP bases thatidvallow
additional priming and detection of this peak. Hweer, for the C and T peaks at ~39 and ~40 bp
to appear, it would mean that this 16389 positi@uld also be highly heteroplasmic, and there
is no indication of this in the current literaturdhis would also mean that the ExoSAP-IT
process was somewhat successful at the same tiowing the ~36 bp C peak and the ~38 bp G
peak to be properly detected.

Another possible reason for the 342 results migivehnothing to do with the 16390
extension primer, and instead be due to the primeting region in the mtDNA genome.
Because the 16390 extension primer is twenty-nuaeotides in length (after the poly-thymine
modification) and it binds to the reverse strandtiom mtDNA genome, it would effectively
cover the 16391 to 16420 base positions. In tieealiure, there are several other known SNPs
that occur within this region, specifically at 18396398, 16399, and 16400. While the 16390
heteroplasmy is seen in the data to be the mostailem®t SNP in that region (seen in 28 out of
1404 individuals, or 1.99%) the 16391 SNP is seef7 out of the 1404 individuals, and the

16399 is seen in 13 out of the 1404 individualfie T6398 and 16400 SNP are each only seen

329



once in the data set of 1404 individuals (Achitlia¢, 2005; Achilli et al., 2004; Coble et al.,
2004; Finnila et al., 2001; Herrnstadt et al., 2008man et al., 2000; Kong et al., 2003; Maca-
Meyer et al., 2003; Mishmar et al., 2003; Palamaepat al., 2004; Thangaraj et al., 2005). If
these additional SNP locations are displaying leplasmic bases, it might be interfering with
the binding of the 16390 extension primer. If gramer binds upstream or downstream of the
16390 target, then what might be occurring is SEtation of another location apart from the
16390 SNP, in which the C/T mixture is presenthi@ mtDNA genome. However, the binding
of the ddNTP base at the new position would nardhe overall length of the extension primer
to allow the longer C peak at ~39 bp to appearadditional bp addition still might have
occurred in the sample. It is reasonable to asdhateeither of these scenarios is occurring at
the 16390 extension primer and to continue to preda list of additional explanations would
only be speculative at best.

The true question behind the instance of heteraplas the 342 cells is not how it could
be occurring, but if it was true heteroplasmy ghti of the gross tissue results. Again, this was
seen to be a function of the relative concentratiothe dominant peak signal in the gross tissue,
which possibly overwhelmed the minor signals whempounded with the signals from all of
the other cells tested in the gross tissue. Ttimsidant signal was diminished when tested in the
single cell, allowing the minor signals to be détdcabove the negative control threshold.
Whether or not these additional signals are truskpeemains a question, which leads to an
inconclusive finding for the analysis of the 342se Without a solid explanation of the dual C
peaks in the 342 cells, the data is inconclusivé @annot be reliably interpreted. The fact that
multiple peaks were detected at random throughoB#2 cells is important to note, and does

indicate that more than just a static homoplastpe@k is present in the cells.
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Implications of Results

Sources of Error & Countermeasures

Several sources of error were identified throughbe course of the study, and steps
were taken to reduce the overall impact of thesssipte errors. The stringent analytical
guidelines applied to the extraction negative adatand the amplification negative controls,
which respectively established the viable test dasnfor the study, were critical for the
conservative analysis of the data. The additiothefcycling amplification negative (CAN) was
important to establish a separate control for tieased amplification cycles of the samples,
although it was not used for any of the cells w#tethe study.

It was important from the beginning to establish proper baseline for heteroplasmy in
the gross tissue samples. The multiple ampliocetiand analysis of the gross tissue samples
throughout the validation and length study was s&asy to establish a redundant set of data that
controlled for the instances of heteroplasmy. Wheteroplasmy was seen, it confirmed and
identified the presence of heteroplasmic tissuésreehe cells were isolated and tested. While
the 261 and 342 tissues and the 288 and 329 centerke an exception to this, it was seen that
the data produced from single cells throughoutdhesir tissues generated interesting results.
This data showed that the prevalence of multiplsebaat the cellular level might be more
widespread than what was observed in the appaoendlastic gross tissue results.

When working with the gross tissue, it was impotrt® have the visual confirmation of
both the pathology and cell origin in order to ¢dehtly demonstrate a uniform sample set,
which then served to standardize the sample sahéorest of the study. The removal of the
samples that contained questionable pathology witisat to the study, in that cancerous or

diseased tissues could have contained artificlaigih levels of heteroplasmy due to mtDNA
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mutations and degradation, which would have skethedresults of the study toward a higher
percentage of heteroplasmy in the cells.

The ultimate source of error was determined tbdmean error when handling the tissues
and cells. This was especially relevant in thecess of laser-dissection of the single cells from
the microscope slides, which required strict adiegeto the collection guidelines in order to
guard against the possibility of multiple cells esirig the capture tube. While every step was
taken to ensure that these guidelines were follodwgthg the course of collecting over seven-
hundred cells, it is reasonable to expect thatvahe& 1% error rate as many as seven capture
tubes might have contained multiple cells. At &!l€rror rate, as many as seventy capture tubes
might have contained multiple cells. This ratdridy unknown, due to the limitation that no
visual confirmation could be performed to check ¢fffeciency of the cell capture. The indirect
inference as to the success of the cell captures carty during the analysis of the SNaPshot™
data, in which successful data indicated a suagessfl capture. This not only related to the
ability to discern between a single cell or mubtigkell captures, but the ability to detect if d cel
was even captured at all. It is assumed that¢igative cell samples throughout the SNaPshot™
data were indicative of the lack of a successfadlptured cell. However, it is possible that the
amplification of the mtDNA from a single cell waglbw both the detectable threshold of the
Agilent 2100 Bioanalyzer as well as the optimalunponcentration for successful SNaPshot™

analysis, which led to the negative results fosgheamples.

