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ISOLATION AND CHARACTERIZATION OF A
MINOR DOMAIN OF HUMAN BATELLITE II DNA
by
Jill A. Macoska

Advisor: Professor Ann Henderson

Spécific sequence heterogeneities and a novel minor chromosome
7-specific domain were identified within human Satellite II DNA.
Satellite 11 DNA wag purified using cesium gradient
ultracentrifugation and propagated as recombinant DNAs., Twelve of
106 cloned DNA fragments were vrandomly chosen for study. Three
contained unique or not detectably repetitive segquences. One
contained alphoid DNA. Four contained sequences homologous to Li
Kpnl LINES element DNA and one of these, 43 DNA, localized
specifically to the centromeres of chromosome 4 and the X
chromﬁsome. The 1identification of unique, alphoid and L1 seguences
defined nonsatellite-associated sequence heterogeneity within

Satellite II DNA. The remaining four cloned DNAs studied contained
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Batellite II sequences associated with Alu SINEB element DNA. DNA
base sequencing lhuﬁid that the 5° terminal 200 basepair (bp)
region of one of these, 33 DNA, contained a tandem array of six
degenerate 26-nucleotide GSatellite Il repeat units that conserved
an average ©D6% of the consensus sequence residues. This region was
subcloned as XLI DNA and comprised basepairs 1-7850 of 33 DNA.
Southern blot analysis showed that a 1400 basepair seguence
homologous to XL3 DNA occurred 10-100X in genomic DNA. Moreover,
XL3 DNA .revealad a 3.4 kilobasepair (kb) Haelll fragment in human
male placental DNA and hybridized ip situ to the pericentromeric
region of human chromosome 7. This indicated that XL3 DNA was
homologous to the non Y-specific (NY8) 3.4 kb Haelll family of
repeated sequences., Together, these experiments showed that XL3 DNA
defined a novel minor domain of human Satellite Il that occurred in
10-100 copies in genomic DNA, was agsociated with NYS 3.4 kb Haelll
repeated sequences and localized to the pericentromeric region of

human chromosone 7.
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I Duc

Eukaryotic DNA ies comprised of an extremely complex array of
DNA .sequances. At least 55% of the human genome consists of unigue
sequence DNA (Schmid and Deininger, 1975). The remaining DNA is
repeated sequences at various levels of complexity characterized aon
the basis of length, number of repeats and the type of surrounding
or interspersed DNA. Repetitive DNA is organized either as copies
of a repeated sequence interspersed with ather types of sequences
or as arrays of tandemly repeated sequences.

Repeated sequences with interspersion are characterized as
short interspersed repeated sequences (SINES) less than 500
basepairs (bp) in length or as long interspersed repeated sequences
(LINES) several hundred or thousand bp in length (Singer, 1982),
The oprototype BINES sequences are Alu elements, consisting of two
similar units of approximately 130 bp sequences each. One of the
130 bp wunits contains a conserved 30 bp region not found in the
first 130 bp sequence, The entire element is cleaved roughly in
half by the restriction endonuclease Alul and 1is flanked by
nonconserved shart (7-12 bp) direct repeats. Alu elements are
abundant and occur in approximately 500,000 copies in the human

genome (Houck et al,, 1979; Rubin et al.,, 1980; Schmid and Jelinek,




Page 2

1982). Other less abundant GSINES families include the Sau3A and
Mstll elements, named for the restriction endonucleases that
release them from genomic DNA (Menevere et al,, 1985; Mermer et
al., 1987},

The prototype LINES sequences are the L1 Kpnl elements. The LI
family consists of b6.4 kb sequences digested by Kpnl into four
fragments arranged. 3'->3', as 1.8, 1.5, 1.2 and 1.8 kb sequences.
These elements occur in 30,000~50,000 copies in the human genome
(8chmeckpeper et al,, 1981; Bhafit-Zagardo et al., 1982a,b). Both
Alu and L1 elements have been described as retrotransposons
{(reviewed by Hardman, 1984), though direct evidence of
transpositional activity by these sequences is limited.

ODrganization of highly repeated sequences into tandem arrays is
characteristic of alphoid (alpha satellite) and Satellite I, Il and
II1 DNA. Alphoid sequences are defined by selective restriction
endonuclease digestion of human and other primate DNA‘which reveals
highly repetitive sequences approximately 170 bp in length., Alphoid
DNA comprises 1-2% of total human genomic DNA and is localized to
the centromeric regions of all human chromosomes (Wu and
Manuelides, 1980; Hitchell et al., 19835).

Satellite I, II and III DNA consists of simple repeated
sequences comprising approximately 54 of human genomic DNA
initially isolated using buoyant density cesium gradient
ultracentrifugation (Cornec et al., 19703 1971). The Satellite DNAs

comprise different types of repeated simple sequences. Satellite I
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DNA occurs as a complex arrangement of two A+T-rich units, A (17
bp) and B (25 bp)., Batellite III DNA occurs in tandem arrays of a
pentameric S 'ATTCC 3’ sequence whereas Batellite Il sequences occur
in tandem arrays of a 26 nucleotide §' ATTCC ATTCG G/ABTA/CC ATTCG
ATGATE 3' repeat unit (Prosser et al,, 1984). Batellite I DNA
shares no honology with Batellite II or III DNA, but 40% of
" Satellite IIl sequences share homology with 10% of Satellite II
sequences. Lot analysis and renaturation kinetics shows that all
three Satellites comprise internally heterogeneous collections of
different but related sequences (Mitchell et al,, 1979). The
Satellite DNAs as a group localize predominantly to the centromeres
of chromosomes 9, 1S5, 21, 22, 1, 5, 7, 13, 14, 16, 17, and 20 and
to the long arm of the Y chromosome. As expected, chromosomal
gpecificities differ somewhat amoeng specific Satellite DNA
fractions, e,g., the major sites of Satellite 11! homology are the
centromeres of human chromosomes 9 and 15, whereas the major sites
of Batellite II localization are to the centromeres of human
chromosomes 1 and 14 (Bosden et al,, 1973; Jones and Corneo, 1971).

Seduences homologous to Satellite I, II and IIl DNA are found

in higher primates, Human Satellite IIl DNA hybridizes in situ to

nonhuman higher primate chromosomes, whereas Satellite [ and Il
sequences do not (reviewed by Janes, 1977). Sinte 40% of Satellite
III sequences share homology with 10% of Satellite Il sequences,
this suggests that Satellite II arose from Satellite III sometime

after the divergence of Hominidae and Fongidae. The degeneracy of
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the Satellite III S'ATTCC 3’ pentameric repeat in Satellite II DNA,
however, has been interpreted as evidence that Satellite 1[I
sequences are evolutioparily ‘“older" than Satellite IIl sequences
{Prosser et al., 1986). Whether Satellite 11l sequences araose from

or preceeded Satellite Il sequences in primate evolution, or vice

versa, remains to be determined.

Early studies noted that sequence heterogeneities within cesium
gradient-isolated human Satellite I, II and I[II DNA fractions
hindered molecular characterization (Mitchell et al., 1979; Prosser
et al., 198f; Frommer et al., 19682). Recently, characteristic ONA
sequences within Satellite I (Frommer et al., 1984), Satellite [l
and Savellite III (Cooke and Hindley, 1979; Moyzis et al., 1989

1.,198%)

Burke et al., 1985; Jeanpierre et al.,, 1983; Higgins et al
DNA  have been cloned. The molecular organization of specific cloned
sequences has been determined, resulting in the elucidation of some
aspects of the heterogeneity within Satellite DNA families. For
example, specific members of a 3.4 kb Haelll family of repeated
sequences contain Satellite III (Cooke and Mckay, 1978; Bostock et
al., 1978; Fowler et al., 1987) or Satellite Il {(RBostock et al.,
1978; Cooke and Hindley, 1979) DNA, Cloned Satellite IIl-containing
3.4 kb Haelll repeat seqguences localize predominantly to chromoszome

9 or 15, and cloned Satellite II-containing sequences localize

predominantly to chromosome | or lé6 (Burk et al., 198%5; Jeanpierre

D

t al., 1988; Cooke and Hindley, 1979). The internal sequence

heterogeneity of Satellite II and IIl may be due to the association
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of different DNA sequences with components of the 3.4 kb Haelll
repeated elements, conferring chromosome specificity.

Previous studies have provided some information on the
molecular organization and internal heterogeneity of Satellite DNA,
Many questions, however, remained, and formed the basis for the
present study. Specifically, what is the molecular organization of
Satellite Il sequences in the human genome? This is of importance
in light of the paucity of published information describing this
complex <class of DNARs in a cloned DNA population, Corneo et al,
(1970) estimated that Satellite II sequences accounted for 1-2% of
total genomic DNA, yet the major localizations of Satellite Il DNA
are to bnly two .chromnsomes, chromosomes 1 and 16 (Jones and
Cornee, 1971). Thus, other sites of homology are expected to be
present within the human genome. Cloned Satellite Il sequences
localized primarily to chromosomes 1 or 14, but never to both
chromosomes (Cooke and Hindley, 1979; Burk et al., 1985;
Jeanpierre et al,, 1985; Moyzis et al,, 1987). The remainder of
Satellite Il genomic sequences probably comprised other, related
sequence domains that localized to sites traditionally considered
"minor" GSatellite II chromosomal localizations, i.e., that did not
invelve chromaosomes | or 1é.

This study defined other sequence components or domaing within
Satellite II DNA. The investigation was divided into two parts.
First, definition of nonSatellite JIlI-derived sequences within

Gatellite Il DNA, and secondly, definitien of previously
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undescribed Satellite Il sequence domains.

The first part of this investigation spught to determine if the
internal sequence heterogeneity of Satellite DNA nmolecular
populations could be succinctly defined. If so, could this
definition be based on the identification of discrete, relatively
homogeneous sequence subclasses within Satellite DNA? Batellite Il
DNA was initially isoclated using cesium-gradient isolated Satellite
11 fraction DNA to facilitate comparison to previous studies. This
fraction, however, could vary in composition in different
preparative isolations, and each isplation comprised only microgranm
quantities of purified DNA (Manuelides, 1978; Singer, 1982). To
ensure that the Satellite II DNA used in this study consisted of a
constant population of sequences in a gquantity sufficient for
analysis, 8Satellite II fraction DNA was cloned. The identification
nf Satellite- and nonSatellite-related sequence subclasses within
all or part of the resulting "library" of Batellite II-related
cloned fragments was accomplished by comparison of restriction
endonuclease sites and Southern blot apalysis involving the
cross~hybridization of specific sequences. Nonsatellite Il-derived
sequence subclasses were further characterized for the presence or
absence of wunique and other repetitive sequences through detailed
Sauthern blot analysis of representative cloned <fragments from
different identified subclasses, These experiments defined the
nonsatellite II-derived sequence heterogeneity within Satellite II

DNA.
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The second part of this investigation sought to determine if
domaine of Satellite II-derived sequences existed in addition to
those described in the literature. If so, how did the divergence of
sequence components or domains within a Satellite DNA molecular
population relate to the molecular organization of Satellite DNA in
the human genome? A major aim was to compare the molecular
organization of one Satellite component or domain to other
components or domains, and relate this to the chromosomal
localization of the component or domain sequences.

The Batellite I1 subclass claned fragments identified in these
experiments were analyzed in detail to determine if they comprised
the same or different Satellite 11 sequence domains. The analysis
involved determination of the nucleotide base sequence and
molecular organization of Satellite Il-derived cloned fragments,
The nucleotide base sequences of BSatellite II-derived cloned
fragments was compared with those of previously described cloned

Satellite II-derived DNAs. The degree of homology between these

sequences was then used as a measure of the homogeneity or

heterogeneity within Satellite II DNA. This was correlated with the
domains to which the sequences belonged and served to delineate
sequence divergence between members of different Satellite 1II
domains.

The genomic organization of the Batellite II cloned fragments
was determined by hybridization to specific restriction

endonuclease-produced fragments in genomic DNA, and chromosomal
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localization, Human genomic DNA digested with the restriction
endonucleases Hinfl, Taql, EcoRI and Haelll reveals characteristic
fragments when hybridized to GSatellite II-derived DNA (Cooke and
Hindley, 1979; Mitchell et 2al., 1979; Frommer et al., 1982; Frommer
et al., 1984 Burk et al,, 1985; Prosser et al., 198é4).
Hybridization in sitwu to human metaphase chromosomes was used to
determine if specific Satellite II cloned fragments localized to
the major Batellite 11 sites (the centromeric regions of
chromosomes 1 and 16), or to minor Batellite II sites on other
chromosomes (Jones and Cornea, 1971; Gosden gt al.,1975), Together,
these experiments determined whether components or domains in
addition to those described in the literature existed within
Gatellite II fraction DNA. In this manner, the internal sequence
heterogeneities known to exist within Satellite II could be more
completely detined. Moreover, the type of study proposed here
would allow a basis for the analysis of the origin, amplification
and divergence of these sequences in the hhman genome. In this way,
the evolutionary history of Satellite II DNA could begin to be

elucidated,
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MATERIALS AND METHODS

The laboratory techniques used in this study include the
isolation of high molecular weight human DNA from placental tissue;
cesium gradient ultracentrifugation; restriction endonuclease
digestion and mapping of restriction sites within human cloned DNA
fragments; agarose gel electrophoresis; molecul ar cloning}
purification of plasmid DNA; Southern blot analysis} radiolabelling
of DNA;} hybridization inp gitu to human metaﬁhase thromosomes and
DNA nucleotide sequencing, The methodology of these techniques is
presented here with attention to their specific application to the
present study.

1. Isolation of High Molecular Weight DNA

High molecular weight human DNA was prepared by a modification
of the method of Gall (1948). Twenty to thirty grams (g) of frozen
human placental tissue were minced on ice and incubated at 37=C
for 12-16 hours in one half volume (w/v) 1X Balls buffer (10mM
Tris-HCl, pH 8,0; 10mM NaCl; 1OmM EDTA and {-5% SDS) containing 1
milligram (mg)/milliliter {(ml) Pronase . (Bigma) previously
self-digested at 37°C for 30 minutes (Ball, 1968). The digested
tissue was extracted sequentially with equal volumes of phenol, {:1
phenol:Sevags (Sevags is 24:1 <chloroform:isoamyl alcohol), and
Sevags and the aguecus phase recovered by centrifugation at &000xg

(Maniatis et al,, 1982). The nucleic acids were precipitated by the
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addition of. two volumes (v/v) of ice cold 95% ethanol and spooled
onto a glass rod (Marmur, 1961). The pellet was dissolved in 3-5 pl
0.1X 8S8C (i1X SBC is 0.15M NaCl, 0,015M sodium citrate) and digested
with 80 wug/ml boiled pancreatic RNase A (Boehringer Mannheim
Biochemicals, BMB) for 1~2 hours at 37°C. The sample was
adjusted to 10mM EDTA, pH B.0 and 0.5% SDS and digested with
Pronase  at 100 micrograms {ug)/ml for 1-2 hours at 37°C.
Following sequential extractions and ethanol precipitation as
described above, the purified DNA was dissolved in | ml sterile
triple~distilled (STD) water. Spectrophotometric readings at 240
nanometers (nm) and 280 nm were read to determine DNA concentration
and protein contamination, respectively., The DNA was adjusted with
water to a final concentration of 0.5-1.0 mg/ml and stored at

4°C.

11, Cesium Gradient Ultracentrifugation

The initial isolation procedure used Ag++Cs=50. density
gradient centrifugation, where the differential binding of silver
iong to A+T-rich DNA& alters the buoyant density of these sequences
and allows their separation from main band DNA as satellites.
Satellite [l sequences were purified +from cesium gradient
ultracentrifugation of high molecular weight human DNA essentially
as described by Corneo et al. (19703 1971)., The preparation of
£5250a gradients, from which Satellite Il sequences were

tloned, was as follows: per 5.0 ml gradient tube, 250 ug human DNA
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purified as describéﬁ above was mixed with AgClls to a final
AgCl04:DNA ratio egual to 0.27. The AgClO04/DNA mixture was
brought to 0.1M Na=50. and 0.025M borate buffer (pH 9.2) in a
volume of 0.52 nl. To this was added 0.48 ml of a solution of
52804 {Calbiochenm) to 1.25 g/ml in 0.IM Naz50a.. These
components were mixed and added to 4.0 ml of a solution containing
0.4 g/ml 52504, The final concentrations of the various
gradient copstituents were: DNA at 50 ug/ml, for a total of 250 ug
DNA (400 uM); AgCl0s at 95 uM for an AgCl04:DNA ratio equal to
0.27;3 O0.1M Na=zB0a3 0,005 M borate, and 0.6 g/ml Cs280. for
a final density of 1.485 g/ml. The density of the salution was
determined by measuring the refractive index on a refractonmeter
{Bausch and Lomb) using the equation
p = {3.6986n ~ 17.3233

where p 1is the density of the solution and n is the refractive
index of the solution at 25=C (Vinograd and Hearst, 1962).

Gradients were centrifuged in a Beckman SWSV rotor at 28,000
rpm o (100,000 x  g) at 25°C for periods of 72-96 hours, Equilibrium
was usually achieved by 72 hours., Fractions were collected from the
top of the gradients with an ISCO fraction collector. [lwenty-five
.2 ml fractions were collected from each tube and the retractive
index of eath fraction was determined. Un the basis ot refractive
index and Az.o readings, fractions 10-12 were pooled as Satellite
I and I11 DNA; fractions 13-1B were digrarded as heterogeneaus main

band DNA, and fractions 19-21 were pooled as Satellite 11 DNA. An
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AgCl04:DNA ratio of 0,27 favors separation of Satellite II rather
than Batellites I and III1 +from main band DNA (Corneo gt al.,
1970), Under these conditions, a peak was observed for Satellite
I1, whereas Satellites I and III separated as small shoulders,

Isolated satellite .fractiuns were pooled separately and
dialyzed exhaustively against 4M NaCl, 0.1H Trig-HCl, pH B.0, and
0.1M EDTA, pH 8.0, to remove the heavy salt (as modified from
Gosden et al., 1975). After ethanol precipitation, the dialyzed
DNAs were dissolved in TE (10mM Tris-HCl, pH 8.0, tmM EDTA, pH 8.0)
and the concentrations determined spectrophotometrically at 260 nnm.

CsCl density gradient ultracentrifugation was used te achieve
further purification of the Satellite DNA fractions. Satellite Il
and IIl fractions, pooled separately and dissolved in TE, were
brought to 0.95 g/ml CsCl to achieve a final DNA concentration of
10-50 wug/ml and a final density of 1.700 g/ml. The density of the
solution was determined by measuring its refractive index with the
refractometer using the equation:

" p = 10.8601n ~ 13.4974
where p 1is the density of the solution and n is the refractive
index of tﬁe solution at 25°C (Vinograd and Hearst, 1942).

The ©8Batellite Il or III fractions were each centrifuged in CsCl
gradients in a Beckman GSWS0 rotor at 28,000 rpm (100,000 % g) at
25°C for 48B-72 hours. Fractions were collected and the buoyant
densities determined, Satellite 11 fractions were identified at p

= 1.694 g/ml, and Satellite IIl fractions at p = 1.697 g/ml (Corneo
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et al,, 19703 1971}, Heavier fractions of densities equal to or
greater than 1.700 g/ml were discarded as heterogeneous main band
DNA.

Satellite II or 1I11 f{ractions were readjusted to 5.0 ml with
solid CsCl and TE to p = 1.700 g/ml and recentrifuged as described
to homogeneity, that is, until the measurable DNA in the gradient
equilibrated to a density equal to 1,494 (Satellite II) or 1,497
(Satellite 1III) g/ml, and a single peak at Azso was apparent. The
Satellite II and IIl fractions used in molecular clohing were

purified through one Cs=5804 and two CsCl ultracentrifugations,

IIl, Restriction Enzyme Digestion

The common vrestriction endonucleases Alul, BamHI, Bell, Bglll,
EcoRI, HaelIll, HindIII, HinfI, Hpal, Kpnl, PstIl, Pvull, Sall, SstI,
Tagl, Xbal and Xhol were used for analysis of Satellite II and 11!
DNAs., Reaction conditions were: 1X low salt buffer (10mM Tris~HCI,
pH 7.5; 10mM MoCl=; tmM DTT) for BgllIl, Hpal, Kpnl, Sstl and
Tagl; 11X medium salt buffer (10mM Tris~HCl, pH 7.5; 10OmM MgClz,
ImM DTT, SOmM NaCl) for Alul, BamHI, Becll, HaellIl, HindIII, Hinfl,
Pstl and Pvull, and 11X high salt buffer (50mM Tris-HCl, pH 7.5;
10mM MgCl=z, 1iaM DTT, 100mM NaCl) for EcoRI, Sall, Xbal and Xhol
(Maniatis et al,, 1982). All reactions contained (=10 units (1)
restriction enzyme per 1-10ug DNA in the appropriate reaction
buffer. Digestions were incubated at 37=C, except those invoelving

Bcll or Taql, which were carried out at 60-45°C,
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Reactions involving digestien with more than one enzyme that
utilized the same reaction conditions were incubated 1-2 hours at
the appropriate temperature. Reactions utilizing two enzymes
requiring different reaction conditions were performed as follows:
1) 1X low salt/1X medium salt buffer conditions were met by
incubating the reaction for one hour with the first enzyme in 1X
low salt buffer, adjusting the reaction mixture to S50mM NaCl by the
addition of 0.5 microliters (ul) 1M NaCl per 10 ul reaction, adding
the second enzyme and continuing digestion for an additiaonal hour;
2) 1X medium salt/iX high salt buffer conditions were met as
described in 1), except that the reaction mixture was adjusted to
100mM NaCl, 5OmM Tris-HCl, pH 7.5, by the addition of 0.5 ul iM
NaCl and 0.4 ul {M Tris-HCl, pH 7.5, to the reaction mixture; 3) 1X
low salt/iX high salt buffer conditions were met as in 1) and 2),
except ‘that the reaction was adjusted to 100mM Nall, 50mM Tris-HCl,
pH 7.5, by the addition of 1 ul 1M NaCll and 0.4 ul IM Tris-HCl, pH

7.3, to the reaction mixture,

1Y. Poarose Gel Electrophoresis

Agarose gels (McDonell et al., 1977) were oprepared by
dissolving solid agarose (Bethesda Research Laboratories, BRL) in
1X E Buffer (40mM Tris-HCl, 20mM NaOAc, imM EDTA adjusted to pH 7.7
with glacial acetic acid) with heat to a final concentration of

(w/v) 0.7%, 1.04, 1.2% or 1,54, Agarose was poured to 0.5 cn

thickness in horizontal gel trays measuring & cm X B cm (minigel)
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or 12 cm X 20 cm (medium gel). Well-forming combs were positioned
in the tray slots and the agarose allowed to polymerize for 30
minutes (min). The combs were removed and the gels immersed in | X
E Buffer in the horizontal electrophoresis tanks for 5-15 min.
prior to use.