Sensitivity of detection systems

A limitation of the study was the inability to rably detect the concentration of the
amplified mtDNA from the single cells using the Aegit 2100 Bioanalyzer, which was found to

be critical for the optimal downstream use of tidéaBshot™ SNP testing kit. The lack of
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detection of A peaks in the single cell data is mid®ly tied to the design of the extension
primers (containing 5 poly-thymine modifications) and to an equal degrégee mMtDNA

concentration present in the single cell sampléhe primary one-step amplification was
successful in amplifying the mtDNA from a singldlcbut not in high enough quantities to be
readily detected on the Agilent 2100 Bioanalyz€his led to a non-optimal input volume of the
amplified mtDNA from the single cells into the SN&Bt™ assay, in which the non-ideal
MtDNA concentration was compounded with the prolsleaf the poly-thymine modified

extension primers. This non-optimal mtDNA concatitm may have resulted in the non-
addition of the ddATP base, which affected thelfmatcome of the SNP data by not properly
displaying the true heteroplasmy within the cellAlternately, this non-optimal mtDNA

concentration may have caused a random additicemother ddNTP base, which would then
have led to non-specific results displaying thespiae false presence of heteroplasmy in the

affected cells.

Future Outcomes

Based on what was learned from the study, seviaetiors would need further
consideration and development if a similar projeas to proceed in the future. The appropriate
design of the extension primers would be a critgtap in the design of a future study. The
elimination of the poly-thymine tails would idea®ylow the addition of the A bases to the SNP
locations of interest, and larger length differeneeuld ideally be employed to allow better
separation of the SNaPshot™ peak data. To bestablesh the extension primer expected
results, the commercially available Primer Focuswkiuld be ideally employed in a future study,

or something similar to the length study would ndedbe executed using the individual

333



extension primers to determine the possible outsoofieeach extension primer prior to critical
sample analysis.

In terms of the amplification strategy in the fwwuthe similar validation for cycle
number and melting temperature efficiency woulddnte be carried out with the new primer
sets. However, creative primer design based onSHHE locations of interest might enable
additional “block amplifications” to be performesirgilar to the 16324-16390 amplification that
was used in this study), which lowered the overathber of necessary amplification primers in
the multiplex. In this same vein, it also would &@ical to determine if a multiplex is even
necessary in the future, in such that the individuamers could be optimized, individually
amplified and run in the SNaPshot™ system, and tbembined for electrophoresis and
analysis. In this scenario, it would require agéarnumber of critical reagents, but would not
require the intensive optimization of a multiplexg@lification, which would instead result in a
time savings.

In terms of the detection systems, in the futureré will remain the challenge of
detecting the amplified mtDNA from a single celA system with a higher level of sensitivity
would need to be found and validated for use ireaetg the amplified mtDNA concentration
from the single cells, so that an ideal mtDNA contcation could be measured and applied to the
SNaPshot™ assay. This would hopefully result maae optimized SNaPshot™ ampilification,
leading to higher quality results within the singlels. However, it is important to note that
recent studies comparing current high-sensitivighiithroughput platforms have found that the
detectable heteroplasmy levels change based oantipéfication system or instrument used in
the analysis (Bandelt & Salas, 2011; Lutz-Bonergfehl., 2008; Naue et al.,, 2011). The

incorporation of any new detection system in thereiwould need to be compared to current or
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past detection systems using known heteroplasmuaples to find if this same dependent
phenomenon is also occurring.

A final change to consider in the future is the o$ the capillary electrophoresis versus
other instrumentation such as HPLC, MALDI-TOF, onext-generation sequencing platform.
The MALDI-TOF in particular has an inherently higrdegree of sensitivity for the detection of
the mass differences in the extension primersthmiincrease in the sensitivity is also correlated
to an increase in the cost of running a sampleh $hat the terminator ddNTPs required for
MALDI-TOF analysis are extremely expensive and wioloé a limiting factor in the budget of
any future study considerations. The recent intetidn of the next-generation, solid-phase
sequencing platforms are also expensive, but tharapt ability of these instruments to resolve
mixtures in mtDNA samples, as well as allowing tioe simultaneous detection of the amplified
sample on a traditional capillary electrophoresgrument are seen as positive potentials of this
new technology (Calloway et al., 2012; Dixon, 2PD1The major difference between the use of
the next-generation sequencing and traditional &asggquencing, however, is the application of
“similarity scores” in the analysis of the next-gestion sequencing data rather than actual
sequence analysis to identify variants in the nDN#®NA samples. While this apparently
works with a highly reproducible success rate,ould require an entirely new approach to the
detection and interpretation of heteroplasmic pasit in the mtDNA genome (Homer et al.,
2009).

If traditional capillary electrophoresis is to conte to be employed in the future, the
proposed optimization and changes to the extensiamers would be essential, and should result

in a wider separation of the electrophoretic peatad The outcome of this simple change,
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utilizing the current technology, would ideally beclearer and more concise SNaPshot™ data

set for analysis and interpretation of the sequenesults.
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Final Conclusions

It is believed based on the analysis of the daaa lheteroplasmy was found in some of
the single cell samples. However, the data alseodstrated that the detectable presence of the
heteroplasmy was not uniform since it was not se@very individual cell. Many of the single-
cells sets contained inconclusive data, but ovéhalldata displayed possible conditions in the
cells in which some form of heteroplasmy is ocawygnvithin the individual cells for all tissues.

To control for this analysis of heteroplasmy, tieri-heteroplasmic” 288 and 329 cells
were used. Whether or not the presence of hetesopl in the control cell SNaPshatesults
invalidates the control samples, and thereforesciaito question the validity of the related
sample results, is a matter of debate. The presainmultiple peaks in both the control cells and
the in the sample cells is randomly distributedd aot uniform, so contamination should be
ruled out for the original ten samples that cordgdirheteroplasmy in the gross tissue. It is
unclear if the results from the additional cellenfr 261 or 342 were as of the result of
contamination or not. If it is therefore assumbdttthe presence of two or more valid peaks
within the test cells are real, then an explanatodnthis data would be the presence of
heteroplasmy in the single cells. The overall emtiation of the mtDNA in the sample is
correlated to the successful detection of hetesmpawithin the final results of the SNaPshot™
data. It appears that high levels of dominant mACtioes overwhelmed lower levels of minor
types at high mtDNA concentrations, but at lowenatrations the dominant mtDNA was

decreased allowing the minor types to be detedtéldei design of the SNP extension primer

allowed for the base addition. This was foundtfe control cells as well, assuming that the

previously established homoplastic samples relébethe culmination of the dominant SNP

types found for the control tissues. The true fogi@smic instances uncovered via SNaPshot™

337



analysis of the control cells were therefore duth&odecrease of the dominant mtDNA type and

detection of the minor heteroplasmic mtDNA profilighin the single cell samples.
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Appendices

Appendix A: Oligonucleotide PCR Primer Sequences
(In-house design unless noted otherwise)

Region Primer |Nucleotide (base) Sequence ﬁ;zseego. °
F16069|5- ACGTTGGATGGAAGCAGATTTGGGTACCAC-3 |30
16069 R16069 5- ACGTTGGATGGTGGCTGGCAGTAATGTACG-3 |30
E16069|5- CCACCCAAGTATTGACT-3 17
F16223|5-CCCCATGCTTACAAGCAAGTACAGCAATCAA-3 (31
16223 R16223 5-GGTGGCTTTGGAGTTGCAGTTGATGTGTGA-3 |30
E16223|5- TAGCAAGTACAGCAATCAACC-3 21
F16324|5- ACGTTGGATGAACCTACCCACCCTTAACAG-3 |30
16324 R16324|5- AAGGGATTTGACTGTAATGTGCTATGTA-3 28
E16324|5- TTTTTTACATAGTACATAAAGCCAT-3’ 25
F16390|5- CTTCTCGTCCCCATGGATGA-3 20
16390 R16390 5- ACGTTGGATGGCGGGATATTGATTTCACGG-3 (30
E16390|5- TTTTTTTTTTTTGATGGTGGTCAAGGGAC-3 29
F16519|5- TACTCTCCTCGCTCCGGGCCCATAACA3 27
16519 R16519 5- CATCGTGATGTCTTATTTAAGGGGAA-3 26
E16519|5- TTTTTTTTTTTTGTGGGCTATTTAGGCTTTATG-3 |33

! Xiu-Cheng Fan et al. 2008
2 Vallone et al. 2004

Table Legend-

F#### = Forward Primer
R##H## = Reverse Primer
E##i## = Extension Primer
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Appendix B: SNP Map of HVI Hotspots
Estimated amplicon sizes are the red brackets yattow numbers.
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Appendix C: Overlay of SNP peak data from gross tisues
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Appendix D: Agilent 2100 Bioanalyzer results for tke length study positive and negative controls

HL60 Positive Control for 16069 primers

[FU] 4
&
1404
1204
1004 I—
80 &
. ©
40
20
0 I
T T T T T T T T TTT T
15 50 100 150 300 400 500 700 1500 [bp]
Overall Results for sample 1 : PE-069
Number of peaks found: 1
Peak table for sample 1 : PE-069
Pea Size Conc. Molarity Observati Aligned Migration Area Time Peak Peak % of
k [bp] [ng/pl] [nmeol/l] ons Time [s] corrected area Height Width Total
1 415 4.20 424.2 Lower 43.00 35.0 90.1 56.3 3.2 0.0
Marker
2 109 8.01 111.3 55.08 104.0 205.0 147.8 31 100.0
3 b 1,500 2.10 21 Upper 113.00 64.5 59.7 77.0 2.5 0.0
Marker
Amplification Negative Control for 16069 primers
[FUl 4 o
&
80 4
704
60 >
) I
50
40
30
20
10
0 —
-10 E—
T 1 71 T T T T T T T TT T
15 50 100 150 200 300 400 500 700 1500 [bp]
Overall Results for sample 2 : AN-069
Number of peaks found: 8]
Peak table for sample 2 : AN-069
Pea Size Conc. Molarity Observati Aligned Migration Area Time corrected Peak Peak %o of
k [bp] [ng/pl] [nmol/I] ons Time [s] area Height Width  Total
1 415 4.20 424.2 Lower 43.00 33.5 86.2 55.9 2.2 0.0
Marker
2 ) 1,500 2.10 2.1 Upper 113.00 65.2 60.6 86.2 2.5 0.0
Marker
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Appendix D: Agilent 2100 Bioanalyzer results for tke length study positive and negative controls (Coimtued)

HL60 Positive Control for 16223 primers

(FU]) >
1404
1204
O
100 &
80 >
60
40
20+
0+
-20 L T T T T T T T LI T —
15 100 150 300 400 500 700 1500 op]
Overall R Its for ple 1 : PE-223
Number of peaks found: 1
Peak table for sample 1 : PE-223
Pea Size Conc. Molarity Observati Aligned Migration Area Time corrected Peak Peak %6 of
k [bp] [ng/pl] [nmol/1] ons Time [s] area Height Width Total
1 415 4.20 424.2 Lower 43.00 42,6 115.4 69.5 3.7 0.0
Marker
2 81 5.48 102.6 51.52 75.7 168.4 144.6 2.5 100.0
3 b 1,500 2.10 2.1 Upper 113.00 74.3 72.2 97.8 2.7 0.0
Marker
Amplification Negative Control for 16223 primers
[FU) &
&
80
K
60 |
40
20
0 = -
L T T 1 T T T T LI T [—
15 100 150 300 400 500 700 1500 [bp]
Overall Results for sample 2 : AN-223
Number of peaks found: 0
Peak table for sample 2 : AN-223
Pea Size Conc. Molarity Observati Aligned Migration Area Time corrected Peak Peak % of
k [bp] [ng/pl] [nmel/l] ons Time [s] area Height Width Total
1 415 4.20 424.2 Lower 43.00 41.3 1128 67.8 3.8 0.0
Marker
2 ) 1,500 2.10 2.1 Upper 113.00 68.7 67.8 92.5 2.5 0.0
Markes