Loading buffer (0.23% bromphenol blue dissolved in t:1 1 X E
Bufferiglycerol) was  added to the DNA samples prior to
electrophoresis to a final glycerol concentration of 12-15%. The
samples were heated to 68°C for 10 min., to dissociate aggregated
fragments and loaded 'immediately into the gel wells. Minigel
electrophoresis was carried out at {2-15 V/cm for 1-1.5 hours or
until the bromphenol blue migrated 3/4 the way down the gel (Y4 cnm
from the wells). Medium gel -electrophoresis was carried out at
gv/em for 3-4 hours or at iV/em for 12~16 hours until the
bromphenal blue migrated 3/4 the way down the gel (%15 cm from the
wells) (Maniatis gt al., 1982).

Upon completion of electrophoresis, the gels were stained in
0.5 wug/ml ethidium bromide (Sharp et al., 1973) (from a 10 mg/ml
stock) for 15 min. (minigel) or 30 min. (medium gel), rinsed 3X
with distilled water and the DNA visualized oaon a long wave
ultraviolet (UV) transilluminator (Spectroline). The gels were
photographed on the transilluminator using a Kenica instant camera
equipped with a Kodak 22A red Wratten filter using Polaroid type
647 Land film (Maniatis et al., 1982).

After photography, the molecular weights of the electrophoresed
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DNA fragments were determined by comparison with HindIlI-digested
lambda DNA, which was electrophoresed in the last well of each gel
as a molecular weight marker. The log molecular weights of the
23.1, 9.64, 6.64, 4.34, 2.26, 1.98 and 0.56 kb lambda/HindIII
fragments were plotted on the log (y) axis of 3 cycle semilog paper
versueg the distances migrated from the gel wells (in mm) plotted on
the 1linear (x) axis, creating a logmw vs. d{mm) graph. A straight
line was drawn through the points, providing a direct correlation
between logmw and d{mm), The distances migrated from ¢the gel
wells of other fragments on the zame gel were measured, plotted on
the x axis of the graph and the correspdnding log molecular weights
read from the vy axiﬁ. The molecular weight values were divided by
660 daltons/basepair to determine the basepair lengths aof the gel
fragments (Helling et al., 1974). This procedure was repeated for
each gel to ensure accuracy and was used to determine the sizes, in
basepairs (bp), of Satellite II and 111 fragments ingerted as
recombinant DNAs in pBR322 and to determine the location of
restriction enzyme (RE) sites in the recombinant plasmid sequences.
Twenty four, becm x Bemy, 0,7% agarcse gels were required to
determine the insert sizes of Satellite I! and Il cloned
fragments, and twenty; t2em x 20cm, 1.0%4 agarose gels were required
te construct RE maps of the twelve cloned fragments chosen for

study.
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'Y, Molecular Cloning

Molecular <cloning techniques were used to: 1) propagate DNA
fragments produced by HindIII digestion of Satellite Il fraction
DNA (recombinant plasmids 1-170); 2) propagate DNA fragments
produced by HindlIl digestion of 8atellite IIl #$raction DNA
(recombinant plasmids B, C and D); 3) prepare a particular
Satellite Il cloned fragment, 33 DNA, for DNA sequencing
(recombinant plasmids 4A, 5N, HX3 and XL3), and 4) isplate
Satellite Il from Alu sequences within 3I DNA by separately
subcloning the large 750 bp HindlIl/Xbal fragment (recnmbinént
plasmid XL3),

A. Preparation of VYector DNA

Two ug restriction enzyme-digested pBR322, pSPA4 or pSP6S
plasmid DNA was extracted once with 1:1 phenol:Sevags, ethanal
precipitated, and dephasphorylated in a 50 ul reactiaon containing
excess (10-20U) «calf intestinal phosphatase (CIP) (BMB) and tX CIP
buffer (S50mM  Tris-HCl, pH 9.0; 1ImM MgClz; O.imM ZInCl=; imM
spermidine) incubated at 37°C for 2 hours (Maniatis et al.,
1982), The reaction mix was extracted once with 1:1 phenol:Sevags,
ethanol precipitated and resuspended in TE to a final concentration
of 100 nanograms {(ng)/ul, determined by co-electrophoresis with

known quantities of linearized pBR322 DNA.

B. Preparation of Insert DNA

One ug Satellite II fraction DNA was digested with HindIIl at

37°C for 2 hours, extracted with an equal volume of 111
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phenoliSevags, brought to 50 ug/ml with bacterial tRNA as carrier,
ethanol precipitated and resuspended in 5 ul TE to a final
concentration of 100-200 ng/ul prior to the ligation reaction. 0.5
ug Satellite IIl fraction DNA was similarly treated prior to the
ligation reaction. All DNA for sequencing was isolated for ligation
into pB8P&4/45 plasnid vectors by digestien of & ug DNA with
HindIIl, electrophoresis of the digestion products through 0.7%
agarose gels, excision of fragments from the gels and elution fronm
gel glices using electroelution (IBI), as per manufacturer’'s
instructions, 50 wug/ml bacterial tRNA was added as carrier and
recovered DNA fragments were precipitated with ethanol. The pellet
was resuspended in 10 ul water and the DNA concentration calculated
at 50-100 ng/ul by comparison in co-electrophoresis of aliquats
with 50, 100 and 200 ng quantities of HindlII-digested pBR322 DNA.
HindIII/Xbal 33 DNA fragments were obtained for ligation into the
pSPAS plasmid vector by digestion of § ug plasmid 33 with
HindIII+Xbal followed by gel electrophoresis and electroelution of
the HindIII/Xbal fragments as described above.

£. Ligation of Vector and Insert DNA

Vector and insert DNAs prepared as described above were
coprecipitated with ethanol prior te the ligation reactions. The
Satellite Il cloned DNAs (recombinant plasmids 1-176) were prepared
using 0.8 wug HindIIl-digested Satellite II DNA coprecipitated with
200 ng Hindlll-digested, dephosphorylated pBR322 DNA, The Satellite

IIl cloned DNAs {(recombinant plasmids B, € and D) were prepared
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using 0.4 ug HindlII~-digested Satellite II! DNA coprecipitated with
200 ng Hindlll-digested, dephosphorylated pBR322 DNA. The DNA
subcloned for use in DNA sequencing (recombinant plasmids 4A and
oN) was obtained by coprecipitation of 0.4 ug HindIII-digested,
elecfroeluted cloned 33 DNA  fragment with 100-150 ng
HindlIlI-digested, dephosphorylated pSPé4 and pSP45 plasmid DNA in
two separate reactions. Regions aof 33 DNA were subcloned for use in
DNA sequencing (recombinant plasmid HX3) by coprecipitation of
0.2-0.25 ug Xbal-digested 33 DNA with 0.1-0.15 ug
HindII11/Xbal-digested, dephosphorylated pS5P&5 DNA. The large 750 bp
HindIII/Xbal region of 33 DNA was subcloned for use in DNA
sequencing (recombinant plasmid XL3) by coprecipitation of 0.3 ug
electroeluted 750 bp HindIII/Xbal 33 +fragment with 0.1-0.2 ug
HindIIl/Xbal-digested, dephosphorylated pBP&65 DNA.

Coprecipitated insert and vector DNAs were centrifuged at
13,0009, the pellet was resuspended in a 10ul volume consisting of
0.50 T4 DNA Ligase (BMB), 11X Ligation buffer (50mM Tris-HCl, pH
7.4; 10mM MgCl=; 10mM DTTy 1mM spermidine; imM ATP, pH 7.0; 0.1
mg/ml bovine serum albumin (€BSAJ) and water (Maniatis et al.,
1982), The vectar-insert mixture was incubated 12-16 hours at
14-16=C. 2-3ul of the ligation nmixture was electropharesed on a
1.04 nminigel and the products of the ligation reaction were
visualized with .UV light after staining the gel with ethidium
bromide, as previously described. The ligation reaction was judged
successful if the band corresponding to unligated vector DNA was

largely absent and laddered or smeared bands suggestive of ligated
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DNAs were present,
D. Preparation of Competent Cells

DHI recA- strain E. celi cells were made competent to accept
plasmid DNA by modification of the method of Hanahan (1983) (as
developed by 8mall, unpublished). Fifty ul DH!1 cells (equal to 1 x
108  cells) from a 2 x 10% cells/ml frozen stock were
innoculated into 5.0 ml TYM broth (2.0% Bacto-Tryptone [Difcol;
0,5% Bacto Yeast Extract ([Difcol; 0.1M NaCl and 0.0iM MgCl: or
MgB0a)., The cells were grown with aeration at 250 rpm for 18
hours at 37°C. 0.1-0.4 ml of the culture was used to innoculate
25,0 ml TYM broth to an initial cell density of 1| x 107 cells/nml,
equivalent to a Klett colorimeter value of 10 units. The cells were
grown with aeration at 250 rpm and 37°C for 3-4 hours until they
achieved gn appronimate density of 5 % 107 cells/ml (egqual to a
Kiett colorimeter value of 150-170 units)., The cells were divided
inte two sterile screw-capped polypropylene tubes (Corning) and
pelleted at 1000xg for § min. at 4°C. The supernatants were
discarded and the pellets resuspended in a total volume of 8.0 ml
Transformation Buffer I (30mM KOAcy 5O0mM MnClz; 100mM KCI; 10mM
CaClzy; 15%(w/v] glycerol, to pH 5.8 with 0.2N glacial acetic
acid), After a 10 min. incubation on ice, the cells were pelleted
at 1000ug, the Qupernatants digscarded and the cells resuspended in
a total of 1 ml Transformation Buffer II (10mM Na+-MOPS, pH 7.0;
79mM  CaCl=, 10mM KC1 and 15% (C[w/v] glycerol). The cells were

divided into 0.2 ml aliquots and pipetted into 1.5
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ml round-bottomed sterile polypropylene freeze vials (Corning),
quick-frozen for 5 minutes in a dry ice/ethanol bath and stored at
=70=C,
E. Transformatiop of fells

Cells were transformed essentially as described by Hanahan
“(1983)., 10~100 ng supercoiled pBR322 DNA were mixed with 0,2 nl
conpetent DH! «cells, placed on ice for 30 min., then heat-shocked
at 42°C for 90 seconds. 0.8 ml TYM broth was added and the cells
incubated with aeration at 225 rpm and 37°C for &0 min, 100 ul
cells were plated on TYM agar plates (1.5%4 [w/v] agar [Difcol) that
were Amp- and Amp+ (75 ug/ml ampicillin from a 25mg/ml stock
{BMB1), respectively. The plates were inverted and incubated 18
hours at 37°C, The «cells were judged competent if confluent or
near-confluent colony densities (32000 colonies) were visible on
the Amp+ plate. Cells shown to be competent were transformed as
described wusing ligated vrecombinant ODNA., In some experiments,

frozen competent DHS E, coli «cells (BRL) were used 1in the

transformatian procedures, Transformations were carried out as
described above, except that 0.1 rather than 0.2 ml competent cells
were used per transformation.

The Satellite II cloned fragments (recombinant plasmids 1-170)
were obtained by transformation of 100 ul competent DHS cells with
100 ng 1ligated GSatellite II/pBR3I22 DNA. The Satellite III cloned
fragments (recombinant plasmids B, € and D) were obtained using 30

ng ligated Satellite III/pBR322 DNA. The 33 DNA subcloned
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fragments for wuse in DNA sequencing were ohtained using 200 ng
ligated 33 DNA/pSP64 DNA (recombipant plasmid 4A) and 200 ng
ligated 33 DNA/pSPbS DNA (recombinant plasmid SN). The HindIIIl-Xbhal
DNA fragments subcloned for use in DNA sequencing were obtained
using 100 ng ligated HindIiI-XbaI 33/pBPAS DNA (recombinant plasmid
HX¥3) and 100 ng ligated 730 bp HindIII-Xbal 33 {ragment/pSP65 DNA
(recombinant plasmid XL3). 100 ul of 11X, 1/10X and 1/100X
dilutions were plated in duplicate as plates A and B on
ampicillin-containing TYM-agar plates. 100 ul of 1Y transformed
tells were also plated on one Amp- plate. The plates were inverted
and incubated 18 hours at 37°C.

F. Purification of Plasmid DNA

1. Minipreparation of Plasmid DNA

Cloned DNAs were initially analyzed using small-scale
recombinant plasmid isolations, termed " minipreparations". Two ml
TYM supplemented with 50-75 ug/ml ampicillin were innoculated with
a single colony and the transformed bacteria were grown 18 hours
with aeration at 230 rpm and 37°C., 0.5 ml of the 2.0 ml culture
was transferred to a freeze vial (Corning), adjusted to 7.0%
dimethylsulfoxide (DMS0) and stored at -20°C as a stock culture.
The remaining 1.3 ml of a 2.0 ml culture was subjected to alkaline
lysis to entract plasmid DNA as described by Birnboim and Doly
(1979). The ~culture was transferred to a 1.5 ml microcentrifuge
tube and centrifuged at 13,000xg for 1 min, The pelleted cells were

resuspended and lysed in 100 ul cold S50mM glucose, 1OmM EDTA, 25mM
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Tris-HCl, pH 8.0, 250 ug/ml RNase (Sigma) and 5 mg/ml egg white
lysozyme (Worthington)., After incubation at room temperature for 5
min.,y 200 ul of an ice cold solution of 0.2N NaOH, {% SDS was added
to each tube to denature DNA and proteins. Following incubation on
ice for 5 min, the mixtures were neutralized by the addition of 150
ul of idce cold 3M KOAc (to pH 5.2 with glacial acetic acid for a
final acetate concentration of 5M). The tubes were inverted to mix
and incubated on ice for 5 min, then centrifuged at 13,000xq for §
min., to pellet proteins and chromosomal DNA. The supernatants
containing plasmid DNA were transferred. to fresh tubes and
extracted with an équal volume 1:1 phenal:Sevags. The agueous phase
was recovered after centrifupgation at 13,000xg for 1 min. and the
plasmid DNA precipitated with { ml 93% ethanol per tube at room
temperature. The pellets were washed once with 70% ethanol to
remove debris, resuspended in 10 ul water and stored at 4=C. This
method typically recovered 2~3 ug plasmid/2ml minipreparation,

2, Large Scale Isolation of Plasmid DNA

Restriction enzyme mapping and Southern blot analysis of cloned
sequences required large amounts of DNA, which were prepared using
large scale 1isslation procedures, Two ml TYM supplemented with 73
ug/ml ampicillin were innoculated with 20 ul frozen stock culture
and grown with aeration at 250 rpm and 37°C for 18 hours, 0,1-0.4
ml of the overnight culture was transferred to 25 ml TYM
supplemented with 75 ug/ml ampicillin to an increase in the Klett
colorimeter value of 10 units (equal to ! #% 107 cells/ml final

cell density). The bacteria were grown with aeration at 250 rpm and
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37°C for 3-4 hours until they reached mid-late logarithmic growth
and a density equivalent to an O0.D.eeo = 0.6, measured as an
increase in Klett colorimeter values squal to 120-140 units. The 25
ml culture was transferred to 500 ml TYM supplemented with 75 ug/ml
ampicillin and grown with aeration at 2350 rpm and 37°C for 2.9
hours. Chloramphenicol (BMB) dissolved in 95% ethanol at 34 mg/ml
was added to the media to a concentration of 170 ug/ml and growth
was resumed with aeration at 250 rpm and 37°C for 18 hours.

Each 500 ml culture was divided into two 250 ml bottles
(Nalgene) and the bacteria pelleted by centrifugation at 4000xg for
10 minutes ‘at 4°C., The supernatants were discarded and the
pellets washed with 50 ml each ice cold STE (0.iM NaCl, 10mM
Tris-HCl, pH 8.0, ImM EDTA) (Maniatis et al., 1982).

Plasmid DNA was purified +from cell pellets by alkaline lysis
(Birnboim and Doly, 1979). Pellet were resuspended {(by vortexing)
in 2.0 ml ice cold lysis buffer (50mM glucose, 25mM Tris-HC1, pH
8.0, 10mM EDTA, 150 ug/ml RNase and 5 mg/ml egg-white lysozyme).
The lysates were transferred to 10 ml screw-capped polypropylene
ultracentrifuge tubes (Malgene) and incubated 5 minutes at 23°=C.
4.3 ml of an ice cold 0,2N NaOH, 1.0% S5DS solution was added. The
tube contents were mixed by inversion and incubated 10 minutes on
ice, 3-3.5 cold B5M KOAc (to pH 5,2 with glacial acetic acid) uas
added to fill the tube, the contents of the tube mixed by inversion
and incubated on ice for 10 minutes., After centrifugation in the

Ti30 rotor (Beckman) at 29,000xg for 20 minutes at 4=C, the
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supernatants were collected and transferred to 15 ml Corex
(Corning) tubes. The supernatants were each mixed with 0,6 volumes
(5-6 ml) isopropanol and incubated at room temperature for 19
minutes, DNA was recovered by centrifugation at 13,000xg for 30
minutes at room temperature. Pellets were resuspended in 8 ml TE.
One agram of CsCl was added per ml solution and ethidium brnﬁide Wwas
added to 80 ug/ml. The preparations were transferred to high speed
screw capped ultracentrifuge tubes (Beckman) and centrifuged at
42,000 rpm in the Ti30 rotor for 34-48 hours at 25°C, The plasmid
DNA was visualized as a distinct fluorescent band in the lower half
of the tube. A 1 ml syringe fitted with a long (i 1/2 inch) 18
gauge needle (Beckton-Dickson) was used to transfer the plasmid DNA
into separate 15 ml polypropylene screw capped centrifuge tubes
(Corning). The samples were extracted 6-8 times with
water-saturated n-butanol followed by centrifugation at 1000xg at
room temperature for S5 minutes to remove ethidium bromide. The
| extracted DNA was transferred to boiled dialysis tubing and
dialyzed at room temperature against several | liter (1) changes of
TE buffer for 3-4 hours until the refractometer reading indicated
that the heavy salt had beeﬁ removed. The samples were transferred
to 15 ml Corex tubes and combined with 1 ml TE washes of the
tubing, adjusted ¢to 150mM NaCl and precipitated with 2 volumes of
ice cold ethanol. The pellets were resuspended in 0.5 ml TE and the
DNA concentration determined by spectrophotometric readings at 269

nm and comparison of electrophoresis patterns on a 1.90% minigel
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with known amounts of pBR322 (typically, 100, 200 and 400 ng
aliquots)., The plasmid concentration was adjusted to 1-3 mg/ml with

TE and the DNA stored at 4°C.

VI, So n Blot Analysis

A, Southern Transfer of DNA

DNA was transferred from agarose gels to BeneScreen Plus (NEN)
essentially as described by Southern (1975). Restriction site
analysis of cloned DNA used digestion of 2 ug each recombinant
plasmid DNAs, 8 ug placental DNA and | ug lambda DNA with HindIII,
followed by electrophoresis on 1.0% agarose gels. Genomic DNA was
analyzed with digestion of B8 ug each placental DNA using various
restriction endonucleases, The pattern was compared with that
gbtained from digestion of | ug pBR322 DNA, 0.5 and 1,0 ug claned
DNA and 1 ug lambda DNA with HindIIl followed by electrophoresis
through 1.0% agarose gels. The gels were stained with ethidiunm
bromide following electrophoresis and photographed. The DNA in the
gel was then denatured by soaking the gel in 0.3 - 1.0 liter 1.3M
NaCl, 0.SN NaOH for 30 minutes at room temperature. The gel was
rinsed with { liter distilled water and neutralized by immersion in
0.5 - 1.0 liter 3.0M NaCl, 0.5M Tris-HCL, pH 7.0, for 30 minutes at
room temperature. After rinsing in 1 liter distilled water the gel
was inverted and laid conto 3mM Whatman paper on a platform elevated
in a tank containing 2.5 liters 2 X S8C (transfer of plasmid DNA)

or & X 88C (transfer of genomic DNA). A gel-sized piece of
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BeneScreen Plus saturated with the appropriate (2X or 6X)
concentration of BSC was placed on the gel. Air bubbles between the
gel and filters were removed, paper towels and weights applied and
the transfer allowed to proceed for 18 hours. The filter with bound
DNA was then air dried or dried in vacuo at 40°C for one hour.

B, Radinlabelling of Probe DNA

DNA was labelled with 32PdATP  (>3000 Ci/mmole; NEN) using
nick-translation or random primer extension techniques.

Nick-translation of DNA was accomplished essentially as
described by Maniatis et al. (1975). Between 100-500 ng DNA was
mixed with 20uM each dTTP, dCTP and dBTP and 50-100 uCi (100-150
pmoles) S2pdATP in SO0mM Tris-HCl1, pH 7.9; SmM MgClz; 1OmM
2-mercaptoethanol, 50 wug/ml BSA and distilled water to a final 30
ul volume. DNase (BMB), in 10mM Tris-HCl, pH 7.9; SmM MgCl- and
50 ug/ml BSA, was added to a final concentration of | ng/ml and the
reaction incubated 35 minutes at room temperature. SU DNA Folymerase
I (Klenow fragment) (BMB) was added and the reaction incubated at
15°C for 2 hours. Unincorporated nucleotides were removed by
passing the mixture through a pD10 Sephadex B-25 column (Pharmacia)
followed by the addition of S0 ug/ml bacterial tRNA as carrier and
ethanol precipitation, Alternately, the reaction mixture was passed
through a NENSORB (NEN) column and the eluate evaporated to dryness
under N=. In either case, the pelleted DNA was resuspended in 100
ul 8TD water. Two or three | ul aliquots were counted in 0.3 ml

water and 10 ml scintillation cocktail (Ecoscint) using & preset
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3P  hata rgdiatinn ~channel of the 1liquid scintillation counter
(Packard).

Randaom primer extension labelling was accomplished using a kit
and accompanying instructions supplied by the manufacturer (BMB)
(Feinberg and VYogelstein, 1984).