343



Appendix D: Agilent 2100 Bioanalyzer results for tke length study positive and negative controls (Coimued)

HL60 Positive Control for 16324 primers

[FU]
- 3
O

100 &

01 9

|

60 —

40

20

o 7 [ o—
LI T T T T T T T TT T [
15 100 150 300 400 500 700 1500 [bp]
Overall Results for sample 1 : PE-324
Number of peaks found: 1
Peak table for sample 1 : PE-324
Pea Size Conc. Molarity Observati Aligned Migration Area Time corrected Peak Peak %o of
k [bp] [ng/pl] [nmol/I1] ons Time [s] area Height WwWidth Total
1 415 4.20 424.2 Lower 43.00 41.1 111.1 70.7 2.7 0.0
Marker
2 o8 5.99 92.5 53.82 85.1 180.7 114.7 3.5 100.0
3 » 1,500 2.10 2.1 Upper 113.00 72.1 70.2 97.8 2.5 0.0
Marker

Amplification Negative Control for 16324 primers

[FU] &
100+ >
80 4
)
\
60 e—
40
20
0 4
L T T T T T T T LI T e
15 100 150 300 400 500 700 1500 [bp]
Overall Results for sample 2 : AN-324
Number of peaks found: 0
Peak table for sample 2 : _AN-324
Pea Size Conc. Molarity Observati Aligned Migration Area Time corrected Peak Peak %o of
k [bp] [ng/pl] [nmol/I] ons Time [s] area Height Width Total
1 415 4.20 424.2 Lower 43.00 41.4 113.1 70.7 2.7 0.0
Marker
2 p 1,500 2.10 2.1 Upper 113.00 72.7 72.0 100.6 2.8 0.0
Marker
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Appendix D: Agilent 2100 Bioanalyzer results for tke length study positive and negative controls (Coimtued)

HL60 Positive Control for 16390 primers

[FU]
120 5>
1004 \"’QQ
)
80 ) I
. \
40
20
0 e —
T 17T T T T T T T T LI T N
15 100 150 300 400 500 700 1500 [bp]
Overall Results for sample 1 : PE-390
Number of peaks found: 1
Peak table for sample 1 : PE-390
Pea Size Conc. Molarity Observati Aligned Migration Area Time corrected Peak Peak %% of
k [bp]l [ng/ul] [nmol/I1] ons Time [s] area Height Width Total
1 4 15 4.20 424.2 Lower 43.00 40.5 109.6 69.8 3.2 0.0
Marker
2 o3 4.67 76.2 53.18 67.9 146.4 118.5 2.7 100.0
3 » 1,500 2.10 2.1 Upper 113.00 75.0 73.8 101.3 2.9 0.0
Marker
Amplification Negative Control for 16390 primers
[FuUl \(,}QQ
100 .
80
K
60 e
40+
20
0
LI T T T T T T T—TT T |—
15 100 150 300 400 500 700 1500 [bp]

Overall Results for sample 2 : AN-390
Number of peaks found: 0

Peak table for sample 2 : _AN-390
Pea Size Conc. Molarity Observati Aligned Migration Area Time corrected Peak Peak % of

k [bp] [ng/pl] [nmol/I] ons Time [s] area Height Width Total

1 415 4.20 424.2 Lower 43.00 40.2 109.6 69.6 2.2 0.0
Marker

2 ) 1,500 210 2.1 Upper 113.00 72.7 726 102.3 2.7 0.0
Marker
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Appendix D: Agilent 2100 Bioanalyzer results for tke length study positive and negative controls (Coimtued)

HL60 Positive Control for 16519 primers

[FU]
350 3
|
300
250
200
1504 ’:;QQ
100 R
50
o
T T T T T T T T T LI T
15 100 150 300 400 500 700 1500 [bp]
Overall R Its for 1: PE-519
Number of peaks found: 1
Peak table for sample 1 : PE-519
Pea Size Conc. Molarity Observati Aligned Migration Area Time Peak Peak %o of
k [bp] [ng/pl]l  [nmol/I] ons Time [s] corrected area Height Width  Total
1 415 4.20 424.2 Lower 43.00 45.3 1212 74.3 3.3 0.0
Marker
2 137 10.29 1135 58.54 168.4 323.6 337.4 2.6 100.0
3 » 1,500 2.10 2.1 Upper 113.00 77.4 747 104.6 27 0.0
Marker
Amplification Negative Control for 16519 primers
[FU) o
\‘,)Q
1004 |
s ©
60_
40
20
0—.
L 1 1 1 1 1 1 T T T
15 100 150 300 400 500 700 1500 [bp]
Overall Results for sample 2 : AN-519
Number of peaks found: 0
Peak table for sample 2 : _AN-519
Pea Size Conc. Molarity Observati Aligned Migration Area Time corrected Peak Peak % of
k [bp] [ng/pl] [nmol/l] ons Time [s] area Height Width Total
1 415 4.20 424.2 Lower 43.00 435 117.1 74.7 2.4 0.0
Marker
2 ) 1,500 2.10 2.1 Upper 113.00 75.5 73.8 101.8 2.8 0.0
Marker
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Appendix E: Detail Table of Heteroplasmic Tissue Saples

16069 16223 16324 16390 16519
S s s S S
() g = g § = g § = g g = g g = g
- - () ey ~ - () < ~ - ) ey ~ - ) ey ~ - () ey ~
El 22 & % § <22 & § § <=2 & % T =2 & % Fl = 8 7§ g 8
] 83 w» T 4dl 3T @w T <al =T w» T <] =T @© T ol =T w T <o &
288[16069 C 33.18 1471 10206]16223 C 30.13 1724 10892|16324 T 34.72 1054 6554]|16390 C 37.06 588 3684| 16519 A 43.84 1659 10078| n/a
32916069 C 33.09 1103 751016223 C 30.24 1305 8081|16324 T  34.6 386 2392[16390 C 36.93 249 151316519 A 43.76 130 799| n/a
261 16223 T 33.37 2570 17023 9.66
C 3025 266 1680
16324 T 34.47 1003 5752 9.93
G 3148 101 775
16519 A 43.78 263 1632| 1.34
G 4299 197 1147
266]16069 C 33.03 8577 83594 16.69
T 3513 514 4809
284[16069 T 34.88 8417 78057 8.56
A 3247 983 7159
16519 G 43.08 8815 79112|19.46
C 4408 453 2915
28916069 C  32.7 8370 59965 34.59
T 35.28 242 2173
16324 T 34.33 2408 14085 23.38
G 3145 103 877
293 16223 T 33.33 1906 12387 28.45
C 3028 67 427
312 16223 C 29.84 8253 57257 4254
T 3293 194 2197
314 16223 T 33.34 1924 12253 16.17
C 3031 119 751
31516069 C 32.27 8553 76400 12.78
A 3151 669 6104
320 16223 T 33.23 2285 15257 27.53
C 3024 83 483
326[16069 C 32.71 8493 65060 16.33
A 3166 520 3598
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Appendix E: Detail Table of Heteroplasmic Tissue Saples (continued)

16069 16223 16324 16390 16519
c c c c c
£ - s £ s £ a| £ o
o [ ) = ~ ) = ~ 1 o = ~ 1 o = ~ 4 o = ~
el 2 ¢ & ¢ E o= & T G L= & F F L= & T F L & F Tl =
S 5 < n I o 5 < v I o 5 < » I o g < ®» I a 5 < » I a| &
338 16223 C 30 6237 40789 22.20
T 33.08 281 2379
339 16390 T  39.3 1618 9349 16.85
C 3851 96 656
345[16069 C 32.57 6982 50076 7.67
A 3152 910 5958
16223 T 34.73 8417 74240 1.25
C 299 6718 44217
16519 A 43.66 4517 30851|19.90
G 4291 227 1441
346(16069 C 32.48 7615 54509 30.96
A 3145 246 1536
349 16324 T 34.48 2205 21568 21.83
A 332 101 862
351[16069 C 32.22 8573 76401 33.23
T 3488 258 2659
16223 C  29.9 6845 44491 32.75
T 3303 209 2127
352 16223 C 29.92 5410 35312 51.52
T 3296 105 1280
354[16069 C 32.14 8010 60677 19.93
A 3128 402 2478
355 16390 C 3694 60 506 1.13
T 3982 53 262
16519 G 4299 564 3335|13.43
A 4379 42 275
369 16519 G 43.14 146 892| 3.74
A 4394 39 265




Appendix F: Agilent 2100 Bioanalyzer results for tle one-step amplification controls

Positive Control for 16069 primers, Sample 284 Call

284-PE
[FU]
&
804 \t
604 ’\‘? |
40 -
20
0+
L T T T T 1 1 T T
15 100 150 300 400 500 700 1500 [bp]
Overall Results for sample 1 : 284-PE
Number of peaks found: 1
Peak table for sample 1 : 284-PEF
Peak Size [bp] Conc. [ng/pl] Molarity [nmol/I] Observations
1 4 15 4.20 424.2 Lower Marker
2 109 5.52 76.9
3 p 1,500 2.10 21 Upper Marker

Amplification Negative Control for 16069 primers, Sample 284 Cells

284-AN
[FU] P
00 .
704
604 \o)
504
_“3 —
30 —
204
10
0 -
- 10 =
LR Ll 1 T I 1 1 1 T T
15 100 150 300 400 500 700 1500 [bp]
Overall Results for sample 2 : 284-AN
Number of peaks found: 0
Peak table for sample 2 : 284-AN
Peak Size [bp] Conc. [ng/pl] Molarity [nmol /1] Observations
1 4 15 4.20 424.2 Lower Marker
2 b 1,500 2.10 2.1 Upper Marker
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Appendix F: Agilent 2100 Bioanalyzer results for tke one-step amplification controls (continued)

Cycling Amplification Negative Control, 16069 primes, Sample 284 Cells

284-CAN
[FUl4 &
804
704
60 v
50 | [
40 —
m —
20
10
O 4
- 10 -
TTT T T T T T 17T T e
15 100 200 300 400 500 700 1500 [bp]
Overall Results for sample 3 : 284-CAN
Number of peaks found: 0
Peak table for sample 3 : 284-CAN
Peak Size [bp] Conc. [ng/pl] Molarity [nmol/I] Observations
1 4 15 4.20 424.2 Lower Marker
2 b 1,500 2.10 2.1 Upper Marker
Positive Control for 16069 primers, Sample 315 Call
315-PE
[Fu]
¥ &
&
30 —
60 o e
40 —_
204
O — —
1T T T T T T T T T T
15 100 150 200 300 400 500 700 1500 [bp]
Overall Results for sample 1 : 315-PE
Number of peaks found: 1
Peak table for sample 1 : 315-PE
Peak Size [bp] Conc. [ng/pl] Molarity [nmol /1] Observations
1 4 15 4.20 424.2 Lower Marker
2 109 5.46 75.8
3 ) 1,500 2.10 23 Upper Marker
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Appendix F: Agilent 2100 Bioanalyzer results for tke one-step amplification controls (continued)