This method requires prior linearization of probe DNA. DNA was
linearized wusing BamHl, which digests the vector pBR322 DNA at one
site, but did not digest any of the inserted Sateliite II DNA
fragments used in these experiments. The pEl plasmid, which
contains four tandemly repeated alphoid monomer units, was used in
these studies to detect the presence of alphoid sequences in cloned
Satellite fragments and was linearized with BamHI opriaor to
radiclabelling (Gray et al., 1985). The BLUR 8 plasmid, which
contains an Alu SINES element, was used to identify Alu sequences
within Satellite Il «cloned fragments (Rubin et al., 1980). BLUR 8
DNA was linearized with HindIII, since PamHI removes the entire
ingserted Alu element from the plasmid., One hundred né of digested
plasmid DNAR was denatured by boiling for 10 minutes, then placed
immediately on ice to prevent renaturation. The reaction components
dTTP, .dCTP and dBTP (25 uM each), 2 ul hexanucleotide/reaction
buffer mix, SO0uCi SZPdATP  (>3000 Ci/mmole) (NEN) and SU (! ul)
DNA  Polymerase I (Klenow fragment) and distilled water were added
to the denatured DNA to a 20 ul volume. The mixture was incubated
at 37=C for 30-60 minutes. Unincorporated nucleotides were

removed by passing the reaction volume through a NENSDRB (NEN)
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column and incnrporéted radioacfivity was assayed as described
above. Either procedure labelled DNA to specific activities between
5 % 10%=5 x 10° cpm/ug.

o _

The radiolabelled probe DNA was denatured with alkali prior to
hybridization by adjusting the sample to 0.iIN NaOH and incubating
at room temperature for 15 minutes. The denatured DNA was placed on
ice and neutralized by the gradual addition of IN HCl to between pH
7 and 8, determined with pH paper. The probe was denaturasd less
than 30 minutes prior to use and stored onp ice to prevent
repaturation.

The transfer filter was pre-hybridized between 3-4 hours in a
solution containing & X §88C, 0.3% 8D8, 5 X Denhardt’'s (50 X
Denhardt’'s is, w/v, 1.04 Ficoll, 1% polyvinylpyrrolidone and 1%
BSA) and 100 ug/ml sheared, denatured salmon sperm DNA in a volunme
equal to 0.2 ml solution/cm® filter in a heat-sealed plastic bag
(Dazey) (Southern, 1975; Maniatis et al., 1982). Prehybridization
temperatures of §5-460°C were wused in the analysis of cloned
fragments and genomic DNA with the exception of the cloned L3
fragment, which Was prehybridized under relaxed (50°C),
intermediate (&0=C) and stringent (72°C) conditions. After
prehybridization, the volume in the bag was reduced to an amount
gequal to 30 ul/em® filter and adjusted to 1OmM EDTA. The probe
was added, the bag re-sealed and hybridization was conducted at

prehybridization temperatures for 12-18 hours,
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Following hybridization, the filter was removed from the hag
and washed 3X for 5 minutes each in 500 ml 2 X S5C, 0.5% SDS at
room temperature, followed by a 15 minute wash in 500 ml 2 X §SC,
0.1% 8DS8 at roem temperature. The +filter was then washed at a
temperature equal to §°C below the prehybridization temperature
in 1 liter of 0.1 X 85C, 0.5% SD5 with three changes for 2.5 hours

(Maniatis et al,, 1982). The transfers were dried in vacuo at

60°C for 30 nminutes or wuntil dry, wrapped in plastic wrap and
autoradiographed using XAR-5 film (Kodak) with an intensifying
screen (Cronex Lightning Plus, DuPont) at -70<C. The filters were
exposed to X-ray film for appropriate time intervals (between | and
94 hours) to visualize hybridization signals of different
intengities. The +ilm was developed for 1-5 minutes in | liter of
Kodak GBX Develaoper, or until the hybridization signals were
visualized, immersed 1 minute in | liter 3% acetic acid to arrest
development, then hardened in 1 liter rapid fixer (Kodak) for 10O
minutes. The film was rinsed under cold running water for 15
minutes and air dried.

Southern blots were used to determine molecular weights of
cloned and genomic DNAs. This was accomplished by constructing a
logmw vs. dimm) graph for the agarose gel from which the DNA was
transferred, then correlating the dimm)s of fragments of known
molecular weight on the gel with the same fragments on the
autoradiograph. The fragments of known molecular weight used on the

gel and apparent on the autoradicgraph were pBR3IZ2 DN# and tne
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probe DNA. The correlation between gel and autoradiograph,
expressed as a multiplication coefficient equal to N where
dimMlge: = N dimm) avtoradicarapny WwWas used to convert the
gistances migrated by fragments on the gel with the distances
migrated by fragments on the autoradiograph.

VIl. Hybridization In Situ to Human Metaphase Chromosomes

A, Preparaticn of Slides

The following procedures, with the exception of DNA
radiolabelling and statistical calculations, were conducted by Hs,
Sally Ripley, a cytogeneticist in the laboratory of Dr. @Ann
Henderson. Human metaphase chromosomes were prepared from
phytohaemagglutinin {PHA)-stimulated normal peripheral blood
lymphocytes. Lymphocytes were isolated from whole blood by
centrifugation through LeukoPREP Tubes ‘(Becton-bickinsoni. The
lymphocyte layer was recovered and the cells cultured i1n RFHMI ladu
media (Bibco) supplemented to 10% with fetal calf serum (Bibcos.
fhe T-~cell population was stimulated to divide by the addition ot
FHA to 90 ug/ml (Gibco) ahd grown at 37°C for 72 hours. Lolcemid
was added tp 0.6 ug/ml and the cells incubated &0 minutes at JS7°=L
to arrest division at mitotic metaphase. The cells were harvested
by centrifugation at 1000x%g for 35 minutes at room temperature and
resuspended in 3 ml hypotonic 9.0735M KCl for 1% minutes to rupture
the cell membranes.'Cell nuclel were recovered by centritugation at
{oooxg for 3 minutes. Membranes and cellular debris were remcved by

repeated resuspensions of nuclear pellets in 5 ml fixative (331
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v/y glacial acetic acidimethanol) and centrifugation for S minutes
at room temperature. The nuclei were stored in fixative until use,
3-4 drops resuspended nuclei were dropped onto each slide and the
slides passed through a +flame to burst the nuclear membranes and
fix the released chromosomes to the slide. The chromosomes were
stained by exposing the slides to a solution of (v/v) 10% Bienmsa,
1X E Buffer for 5 minutes, The slides were then rinsed, blotted dry
and the chromosomes visualized under light microscopy. Slides tha@
displayed an acceptable metaphase index ({(at least 20 out of 100
nuclei) were used for hybridization in s8itu experiments.

Chromosomes were G-banded by a modification of the method of
Bignone et al, (1983) and identified using conventions established
by the International System for Human Cytogenetic Nomenclature
(ISCN 1981), S8Slides were stored in vacuo at 42°C and exposed to a
solution of 0.5M monobasic phosphate, pH 8.5 (not adjusted), 20J
(v/v) nmethanol, 8% (v/v) trypsin (Bibco) and 2% (v/v) Giemsa for
5-7 minutes at room temperature or until banded. The slides were
rinsed, blotted dry, and .examined using light microscopy. This
procedure was repeated until the chromosomes were G-banded. 20-30
metaphase plates of well-banded chromosomes per slide were
photographed using an BOX objective under the light microscope with
Pan-X film (Kodak) and the coordinates recorded. The chromosomes on
"prephotographs" were specifically identified for later analysis

after hybridization in situ to probe DNA.

Prior to hybridization, the slides were treated with S0 ug/ml
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RNase in 2 X §88C at room temperature for | hour to remove
endogenous RNA, rinsed once in 2 X 8SC, twice in 70% ethanol and
three times in 95% ethanol, then air dried.

B. Preparation of Probe

Probe DNA was radiplabelled as previously described, except
that t231dCTP (>2000 Ci/mmole) (NEN) was wused rather than
S2PdATP. 100-200 wuCi (100-200 pmoles) 3*2SIdCTP (100-200 ul), in
ethanol, was evaporated to dryness under Nz, resuspended in § ul
distilled water and added to the reaction mixture. The specific
activity of the probe was determined as described except that the
t23] gamma radiation channel of the liquid scintillation counter
was used. Carrier tRNA was added to 50 ug/ml, the probe was ethanol
precipitated, resuspended in 100 ul STD water and the final counts
determined immediately prior to use. The specific activities of
probes labelled in this manner were usually in the range of § «x
107 to § x (0°© cpm/ué.

The DNA probe was alkali denatured by incubation at roonm
temperature for 15 minutes in O.1N NaOH, then placed on ice and
neutralized by the gradual addition of IN HCl to pH 7-8, as assayed
with pH paper. The DNA was adjusted to 3 X B8SC:50% formamide by the
addition of 20 X SSC, formamide (adjusted to pH 7 with HCl) and STD
water to a final volume equal to 30-50 ul solution per slide. The
- denatured probe was kept at -20°C no longer than 30 minutes prior

to use.
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C. Hybridization of Prohe and Chromosomal DNA

The chromosomal DNA was denatured by incubating the slides in
95% formamide:! X 8SC (to pH 7.1 with HCl) for 1.3 hours at é48°C,
as described by Henderson (1982). The slides were immersed in cold
70% ethanal for 10 minutes at -20°C to stop denaturation, washed
3X each in ice cold 70% and 95% ethanol and blotted dry. 30-50 ul
of the probe solution was applied to each slide and held in place
with a coverslip., The slides were positioned horizontally atop
slide mounts in separate petri plate hybridization chambers
containing filter paper soaked in 3 X 88C:50% formamide. Metaphase
plates were incubated 18. hours ﬁnder reasonably stringent
conditions at 42°C (cloned 43 probe DNA) or under less stringent
conditions at 38°C (cloned XL3 probe DNA). The slides were placed
in a dish containing 3 X S8C:3504 formamide to float off the
coverslips, then incubated for 10 minutes at 43°C in 2 X S5C to
remuvé unhybridized probe DNA. They were then washed for 3 hours at
roon temperature in 2 liters of 2 X 88C with several changes and
rinsed successively in several volumes of 70% and 95% ethanol.
After air-drying, the slides were dipped in 1:! Kodak NTB-2
enulsionidistilled water, boxed and exposed at 4°C for 24-72
houré. Test slides were removed at 24 hour intervals to check grain
densities. All slides were developed for 2.5 minutes in S0 ml Kodak
D-19 developer. Development was stopped by immersing the slides in
30 w1l 1% acetic acid for 45 seconds and fiwed by immersing the

slides in 30 ml Kodak Rapid Fix for 2.5 minutes. The slides were
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‘rinsed under cold running water, air dried and stained (up to 20

minutes for control slides or up to 2 hours for prephotographed
slides), as described.
. SBtatistical alysi
The known coordinates of prephotographed metaphase plates
allowed the relocation of these chromosomes on the hybridized
slides, The  hybridized thromosomes were re-photographed and
compared with their pre-hybridization photographs., Positive
identifications were made and grain density was determined by
dividing the chromosome complement into 946 approximately equal
segments., The grains over all metaphase plates were totalled for
each segment and submitted to statistical anaiysis using a X=
test to determine deviation from a random ograin distribution.
Segments that scored a X= value > 10 were arbitrarily considered

sites of significant labelling,

VIII, Nucleotide Seguencing

A. Sequencing Reaction

Nucleotide sequencing of plasmid DNA was accomplished as
described by Sanger et al. (1977) and modified by Chen and Sesburg
(1983), 2 wug plasmid template DNA was adjusted to 0,1N NaOH, 2mM
EDTA in & 20 ul volume and incubated 5 minutes at room temperature
to denature the DNA. The sample was neutralized by the addition of
3M  NafGfAc, pH 5y to a 1IM caoncentration and precipitated with

ethanol. The pellet was washed with 70% ethanol and resuspended in
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& ul distilled water. 30 ng (3 ul) primer/2 ug template DNA and |
ul of 10 X Annealing Buffer (1X Annealing Buffer is 7mM Tris-HCl,
pH 7.9; 7mM MgClz; 30mM NaCl; 10 mM DTT and O0.1imM EDTA) was added
to a final 10 ul volume. The mixture was incubated at 37°C for at
lpagt 30 min., to allow the primer to anneal to the template DNA.
Primed template was used immediately or was stored at -20°C and
thawed gently at room temperature prior to wuse. SU {1 ul) DNA
Polymerase 1 (Klenow fragment) was added to the annealing mixture
along with 4 ul (“40 uCi) ==PdATP (>800 Ci/mmole) (NEN). 3 ul of
the mixture was added separately to each of four reaction tubes
tontaining, respectively, A mix, G mix, T mix or C mix. A miy
contained 100 um each dGTP, dTTP and dCTP and 100 um ddATP. T miy
contained 1.4 wum dTTP, 100 uM each dCTP and dGTP and 100 um ddTTP,
B mix contained 2.5 um dGTP, 100 uM each dTTP and dCTP and 100 um
ddGTP. € mix contained 2.5 um dCTP, 100 uM each dGTP and dTTP and
100 uM ddCTP. The four nucleotide reaction tubes were incubated at
37°C for 15 minutes and the reactions chased by the addition of |
ul chase solution (125 uM each dATP, dTTP, dGTP and dCTP) to each
tube with incubation at 37°C for an additiagnal 15 minutes, The
reactions were stopped by the addition of 5 ul stop solution (98
fw/vl deionized #formamide; 0.2% [w/v] bramphenol blues 0.2% Lw/vl
xylene c¢yanol and 10 mM EDTA, pH B.0) to each tube and stored on
ice until use.

B, Sequencing Gel Electrophoresis

Two gel plates measuring 33 x 38 cm and 33 % 40 cnm,
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respectively, were cleaned with a 0.1% 8SDS solution, rinsed with
distilled water and rubbed with 9354 ethanol. The ethanol was
allowed to evaporate and the gel sandwich was assembled using 0.4
mm thick plastic side and bottom spacers. Dabs of vacuum grease
were applied to the junctures of the side and bottom spacers to
prevent leakage. The sides and bottom of the assembled gel plates
were sealed with electrical tape and large clips.

The 6% polyacrylamide/7M urea gels were made by mixing 14.9 al
407 (w/v) acrylamide (19:1 acrylamide : NyN'
methylenebisacrylamide), 10 ml 10X Tris-Borate-EDTA buffer (TBE)
(1X¥ TBE is 100mM Tris, 83 mM Boric acid, { mM EDTA at pH 8.3, nat
adjusted) and 40.5 ml distilled water. 42 g solid urea (BRL) was
added and dissolved into the mixture with stirring over low heat.
The gel mixture was degassed by stirring under vacuum 15-30
minutes. 2.0 ml of the gel mixture was removed, adjusted with 16 ul
10% (w/v) ammonium persulfate (BioRad) and 1 ul TEMED
{NNNN'-tetramethylethylenediamine) (BigRad), vortexed and pipetted
into the gel sandwich. The gel sandwich was laid at & 30° angle
te the horizontal and the 2.0 al acrylamide plug allowed to
polymerize 15-30 min, The rest of the gel mixture was then adjusted
with 0.8 mlP 10% (w/v) ammonium persulfate and &0 ul TEMED, mixed,
and quickly injected between the gel plates using a 30cec syringe,
The 0.4 mm comb spacer (flat side of sharkstooth comb) (BRL) was
positioned at the top of the gel. The gel sandwich was laid at a

302 angle to the horizontal, excess gel mixture was pipetted
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across the comb spacer to seal the gel and the acrylamide was
allowed to polymerize 30-60 minutes,.

After polymerization was complete, the comb and battom spacer
were removed, The top of the gel was flushed with {X TBE and the
gel sandwich clipped into the wvertical gel electrophoresis
apparatus (BRL). The top and bottom electrophoresis tank reservoirs
were filled with 11X TBE and air bubbles trapped at the bottom of
the gel were removed using a syringe filled with 1X TBE with a bent
20 gauge needle, The sharkstooth comb was inserted and the gel was
preelectrophoresed at 15-20 mA (1500-2000 V) for 15-30 minutes.

Upon completion of preelectrophoresis, the sequencing reaction
samples were heated at 70°C for 3 minutes. 3-4 ul of each sample
were loaded quickly into separate adjacent wells and the gel
electrophoresed at 20-235 mA (2000-2500 V) until the bromphenol blue
dye reached the bottom aof the gel (1.5-2.0 hours). The remainder aof
the samples, which had been kept on ice during this time, were
reheated at 70°C for 3 minutes and 3-4 ul of sach sample were
loaded into separate adjacent wells. Electrophoresis was resumed at
20-25 mA  (2000-2500 V) until the bromphennl blue again reached the
bottom of the gel (1,5-2.0 hours). The "double" Iloadings and
electrophoresis were conducted to allow the reading of more
nucleotides from the top and bottonm of the gel
autaradiograph. After glectrophoresis, the gel sandwich was
removed from the tank and laid flat., The combs, spacers, and top

{short) glass were carefully removed., A large sheet of 3mm Whatman
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chromatography paper was laid onte the gel surface and smoothed
flat with tissues., The gel adhered to the paper and was lifted off
the oglass plate. The orientation of the gel (first lane) was marked
with a notch and the gel was wrapped in plastic wrap and exposed

directly or after drying under vacuum to Kodak X-Omat AR film at

" room temperature for 16-48 hours. The X-ray film was processed as

previously described.

Sequences were read from the bottom to the top of the gel in
both "runs" so that the nucleotide base sequences were obtained in
the 5' (bottom of the gel) to the 3' (top of the gel) direction,
Overlaps in the base sequence at the bottom of the first "run" and
top of the second "run" provided sequence continuity,.

C. Interpretation of Nucleotide Base Sequences

1, Determination of Base Composition

The base compositions of the nucleotide sequences were
determined by dividing the number of dATP + dTTP and dGTP + dCTP
residues by the total number of nucleotides in the sequence. The
resulting values were multiplied by 100 to express the base
composition of the sequence as %AT and %BC content.

2. Determination of Intersequence Homolpgies

Sequences were aligned and compared to detect regions of
homology with camputer assistance using the NUCALN progranm
developed by D.J. Lipman and W.J. Wilbur at the Mathematical

Research Branch of the NIADDK, NIH. The parameters of the progran
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define "k-~tuple" values of 2-7 which designate the number of
ctonsecutive bases vrequired to assign a match; "window" size values
(default at 20) which define the number of bases permitted on
either side of a match and "gap penalty" values (1-7) which do (gap
penalty = 1) or do not (gap penalty = 7) permit the introduction of
gaps in one sequence to produce best alignment with another
gequence., Ranges of homology between two sequences may be obtained
by varying the parameter values. For the purposes of this study,
parameter values were set at k = 2, window = 20 and gap = 1 or 7 to
determine maximal (at gap = 1) and minimal (at gap = 7) homologies
between sequences. This allowed calculation of maximal and minimal
% homologies between two sequences based upon the number of matched
bases found between the two sequences (divided by the nucleotide
length of the shorter of the two sequences) and the alignment of
the sequences with each other.

3. ldentification and Translation of Open Reading Frames

Open reading frames (f{orfs) in the nucleotide base sequances
were identified and translated with computer assistance using the
ORF and TRANSLATION programs developed at the NIH., The ORF progranm
examines each of three possible orfs in each DNA strand (siy
passible frames) for the presence of tranglation initiation ATG
{AUG) and termination TAA, TAG and TGA (UAA, UAG and UBA) codons.
TRANSLATION then reads the open reading frame codons and assigns

the appropriate amino acid residue to each codon.
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RESULTS

PART ONE: MOLECULAR CLONING OF SATELLITE II FRACTION DNA

The following study was undertaken to reevaluate previous
investigations characterizing and localizing satellite DNAs in the
human genome. Prior studies of the molecular organization aof human
satellite DNAs noted that Satellite I,II and 1IIl  molecular
populatiéns were .heterogeneous. They contained somewhat complex
fractions of A+T-rich DNAs that copurified within gradient-isolated
Satellite DNA preparations (Mitchell et al., 1979; Frosser et al.,

1981y Frommer et al., 1982). The heterogeneity of the satellite
fractions themselves rendered their detailed molecular analysis
difficult. The studies presented here better define the degree of
sequence heterogeneity within Satellite II DNA and praovide new

information concerning the the molecular and genomic organization

of a discrete, cloned Satellite Il +ragment.

1. Isolation of Satellite II-Related Sequences

Significant purification of Satellite DNA was achieved by
density gradient ultracentrifugation (Corneo et al., 1970y 1971)

and was wused to avoid 1sclation of repeated sequences with

procedures invalving complex Cot analysis (Deininger et al.,
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1981) or genomic library surveys for repeated sequences. This
method also allowed a comparison of purified satellite DNAs with
those previously isolated by identical methods. Satellites I, II
and III DNA, which are A+T-rich, purify as easily identifiable
peaks or shoulders separated from nonsatellite "main band" genonmic
DNA (Corneo et al., 1970; 1971).

Initial isolation of 8Satellites II and III fractions used
isopycnic Ag++/Cs280a4 buoyant density gradients. Visihle
Satellite II peaks and Satellite IIIl shoulders were obtained
(Figure 1A}, One hundred sighteen ug DNA was isolated as Satellite
I, and 53 'ug as Satellite III sequences from 1.3 mg total DNA.
Centrifugation of the crude Satellite 11 and III preparations
through two successive rounds of CsCl gradients isolated the
Satellite fractions as single peaks with buoyant densities equal .to
1.694 g/ml and 1.697 g/ml, respectively (Figure IB) (Corneo et
al.,1970; 1971), 23 ug Satellite Il and 3 ug Satellite I[II were
obtained, corresponding to 1.5% and 0.2%, respectively, of the
initial {.5 mg DNA sample. Less Satellite III than Satellite II DNA
was obtained because the Ag++/Cs280s4 ogradient conditions used
(Ag++:DNA ratio »0.2) optimized purification of Satellite Il rather
than Satellite III sequences (Carnec et al,, 1971), in keeping with

the objective to study Satellite II DNA.

II. Molecular Cloping of Satellite II-Related Sequences

Satellite Il and IIl fractions isolated by buoyant density
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FIGURE 1. Cesium Bradient Isolation of Jatellite DNA.

A, Ag++/C52804 Ultracentrifugation. 50 ug/ml high molecular
weight human male placental DNA was centrifuged in an isopycnic

Cs280. gradient at an intial density equal to 1.485 g/ml and an
Ag++/DNA ratia > 0.2. Twenty five fractions, at 0.2 ml each, were
collected. The buoyant density and absorbance at Az.o i5 shown
for each fractions., Satellites I and IIl DNA appear as a “shoulder"
at a mean density = 1.32 g/m}; "mainband" DNA spans the gradient
between densities 1.39-1.50 g/mi, and Satellite Il DNA appears as a
unimodal peak at density = {.56 g/nl.