Amplification Negative Control for 16069 primers, Sample 315 Cells

315-AN
[FU) y
el :
704
60 )
50
40
30
20
10
.:] -
- 10 -
T 1 1 T T T T T T T TT T
15 100 150 300 400 500 700 1500 [bp]
Overall Results for sample 2 : 315-AN
Number of peaks found: 0
Peak table for sample 2 : 315-AN
Peak Size [bp] Conc. [ng/pl] Molarity [nmol/I] Observations
1 4 15 4.20 424.2 Lower Marker
2 b 1,500 2.10 2.1 Upper Marker
Cycling Amplification Negative Control, 16069 primes, Sample 315 Cells
315-CAN
[FU] &
804
70+
604 °
504
40—
30
20
104
0 "
-104
LR T T T T T T T T T
15 100 150 300 400 500 700 1500 [bp]
Overall Results for sample 3 : 315-CAN
Number of peaks found: 0
Peak table for sample 3 : 315-CAN
Peak Size [bp] Conc. [ng/pl] Molarity [nmol/I] Observations
1 4 15 4.20 424.2 Lower Marker
2 b 1,500 2.10 2.1 Upper Marker

351




Appendix F: Agilent 2100 Bioanalyzer results for tke one-step amplification controls (continued)

Positive Control for 16223 primers, Sample 293 Call

293-PE
[FU] e~
1604
1404
1204
100 &
SO —
<y
60 ¥
_m —
20+
0 —4
'20 LI B | T T T T T T T LI} T
15 S0 100 150 200 300 400 500 700 1500 [bp]
Overall Results for sample 1 : 293-PE
Number of peaks found: 1
Peak table for sample 1 : 293-PE
Peak Size [bp] Conc. [ng/pl] Molarity [nmol/I] Observations
1 4 15 4.20 424.2 Lower Marker
2 81 6.56 123.1
3 p 1,500 2.10 2.1 Upper Marker

Amplification Negative Control for 16223 primers, Sample 293 Cells

293-AN
[FU] 4
80 o
K
60 —
40 —
204
0+ -
TTT T T T T T T TTT T |
15 100 150 300 400 500 700 1500 [bp]
Overall Results for sample 2 : 293-AN
Number of peaks found: 0
Peak table for sample 2 : 293-AN
Peak Size [bp] Conc. [ng/pl] Molarity [nmol/I] Observations
1 4 15 4.20 424.2 Lower Marker
2 b 1,500 2.10 2.1 Upper Marker
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Appendix F: Agilent 2100 Bioanalyzer results for tke one-step amplification controls (continued)

Cycling Amplification Negative Control, 16223 primes, Sample 293 Cells

293-CAN
[FU] <
|
80 —
704 K
60 .
504
40 —
m —
204
104
0 -
- 10 —
LI | Ll |l Ll 1 1 |l 1 T T
15 100 150 300 400 500 700 1500 [bp]
Overall Results for sample 3 : 293-CAN
Number of peaks found: 0
Peak table for sample 3 : 293-CAN
Peak Size [bp] Conc. [ng/pl] Molarity [nmol/I] Observations
1 4 15 4.20 424.2 Lower Marker
2 b 1,500 2.10 21 Upper Marker
Positive Control for 16223 primers, Sample 314 Cal|
314-PE
[Fu] b
1404 1
1204
100 &
N | —
il ;
(.)
60 N
40 —
20
O T [
LI B | T T T T T T 1 T T
15 100 150 300 400 500 700 1500 [bp)
Overall Results for sample 1 : 314-PE
Number of peaks found: 1
Peak table for sample 1 : 314-PE
Peak Size [bp] Conc. [ng/pl] Molarity [nmol /1] Observations
1 4 15 4.20 424.2 Lower Marker
2 81 6.41 120.2
3 ) 1,500 2.10 21 Upper Marker
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Appendix F: Agilent 2100 Bioanalyzer results for tke one-step amplification controls (continued)

Amplification Negative Control for 16223 primers, Sample 314 Cells

314-AN
[FU] &P
804
R
604
_‘0 —
20
0
TTT T T T T T T T—TT T [
15 100 150 300 400 500 700 1500 [bp]
Overall Results for sample 2 : 314-AN
Number of peaks found: 0
Peak table for sample 2 : 314-AN
Peak Size [bp] Conc. [ng/pl] Molarity [nmol/1] Observations
1 4 15 4.20 424.2 Lower Marker
2 b 1,500 2.10 21 Upper Marker
Cycling Amplification Negative Control, 16223 primes, Sample 314 Cells
314-CAN
[FU] P
804
K
604 '
404
20
G g
LR T T T T T T 1T T
15 100 150 300 400 500 700 1500 [bp]
Overall Results for sample 3 : 314-CAN
Number of peaks found: 0
Peak table for sample 3 : 314-CAN
Peak Size [bp] Conc. [ng/pl] Molarity [nmol/I] Observations
1 4 15 4.20 424.2 Lower Marker
2 b 1,500 2.10 2.1 Upper Marker
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Appendix F: Agilent 2100 Bioanalyzer results for tke one-step amplification controls (continued)

Positive Control for 16324 primers, Sample 289 Cal|

289-PE
[FU]
1204 $
100
8‘3 —
60 P
_w —
20
O —
T 1T T T T T T T T TT T
15 100 150 300 400 500 700 1500 [bp]
Overall Results for sample 1 : 289-PE
Number of peaks found: 1
Peak table for sample 1 : 289-PE
Peak Size [bp] Conc. [ng/pl] Molarity [nmol/I] Observations
1 4 15 4.20 424.2 Lower Marker
2 99 5.86 920.0
3 p 1,500 2.10 21 Upper Marker

Amplification Negative Control for 16324 primers, Sample 289 Cells

289-AN
[FU) P
8,3 4
70
60 >
50 —
40
30
20
104
O -
- 1.:] —
17T T T T T T T T T T
15 100 150 300 400 500 700 1500 [bp]
Overall Results for sample 2 : 289-AN
Number of peaks found: 0
Peak table for sample 2 : 289-AN
Peak Size [bp] Conc. [ng/pl] Molarity [nmol/I] Observations
1 4 15 4.20 424.2 Lower Marker
2 b 1,500 2.10 2.1 Upper Marker
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Appendix F: Agilent 2100 Bioanalyzer results for tke one-step amplification controls (continued)