B, LsCl Ultracentrifugation, Satellite II and IIl fractions
‘tollected from the Lsz504 gradients were dialyzed,
precipitated, resuspended TE and centrifuged in isopycnic C€sCl
gradients at intial densities eqgual to 1.700 g/ml, Twenty-five
fractions, at 0.2 ml each, were collected. The buoyant densities
and absorbance at Rzso 15 shown for each fraction. After
successive ultracentrifugations under these conditions, the
Batellite II and 111 fractions appeared as unimodal peaks at a
densities equal to 1.694 g/ml and 1.697 g/ml, respectively.
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ultracentrifugation are known to consist of heterogensous
populations of A+T-rich sequences. The composition of these
fractions can further vary between different preparative gradiént
isolations {Singer, 1982; Manuelides, 1978). Precise
characterization of Satellite DNA fractions necessitated obtaining
a constant population of DNAs in each preparative isolation and
large enough quantities of DNA to permit detailed molecular
analysis. These conditions were met by propagating Satellite II and
IIl fractions as recombinant DNAs in the bacterium E. coli.
Holecular cloning of the Batellite fractions allowed
characterization and mapping of component DNAs, as well as
comparison with other cloned Satellite fragments.

Accurate characterization of complex Satellite fractions
depended upon the retention of native Satellite and associated
flanking sequences in the cloned DNA. Determining sequence
structure of DNA flanking Satellite repeats allowed a specific
determination of the genomic organization and localization of
discrete cloned Satellite elements. To ensure that flanking DNA
sequences would be cloned along with Batellite sequences, Satellite
DNA predicted to be large encugh to include both types of seguences
were cloned. Some restriction enzymes digest Satellite seguences
into small fragments (Hinfl, Taql, EcoRI, Haelll) whereas others do
not appreciably digest Satellite DNA (BamHI, HindIII, Xbal)
(Manuelides, 1978; Mitchell et al., 1979; Frommer et al.,, 1982).

Preliminary Southern blot analysis using radiolabelled Satellite II
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fraction DNA hybridized to HindIIl-digested human placental DNA
(not shown) revealed a series of fragments ranging in size from
approximately 0.5 kb to 9.0 kb. Thus, genomic DNA digested with
HindIIl was likely to include a range of large fragments homologous
to Batellite Il DNA, including those large enough to possess baoth
flanking and 8atellite sequences. Further, ligation of fragments
into the HindlIl site of the vector plasmid pBR322 disrupts the
coding region of the tetracycline gene, rendered the bacteria
tetracycline sensitive, which can be used-as a screening device ta
select bacterial colonies harboring recombinant plasmids.

Transformation of competent DHY E. coli cells with supercoiled
or cut, religated pBR322 was overall successful, resulting in
>10° transformants/ug plasmid. Similar experiments utilizing
Satellite 11-pBR322 recombinant plasmids were not initially
successful, even though agarose gel electrophoresis showed that the
DNAs were ligated. One published report had cited similar
difficulties in <cloning GSatellite IIl sequences, e.89., of 117
transformants obtained from ligated Satellite IlI-lambda gt wes
lambda B DNA, only two contained inserted sequences, and one of
those had undergone & putative recombination event during the
cloning process (Cooke and Hindley, 1(979). This suggested that
Satellite DNA repeated sequences may be difficult to maintain as
part of recombinant molecules 1in bacterial hosts. In the present
study, this problem was partially overcome by increasing

transformation efficiencies through the use of "supercompetent® DHSJ
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cells (BRL). Tranafbrmation of DHT cells with Satellite II-pBR322
yielded 103 colonies (1X plate A) and 113 colonies (iX plate B), No
colonies were observed on any of the dilution plates. The
transformation efficiency equalled 102 colonies/0.1 ug DNA/O.1 ml
cells, or 1 % 10% colonies/ug DNA/ml scells. In a similar
experiment, GSatellite III-pBR322 was transformed into DHS competent
cells te an efficiency of | x 10™ colonies/ug DNA/ml cells. A
comparable transformation with supercoiled pBR322 gave 107
tolonies/ug DNA/ml cells.

0f 216 Satellite 1II and {8 Satellite III colonies, 170 and 3,
respectively, were tetracycline sensitive, The remaining colonies
were resistant to tetracycline, and probably harbored

non-recombinant plasmids.

111. Determination of Insert Sizes of Satellite II-Related Clones

Initial characterization of recombinant plasmids involved
determination of basepair lengths of the cloned DNA fragments. The
data obtained from electrophoretic analysis is summarized in Table
I and shown gréphically in Figure 2A8. O0f the 170 tetracycline
sensitive colonies, 69 weither did not harbor recombinant plasmids
or possessed inserted DNAs too small (<400 bp) to be easily
detected, The remaining 101 colonies possessed recombinant plasmids
containing inserted fragments ranging in size from “500-4000 bp.
Ninety~seven plasmids contained single inserts, three plasmids

(numbers 11, 20 and 62) possessed twn inserted fragments and one
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TABLE I
Sizes (in bp) of Satellite Il-Related Fragments
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t

FIGURE 2. DRistribu of Insert Fragments GSizes among _the
Satellite II-Related ned DNAs,

jan
Clo
A, Graph of the data presented in Table ! showing the number of
cloned fragments per 200 bp insert size group. :

B, Graph of the data presented in Table Il showing the number of
cloned fragments per larger insert size category, Fragment size was
determined as described using electrophoresis of 0.7% agarose gels.
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FIGURE 2. Distribution of size of inserted fragments among the Satellite II-related Clones.
A. Graph of the data presented in Table I showing the number of clones per 200 bp insert
size group. B. Graph of the data presented In Table Il showing the number of clones per
larger inscrt size category.
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plasmid <(number 73) had three inserted fragments. Thus, the actual
number of HindIIl inserts represented by the 101 recombinants was
104,

Cloned DNA was placed into four broad categories based on
ingsert size (Table II and Figure 2 B). The claoned DNA fragments
were organized into classifications based on size ranges of
550~1500 bp, 1550-2500 bp, 2350-35300 bp and 3550-4000 hp, and DNA
for further study was selected randomly from the molecular weight
categories (Table IID).

The SGatellite III recombinant plasmids possessed ingerts of
4000 bp (B and D) and 1400 and 500 bp (C). Of these, plasmid D was
thosen for further study on the basis of its large size to provide
comparison of a BSatellite III-derived DNA and Satellite Il-derived

DNA.

1Y, Restriction Enzyme Mapping of Cloned Sequences

Twelve Satellite II cloned fragments and the Satellite [Il
plasmid D were further characterized by determination of internal
restriction endonuclease (RE) recognition sites, Restriction
enzymes BamHl, EcoRI, HindIII, Hpal, Pstl, Pvull, Sall and Xbal
were wused singly and in combination. Cloned fragments 33, 43 and 3 '
were also characterized by digestion with Alul, Bell, BglIl,
Haelll, Hinfl, Kpnl, Sstl, Tagl and Xhol for further analysis. The
restriction enzyme maps determined in this manner are given in

Figure 3.
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TABLE II

Summary of Initial Selection of Cloned
DNA for Study

ALL CLONED DNAs Number Fragment
Fragment Length of Percent Selected Length
{in bp) Fragments Occurence Plasmids (in bp)
1 - 500 4 3.8% -~ -—
501 - 1500 42 40,0% #14 750
#85 950
438 1300
#33 1400
1501 - 2500 32 30.5% #16 1700
#43 1900
#3 1900
#204 1900
$#208B 2050
#36 2300
2501 - 3500 21 20, 0% #103 3300
3501 - 4000 6 3.7% $ 2 4000

TOTAL 105 100, 0% 11 ————
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FIGURE 3. Restriction Enzyme Maps of the Cloned Fragments,

The restriction maps, determined as described in Materials and
Methods are shown tor the eleven Satellzte II fraction-derived
(plasmids 3 103, 20 A and B, 43, 5,

one Satelllte iI }raction-derived (plasmld b) DNAs studied., The
length, in bp of each cloned fragment is indicated. The
recognition s1tes of restriction endonucleases that digest the DNAs
are shown. Restriction endonucleases that do not digest the cloned
fragments are indicated, All ragments are defined by 5°' and
3'terminal HindI1I sites. The coRI site of pBR322 is shown to
provide arlentatlon of the fragment in the clunzn? vector, except
for fragment wh:ch could not be oriented. The position and
orientation ﬁhe Alu element within the cloned 33 fragment is
shown with an arrow, The DNAs are organized into four subclasses,
as explained 1in the texnt, Due to covalent linkage with 20A, 20B is
shown in the Subclass i categnry though it is a member of the
Subclass gruug HindIIIy B, BamHI; E, EcoRI; P, Pvull; Fs,
zStﬁi IHp, HpaI, SafI, Xy Xbai; Ky Kpnlj Bg, Bglll; 8s, Sstl, and

1
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Restriction digests showed that some of the recombinant
plasmids shared specific RE sites., Digestion of plasmids 2, D and
103 with HindIIl + EcoRl produced 3 1.2 kb fragment, and digestion
with EcoRI alone generated a 1.5 kb fragment., Plasmids 2, D and 103
also possessed small (300-300 bp) EcoRI fragments, as did plasmid
16, HindIII + Xbal digestion of the DNA of plasmids 33, ‘20a and 103
produced a 730 bp fragment fram each of the three inserted
fragments. Digestion of plasmids 2, D and 43 with HindIII + Pvull
produced a 1.4 kb fragment. Identical RE maps were generated for
the inserted fragments of plasmids 2 and D with similar maps for 43
and S. In contrast, the inserted fragments of plasmids 34, 38, 14
and 835 bore no obvious RE map relationship to each other or to any
of the other DNA fragments.

The possession of common restriction enzyme sites among some of
the cloned fragments suggested that they might also possess comman
base sequences, Since the cloned fragments were derived from
purified GSatellite fractions, it was expected that some would share
base sequence homalogies.

V. Southern Blot Analysis of Cloned DNA

Homologous sequences within the cloned Satellite Il-related
fragments were detected using Southern blot analysis. Flasmids 33,
2, D, 43, 16, 38, BLUR B and pEl were each radioactively labelled
with TEPdATP and wused as probes against transfers of gels
containing RE-digested 33, 2, D, 3B, 43, 14, 103, 20A and B, 5, {4,

36, 85, 4, BLUR 8 and pE! DNAs. The BLUR B plasmid, which contains
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an Alu SINES element {Rubin et al,, 1980), was used in these
studies to identify Satellite cloned fragments containing Alu
elements. The pEl plasmid, which contains four tandemly repeated
alphoid monomer units (Gray et al.,, 1985), was included to detect
the presence of alpheid seguences. The results of these
experiments are summarized in Table III.

Southern blot analysis of the cloned fragments showed that they
could be resolved into four subclasses, based upon sequence
homologies. Subclass | contained homologous cloned fragments 33, 2,
D, .103 and 20A and was characterized by the presence of Alu SINES
element DNA. Subclass 2 comprised homologous cloned fragments 43,
Sy 16 and 85 amd was characterized by the presence of Li Kpnl LINES
element DNA. Subclass 3 consisted of the cloned 36 fragment
containing, sequences homologous to alphoid DNA. Subclass 4
consisted of nonhomologous cloned 38, 20B, and 14 sequences which
were not common to any of the other cloned DNAs.

Subclass 1 clened elements. Cloned 33 DNA was hybridized to

HindIlI+EcoRI-digested 33, 2, 16, 20 and 73 DNA (Figure 4 and Table
ITI)., 33 DNA displayed homology te the 1.5, 1.2 and 0.3 kb
HindII1I/EcoRI fragments of 2 DNA and the 2.0 kb HindIIIl fragment of
208 DNA. 3% DNA was also hybridized to HindlIl-digested 33, 2, D,
38, 43, lé&, 20A and B, 5, 14, 36 and 85 DNAs; a positive signal was
obtained with the 2, D, 103, 20A and 43 cloned fragments.

DNA of plasmids 2 and D were separately hybridized to

HindIIl-digested 33, 2, D, 38, 43, 14, 20A and B, 5, 14, 36 and 85
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TABLE III

Homologies Among Satellite II-Related
Clones: Southern Blot Data ’

PROBES/EXPERIMENT

CLONES 334 338 2 D 43 16A 16B 38 Alu QpEl XL3

33 + + + + 4 - - - + - +
2 + o+ o+ o+ - - - - .+ - &
D + x + + - - - - + - o+
8 . x - - - - - - + - - -
43 x .+ - - + o+ o - - - -
16 - - - - + o+ + - - - -
103 x + +  + - - - - + - *
200+ 0+ o+ 4 - - - - + - &
2B -~ =~ - = - = - - - - -

5 x - - - + o+ + + - - -

14 x - - - - - - - - - s x

36 x - - - - - - - - + -

85 x - - - - + +. - - - x
[ x x x x x x - x x x ¥

Alu x x x x x x . x x + x -
GpEl x x x x x ¥+ x x x + x
XL3 x X 'x X x x x x x x +
734 4+ x x x x x x x x x -

LEGEND: + = positive hybridization signal; - = no hybridization signal;
x = not included on gel of this experiment; ¢ = not included on gel of
this experiment due to error. Specific activities of the probes were:
33A, 1.5_x 108 cpm/ug: 33B, 1.4 x 107 cpm/ug; 2, 1.1 x 107 c¢pm/ug; D,

1.1 x 107 cpm/ug; 43, 8.9 x 106 cpm/ug; 16A, 2.2 x 107 cpm/ug; 168,

2.1 x 107 cpm/ug; 38, 1.1 x 107 cpm/ug: Alu (BLUR 8), 3.7 x 107 cpm/ug;
QdpEl, 1.1 x 10° cpmfug; XL3, 5.7 x 107 cpm/ug, Hybridization conditions
were as described in Materials and Methods.
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other Satellite Il-related cloned fraaments.

0 ng plasmld 33 DNA was nick-translated using ol 3*PdATF to a
ecific activity of 1.5 1oe cpm/ug and hybridized to the
uthern transfer of a 1.0% agarose gel., T gel contained 500 ng
R322 DNA digested thh H:nd 11 (Lane 1); each plasmid 2,
73 16, 3 and 14 DNA 18ested with H1ndI I + EcoRI (Lanes
f); ug human placental NA digested with HindlIl (Lane 9,
signated PS5), and 1 ug lambda DNA digested with HindIII (Lane
}o The lengths in kb, of the HindIlI-digested lambda DNA
agments are indicated fof reference as molecular weight markers.
bridization and washing were conducted at 53-60°C as described
Materials and Methods. The autoradiogram was_ produced by
an

exposure of the blot filter for 1| hour at -70=C with
intensitying screen.
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DNAs. Cloned 2 DNA hybridized to itself and to D, 33, 103 and 20A
DNA  (Figure 5 and Table III)., Cloned D DNA hybridized to itself and
to 2, 33, 103 and 20A DNA (Table III). 43 DNA did not hybridize to
cloned 2 or D DNA., On this basis, cloned fragments 33, 2, D, 103
and 208 were placed in Subclass !. Subclass | consisted of highly
repetitive DNAs, since one of its members, 33 DNA, hybridized to a
wide range of genomic sequences present in HindIIl-digested
placental DNA (see P5 in Figure 4),

The BLUR 8 probe also hybridized to 33, 2, D, 103, and 20A
cloned fragments (Figure 6 and Table 1IIl). This showed that
Subclass ! cloned fragments contained Alu elements, whereas the
other Satellite cloned fragments did not. The hybridization af 33
DNA to a wide range of genomic fragments was a product of homology
between the Alu element in the 33 sequence and thousands of other
Alu elements dispersed throughout the human genome (Figure 4)
(Mapuelides and Biro, 1982).

Subclass 2. Members of Subclass 2 were identified on the basis
of Southern blot experiments (Table III)., Cloned 43 DNA was
hybridized to HindIII-digeséed 33, 2, D, 103, 20A and B, 43, §, 16,
85, 738, 34, 14 (Figure 7 and Tabhie III). DNA from the cloned 43
fragment showed homology to cloned fragments 9 and 16, The
relationship between cloned 43, 5 and 16 DNAs was further
investigated where plasmid 16 was used as a probe, Here, plasmid
DNAs were digested with HindIIl + EcoRI rather than HindII! alone.

The 16 DNA fragment hybridized to 43, § and B5 DNA. This result wWas
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FIGURE 4. Southern
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fragments: Hybridization

200 ng BLUR 8 DNA
gr:mer extension to

bridized to a 1.0

BLUR 8 digested with
33, y 20,

43, 34,

ble %ﬁﬁ%ygis of Batpllite I]l-related cloned
ko .

was radiolabelled with AS2PdATP using random
a specific _activity of 3.7 x 107 cpm/uq and
% a?arose gel. The gel contained 2 ug Elasm1d
BamH 1(Lane 1); 2 ug each plasmids 14i 5, 38,

03, 2 and E) digested with Hindlll (Lanes
(

16
2-f3); 8 ug human placental DNA gﬁqﬁs ed with Alul (Lane 14), and 2

u? lambda DNA diges
0

ted with Hin

Lane 15). The lengths, in kb,

the HindlIll-digested lambda DNA +fragments are indicated tor
reference as molecular weight markers. Hybridization and washing

were conducted at

55~60°C "as described in Materials and Methods.

The autnradingrém was produced by exposure of the blot filter for

18 hours at -7

with an intensifying screen,
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FIGURE 7. Sputhern Blot Analysis of Cloped 43 DNA: Relationship of

65

43 tp other Satellite Il~Related Cloned Fragments.

2 ug each plasmids pBR322, 14, B5, 38, t4&, 33, 5, 20, 43, 34, 103,
2 and D; 8 ug placental DNA (Lane P5), and 2 ug lambda ONA (Lane L)
digested with HindlIl were electrophoresed through a 1.0% agarnse
gel, transferred +to GeneScreen Plus (NEN) and hybridized to 400 ng
« FPdATP-labelled plasmid 43 DNA (specific activity = 9 =& lo=
cpm/ug), as described in Materials and Methods. The autaradiograph
of the hybridized filter, shown here, indicates strong homology
between the cloned 43 fragments and the cloned & and 14 sequences
and weak homology between the cloned 43 fragment and the cloned 85
Sefuence. These cloned ODNAs define the Subclass 2 Satellite
[I-related elements, Flasmid vector homologies to pBR3ZZ DNA are
apparent, as are homologies to genomic 1,9 (=) and .5 (®) kb
fragments (Lane P5), The autoradiograph was produced by sxposure of
the blet +ilter for 24 hours at -70°C with an intensifving
sCreen,
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confirmed in another experiment where plasmid 16 was hybridized to
a Southern transfer of the HindIII-digested cloned DNAs., It was
apparent that cloned fragments 43, 5, 14 and 85 describe a second
subclass among the cloned DNAs. Subclass 2 cloned fragments were
homologous to each other but not to Subclass { cloned fragments and
did not contain Alu sequences (Figure 5).

Subclass 3. The alphoid sequence probe, plasmid pEl,

hybridized only to plasmid 34, defining Subclass 3 (Figure 8 and
Table I[III). Plasmid 34 was not homologous to other Satellite
Il1-related cloned fragments.

SBubclass 4, The Subclass 4 cloned fragments - 38, 14 and 20 B
DNA - were not homologous to the other cloned DNAs, and together
formed a group of unrelated sequences,

The Southern blot experiments show that the GSatellite
II-related cloned sequences could be divided into four subclasses.
Subclass | cloned DNAs - 33, 2, D, 103 and 20A - were homologous to
gach other and to the BLUR B probe, indicating that they possessed
Alu elements, but not alphoid sequences. Subclass 2 cloned DNAs -
43, &, 16 and B - were homologous to each other but not to Alu or
alphoid DNA sequences. Subclass 3 cloned DNA - the 36 fragment -
possessed alphoid but not Alu sequences and was not homologous to
any ‘other satellite Il-related cloned DNA. Last, the Subclass 4
ctloned sequences =~ 38, 20B and 14 - showed no homelogy to each

other or to any of the other recombinant plasmids (Table IV).
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FIGURE 8. Southern blot analysis of Satellite lI-related cloned

fragments: Hvbridization to pEl.

400 ng plasmid pELl was nick-translated witho(==PdATP to a
specific activity of 1.1 x 10° cpm/ug and hybridized to the
Southern transfer of a 1,0% agarose gel. The gel contained 2 ug
lasmid gEl digested with Xbal (Lane 1); 2 ug each plasmids 4, 85

y Lé&, 33, 9§, 20, 43, 34, 103, 2, and D digested with HindI1l
(Lanes 2-13) and 2 ug lambda DNA digested with HindIIl (Lane 14),
The lengths, in kb, of the HindIII~digested lambda fragments are
shown for reference as molecular weight markers. Hybridization and
washing were conducted at 55-40°C as described in Materials and
Methods. The autoradiogram was produced by exposure of the blot
filter for 2 hours at -70°C with an intensifying screen.
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TABLE IV

Homologies Among Satellite II-Related Clones: Analysis of Southern Blot Data

Alu 33 2 D 103 204 XL3 208 16 43 5 85 38 14 36 73A aepEl

Alu  + + + + o+ + - - - - - - - - - - -
33 + + + o+ + + + - - *® - - - - - + -
2 + + o+ o+ o+ o+ + 7 - - - - - - - - -
D+ + o+ + o+ + + - - - - - - - - -

103+ + + + + + - - - - -

20A + + + o+ + + - - f- -

XL3 - + + 4 + + + - - - - - - - -

208 - - - - - + - - - -
16 - - - - - - - - + o+  + o+ - - - -
43 - - - - - - - - + + + - - - - -
S - - - - - + o+ o+ - -
85 - - - - + - + - -
38 - - - - - - - - - -+ -+ - - -
14 - - - - - - - + -
36 - - - - - - - - + +

73A + - +

apEl - - - - - - - - - - - - - - + +

LEGEND: + = homology; - = no homology; * = inconsistent demonstration of homology. Blank
aress indicate that direct demonstration of homology or lack of homology has not been
experimentally shown. Hybridization conditions were as deseribed in Materials and Methods.
Data upon which Table 1V 1s based is presented in Table III,
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PART TWO: CHARACTERIZATION OF SUBCLASS 1 AND 2 CLONED FRAGMENTS

The above studies did not allow a basis for the identification
of Satellite Il sequences among the cloned fragments. The presence
of Alu, alphoid or other sequences by no means precluded the
presence of Satellite Il segquences. In order to determine which
recombinant plasmids, if any, contained Satellite Il sequences, the
genomic organization of Subclass | member 33 DNA and Subclass 2
member 43 DNA was determined and compared. Comparison of this
information with that published for various satellite SequUences
would allow the provisional assignment of Satellite Il seguences to
cloned 33 and/or 43 DNA.

Y1, Genomic Organization of the Cloned 43 and 33 DNA

Bubclass 2 cloned 43 DNA and Subclass | cloned 33 DNA were used
as probes in Southern transfers +from gels containing male human
placental DNA digested with various restriction BNZYMES.
Hybridization patterns were compared with those of known repeated
DNAs. Cloned 43 DNA was also hybridized ip situ to human metaphase
throemosomes. These experiments showed that the 43 cloned fragment
was a variant Kpnl L1 LINES element and did not contain Satellite
sequences, It localized to the centromeric regions of thuman

chromosome 4 and the X chromosome. The 33 cloned fragment was

resolved into regions containing Satellite and Alu SINES sequences.
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A, Genomic Distribution of Subclass 2 Cloned 43 DNA
nalysis 3 _DN

Hybridization of 43 DNA to total human genomic DNA showed that
it was a variant KpnI L1 LINES element. Human placental DNA was
digested with the HindIIl, EcoRI, BamHI, Pvull, Pstl, Xbal, Tagl,
Haelll, Kpnl and Hpal, which generated many fragments homologous to
43 DNA (Figures 9 and 10), The molecular weights of these
fragments are summarized in Table V.

Two aspects of the ogenomic organization of 43 DNA were
immediately apparent. The +first 1is that the 43 sgsequence is a
repetitive fragment in the gename, since multiple bands were
generated by digestion of genomic DNA with BamHI, Pvull, Xbal and
kKpnl. The second is that smears of high molecular weight DNA
undigested by the restriction endonucleases {(with the exception of
HaelIll) hybridized ta 43 DNA. This type of hybridization to high
molecular weight genomic DNA indicates that the probe sequence
occurs genomically as an interspersed repeated sequence (Manuelides
and Biro, 1982), 0On this basis, the cloned 43 fragment was
provisionally identified as a LINES element.

Comparison of the hybridization patterns of 43 DNA to human
genomic DNA with those of known LINES slements - the 1.9 kb Hindlll
repeat and its superfamily, the Kpnl L1 LINES elements - revealed
similarities (Table V) (Schmeckpeper et al., 1981; Shafit-Zagardo
et al., 19823 Manuelides, 1982; Manuelides and BRiro, 1984

Schindler and Rush, 1983; Hwu et al, 1984). The analysis showed
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FIGURE 9. Southern blot analysis of Plasmid 43: Hybridization to
Human Genomic DNA.

500 ng of plasmid 43 DNA was nick-translated usingX *2PdATP to a
specific activity of 5 % 107cpm/ug and hybridized to the Sauthern
transfer of a 1.,0% agarose gel., The gel contained 2 ug plasmid
pBR322 digested with HindIII (Lane 1); 8 ug each human placental
DNA digested with HindIIl (Lane 2), EcoRI (Lane 3), BamHI (Lane 4),
Pvull (Lane 3), Pstl (Lane &), Xbal (Lane 7), Tagl (Lane 8), Haelll
{Lane %), Kpnl (Lane 10) and Hpal (Lane 11), and 2 ug lambda DNA
digested with HindIII (Lane 12, not shown). The lenghts, in kb, of
the HindIII-digested lambda DNA fragments are indicated for
reference as molecular weight markers. Hybridization and washing
were conducted at 60°C as described in Materials and Methods. The
autoradiogram was produced by exposure of the blot filter faor 24
hours at -70°C with an intensifying screen.
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FIGURE 10. Southern Blot Analysis of Plasmid 43: Hybridization to
Human Genomic DNA,

Autoradiograph of the same blot +filter shown in Figure 9 except
that exposure was for 96 hours rather than 72 hours at -70=C with
an intensifying screen., Hinor bands at 1100, 1000 and 900 bp ()
produced by digestion of genomic DNA with Pvull are evident. Bands
at 1200 bp (%) produced by digestion of genomic DNA with BamHI and
at 1000 bp (°) produced by digestion of genomic DNA with EcoRI
are apparent.




kb

9.64~
6.64~

4.34-

2.26-
1.98-

0.56-

pBR322

HE B PvPs X THa KHp

s

Page

76




'Page 77

TABLE V

Genomic Organization of Fragment 43 DNA: Southern Blot Analysis

RESTRICTION FRAGMENT CHARACTERISTIC OF:
ENZYME SIZE 1.9 kb HindIll Kfnl L1 LINES
(in bp) family* elements+
MAJOR  MINOR
HindIIl 1900 + +
1500 - +
EcoRI 3200 + +
1000 - -
BamHI 4000 - +
3300 - -
2700 - -
2000 - -
1200 - -
Pvull 3200 ] H]
2200 A H]
1200 ] H]
1000 H] ¥
200 A ]
Pstl -- -- - A
ibal 3200 + H]
2300 + +
1500 - H]
go0 + %
Tagl --= X %
Haelll 1100 + +
500 + +
400 - +
Kpnl 3300 + *
2800 + +
1900 - +
1800 - +
1500 + +
1200 + +
1000 - +
Hpal 3600 A
3000 H] p]
2100 A
1700 H] H]
LEGEND: Major bands were vigible on a 24 hour exposure of the
blot; minor bands were visible on 96 but not 24 hour exposure of
the blot; + = restriction fragments common to cloned 43 DNA, the
1.9 kb HindIII repeat and the KpnlI LINES elements; - = restriction
fragments homologus toe 43 but not common to the 1.9 kb Hind 111
repeat and/or the Kpnl L1 LINES elements; x = not described in the
literature, Fragment sizes, in kb, were determined from the
Southern blot shown in Figure 8 using logmw plots, as described
in Materials and Methods, #*From Manuelides (1982); Manuelides and
Biro (1982). +From Schindler and Rush (1983); Schmeckpeper et al.,
19813 Shafit-Zagarde et al., 1982a,b.
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that 43 DNA was more representative of the Kpnl LI LINES
superfamily rather than the 1.9 kb HindII! repeat per se.

CloneZ 43 DNA differéd from both 1.9 kb HindIII and Kpnl L1}
LINES elements in that it was homologous to several BamHI-generated
fragments in human DNA, Neither the 1.9 kb HindIIl nor the Kpnl LI
LINES repeats have been shown to hybridize to other than high
molecular weight (>4 kb) BamHl fragments in the human genome
(Schmeckpeper et al., 1981; Manuelides and Biro, 1982). The 43 DNA
fragment, although related to the 1.9 kb Hind III family and
perhaps more closely related to the Kpnl L1 LINES elements, is not
identical to éither group of interspersed repeated sequences.

Composite RE maps of 43 DNA, the 1.9 kb HindIIl repeat and the
Li Kpnl LINES 4.4 kb repeat is shown in Figure 11A (Schindler and
Rush, 1988). The 1.9 kb HindlII repeat nverlgps 5' with the 1.8(26)
kb Kpnl element, encompasses the 1.5 kb Kpnl element, and overlaps
3 with the 1,2 kb Kpnl element (Schindler and Rush, 19B5). The 43
fragment shares two BglIl, one Xbal, one SstI and the 3’ kpnl sites
with the 1.9 kb HindlII repeat. The 5' Kpnl site is present in the
1.9 kb HindIIl sequence but absent in 43, as is an EcoRI site
(Manuelides, 1982). The 43 fragment possesses a Hpal site “900 bp
downstream and a Pvull site “1300 bp downstream from the S’ HindIII
site (Figure 11A). The 1.9 kb HindIIl repeat lacks both these
sites, though single base changes at positions 847 (A7) and 13064
(6>C) would generate Hpal and Pvull sites (Manuelides, 1982).

Plasmid S DNA, whose RE map is almost identical to that of 43,
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FIGURE 11. Relationship of the Cloned 43 Fragment to the L1 Kpnl
Family of Repeated Sequences.

A. Comparison of restriction endonuclease maps of 43/5 DNA with
those of the 1.9 kb HindIII repeat_and the 6.4 kb L! Kpnl family of
repeated seguences. The_ first RE map shows restriction enzymes
sites shared by the 43/5 cloned fragment and the 1.9 kb HindIll
repeat )y present in the 43 “fragment but not the 1.9 kb
HindIIl repeat (---) or present in the 1.9 kb HindIIl repeat but
not in the 43 fragment (---). The second RE map shows the
consensus restriction enzyme sites within the 6.4 kb L1 Kpnl family
o repeated sequences. The 5 1.8 kb element 1is designated
"1.8(26)" and the 3' 1.8 kb element ls designated "1.8(11)" after
cloned homologues to distinguish them. The sizes, in basepair, of
restriction fragments_ produced by dxgestinn _wiih, the indicated
enzymes are given, Fragments produce By digestion with these
enzymes that cannot be derived from the 6.4 kb L1 Kpnl consensus RE
map are indicated. The 6.4 kb Kpnl L1 consensus RE map is based on
én;ormgtxon gizen in Ma?gg}idegh(}9s2%; Maguellges ?nd ?659 (é?BZ)é
chmeckpeper e al, : afit~Zagarde et al.. 2a, an
Schindler and Rush, T985. ] ’ ’

B, Proposed rearrangement of the 6.4 kb L1 Kpnl 3 1.8 kb (1.8[261)
and 1. kb elements to produce the indicated restriction enzyme
fragments. Fragments that canpot be derived from the RE maps in A,
or B. are indicated and their lengths given in basepairs. 8, BanmHI;
- Bg Bgllly E, EcoRI; H, HindIIIl; Hp, Hpal; K, Kpnl; P, Pvull; 5s,
sstl, and X, ibal.
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lacks the Hpal site and possesses a BamHl site in place of the
PvuIl site. A BamHI site would be generated by a single base change
(A>C) at position 1328 in the nucleotide sequence of the 1.9 kb
HindIIl repeat.

Other RE sites are consistent with the L1 map restriction
enzyme site map shown in Figure 11A (Figures 9 and 10; Table V).
The 1900 bp Hindlll fragments originate from HindIIl digestion of
the 5° 1.8(26) kb and 1.5 kb KpnI elements. The large 3300 EcoRI
fragment arises from digestion at the EcoRI sites of the 5 1,8 kb
and 1.3 kb KpnI repeats. The 3300, 2800, 1800, 1500 and 1200 bp
Kpnl fragments are generated by digestion of the entire L1 unit at
the Kpnl recognition sites. The 4000, 3200 and “2000 bp BamHI
fragments arise from digestion of the LI unit at internal RamH!
sites, including the BamHI site observed in the cloned &/43
sequence, Digestion at the ©§/43 BamHl site and at a proposed
extreme 3° BamHI site would vyield the observed 2700 bp BamHI
fragment. Similarly, placement of a Pvull site at the extreme 3°
end of the L1 wunit, in addition to those present within the 5°
1.8(26) kb Kpnl and 1.5 kb Kpnl elements, would generate the
observed 2200 and 3200 Pvull digestion products. The 2300, 1500 and
BOO bp Xbal fragments are generated by digestion at the Li unit
Xbal sites shown in Figure 1{1A. Elimination of the extreme 3 Xbal
site in some copies of ihe .1 element would result in production of
the 3200 and 2300 Xbal site fragments if digestion occurred instead

at Xbal sites located at the extreme 3' end of the 6.4 kb L1 unit,
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Some of the RE f;agments observed cannot be directly correlated
with the L1 map., The 1.5 kb HindIII genomic fragment (Figures 9 and
10) shows hemology to the_1.2 kb Kpnl element, but not the 1.5 kb
Kpnl element internal to the 1.9 kb HindIIl fragment
(Shafit-Zagardo et al., 1982a), Homology of 43 DNA to the 1.5 kb
HindIII genomic <fragment arises from possession of 5 1.2 kb Kpnl
sequences (Shafit-Zagardo, personal communication), The positions
of the HindlIl sites defining the 1.5 kb HindIII genomic fragment
within the Li consensus map are unclear.

Other 43 DNA-homolpgous genomic fragments observed were not
expected from the Ll consensus RE map and include small 1100, 1000
and 900 bp Pvull, 1200 bp BamHI and 1000 bp EcoRI fragments
(visible as minor bands on the Figure 10 blot after 96 hours of
gxposure). Additional BamHI, Pvull and EcoR! sites would be
required within either the 1.5 or 1.2 kb Kpnl elements to produce
small fragments. There is no previous evidence that such sites
exist, even as minor polymorphisms within cloned or genomic kpnl
element DNAs (Schmeckpeper et al.,, 1981; Bhafit-Zagardo et al.,,
1982; Manuelides, 1982; Manuelides and Biro, 1982; Schindler and
Rush, 1985; Hwu et al., 1986). The observation that two Fvull sites
and one BamHI site occur within the 5' half of the 1.8(26) Kpnl
element and that the cloned 43/5 DNA possesses closely spaced Bamhl
and Pvull sites suggests that the two sequences may be invelved in
the generation‘ of the small 43 DNA-homologous HamHI and Pvull

fragments. For example, juxtaposition of the 1.8(26) and 1.3 kb
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Kpnl element Pvull and BamHI sites would require a simple
rearrangement event whereby a 1,8 (24) Kpnl element is inserted at
the 3' end of a 1.5 kb 43/5-like Kpnl element. If the point of
insertion occurred at the 5' end of the 1.8 (26) kb and 3' end of
the 1.5 kb Kpnl elements, the resulting alternative arrangement
would resemble the one depicted in Figure 11B, Digestion of the
altered arrangement with BamHI would vyield the observed 1200 bp
BamHI, and digestion with Pvull would generate the observed 900 and
1000 bp Pvull genomic fragments. The alternative arrangement also
nffers additional derivations for the 3200 BamHI, Pvull and Xbal
genomic fragments homologous to 43 DNA. Thus, rearrangement of some
topies of the L1 unit accounts for production of three szmall BamHI
and Pvull fragments, as well as the 3200 bp BamHI, Pvull and Xbal
fragments., Sequence ‘“scrambling” or rearrangement events have been
observed in some Kpnl family members that change the relationships
of these elements to each other (Shafit-Zagardo et al., 1982a,
1982by Manuelides and Bire, 1982). Assignment of the small BamHI
and Pvull fragments as wminor bands indicates that the proposed
rearrangement event occurred within relatively few copies of khe
6.4 kb L1 unit, and does not constitute a major genomic event., It
should also bhe noted that neither the L{ consensus map (Figure 11A)
nar the propaosed rearranged sequence {(Figure 11B) account for the
origins of the 1100 bp Pvull or 1000 bp EcoRI minor fragments.
Calculations based on the relative intensities of the 1.9 kb

HindIII repeat band and titrations of cloned 43 fragment DNA probed
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simultaneously with radiolabelled 43 DNA estimated the number of
genomic sequences with homology to 43 DNA at 30,000-40,000 copies.
This 1is expected based on published results of the copy number of
the 1.9 kb HindIII repea{ and L1 KpnI LINES elements (Schmeckpeper
et al., 19B1; Shafit-lagardo et al., 19B2h),

In summary, the Southern bhlot data shows that the cloned 43
fragment is a member of the 1.9 kb HindIIll repeat family and, more
generally, of the L1 Kpnl LINES sequences. Therefore, the Subclass
2 members - 43, 5, 16 and 85 - comprise Ll-homologous sequences
that do not contain Satellite sequences. Their isoiatinn from the
cesium gradient Satellite II fraction suggests, but does not prova,
that the Subclass 2 cloned fragments may be associated genomically
with Satellite DNA,

2. Hybridization In Situ of the Cloned 43 Fraament to Human

Metaphase Chromosomes

Hybridization in situ of 43 DNA to human metaphase chromosomes
showed that it localizes primarily to centromeric regions of
chromosome 4 and the X chromosome. The hybridization ot 43 DNA to
&0 metaphése plates taken from three individuals was analyzed. A
representative hybridized metaphase plate from this experiment is
shown in Appendix__I. Although labelling occurred throughout the
chromosome complement, (reflecting thé interspersion of kpnl LINES
sequences homologous to 43 DNA), high grain densities were observed

at centromeric regions of chromosome 4 and the X chromosome.

Statistical amalysis using the { test showed that chromosome 4 and
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the X chromosome were significantly labelled, with overall Cvalues
of 88.5 and 21.0, respectively, The centromeric regions of
chromoéame 4 and the X chromosome had X values of 57,3 and 59.8,
More precise localization of grains to these regions was
accomplished by recounting grains within smaller, identifiably
banded pericentromeric areas. 0f 206 grains within bands 4pli-14,
4q11,12 and 4913, 88 (437%) localized to bands 4qll,12,
demonstrating that centromeric bands 4qil,12 were the major
regions of homology to the 43 DNA. Similarly, of 133 grains counted
within bands Xpll, Xqgi1,12 and Xqi3, 55 (42)) localized to bands
Xqll,12, indicating that centromeric bands Xqil,12 were the major
regions of homology to to 43 DNA on the X chromosome., Calculations
based on grain density (Henderson 1982) showed that approximately
500 copies of 43 DNA were at the centromere of chromosome 4,
accounting for 500 copies/30,000-40,000 total copies, or {.0D-2.0%
of the total number of genomic sequences homologous to 43 DNA,
Three hundred copies, or 0.35-1.0%, of the total number of genomic
sequences homologous to 43 DNA were localized to the centromere of
the X chromosome.

The localization of 43 DNA specifically to centromeric regions
pf chromasaome 4 and the X chromosome contradicts a published report
that the 1.9 kb HindIII vrepeat, which is homologous to 43 DNA,
localized to Giemsa dark-banded regions, and not to specific
centromeric or telomeric loci (Manuelides and Bifo, 1982), The

previous research suggests, however, that the build-up of biotin
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labelling at the Giemsa dark-banded regions was not random,
suggesting that L1 sequences might "cluster" at specific loci, and
"scrambling" or other rearrangement events might opermutate L{
sequences in such a way that chromosomal specificity was conferred
to those sequences. The "clustering" of sequences homologous to 43
DNA at centromeric.regions of chromosome 4 and the X chromosome is
interpreted here as a specific 1instance of nondispersed LI
sequences. Alternatively, the clustering of L1 repeats with
homology to 43 DNA at these 1loci «could reflect specificity
conferred by the permutation of some of those sequences, as
suggested by the results of the Southern blot analysis of genonmic
DNA hybridized to the cloned 43 fragment. Although it cannot be
conclusively demonstrated, the 1link between scrambling of some L1
sequences homologous to 43 DNA and specific localization of 43 DNA
to the centromeric regions of chromosome 4 and the X chromaosome is
certainly reasonable,

B. GBenomic Distribution pf Cloned 33 _DNA, a Subclass | Fragment

The hybridization of 33 DNA to total human genomic DNA showed
that it contained OSatellite seguences and redemonstrated the
presence of Alu element seguences.

Radioclabelled 33 DNA was hybridized to human male placental DNA
digested with HindIIl, EcoRI, BamHI, Pvull, Pstl, Xbal, Tagl,
Haelll, Kpnl, Hpal, Hinfl or Alul (Figure 12},

The vast majority of signal is due to hybridization of the Alu

element with Alu SINES elements dispersed throughout the human
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FIGURE (2. Southern blot analysis of Plasmid 33: Hybridization to

Human Genomic DNA.

300 ng of plasmid 33 DNA was radiclabelled witha&=2PdATP using
random primer extension to a specific activity of 4.0 x 107 cpm/ug
and hybridized to the Southern transfer of a 1.0% agarose %el. The
gel contained 2 u? Blasm;d 33 digested with HindIII (Lane 1); B ug
each human placenta N& digested with HindIII (Lane 2), RI1 (Lane
3), BamHI (Lane 4) Pvull (Lapne 5), Pstl (Lane &), Xbal (Lane 7),
Tagl (Lane 8) HaelIl (Lane ), nI (Lane 10), Hpal (Lane 11)
HinfI (Lane 12) and Alul <(Lane 13) n mbda D

with HindlII (Lane 14, not shown). The lengths, 1in kb, of the
HindIlI-digested lambda fragments are indicated, bor reference as
molecular weight markers. ybridization and wash1ng were conducted
at 40°C as escribed in Materials and Methods. The autoradiegranm
was produced by exposure of the blot filter for &40 hours at -70°C
with an intensifying screen.

P
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genome. A similar experiment wutilizing 1labelled cloned 2 DNA as
probe (not shown), which also contains Alu element sequences,
generafed the same intense hybridization patterns. Not all genomic
fragments homologous to 33 DNA are obscured by hybridization to Alu
elements. As seen in Figure 12, 340 bp fragments with homology to
33 DNA are clearly visible in both the Hindill and EtoRI-digested
human genomic DNA. BamHI-generated 1.4 and 1.0 kb bands are
apparent, as are 1.4 and 0.90 Hpal +fragments. Alul digestion
revealed clear 3.2 and 2.2 and less intense 2.1 and 1.9 kb
fragments homologous to clone 33.

The homologous restriction fragments generated by digestion
with Haelll and Hinfl are particularly interesting., Haelll
digestion of human ogenomic DNA released large 9.5 and 6.8 kb
fragments. Closer inspection of the Haelll digestion products
revealed a "ladder" of bands beginning with a 9.5 kb fragment and
ending at about 4 kb, where it merges with smaller heavily labelled
(Alu-specific) fragments. The "laddering" effect is more apparent
in the Hinfl digest of genomic DNA., The Hian'ladder begins at
about 9 kb and ends at about 3 kb, where it merges into heavily
labeliled Alu-specific hybridization signal. Haelll and Hinfl
"laddering" has been previously observed in genomic DNA digested
with those enzymes and hybridized to Satelliite Il or III DNA

(Bostock et al., 1978; MWitchell et al.

19793 Frommer et al., 1982

Frosser et al 1986), The appearance, albeit obscured, of Haelll

and Hinfl laddering suggested that 33 DNA might possess Satellite
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Il or IIl sequences in association with Alu SINES elements.
c Summary: Gepomi nization of Sat ite -Related Clones

These experiments clarified the relationships among the cloned
DNAs and characterized the DNA of two cloned fragments, 43 and 33,
with respect to genomic DNA.