Cycling Amplification Negative Control, 16324 primes, Sample 289 Cells

28S5-CAN
[FU] )
80 —
K
604
4‘:] -
20
0
T T T T T T T T 1T T [
15 100 200 300 400 500 700 1500 [bp]
Overall Results for sample 3 : 289-CAN
Number of peaks found: 0
Peak table for sample 3 : 289-CAN
Peak Size [bp] Conc. [ng/pl] Molarity [nmol/I] Observations
1 4 15 4,20 424.2 Lower Marker
2 b 1,500 2.10 21 Upper Marker
Positive Control for 16324 primers, Sample 349 Call
PE-34%
[FU]
o
1004 r
80 N
R
60 | e—
.‘0 -
20
0 .
T T T T T T T T T 1T T |—
15 100 150 300 400 500 700 1500 [bp]
Overall Results for sample 1 : PE-349
Number of peaks found: 1
Peak table for sample 1 : PE-349
Peak Size [bp] Conc. [ng/pl] Molarity [nmol/I] Observations
1 4 15 4.20 424.2 Lower Marker
2 99 6.64 101.8
3 )b 1,500 2.10 2.1 Upper Marker
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Appendix F: Agilent 2100 Bioanalyzer results for tke one-step amplification controls (continued)

Amplification Negative Control for 16324 primers, Sample 349 Cells

AN-349
[FU) <P
704 R
60 |
SD T E—
401
m —
204
104
O 4
-104
LI 1 1 1 1 T I I LI T
15 100 150 300 400 500 700 1500 [bp]
Overall Results for sample 2 : AN-349
Number of peaks found: 0
Peak table for sample 2 : AN-349
Peak Size [bp] Conc. [ng/pl] Molarity [nmol /1] Observations
1 4 15 4.20 424.2 Lower Marker
2 b 1,500 2.10 21 Upper Marker

Cycling Amplification Negative Control, 16324 primes, Sample 349 Cells

CAN-349
[FU) P
804 K2
704 N
604
504
“0 —
304
20
104
0+
-10
L | T T T T T T T T T
15 100 150 300 400 500 700 1500 [bp]
Overall Results for sample 3 : CAN-349
Number of peaks found: 0
Peak table for sample 3 : _CAN-349
Peak Size [bp] Conc. [ng/pl] Molarity [nmol /1] Observations
1 4 15 4.20 424.2 Lower Marker
2 b 1,500 2.10 2.1 Upper Marker
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Appendix F: Agilent 2100 Bioanalyzer results for tke one-step amplification controls (continued)

Positive Control for 16390 primers, Sample 339 Call

339-PE

[FU] &
1204
1004 »

80 i

60 >

40 —

20

0  c—
1 T 1 |l 1 T |} T T T
40 50 60 70 80 90 100 110 120 130  [s]

Overall Results for sample 1 : 339-PE
Number of peaks found: 1
Peak table for sample 1 : _339-PE
Peak Size [bp] Conc. [ng/pl] Molarity [nmol/I] Observations
1 4 15 4.20 424.2 Lower Marker
2 93 5.51 90.1
3 [ 3 1,500 2.10 2.1 Upper Marker

Amplification Negative Control for 16390 primers, Smple 339 Cells

339-AN
[Fu] By
80 —
704
60 \(’)
50 e
40 —
m =
20
104
0
- 10 —
T T T T T 1 |l T T T
40 50 60 70 80 20 100 110 120 130 [s]
Overall Results for sample 2 : 339-AN
Number of peaks found: 0
Peak table for sample 2 : 339-AN
Peak Size [bp] Conc. [ng/pl] Molarity [nmol/1] Observations
1 4 15 4.20 424.2 Lower Marker
2 b 1,500 2.10 2.1 Upper Marker
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Appendix F: Agilent 2100 Bioanalyzer results for tke one-step amplification controls (continued)

Cycling Amplification Negative Control, 16390 primes, Sample 339 Cells

335-CAN
[FU] P
80 -4
704
K
60 —
504
.m -
30 —
20
10
0 .
- 10 —
| 1 1 1 T 1 1 T T T T
40 50 60 70 80 90 100 110 120 130 [s]
Overall Results for sample 3 : 339-CAN
Number of peaks found: 0
Peak table for sample 3 : 339-CAN
Peak Size [bp] Conc. [ng/pl] Molarity [nmol/I] Observations
1 4 15 4.20 424.2 Lower Marker
2 b 1,500 2.10 2.1 Upper Marker
Positive Control for 16390 primers, Sample 355 Cal|
355-PE
[FU]
%]
1204 q
100 o
80 —
- o
|
40 —
20
0 B
L | 1 1 1 I I 1 T LI T
15 100 150 200 300 400 500 700 1500 [bp]
Overall Results for sample 1 : 355-PE
Number of peaks found: 1
Peak table for sample 1 : 355-PE
Peak Size [bp] Conc. [ng/pl] Molarity [nmol /1] Observations
1 4 15 4.20 424.2 Lower Marker
2 93 5.11 83.7
3 p 1,500 210 2.1 Upper Marker
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Appendix F: Agilent 2100 Bioanalyzer results for tke one-step amplification controls (continued)

Amplification Negative Control for 16390 primers, Smple 355 Cells

355-AN
[Ful 4 Py
80 —
704
60 3
504
40 —
30
20
104
0
-10
L T T T T T T T T T
15 100 150 300 400 500 700 1500 [bp]
Overall Results for ple 2 : 355-AN
Number of peaks found: 0
Peak table for sample 2 : _355-AN
Peak Size [bp] Conc. [ng/pl] Molarity [nmol/I] Observations
1 4 15 4.20 424.2 Lower Marker
2 b 1,500 2.10 21 Upper Marker