Cloned 43 DNA was shown to be a derivative 1.9 kb HindIII
repeat and Kpnl L1 LINES element. The data did not support the
assignment of Satellite sequences to 43 DNA., The analysis indicated
that 43 DNA was homologous to both conserved and rearranged genomic
L1 sequences. Hybridization in situ of 43 DNA to human metaphase
chromosome showed that sequences homologous to 43 DNA were present
throughout the chromosome complement but were concentrated at
centromeric regions of chromosome 4 and the X chromosome. It was
proposed that homology between the 43 fragment and pernmuted,
rearranged genomic L1 sequences was responsible for this specific
localization,

The cloned 33 DNA possessed an Alu SINES element that
hybridized to thousands of similar sequences dispersed throughout
the human genome, as well as non~Alu DNA. The observation of Haelll
and Hinfl "ladderring" in genomic DNA homolagous to 33 DNA
suggested that 33 DNA possessed Satellite Il sequences.

C. Localization of Alu Element Sequences in 33 DNA

The preliminary assignment of Satellite DNA sequences to the
33 DNA warranted further investigation. Further characterization

of 33 DNA first required the exact localization of internal Alu
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sequences. The Alu element mapped to the 3I° region of the 33
fragnent  between nucleotides 751-1400 (Figure 13). An Alul
restriction site had also been mapped to this region, between
nucleotides 1000-1100 (figure 3). Since the 300 bp Alu element
sequences are cleaved in half by digestion with Alul (Rubin et al.,
1980), the location of an Alul site at bp 1000-1100 in 33 DNA
suggested that the middle of the Alu element occurred there. Thus,
the 300 bp Alu element spanned nuclectides 900-1200 of 33 DNA. On
the basis of these experiments, it could not be determined if the
purported Batellite sequences flanked the Alu element or were
further upstream in the 5° region of 33 DNA. In order to
specifically identify and locate the Satellite and Alu sequences
within 33 DNA, the nucleotide base sequence of 33 DNA was partially
determined and compared with published Satellite II, IIl and Alu

element consensus sequences.
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FIGURE 13. Southern lut Analysis of Cloned XL3 DNA: lationship
of the XL3 Fraamen lement and Cloned ra gmeng DNAs.

A, 1 _ug each plasmid BLUR 8 digested with BamHl (Lane 1);
plasmid 33 d1 ested with HindIII+Xba (Lane 2)3; plasmid L3
digested with indIII+BamHI (Lane 3) and HindIII+Xbal (Lane 4);
plasmid XL4 digested with HindlII+BamHI (Lane &) and Hin I+xbal
t{Lane &); plasmid 7 1gested with HindIII+BamHI (Lane 7) and
HindI11+Xbal (Lane B); %S 45 d:q ested with HindIII (Lane 9) and |
ug lambda DNA digeste ed with Hindl Broﬁucxng fragments 23.1, 9.64,

64 y . and 0.56 in length (Lane 10) were
elec{rophnresed through a 1,0% gel, stained with ethidium bromide
and photographed under UV ligh described in Materials an
Methods, lasmlds XLS XL4 and XL7 contaxn the 750 bp HindIIl/Xbal
fragment (-—) of DNA w :ch.sgans nucleotides 1-750 of 33 DNA and
is released by dlgEStan with HindlIII+BamHI or HindIII+Xbal from
the multiple clon:n? site of the plasmid vector pSPe3 (@), %BR322
DNA is indicated bz O), the 450 bp HindllI/Xbal fragment of 33 DNA
that spans nucleotides 731-1400 of 33 DNA and contains Alu element
DNA is indicated by (=) and the 300 bp Alu SINES element is
indicated by (+).

B. Autoradiograph of the Southern transfer of the gel in A.
after  hybridization 30 ng S2pdATP-labelled BLUR 8 DNA
{(specific activity = 2.8 x 10® cpm/ug) as described in Materials
and ethods. The plasmid vector R§22 {O0) and pSP65 (@) and
cloned Alu element (=) and 650 b HxndIII/X al 33 DNA fragment (=)
are labelled. The 740 bg HindIII/Xbal 33 fragment, HindlII/Xbal and
HindIlI/BamHI 750 L3 XL4 and XL7 cloned fragments are not
labelled <(—+) and are not homologous to Alu element seguences. The
autoradiograph was produced by exposure of the blot filter for 3
hours at =-70°C with an intensifying screen.
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PART THREE: GENOMIC ORGANIZATION OF A DEGENERATE SATELLITE II DNA

VII. Partial Nucleotide Sequence of the Cloned 33 Fragment
A. Preparation of the 33 DNA for Sequencing

The only portion of 33 DNA known with certainty not to contain
Satellite sequences were bp 900-1200, or the location of the Alu
element. Therefore, Gatellite sequences could theoretically map
between bp 1-900 and bp 1200~1400, Initial nucleotide sequencing
determined the base sequences of portions of these areas at bp
1~201 (S1), bp 521-749 (S4), bp 750-906 (S3) and bp 1285-1400 (82).
These areas comprised the §' end of the 33 fragment (bp 1-201), a
region downstream from the 5° end (bp 521-749) and the areas
flanking the Alu element (bp 750-906 and bp 128%5-1400) which
included the 3° end of the 33 fragment (bp 1285-1400),

Competent DHS cells were transformed with clone 33 HindI![l
insert/pSPb4 and clone 33 HindIIl insert/pSP&S ligation mittures to
efficiencies of 2 x 10° colonies/ug DNA/ml cells and 2 x {0
tolonies/ug DNA/ml cells, respectively. Several recombinants were
obtained from each transformation and two of these, 4A and 5N, were
cthosen for sequencing. Restriction enzyme digestion of plasmid 4A
showed that the inserted fragment was oriented in the pS5P&4 vector
so that sequencing would begin at the S'end of 33 DNA (Figure 147,
Similarly, restriction enzyme digestion of plasmid SN showed that

the inserted DNA was oriented such that sequencing would begin at
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FIGURE 14, Plasmid constructions used in DNA sequencing.

Each plasmid shows the approximate Mi3 universal (@, EcoRl cw (©)
or HindlIl ccw (V) primer annealing/DNA synthesis initiation site,
the direction of DNA synthesis (), the 33 fragment (heavy solid
line), pBR322/pSP64/pSP&S (heavy dashed line), and the polylinker
multiple cloning site (light dashed line). Recognition sites for
the restriction enzymes EcoRI (E), HindIII (H), PvuIll (F) and Xbhal
{X) and the position of the Alu element (ALU) are shown to indicate
the orientation ofthe inserted fragments in the vector plasmids. A.
Plasmid 4A, used to sequence the 5§ end (bp 1-201) of the 33
fragment. B, Plasmid 3N, used to sequence the 3' end (bp 1285-1400)
of the 33 fragment, L. Plasmid HX3, used to sequence the internal
region (bp 730-9064) of the 33 fragment. D, Plasmid 33, the original
construct, used in the sequencing procedures to verify the 5' and
3' terminal sequences obtained used plasmids 44 and SN. E, Plasmid
XL3, used to sequence the internal region (bp 521-749) of the 33
fragment. :
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the 3° end of 33 DNA (Figure 14). In addition, competent DHS cells
were transformed with a ligation mixture comprised of HindIII +
Xbal-digested 33 DNA and pSP65 vector to an efficiency of 1.6
104 coplonies/ug DNA/ml cells. Several recombinants were obtained
and one of them, plasmid HX3, was chosen for sequencing becauss it
possessed a small 450 bp HindIll/Xbal fragment extending from
nucleotides 750-1400 of 33 DNA oriented so that sequencing would
begin at the Xbal site (Figure 14). Competent DHS cells were also
transformed with a ligation mixture comprised of §el purified 750
bp HindIII/Xbal 33 DNA restriction fragment and
HindIII/Xbal-digested pSP65 vector DNA to an_ efficiency of 1
104 colonies/ug DNA/ml cells. Many recombinants were obtained
from this transformation and one of them, XL3, was chosen for
sequencing because it possessed a large 730 bp HindIII/Xbal
fragment extending +from nucleotides 1-750 of the 33 fragment
oriented so that seguencing would begin at the Xbal site (Figure
14),

B. Sequence of bp 1-201 of the 33 Fragment: Seqguence S1

Nucleotide base sequencing of plasmid 4A allowed sequencing to
begin at the 5° HindIIl site of 33 DNA, The sequence (S1) i3z given
in Table VI. The Sl_ sequence was confirmed by sequencing the 33
plasmid itself¥ wusing the EcoRI oprimer (clockwise) specific to
pBR322 (Promega). Sequence S1 comprised bp 1-201 of 37 DNA.

Inspection of §1 in Table VI shows that the entire 201 bp

region has an overall A+T content of 58.7% and G+C content of




1{(1)
TTTTTCATTE
61
ATTCCCTTCT
121
GCACTCTCAA
181
ACAGCTGTGC
Pvull

Subclone XL3 Sequence S4: Cloned 33

1(521)
ACAATAAGAG
61
BTTTGAARGE
121
AGAARGATAG
181
GAGAAGATGA

Subclone HX3 Sequence 83:

11
ATTTTCTACT
71
CATTTTCCTT
131
TCAGTGTGTG
191
ACTGCATETA

TABLE VI

CLONED 33 FRAGMENT SEQUENCES 51, 52, S3 AND §4
Subclone 47 Sequence S1: Clopned 33 Fragment bp 1-201 Sequence

21
CTTATTGCTT
81
TACCTATCTC
141
CGCTGATETC
201(201)

T

31
GTTGCTTAAT
91
ACCCACTCAC
151
TTCTGTCACE

Fragment bp

41
ATTGGTATTC
{01
CTCGCTTCAC
161
CGATBTBTAT
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51
TCTAGCATTT
111
TACACTGCCT
171
CTAGACGAGT

921=-749 Sequence

it
TAGTTCTCGT
71
TGGACGAAGT
131
AGTACTTATA
194
GAGABGTATT

21
GTTCAGGATE
81
ACTTGATARA
141
ARTCAGBATA
201
ATTGTGATCE

Cloned 33

31
TEGTACGTATC
91
CATACTATTG
151
BAGATATBAC
211
ATTCTAGGEE

Fragment bp

41
GATTACAGAG
101
BGACTCTCAA
161
ATATATTTAT
221 (7491
CCBTBAGTT

g1
AGATCAATGEE
1t
BACBAAATAG
171
ARAGAGTEAA

730-904 Sequence

1(750)
TAATTGBAAT
ARTGBCLATA
b1
AACTATTACT
121
CEBTGTACTET

Subclone SN

11
TCGAGCTCGC
AAGAATBETT
71
ATATACTAAC
131
TCACTGTAGA

Sequence S2

21
CCGGGGATET
CTTCTGAGTT
81
GARARTBTTC
141
BCTACACTCT

31

41

AGAlpolylinker

ACBGACATCC
1
TTATTTTBTT
1531(906)
CAAAAA

AATABABGAA
101
AGBACBAACT

g1

ACATATTATA
111
ATTARLBTGA

Cloned 33 Fragment bp 1285-1400 Sequence

1(12835)
ATGCTTCATA
6l

BTATGTTGAT

11

- 21

3l

41

TEGTCAGTGAC GCBCCATTTC ATCGGCTATA TTTCGTGATA

71

BTBEXAGCAGC

81

TLCTABTBATC

71

104

polylinker t7c

GCATBTTXCA

BTTGETTGGA

gl
TBATGLAGLCA
111(1400)
GAACCLCGACE
GATCT

Overlined

undetectable
lacked

plasmids
parentheses

The Pvull site is underlined in the §! sequence.

nucleotides

represent

polylinker

sequence

nuclentides

on sequencing gel. Sequences derived from the 4A and XL3

polylinker

nucleotide

information.

The

numbers in

correspond to nucleotide positions within the 33 fragment,
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41.3%. This is in agreement with the base composition of the
Batellite II consensus sequence (Prosser et al., 1986), which is
96% A+T and 44% G+C, near that of human placental DNA (Table VII).

The 5' bp 1-201 region of 33 DNA contains 17 variations on the
S'ATTCC 3 Satellite III pentémeric repeat, summarized in Table
VIII. 8Satellite Il sequences have been characterized as degenerate
Satellite III sequences with random base changes in the S'ATTCC 3
pentameric repeat unit (Frommer et al.,, 1982; Prosser et al.
1986). Repeat | of the S1 sequence is a perfect 5'ATTCC 3°
Satéllite Il pentameric sequence. Repeats 2-4 share 4 of the 3
pentameric repeat nucleotides with the Satellite III consensus
sequence. Repeats 5-17 are more imperfect, sharing only 3 of the §
pentameric nucleotides with the Satellite III sequence. Expressed
in percentage form, 42% (repeats 1-17, or 85bp/201 total bp) of the
51 sequence conserves at least 3 out -af 5 nucleotides of the
Satellite III repeat unit; 10% (repeats 1-4, or 20 bp/201 total bp)
conserves at least 4 out of 5 nucleotides, and 2% (repeat |, or §
bp/201 total bp) conserves all § nucleotides pf the Satellite 111
repeat wunit. Superimposed on the degenerate Satellite Il repeats is
a larger repeat, S'TTCATTCACTT 3'. This type of repeat has not been
previously described.

The degenerate 5'ATTCC 3’ pentameric repeat exhibited by the
51 sequence confirmed that it was Satellite Il-derived. The

relationship of the 8! sequence to other Satellite II DNAs was

determined by base sequence comparisaons. The sequences chosen for
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Table VII

Base Composition of Cloned 33 Fragment Sequences

Portion of 33 Sequenced fontent :
DNA Fragment dA dT d6 dC LAT “B6C

8L  bp 1-204 201 bp 36 B2 29 54 58.7 41.3
84 bp G§21- _ )

749 228 bp a1 62 62 23 62,7  37.3
83 hp 7850-

906 156 bp 56 48 25 27 - 667 33.3
82 bp 1285-

1400 115 bp 24 39 30 20 55.8 44,2

TOTAL 700 bp 61,0 39.0

Satellite II+ 36.0 44,6
Placental DNA* 39.2 40.8

+Calculated from the base composition of the Batellite Il consensus
seguence (Prosser et al., 1986). ¥As reported in Mitchell et al.,
1979, _4AT for the cloned sequences was calculated as total number
of A+T nucleotides divided bK the total number of nucleotides in
the sequenced ortion of the fragment. 46C was similarly
calculated using the total number of G+( nucleotides.
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TABLE VIII

Satellite III Fentameric Repeat Units of the 51 Sequence

Conservation DNA Nucleotides Seguence Repeat #

9/3 Satellite III 3'ATTECC 3

5/8 ‘ 51 61-65 S'ATTCC 3’ 1
4/5 S1 47-50 S'ATTCH 3 2
4/5 51 . 7-10 S'ATTC# 3 3
4/5 51 72-77 5'ATTT:C 3 4
3/5 51 41-43 S5 ATTGG 3 3
3/5 S1 37-60 S'ATTT* 3 6
3/5 51 11-15 S'ATTTT 3 -7
3/3. 51 123-127 3°ACTCT 3 8
3/5 51 114-118 SACTGE 3 9
3/3 51 . 109-113 5'ACTAC 3 1o
3/5 51 . 178-182 5'AGTAC 37 1!
3/3 51 146-150 5°ATGTC 3" 12
3/3 S1 B4- 90 S'ATCTC 3 13
3/5 St 151-134 S *TTCT 3’ 14
3/9 §1 169-172 S AT*CT 3° 15
3/5 51 31-35 3'6TTGC 3’ 16
3/5 51 b66~70 S'CTTCT 3 L7

Conservation indicates number of nucleotides (out of +ive) present in
pentameric repeat. *=missing nucleotide. Lower case superscript letters
indicate nucleotides inserted into pentameric repeat.
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comparison weres 1) three chromosome i-specific sequences derived
from a 1.77 kb cloned fragment, HS3, originally thought to be a
Batellite IIl sequence but later found to be Satellite [l-derived
(Cooke and Hindley, i979; Prosser et al., 1984)3y 2) a cloned
Satellite sequence, pPD17 (autosome specific), (Deininger at al.,
1981) shown here to bhe a Satellite Il-derived seguence, 3) two
thromosome lé-specific Satellite Il sequences derived from a cloned

fragment, pHuR 195 (Moyzis t al., 1987), and 4) a 26 nucleotide

Satellite Il consensus sequence (termed Satellite 2 in Prosser st
al., 1984)., The 81 segquence was also compared with other internal
33 DNA sequences, 52, 83 and 54, to determine if common homologies
existed between them., The 81, 82, 83 and 54 sequences were also
compared with the Alu consensus sequence (Deininger et al., 1981)
in order to oprecisely locate and orient the Alu element within 33

DNA.

L. _Comparison of the Satellite Il-Derived 81, pPD17, HS3 and

pHUR 1935 Sequences with the Satellite II Consensus Sequence.

Prosser et al. (198B6) defined the Satellite [I consensus
sequence as J'ATTCC ATTCG G/AGBT/ACC ATTCG ATGAT 3°. 1t has since
been shown (Moyzis gt al., 1987; thig study) that a dGMF residue
is the final nucleotide of the Satellite Il consensus sequence. The
sequence is more correctly written as S'ATTCC ATTCE G/AGT/ALC ATTCG
ATEGATE 3. Each of the Satellite II cloned sequences previously

described =~ H83, pPD17, pHuR 19% and 81 - in addition to the other

33 internal seguences, 82, $53 and S4, were aligned with the
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246-nucleotide Satellite il CORSensus sequence to evaluate
homologies with GSatellite II DNA. The results of these alignments
are shown in Tables IX (sequences Sl, 52 and 82 fram the cloned 33
fragment) and X (sequences pPD17, HS83 and pHuR 195),

As seen in Table IX, five complete and one partial Satellite
11 26-nucleotide repeats are present in the 5! sequence, comprising
77% of the 51 sequence. A portion of the S1 seguence - nucleotides
B1-107 - bear little homology to thé Satellite Il coensensus
sequence (30%) , and represents a 24 basepair region of
non-Satellite Il sequences, The §1 sequence aligns with the
Satellite 11 consensus sequence so that an average of 5&6% of the
consensus residues are present per 81 Satellite Il repeat block.
This shows that the 51 sequence is a highly degenerate Satellite
II-derived DNA. For comparison, & similar alignment was made for
the HS83, pHuR195 and pPDL7 DNAs (Table X). The sequences can be
arranged in descending order of percent conservation of the
Satellite Il consensus sequence so that pPDI7 (B2%) » internal HS3J
(77%4) = 3' terminal pHuR 195 (77%) > §' terminal pHuR 195 (76%) »
3 terminal H83 (753%) » S terminal HS3 (49%) > 81 (96%). Based
upon these comparisons, the 51 sequence may be classified as a
highly degenerate Satellife II-derived repetitive sequence related
to the pPD17, HS3 and pHuR 195 sequences.

Comparison with the Alu element consensus sequence showed that
the §1 <seguence is not homologous to Alu seguences, as expected

from previous experiments (Figure 13). The ORF and TRANSLATE
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TABLE IX

Alignment of the Partial Nucleotide Sequence of the Cloned 33 Fragment

with the Satellite II Consensus Sequence

Sat.I]l Consensus ATTCC ATTCE G/ABT/ACC ATTCG ATGATG

Cloned 33 Fragment
position jiconserv.

bp 7= 303 ALY ATTC- ATTTT CTACT CTTA- TTGETT
hp 31~ 543 48I GTTGC TTAAT ATTGG® ATTC- TCTAGC
bp 57- BO; S04 ATTT- ATTCC CTTCT= ATTTEC CTT=-=-
bp B81~1073 30U tacct atctc accca ctecac ctectt)
bp 109-139; &0% RCTAC ACTGLots= ACTCT CAATLC A91G-T6
bp 140-168; 50% GCGCTe ATGTC -TTCTot= ACGCG ATGTGT
bp 169-198;3 78% AT-CT AGACG AGTAC AGCTGEs*= p=TGA=TB
Average Percent Conservation of 5at.ll Consensus Sequences = Sé
Percent of Sequence Containing Bat.II Repeat Elements = 77%

bp 536~-562; 23% tcteg tgttce9s atgtg acgta tcg---
bp S563-5B63 354 attac agag=*g atcaa t%ggt ttg-~-
bp 589-417; 35% aas9tgyg acga=sg* a<tttg ataaa catact
bp 418-647; 42U attgge acteg* aag*cg aa*tag @ --~----
bp &48-470; 384 atag~ agtac ttata aatca ~ggat-
bp 649-69%; 357 agagat atgac atata tttat aasg---
bp 696-718; 27% agtga agaga agatg agaga ggt=-=~
bp 719-742; 42 attgt tgtg- atcg- “attet agggge
Average Percent Conservation of Sat.Il Consensus Sequences = 35%
Percent of Seguence Containing Sat.II Repeat Elements = 35%

bp 730-749; 42U aat egccat aaaga atgctt
bp 770-7975 S58% AARACAE AGTTA BAC ATCCA AT=BAGE
bp 798-812; 444 atac- taac aaact attac tat---
bp 813-838; 544 ATAC- TARC ARAAT GTTCT ATTTTG
bp 839-844; 23% ttagg acgaa ctatt aacgt gacgtg
bp B65-8905 314 actg tcact gtaga getac actctc
Average Percent Conservation of Sat.II Consensus Sequence = 427

Percent of Sequence Containing Sat. Il Repeat Elements = 34%
bpl28B-1309; 27% cttca tatgt cagtz acgcg C====
bpl310-1339° 494 ATTTC ATCGG CTAT TTTCGEa~® ATBATH
bpl340-~1338 314 -cage agta- tgttg @ ~=--- atgtga
hp1359-1379 314 a--%c a%ctc tagtg atcge atg---
bpi3B80-1400 -ttnc agttg gttgg agatc ta

Average Percent Conservation of Sat. Il Consensus Sequence = 40Y%
Percent of Sequence Containing Sat., II Repeat Elements = 23%

3 oned fragment
i t al., 1986). The
e aligned sequences within the cloned 3 *ragment are
sepairs (bp). The percent conservation of each seguence
e Sat II. consensus sequence is indicated. The average
tion of the ali%ned sequences is calculated, as ig the
sequence segment (8!, bp 1-201; G54, be 521-}49; 83, bp

bp 1285-1400) organized into B8at. Il sequences.

Alignment of
with the Sate
pasitions of
indicated in
aligned with
percent conser
greent  of  th
a0-906, and

g partial nucleotide sequence of the 33 cl
e Il consensus seguence (Prosser e iL
3

9
Nucleotides within a 3at, II consensus sequence hblock are shown in
upper ctase letters; nucleotides that are not within a Sat. II consensus
sequence block are shown in lower case letters. Nucleotides inserted

within a_ Sat, Il block that do not match the consensus sequence are
shown in lower case letters as superscripts.
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programs did not reveal the presence of open reading frames within
the §S1 sequence, Based upon this information, the 5' terminus of
the 33 fragment is comprised of degenerate Satellite Il-related
sequentes unrelated to other repetitive or coding sequences. |

D. Sequence of bp 521-749 of the 33 Fragment: Seguence 54§

Plasmid XL3, possessing the large 750 bp HindIll/Xbal segment
of the 33 fragment, is shown in Figure 14. Two hundred twenty eight
nucleotides of subclone XL3 DNA originating from the Xbal site were
sequenced by Ms, Kathi McDowell and are shown as sequence 54 in
Table VI. The S4 sequence comprised bp 521-749 of the 33 fragment.
The base compositien of this fragment, calculated in Table VIII,
was 62,74 A+T and 37.3% G+C, showed that it is somewhat A+T-rich.

Alignment of the 84 sequence with the Satellite [l consensus
sequence (Table XI) showed that it did not contain any Satellite []
consensus seguence repeats and shared an average of only I5%
sequence homology with the Satellite II consensus seguence. This
indicated that bp 921-749 of 33 DNA was not Satellite [I-derived.
Some S TTCATTCACTT 3' repeats are superimposed upon the &4
sequence. Alignment of the &4 sequence with the Alu consensus
sequence (Deininger et al., 1981) using the NUCALN computer program
did not reveal any areas of extensive homology. No open reading
frames were found within the &4 sequence using the ORF and
TRANSBLATION computer programs., This analysis showed that bp S521-749
of the 33 fragment was a noncoding seguence that was not derived

from either Satellite II or Alu slement DNA.
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E. Sequence of bp 750-906 of the 33 Fragment: Sequence §3

Plasmid HX3 contained a small 650 bp HindIIl/Xbal segment of
33 DNA (Figure 14). One hundred fifty six nucleotides (bp 730-90&
of 33 DNA) of subclone HX3 originating from the Xbal site were
sequenced (83 in Table VI). The 154 bp 53 sequence is somewhat
A+T-rich in that its base composition is A46.7% A+T and 33,3 % G+C
(Table VII).

Alignment of the 83 sequence with the Satellite Il consensus
sequence (Table IX) showed that it contained only two complete
26-nucleotide repeats that conserved 58% and $4%, respectively, of
the consensus sequence residues. The 83 sequence aligned overall
with the GBatellite 1] consensus sequence with an average 42%
homology, and «could not be classified as a Satellite [l-derived
sequence. Alignment with the Alu consensus sequence suggested that
the terminal 3'AAAAA region of the S3 sequence probably represent
part of the dAMP-rich region at the 3' end of the Alu consensus
sequence (Deininger et al., 1981; Schmid and Jelinek, 1982). If so,
the Alu element within 33 DNA is oriented in an ‘"inverted’
position, that 1is, the Alu element is reversed (3 --25') in
orientation with respect to the orientation of the rest of the 33
DNA sequence (Figure 3). Alu sequence inversion is not unusual in
the human ogenome (Schmid and Jelinek, 1982; Tsukada gt al,, 198%;
Lehrman et al.. 1985). The 3Z' end of the Alu element occurs at
approximately bp 900 of 33 DNA. This position is in agreement with

Southern blot (Figure 13) and restriction map (Figure 3) data which
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mapped the Alu element between apprﬁximately bp 900-1200, The 3
end of the Alu element is at “bp 900 and the 5' end is at “hp 1209,
The ORF and TRANSLATION computer programs identified a short
open reading frame between bp 2-61 of the 83 sequence (bp 752-811
of the 33 fragment sequence), The 19-residue peptide sequence was

translated as:

MET~Ala~Ile-Lys-Asn-Ala-Ber-Ser~-Blu-Leu-Arg-Thr-Ser-Asn~Arg-Gly-Asn~-

[le-Leu-TER,

where MET = ATGE (AUG) and TER = TAA (UARA), A second termination
codon, TAA (UAA), accurs Further downstream 1in the 83 sequence
between bp 79-81 (bp 829-531 of the 33 fragment sequence).
Inspection of sequences wupstream (within the 84 sequence
comprising bp S521-749 of the 33 fragment) of the 83 ORF showed that
a transcription initiatien "TATA" element existed bhetween bp
718-723 of the 33 fragment, 30 bp upstream of the translation start
site (Corden et al., 1980). No variants of the "CRATT"-box were
observed between 40 and 110 bp upstream of the translation start
site (Mcknight and Kingsbury, 1982). The poly-A+ addition sequence
recognition element, "AATAAA", was not evident (Proudfoot and
Brownlee, 1974). This suggests that transcription and translation

pof the putative §3 ORF does not occocur in vivo.

F. Sequence of bp 1285-1400 of the 33 Fragment: Sequence §2

The initial 115 nucleotides of the 3' end of the 33 fragment
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were sequenced within plasmid 5N. The sequence, 52, is presented in
Table VI and its base composition is calculated in Table VII. The
base composition of the sequence 52 is 55.87% A+T and 44.2% G+C.
These values are near those for human placental DNA, indicating
that the 3’ terminus is not particularly A+T- or G+C-rich.

The 82 sequence was established over five sequencing trials
using subclone 5N and one trial using the cloned 33 fragment itself
in conjunction with a HindlIl (counterclockwise) pBR322 primer
(Promega). Together, the six experiments produced one short clear
sequence comprising nucleotides 1285-1400 of 33 DNA. It is not
known why the 3' end of the 33 fragment was difficult to sequence,
since inspection of the sequence itself does not reveal the
presence of unusual Satellite, inverted repeat, or other repeated
sequences that may have interfered with sequencing (Chen and
Seeburg, 1985).

Alignment of the B2 seguence.with the Satellite II consensus
sequence showed that it contained one Satellite [l 26-nucleatide
repeat that conserved 697 of the consensus sequence residues (Table
IX). The rest of the sequence did not contain Satellite ll-type
repeats, and the alignment of 52 with the Satellite Il consensus
sequence showed that only an average 40% of the consensus residues
were present. Alignment of the 52 sequence with the Alu consensus
sequence (Deininger et al..1981) using the NUCALN computer program
did not reveal any areas of extensive homology. No open reading

frames were found within the 82 sequence using the ORF and
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TRANSLATION computer progranms.

B. Correlation of 33 Fragment RE Bites with Sequencing Data

Other RE sites were present in addition to those observed in
rest;iction digests of 33 DNA., Based on -the seguence of 33 DNA,
Alul sites occurred at bp 183-186 (within the mapped Pvull site)
and bp 889-893, in addition to the site previously mapped at
approximately bp 1100. A Haelll site occurred at bp 740-743 in
addition to the one preViausly mapped at approximately bp 450. A
Hintl site occurred at bp 623-627 in addition to the site
previously mapped - at approximately bp 850. RE sites not previously
mapped in 33 DNA but evident from the sequence data included a Tagl
site at bp 560-563, a Bglll site at bp 1394-1400 and a Xbal site at
bp 171-174. Hinfl, Taql, Haelll, Hincl and Hpal sites that occur
within the Alu element consensus sequence may also be present in
the 33 DNA Alu element.

He Summary: Partial Nucleotide Base Sequence of 33 DNA

The nucleotide base sequences for four portions of the 33
fragment were determined. The first sequence, 81, comprised bp
1-201 of 33 DNA, The 81 sequence imperfectly conserves the
26-nucleoctide Satellite Il CORSeNnsus sequence, permitting
classification of the §i sequence as a highly degenerate Satellite
Il~derived repeat element., No hemology teo the Alu element consensus
sequence or evidence of coding regions were found within the 5i
sequence. The second seguence, 54, comprised bp 521-749 of the 33

fragment. The 54 sequence was a noncoding region which was not
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derived from Satellite Il or Alu element DNA. The third sequence,
B3, comprised bp 750-905 of the 33 fragment, The 83 sequence
tentatively localized the 3° end of the Alu element to the 53 5°
end, suggesting that the Alu element exists in an inverted
orientation within 33 ODMA., 83 possessed a short orf coding for a
19-residue peptide. Actual transcription and translatipn of the §3
orf, however, cannot be demonstrated due to the lack of
transcriptional control elements in the wupstream and downstreanm
sequences. The fourth sequence, 52, comprised bp 1285-1400 of the
33 €ragment. 52 showed little homology to the Satellite I! or Alu
consensus sequences and did not possess any open reading frames. [t

is a non-coding, non-repetitive sequence,.

VIIlI. Genomic Orqganization of the Satellite II Component of 33 DNA.

The vresults of Southern blot experiments tentatively assigned
Satellite sequences to the 33 f{fragment. This assignhnment was
confirmed byk identification of @& degenerate Satellite Il element
within bp 1-20! of the 33 sequence. The degenerate Satellite II
element was present in the other Subclass 1 cloned fragments and
its genomic organization was determined wusing plasmid XL3,
containing bp 1-7350 of 33 DNA.

f. Relationship of XL3 to Satellite [I-kelated Cloned Fraaments

Southern blot analysis showed that subclass { cloned 2, D, 103
and 20A fragments shared homology with the 33 Satellite 11

subcloned XL3 fragment. This suggested that the Subclass | cloned
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DNAs also possessed Satellite sequences in association with an Alu
element.

Radiolabelléd XL3 DNA was hybridized to BLUR 8 and other DNAs
tloned from Satellite I and Satellite Il fractions (Figure 15),
The subcloned XL3 fragment demonstr;ted homology with Subclass |
cloned 33, 2, 103 and 20A DNAs (Figure 14, A and B). Specifically,
XL3 DNA hybridized to the 1500 bp EcoRI and 1200 bp HindIil/EcoRI
fragments of plasmid 2; the 13500 and 1200 bp HindllI/EcoRI
fragments of oplasmid 103 and the 1200 bp HindIII/Xbal fragment of
plasmid 20A. These sequences are indicated by the arrows in Figure
16, A and B. Homology to plasmid D is probable, but obscured due to
excessive nonspecific signal in that area of the blot. The
relationship of the XL3 fragment ot the Satellite Il-related clones
is summarized in Tables III and IV, In a similar experiment,
radiclabelled Alu element-containing BLUR 8 DNA was hybridized to
an identical gel (Figures 15 and 16). It is evident from that BLUR
B DNA hybridized to the 1500 bp EcoRI and 1200 bp HindIII/EcoRl of
plasmid 2, the 1500 bp and 1200 bp HindlII/EcoRI fragments of
plasmid 103 and the 1200 bp HindIII/Xbal <$ragment of 208 DNA
{indicated by the arrows in Figure 16 £). Hybridization of BLUR 8
DNA  to 33 DNA, but not to XL3 DNA, was evident, but is not shown
due to excessive signal on this half of the bhlot. The BLUR B
homologies are summarized in Tables III and IV,

Comparisen of the hybridization of XL? and BLUR 8 DNA to

panels of Satellite Il-related cloned fragments showed that the
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FIGURE 15. Panel of Satellite II-Related and Other Cloned DNAs.

The gel shown is the one used in the Southern analysis shown in
Figure 16 A. and B. The DNA samples were digested with restriction
enzyme and electrophoresed through a 1.0% agarose gel. The gel was
stained, visualized and photographed as described in Materials and
Methods. The gel «contained 2 ug each of plasmid XL3 digested with
HindIII (Lane 1), BLUR 8 digested with BamHl (Lane 2), 33 digested
with HindIII (Lane 3), 73 digested with HindIII + Xbal (Lane 4), 33
digested with HindIII + Xbal (Lane S5), 5 digested with HindIII +
Xbal (Lane 6), 20 digested with HindIII + Xbal (Lane 7), 43
digested with HindIII + Xbal (Lane 8), 34 digested with HindIIl +
EcoRI (Lane 9), 103 digested with HindIII + EcoRI (Lane 10}, 2
digested with HindIII + EcoRI (Lane 11}, D digested with HindI[[ +
EcoRI (Lane 12); C digested with HindIIl (Lane 13), 16 digested
with HindIIl + EcoRI (Lane 14) and lambda DNA digested with HindIIl
(Lane 18). The lengths of the fragments produced by digestion of
lambda DNA with HindIII are 23.0, 9.64, 6.64, 4.34, 2.26, 1.98 and
0.56 (barely visible) kb and were used for reference as molecular
weight markers,
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FIGURE 16. Southern Analysis: Homology of XL3Z and BLUR 8 to
Restriction Fragments of Satellite II-Related DNAs.

100 ng each XL3 and BLUR B plasmids were linearized with Hindlll
and radiolabelled with oK 2PdATP using random primer extension to
specific activities of 4.0 ] 107 and 4 x 10°® cpm/ug,
respectively. The XL3 probe was hybridized to the Southern transfer
of the 1.0% agarose gel shown in Figure 13.

A, 72 hour and B. 36 hour -exposures, respectively, of the
XL3~hybridized blot. The BLUR 8 probe was hybridized to the
SBouthern transfer of a 1.0/ agarose gel identical to that shown in
Figure {5,

C.. Four hour exposure of the BLUR 8-hybridized blot. Arrows
indicate positions of the 1200 bp HindllI/Xbal fragment of 20A; the
1200 and 1500 bp HindIll/EcoRI fragments of 103, and the 1200 bp
HindIIl/EcoRI and 1500 bp EcoRl fragments of 2. The x's indicate
artefacts and de not correspond to any DNA fragments shown on the
gel in Figure 4. Hybridization and washing were at $53-40°C as
described in Materials and Metheds. The autoradiograms were
produced by exposure of the blot filters for the indicated times at
~70°C with an intensifying screen,
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degree of haomology between XL3 DNA and the Subclass | cloned DNAs
is not high. BLUR B-Subclass I homologies were evident after a 4
houf exposure of the Southern blet, but XL3-Subclass | Homologies
were established with 36 and 72 hour exposures. Differences in
probe specific activities or probe size did not account for
differences in exposure times required to visualize hybridization
to Subclass 1 members. These experiments indicate that sonme
homology exists between XL3 sequences and specific restriction
fragments of GSubclass | DNAs 2, 103 and 20A, but the homelogy is
greater to BLUR 8 Alu element DNA. XL3 DNA homnlnéy to 2, 103 and
20A DNA restriction fragments suggests that both the Satellite and
Alu elements coexist within Subclass 1 DNAs, and that both
repetitive elements specifically occur within the 1200 bp
restriction <fragments of plasmids 2 .and 200 and the 18500 bp
restriction fragments of plasmids 2 and 103, This suggests that a
Satellite II1-Alu asspciation occurs twice within the 2 and 103
fragments. Alu elements have been found associated with A+T~-rich

t al., 1987) and with Satellite 1 DNA (Frommer et

regions (Hyrien
al., 1984), but not with Satellite Il DNA. The specific Satellite
[I-Alu association in the current study represents a previously
undescribhed associatiaon,

B. Genomic Distribution of XL3 DNA: Southern EBlot Analysis of

Genomic DNA
Southern blot analysis hybridizing the XL3 fragment to total

human genomic DNA digested with various restriction endonucleases
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showed that XL3 DNA was a member of the large family of Satellite
Il-related segquences, specifically, the non Y-specific
Satellite-associated 3.4 kb Haelll family of repeats. Since XL3 DNA
possessed repetitive Batellite Il sequences, it was possibile that
the XL3 sequence would hybridize to many genomic fragments, and
gxhibit dégrees of homology te genomic DNA ranging from very high
(identical sequences) to very low (mismatched sequences) (Mitchell
et al., 1979). To test these possibilities, each genomic DNA
Southern blpt analysis was conducted using conditions defined by
different temperatures of hybridization: relaxed (50°C),
intermediate {60=) and stringent (72°), Altering the
hybridization conditions differentiated homologies of XL3 DONA to a
variety of abundant Satellite-containing genomic fragments and more
iL3-specific genomic fragments.

1. Hybridization of Subclone XL3 to Genomic DNA Using Relaxed

Conditions

Hybridization of the XL3 fragment to genomic DNAR wusing
relayed conditions showed that XL3 DNA was homologous to many,
presumably Batellite Il-associated, genamic fragments.,
Radiolabelled XL3 DNA was hybridized to male human placental DNA
digested with EcoRI, BamHl, Pvull, Pstl, Xhal, Tagl, Haelll, kpnI,
Hpal or Hinfl (Figure 17).

Nonspecific probe~filter binding was a problem using low

temperature hybridization and washing conditions. The top portiaen

of the blot, comprising genomic fragments >4000 bp in length, was
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FIGURE 17. uthern Blot Analysis of the XL3 Fragment:
Hybridization tggﬁenomic DNA using Relaxed Conditions, ag

100 ng plasmid XL3 was radiolabelled withol32PdATP using random
rimer extension to a specific activity of 2.3 x 10° cpm/ug and
ybridized to the Southern transfer of a 1.0% agarose gel. The gel

contained 8 ug each human placental ONA digested with EcoRl (Lane

2), BamHI (Lane 3), Pvull (Lane 4), Pstl (Lane 5), Xbal (Lane 6’%
Taql (Lane_ 7), Kpn (Lane 8), Hpal (Lane 7), Hinfl (Lane 10); 2
each ug plasmid 3 digested with HindII! (Lane i, not shown) and
HindII1™ + Pvull (Lane 1i, not shown), and 2 ug lambda DNA digested
with HindIII (Lane 12, not shown), The lengths, in kb, of the
HindIlI-digested lambda DNA fragments are shown for reference as
molecular "weight markers. Hybridization and washing were at 30°C
as described "in Materials and Methods._The autoradiogram was
produced by exposure of the blot for 34 hours at -70°C with an

intensifying screen. Only the lower portion of the autoradiogram is
sha¥n to eliminate very high background signal in the upper
portion.
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generally obscured and is omitted from Figure 1{7. The 33 DNA
hybridization signal was very intense in all but the shortest (16
hour) exposure autoradicgraph and is omitted from the 34 hour
exposure shown in Figure 17 to enhance the clarity of the remaining
portion of the blot.

XL3 DNA specifically hybridized to genomic 6400 (not shown)
and 1000 bp EcoRI fragments; 2300, 1300 and 1000 bp BamHI
fragments; - a 1000 bp Pvull fragment; 4500 (not shown), 1900, 400 bp
and small, <400 bp, Haelll fragments; 2800 and 1460 bp Kpnl, Hpal
and Hinfl fragments, and an additional 1100 Hinfl fragment,
Hybridization of the 33 +fragment to 1000 and 1400 hp genomic
fragments was previously shown (see Figure 12)., The observation
that these same sequences were evident in hybridization of the AL3
fragment to genomic DNA scshows that +the homology to 33 DNA is
associated with XL3, rather than Alu, sequences. An intense
hybridization signal was also evident in genomic DNA digested with
HaelIl, Kpnl, Hpal and Hinfl, at a position corresponding to a DNA
fragment 3.4 kb in length.

The intense hybridization signal at 1400 bp produced by
digestion of genomic DNA with Kpnl, Hpal and Hinfl suggests that
the basic 1400 bp unit defined by these enzymes was homologous to
XL3 DNA. The 2800 bp signal may represent dimers aof the 1400 bp
unit that are incompletely digested or have lost single sites for
these enzymes. Similarly, production of a common 1000 bhp fragment

upon digestion of genomic DNA with EcoRI, BamHl and Pvull indicated
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that a basic 1000 bp unit is homologous to XL3 DNA.

In summary, hybridization of XL3 to genomic DNA using relaxed
conditions showed that XL3 DNA was homologous to many, probably
Satellite Il-associated genomic fragments. Hybridization of XL3 DNA
to 1000 and 1400 bp fragments was identified.

2. Hybridization of Subclone XL3 to Genomic DNA Using

Intermediate and Stringent Conditions

In order to better define the genomic organization of XL3,
more complex vrestriction endonuclease digestions of placental DNA
were included in experiments using intermediate and stringent
hybridization conditions. Enzymes knawn to digest XL3 DNA -
HindIlI, Pvull, Xbal, Hinfl and Haelll - were employed, since they
would produce the genomic equivalents of XL3 DNA. Enzymes that do
not digest XL3 - EcoRI and Hpal - were used to better define other
sites with homology to XL3 DNA.

Hybridization of the XL3 fragment to genomic DNA using
intermediate and stringent conditions showed that XL3-homaolagaus
sequences occurred between 10-100X in the human genome and were
consistent in genomic RE sites. Bagsed on RE maps, XL3 DNA is
related to non Y-specific 3.4 kb Haelll sequence.

a, Hybridization of Subclone XL3 DNA to Genomic DNA Using_

Intermediate Conditions

Hybridization of the XL3 fragment to ogenomic DNR using
intermediate conditions is shown in Figure 18, Many bands of

different intensities are evident. These are summarized as maior
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FIGURE 18, Southern Blot Analysis of the XL3 Fragment:
Hybridization to Genomic DNA Using Intermediate Conditions.

100 ng plasmid XL3 was radiolabelled withok *2PdATP using random
rimer extension to a specific actzvit¥ of 6 x 107 cpm/ug and
ybridized to the Southern transfer of a 1.0% agarose gel, The gel

contained B8 ug each human placental DNA digested with HindIII (Lane

1), EcoRI (Lane 2) HindIII+EcoRI (Lane 3), Xbal (Lane 4),
HindIII+Xbal (Lane 5), EcoRI+Xbal (Lane 6) Pvull (Lane 7},
HindIII+Pvull (Lane B8) Hinfl (Lane 9), HxndiII+H;an (Lane 10},
Haelll (Lane 11), HindIl1+Haelll (Lane 12) HaelII+Hinfl (Lane 13)
H1ndIII+H?aI (Lane 14) and 2 ug lambda bna di gsted with Hlndlli
(Lane 13). The lengths, in kb, of the HindIlI-digeated lambda DNA
fragments are shown for reference as molecular weight markers.
Hybridization and washin? were conducted at &60°C as described in
Materials and Methods

. ' he autoradiogram was produced‘bz exposure
of the blot filter for 72 hours at -70=C with an intensifying
screen.
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and minor genomic fragments in Table XI. The 33 and XL3 DNA RE maps
predicted the observed bands: 1) a 1.4 kb HindIIl fragment; 2) a
750 bp HindIIl + Xbal fragment; 3) a 1200 and 250 bp HindIIl +
Pvull {fragments;y 4) a 550 bp HindIII + Hinfl fragment, and 5) a 450
bp HindIIl + Haelll fragment. Complete homology to XL3 DNA (750 bp
HindIII/Xbal fragment) was present in low copy number in the human
genome. Other highly homologous genomic DNA fragments of higher
molecular weight (1400 bp HindlII+Xbal/EcoRl/Hpal fragments) were
- more abundant in the genaome than the native XL3 locus.