Cycling Amplification Negative Control, 16390 primes, Sample 355 Cells

355-CAN
[FU] P
a0
704
60 v
504 | e
40
30
20
104
0+
-10 17T T T T T T |l L T R
15 100 200 300 400 500 700 1500 [bp]
Overall Results for sample 3 : 355-CAN
Number of peaks found: 0
Peak table for sample 3 : 355-CAN
Peak Size [bp] Conc. [ng/pl] Molarity [nmol/I] Observations
1 4 15 4.20 424.2 Lower Marker
2 b 1,500 2.10 2.1 Upper Marker
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Appendix F: Agilent 2100 Bioanalyzer results for tke one-step amplification controls (continued)

Positive Control for 16519 primers, Sample 355 Call

PE-16519
[FU]
2
2004
150 |
)
100 R ,{.,Q
50
o -
TT7T T T T T T T T—TT T [
15 50 100 150 200 300 400 500 700 1500 [bp]
Overall Results for sample 4 : PE-16519
Number of peaks found: 1
Peak table for sample 4 : PE-16519
Pea Size Conc. Molarity Observati Aligned Migration Area Time Peak Peak % of
k [bp] [ng/pl] [nmol/1] ons Time [s] corrected area Height Width Total
1 4 15 4.20 424.2 Lower 43.00 49.9 132.6 80.3 31 0.0
Marker
2 137 7491 82.2 58.63 106.8 200.2 212.3 2.3 100.0
3 b 1,500 2.10 21 Upper 113.00 67.9 62.9 88.1 2.6 0.0
Marker
Amplification Negative Control for 16519 primers, Sample 355 Cells
AN-16519
[FU) 4 o
> &
80 |
704
6,0 4
50 ‘
40
30
204
10
0+ . ~ -
.10 .
T T T T T T T T T 17T T [
15 100 150 200 300 400 500 700 1500 [bp]
Overall Results for sample 5 : AN-16519
Number of peaks found: 0
Peak table for sample 5 : AN-16519
Pea Size Conc. Molarity Observati Aligned Migration Area Time corrected Peak Peak % of
k [bp] [ng/pl] [nmol/I] ons Time [s] area Height Width Total
1 415 4.20 424.2 Lower 43.00 52.9 141.4 82.9 3.3 0.0
Marker
2 ) 1,500 2.10 2.1 Upper 113.00 68.6 64.2 87.3 2.6 0.0
Marker
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Appendix F: Agilent 2100 Bioanalyzer results for tke one-step amplification controls (continued)

Cycling Amplification Negative Control, 16519 primes, Sample 355 Cells

CAN-16519
[FU] &
o NS
804 |
60 T | —
40+
20
0 4
T T T T T T T TTT T
15 100 150 200 300 400 500 700 1500 [bp]
Overall Results for sample 6 : CAN-16519
Number of peaks found: 0
Peak table for sample 6 : CAN-16519
Pea Size Conc. Molarity Observati Aligned Migration Area Time corrected Peak Peak %o of
k [bp] [ng/pl] [nmol/I1] ons Time [s] area Height Width Total
1 415 4.20 424.2 Lower 43.00 52.4 140.5 84.7 2.6 0.0
Marker
2 ) 1,500 2.10 2.1 Upper 113.00 70.1 66.0 91.6 2.6 0.0
Marker

Positive Control for 16519 primers, Sample 369 Cal|
PE 369 [PE369]

FU
[FU] 'é'\
2004
1504
100 S
o
K
504
0 -
LB T T T T T T T T T P
15 100 150 300 400 500 700 1500 [bp]
Overall Results for sample 1 : PE 369
Number of peaks found: 1
Peak table for sample 1 : _PE 369
Pea Size  Conc. Molarity Observati Aligned Migration Area Time corrected Peak Peak % of
k [bp] [ng/pl] [nmel/I] ons Time [s] area Height Width Total
1 415 4.20 424.2 Lower 43.00 33.1 89.8 55.2 3.3 0.0
Marker
2 137 7.29 80.8 58.64 85.9 166.4 198.5 2.1 100.0
3 ) 1,500 2.10 21 Upper 113.00 55.8 54.2 77.8 3.0 0.0
Marker
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Appendix F: Agilent 2100 Bioanalyzer results for tke one-step amplification controls (continued)

Amplification Negative Control for 16519 primers, Smple 369 Cells

AN 369 [ AN 369 ]

[FU) o

80 i
704
)

604 \

50

40

30

20

10

0=
10 ™TT T T T T T T T—TT T e
15 100 150 300 400 500 700 1500 [bp]
Overall Results for sample 2 : AN 369
Number of peaks found: 0
Peak table for sample 2 : AN 369
Pea Size Conc. Molarity Observati Aligned Migration Area Time corrected Peak Peak %o of
k [bp] [ng/pl] [nmol/1] ons Time [s] area Height Width Total
1 415 4.20 424.2 Lower 43.00 36.1 98.0 59.9 3.4 0.0
Marker
2 ) 1,500 210 2.1 Upper 113.00 57.7 56.4 79.6 2.5 0.0
Marker

Cycling Amplification Negative Control, 16519 primes, Sample 369 Cells
CAN 369 [ CAN 369 ]

[FU) «®

804 F-d

704

s

60
50
40
30
20
104

0-4

-10

L T T T T 1 ) T T [

T
15 100 200 300 400 500 700 1500 [bp]

Overall Results for sample 3 : CAN 369
Number of peaks found: 0

Peak table for sample 3 : CAN 369
Pea Size Conc Molarity Observati Aligned Migration Area Time corrected Peak Peak % of

k [bp] [ngh'll] [nmol /1] ons Time [s] area Height Width Total

1 415 4.20 424.2 Lower 43.00 35.9 98.7 60.8 2.9 0.0
Marker

2 ) 1,500 210 2.1 Upper 113.00 56.2 56.1 80.3 2.4 0.0
Marker
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