Some of the genomic fragments homologous to XL3 using relaxed
hybridization conditions are not apparent in the blot hybridized
using intermediate hybridization conditions., The 1000 bp EcoRIl and
Pvull fragments and 1400 bp Hinfl ffagment'apparent using relaxed
hybridization conditions are not present in Figure 18, indicating
weak homology to XL3 DNA (Mitchell et al., 1979).

b. Hybridization of Subclone XL3 to Genomic DNA Using

Stringent Conditions

Hybridization of the XL3 fragment to genomic DNA wusing
stringent conditions is shaown in Figure 19, The fragments lengths
corresponding to these bands are summarized in Table XI.

Hybridization under intermediate and stringent conditions gave
similar results., Notable differences included the disappearance in
the stringent hybridization of 250 bp HindIII + Pvull, 2.5 kb
HaelII and <400 .bp Hinfl, MHindIll + Hinfl, Haelll, HindIII +

Haelll, HaelIl/Hinfl DNA fragments. Since the 250 bp HindIII/Pvull
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TABLE XI
GENOMIC ORGANIZATION OF XL3 DNA

RESTRIGCTION ENZYMES(S) GENOMIC FRAGMENTS (BP)
HAJOR MINOR 8 1
HindIII 1400 + +
EcoRl 6400 - +
4800 - +
3400 - +
HindIII + EcoRI 6400 + -
5000 + +
1400 + +
Xbal 9500 + /
4200 + /
3400 + /
2000 + /
HindIII + Xbal 3000 + +
14990 + +
750 + +
EcoRI + Xbal 6400 + +
9800 + +
Pvull 10400 + +
5200 + +
HindIIl + Pvull 1200 + +
250 - +
HindIIl + Hpal 5000 + +
1400 + +
Hinfl 3400 + +
1180 + +
<400 - +
HindIIl + Hinfl 3400 + +
980 + +
<400 - +
Haelll 3400 + +
2500 - +
1900 + +
400 - +
HindlIl + Haelll 3400 + ¢
450 +
<400 - +
Haelll + Hinfl 3400 + +
1080 + +
L 400 - +
LEGEND: + = present; - = absent; / = presence or absence unclear on
blot; § = ybridization under. stringent (72<0) conditions; | =
hybridization under relaxed (40“C) conditions; Hajor bands were
visible after 36 hours of exposure; Minor bands were visible atter
72 hours of exposure,
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FIGURE 19. Souther Blot Analysis of the XL3 Fragment:
Hybridization to Genomic DNA Using Stringent Conditions.

100 ng plasmid XL3 was radiolabelled withe{=2PdATP using randonm
rimer extension to a specific activity of 6 x 107 cpm/ug and
ybridized to the Southern transfer of a 1.0% agarose gel. The gel
contained B uE-each human placental DNA digested with HindIII (Lane
1), EcoRI (Lane 2) HindIII+EcoRI (Lane 3), Xbal (Lane 4},
HindIII+Xbal {Lane 5), EcoRI+Xbal (Lane &) Pvull (Lane '
HindIII+Pvull (Lane 8) Hinfl (Lane 9), HindiII+Hian (Lane 10},
Haelll (Lane t1), HindI11+HaeIII (Lane 121, HaelII+HinfI (Lane {
H:ndIII+H§aI (Lane 14) and 2 ug lambda_bNA digested with Hindill
(Lane 15). The lengths, in kb, of the HindlII-digested lambda DNA
fragments are shown for reference as molecular weight markers.
Hybridization and washing were conducted at 72°C as described in
Materials and Methods. he autoradiogram_was produced bz exposure
pf the blot Ffilter for 72 hours at -70°C with an intensifying
screen.
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fragment of XL3 DNA contained the 20t bp highly degenarate
Satellite 11 sequence (Table VI), the higher hybridization
temperature employed under stringent conditions prevented annealing
of the XL3 Satellite II DNA sequence to its genomic equivalent The
2,9 kb Hae IIl and <400 bp smeared fragments may have failed to
hybridize to XL3 DNA under stringent conditions for similar
reasons.

c. Construction of Genomic XL3 Restriction Enzyme Maps

The genomic restriction enzyme maps are shown in Figure 20,
The detailed derivation of the maps is provided in Appendix Il to
this study.

The major genomic fragments homologous to XL3 DNA were 1.4 and
9.0 kb HindIIl + EcoRI/Xbal/Hpal sequénces {Region A in Figure 20).
Also derived from Region A were the large 4.4 kb EcoRI and §.2 kb
Pvull fragments (Figure 20). The persistence of a 5.0 kb fragment
in the HindlII + EcoR1/Xbal/Hpal digests shows that it occurs less
frequently and is generated independently from the 1.4 kb
fragments. The genomic region that produced the 5.0 kb, but not the
l.4 kb HindIIl + EcoRI/Xbal/Hpal fragments, is shown as Region B in
Figure 20. Region B also contains the large 6.4 kb EcoRl and 10.2
kb Pvull genomic fragments. A reconstruction of the native 33/XL3
DNA locus is shown as Region L (Figure 20). The native 750 hp
HindIIl/Xbal fragment, the 250 and 1200 bp HindIII/Pvull fragments
and the 1.4 kb HindIII fragments are present, as well as the 5.5 kb

Xbal and 5.2 kb Pvull sequences., Regions D1, D2 and D3I contain 2.0,
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FIGURE 20. Genomic RE Maps of XL3-Homologous DNA,

Representation of the genomic regions identified in male placental
DNA by the XL3 fragment, as determined from the Southern blot
analyses . shown in Figqures 18 and 19 and summarized in Table XI, A
detailed derivation ot the maps is provided in Appendix 1I. The
size of the entire XL3-homologous region is indicated _in
kilobasepairs (kb) and the genomic regions are drawn to this scale.
The Subclass 1 cloned fragments homologous to XL3 DNA are shown in
partial alignment with XL3-homologous genomic regions. Underlined
ortions of the cloned 103, 20A and 2 fragments delineate sequences
homologous to both XL3 and BLUR 8 DNA. The 33/XL3 cloned fragment
is aligned with the Subclass | cloned fragments and genomic Regions
A y Ly D1-3 and E; the XL3 sequence is indicated by the_heavy
black line and the position and orientation of the fragment 33 Alu
element is indicated by the arrow. Region A shows the derivation
of the major 1.4 and 5.0 kb genomic raﬁments homologous to XL3
DNA, The §' HindIIl site of the 1.4 kb genomic fragment is
indicated by (& )3 the §° Hindlll _site of the 5.0 kb genonmic
fragment is indicated by (& ), The 3' HindIIl, EcoRl, Xbal and
Hpal sites are indicated and aligned in the cloned fragments and
genomic  regions with the vertical dashed line. Region B is
fdentical to Region A except that the proximal 5' HindIII site is
gmitted to show independent_derivation of the 3.0 kb fragment,
Region C cshows that native 33/XL3 sequence locus, Regions D1, D2,
and__D3 define minor Xbal fragments homologous to XL3 DNA. &g%LQg_g
shows the derivation of the Hinfl and Haelll fragments, including
the 3.4 kb- Haelll repeated sequence.
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3.4 and 4.2 kb genomic fragments (relationship to Regions A, B and
C are undetermined) (Figure 20)., Region »E contained the native
33/XL3 DNA 450 bp HindIII/Haelll and 550 bp HindIII/Hinfl genomic
fragments, as well as the 1.9 and 2.5 kb Haelll, 1.15 kb Hinfl, and
1.05 kb Haelll/Hinfl +ragments. Region E also contained the
prominent 3.4 kb fragment produced by digestion with the HindIII,
HaelIll and Hinfl enzymes singly and in combination. Region E may
be coincident with Region A, since their restriction enzyme maps
are compatible, but further mapping would be necessary to show this
conclusively.

Comparison of the hybridization signals produced by digestion
of genomic DNA with HindlIII + Xbal showed that the 750 bp 33/XL3
DNA  HindIII/Xbal fragment occurred in only one copy, whereas the
1.4 kb HindIIl/Xbal fragment occurred in 10-100 copies.

d, XL3 Is a Variant Non VY-Spegific (NYS) 3.4 kb Hae 111!

Repeated Segquence.

Hybridization of the XL3 fragment to a 3.4 kb Haelll fragment
and other 3.4 kb genomic restriction fragments in male placental
DNA (Figures 18 and 193 Table XI) shows that XL3 DNA contains
sequences common to members of the 3.4 kb'HaeIII family (Cooke,
1976). The 3.4 kb Haelll repeat molecules rcontain two types of
sequences!: Y chromosome-specific {it-v), and non Y
chromosome~specific  (NYB) {Kunkel et al., 1976, 1977: Cooke and

McKay, 1978). GSome of the NYS sequences contain Satellite [I!

{Cooke and McKay, 1978; Bostock et al., 1978; Fowler gt al., 1987)
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and Satellite Il (Bostock et al., 1978; Cooke and Hindley, 1979)
DNA. In order to explore the possibility that the degenerate
Satellite II XL3 fragment was a variant 3.4 kb Haelll repeat
element, its chromosomal localization was determined via

hybridization in situ to human metaphase chromosomes.

C. Chromosomal Localization of the XL3 Fragment

Hybridization in situ localized XL3 DNA to the pericentromeric

region of chromosome 7, indicating that it was a NYS rather than
it-Y Satellite II-associated 3.4 kb Haelll sequences. A
representative metaphase plate localizing XL3 DNA is shown in
Appendix I. Significant grain densities were observed at a region
distal to the centromere on the g arm of chromosome 7 (7gq21) (X2
= 199 and at the centromere of the same chromasome (X* = {9), In
a second experiment, significant grain density occurred at a region
distal to the centromere on the p arm of chromosome 7 (7pl3) (X=
= 29). The combined data suggested that XL3 localized to the
pericentromeric region of human chromosome 7. Satellite LI DNA
{(Gosden et al., 1975) and of NYS 3.4 kb Haelll repeat sequences
(Cooke and McKay, 1978) ‘have both been previously localized to
chromosonme 7. The specific assignment of XL3 DNA to the

pericentromeric region of chromosome 7 supports the assignment of

Satellite II DNA to XL3 DNA and NYS 3.4 kb Haelll sequences.

I1X. Summary of Results

The aim of this study was to investigate the heterogeneity of
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Satellite Il DNA. To accomplish this goal, Satellite II and III
fraction sequences were propagated as recombinant DNAs in E. coli.
One  hundred and one 8Satellite II and three Satellite 1III
recombinant plasmids were recovered, Eleven plasmids derived fronm
Satellite I DNA and one derived from Satellite III were
extensively characterized and grouped into one of four subclasses
based upon the presence or absence of repeated DNAs in their
sequences.

Subclass 4 cloned fragments - 14, 38 and 20B -~ were
characterized as nonaffiliated in that they possessed nonrepetitive
or unigue sequences which were not homologous to sequences present
in other cloned fragments.

The subclass 3 cloned fragment - 34 ~ possessed alphoid but
not Alu, L1 or GSatellite elements and was not homologous to any
other cloned fragments.

Subclass 2 cloned fragments - 43, 5, 16 and 83 - showed
homology te the L1 Kpnl LINES elements. The 43 fragment was
identified as a variant 1.9 kb HindIll repeat that hybridized to
characteristic and noncharacteristic Li-derived human genonic
restriction enzyme fragments., The noncharacteristic fragments could
be generated by rearrangement of some L1 sequences. The 43 sequence
hybridized in situ to the centromeres of chromosome 4 and the X
chromosome, Although 43 DNA is only slightly different from 1.9 kb
HindlIl repeat, the differences are enough tp account for the

homology of 43 DNA to rearranged L sequences and the marked
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gpecificity of the 43 sequence to the centromeres of chromosome 4
and the X chromosonme.,

Subclass 1 cloned fragments -~ 33, 20A, 103, 2' and D -
possessed Alu, but not alphoid or Ll elements. The cloned 33 DNA
also contained a highly degenerate Satellite Il sequence which was
subcloned as XL3 DNA and studied, accomplishing the second aim of
this work, the characterization of a discrete, cloned Satellite II
sequence. The XL3 derivative BSatellite II-type sequences’ were
homologous to sequences within the Subclass 1| cloned fragments,
indicating that these DNAs contained both Alu element and Satellite
11 sequences. The XL3 fragment shared some characteristics of the
NYS 3.4 kb Haelll family of BSatellite-related sequences and
localized specifically to the centromere of human chromosome 7., XL3
DNA is the first GSatellite II-type ﬂ¥5 3.4 kb HaellIl-associated
sequence found to localize to an identified Satellite II DNA
chromosomal site other than the centromeres of chromosomes | and 1é
{Bosden et al., 19813 Burk gt al., 1985; Jeanpierre et al., 1985;
Moyzis et al., 1987). This suggests that the chromosomal
specificity of discrete Satellite DNA sequences is.a consequence of
the simple nucleotide base variations known to exist within

heterogeous Satellite DNA populations.
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DISCUSSION

Thie research defined some of the levels of heterogeneity

within human Satellite II DNA and characterized, in depth, a

variant Satellite II DNA menmber.

I. Heterogeneity of Human Satellite Il Fraction DNA

Total human Batellite II DNA has been previously described in
terms of its buoyant density, renaturation kinetics, restriction
endonu:leasé digestion products, chromogsomal lecalization and
nucleotide base sequence. These characteristics have been described
differently in various studies, even though the sequences under
discussion in all cases were purportedly Satellite II DNA.

Problems = in identification begin in initial isolation
procedures. Ag++/Cs52504 buoyant densities for Satellite Il
fraction DNA have been reported as 1,549 q/ml {(Cornep et al.,
19700, 1.350% g/ml (Corneo et al., 1971), 1,560 grml (this study) or
have been reported generally as "heavy" (Manuelides eof al.,, 1978
Mitchell et al., 1979) using apparently gsimilar gradient
compositions and centrifugation conditions, These discrepancies
make it difficult to assess the purity or uniformity ot putative
Satellite Il DNAs isolated in different preparations., any ot the
"Satellite Il DNAs" obtained at different buoyant denﬁitlés in
Ls5:804 have a single peak at Az.o with a buoyant density

equal to 1.693-1.694 g/ml.
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Though the criteria defining purity are more uniform in CsCl
gradient isplation procedures than in the primary L5280,
gradient centrifugation, it is still unclear if different studies
initially isolated the same or different DNA components.,

Regardless of technical variations, it is apparent that Satellite
11 seguences are intrinsically heterogeneous. This is in marked
contrast to other types of Satellite DNAs, such as those isolated
from mouse and other mammals, which are internally Homogeneous
(review in Binger, 1982). Cot analysis has shown that Satellite
II DNA vrenatures as a single kinetic component. The melting curve
of the reassociated 8Satellite II component, however, is biphasic,
indicating that Satellite Il DNA consists of at least two
different, but related sequences. Some of these sequences (14! are
homologous to Batellite III DNA (Mitchell et al., 1979). Ihe»
remaining 90% are presumably Satellite [I-specific and other,
possibly related, sequences,

The current study investigated the heterogeneous nature of
Satellite II DNA and identified five types of DNA sequence: the
simple sequence Satellite Il conzensus sequence (termed Satellite &«
in FPFrosser et al., 1986); Alu SINES welements; kpnl L1 LLINES
elementsy alphoid DNA, and unigue ONA. The most abundant types wére
DNA  having a degenerate Satellite Il sequence aHd Alu element DNAs,
These occurred together within BSubclass | cloned sequences and
accounted for 384 of the cloned DMAs studied., lhe newt most

abundant sequences were the Kpnl L1 LINES elements (Subclass 2),
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which accounted for one third of the cloned fragments studied.
Bubclass 4, primarily unique sequences, accounted for 21% and
Bubclass 3 was a single cloned DNA containing alphoid sequences.
The majority of the sequences chosen randomly for study - 794 -
were compased of repetitive DNAs, and half of these consisted of
Batellite II-related simple sequences and Alu element seguences.

Since no comparable study exists, it 1is not known 1if the

“identification of these varied repeated DNAs within the Satellite

Il fraction accurately or completely defines the heterogeneity of
Satellite II DNA. This study, however, illustrates the kind of
heterogeneity that could characterize gradient-isolated Satellite
Il fraction sequences and may account for the origin of some of the
discrepancies apparent in published descriptions of Satellite @I
DNA. A subcloned region, XL3 DNA, of the Subclass 1 seguence, 33
DNA, was wused to characterize a subset of Satellite [l-derived
sequences that will be discussed in detail. These sequences {)
peceur in 10-100 copies in the human genome; 2) are degenerate
Satellite II simple sequences; 3) are related to the 3.4 kb Haelll
repeat family of Gatellite Il sequences, and 4) localize

predominantly to the pericentromeric region of human chromosome 7.

I1. The XL3 Cloned Fragment, a Variant Satellite Il Sequence

A.__The Partial Nucleotide Base Sequence of the XL3 Fragment is &

Degenerate Satellite Il Repeat

The partial nucleotide sequence of the Subclass | member 33
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fragment was characterized by the presence of si¥ tandemly repeated
degenerate 26-nucleotide GSatellite Il-type sequences in the §5' bp
1-201 region., The &8ix repeat units aligned with one suggested
Satellite II consensus sequence (the Satellite 2 simple seguence
defined by Prosser, 1984) so that an average of 544 of the
consensus residues were present per repeat unit., Random base
changes, random insertions of 1-4 nucleotides and the insertion of
a large 26 nucleotide non-Satellite region between bp B81-107
contributed to the degeneracy of the Satellite 2-type repeats
within the &' bp 1-201 33 DNA sequence., This was compared wiﬁh the
only three other known sequences purported to be Satellite [l in
order to redefine or establish a consensus sequence. One of these
sequences, the pHuUR 193 sequence, was originally characterized as a
variant Satellite II DNA possessing 8 (8 terminal) and 4 3~
terminal) complete Batellite 2-type repeats with the sequence
S'ATTCC  ATTG/AC  ATTBG/T  ATTG/AL/T  ATGATE 375 these were
interspersed with other internally repetitive and highly diverged
sequences (Moyzis et al., 1987). Direct alignment of the pHuR 195
sequence with & opreviously suggested consensus sequance, S'ATICC
ATTCG G/ABT/ACC ATTCG ATGATE 3'(Prosser et al., 19864, modified to
show a final dGMP residue), shows that the 3° terminal region
possess 10 complete and 4 partial Satellite 2-type repeats arranqed
tandemly with no significant nucleotide insertions or deletions.
Similarly, the 3’ terminal region possess 4 complete and 3 partaial

Satellite 2-type repeats arranged tandemly with no significant
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nucleotide insertions or deletions. This alignment incorporates the
9-nucleotide §' ATTCC ATTC 3’ repeats and highly diverged sequences
identified by Moyzis et al. into Sétellite Il consensus
sequence-homologous repeat units., The tandemly repeated nature of
Satellite Il DNA sequences (Frommer et al., 19B2; Prosser et al.,
1986) suggests that direct alignment of the pHuR 195 sequences with
the GSatellite [l consensus sequence, as proposed -here, i5 a more
accurate definition of these sequences than the indirect alignment
proposed by Moyzis et al, (1987). The directly aligned sequences
range in homology to the Satellite Il consensus seguence from 50%
to 924, with averages of 78% (3¢ terminal region) and 77% (3
terminal region). These values quite adequately reflect the
Satellite II derivation of the pHuR 195 seguences.

Similarly, direct alignment of the pPD17 cloned fragment with the
Satellite II consensus sequence reveals 4 complete and 5 partial
Satellite 2-type repeat units arranged tandemly with an average 823%
homology to the Satellite Il consensus sequence. The pFDl7 sequence
has not previocusly been compared extensively with the Satellite 1!
consensus sequence in the manner shown here. Direct alignment of
the pPDI7 and Satellite Il consensus sequences showed that, of the
cloned Satellite Il sequences described in the literature to date,
it most closely fits the suggested consensus sequence.

Direct alignment of the 5' terminal 132 bp, internal 7% bp and
S'terminal 92 bp H83 seguence nucleotides with the Satellate 2

sequence showed that they share average seguence homologies of avi
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(' terminal 132 bp), 77% (internal 75 bp) and 75% (3’ terminal 92
bp)., The HS83 sequences are organized in tandem arrays of the 28
nucleotide Satellite Il repeat unit comprising a total of 8
complete and 4 partial consensus sequence repeats.

The current study shows that the cloned Satellite Il sequences
characterized to date are organized into tandemly repeated
2b-nucleotide Satellite II consensus sequence units. This 1is
confirmed as the basic organization of Satellite Il DNA in the
human genome. Deviatione 4from the consensus sSequence ocour as
random base changes within the 26-nucleotide repeat Qnit and, less
frequently, as random nuclectide insertions of varying lengths
within the repeated sequences units.

The 81 sequence, compriging the 5' terminal 201 bp of the cloned
33 and subcloned XL3 fragments, is a particularly degenerate member
of the Batellite Il-type sequences characterized by tandem arravsg
of the basic Zé-nucleotide Satellite II simple sequence.

B, _Genomic Restriction Epnzyme Sites Identified by the XL3 Fragment

are Associated with Satellite II DNA

Recog&ition sites for the restriction enzymes Hinfl, Tagl, EcoRI
and Haelll have been characterized in Satellite I fraction DNA asw
well as sgspecific cloned DMAs (Cooke and Hindley, 1979 Moyzis et
al.y 1987). These sites also occurred in digests of human placental
DNA hybridized to the cloned XL3 fragment.

Digestion of Satellite II DONA with Hinfl generally produces a

ladder of very small fragments due to the occurrence of the §°




BAG/CTC 3’ Hinfl site at positions 10-14

Satellite 2 simple sequence (Frommer et al.,

Page {43

of the 2&-nucleotide

1982; Prosser gt al..

1986), Large, discrete fragments of approximately 1500 bp and 1100

bp in length are also prominent in Southern blot analyseslnf

Hinfl-digested genomic DNA hybridized to Satellite II fraction DNA

{Frommer et al., 1984),

Human genomic DNA digested with Hinfl and

fragment produced fragments 1100  bp in

hybridized to the XL3

length wusing Bboth

intermediate and stringent annealing conditions and produced very

small (<400 bp) fragments using intermediate conditions, indicating

that the degenerate Satellite Il sequence in
to characterized Satellite II-derived Hinfl
in genomic DNA. Although there is a paucity
the XL3 fragment itself vresulting from the
Satellite 2 simple sequence, F-a.'ogy of the
fragments identified the XL3 sequence as

Satellite II DNA.

Similarly, VYag! digestion at &' TCHA 3

AL3 DNA is homologous
restriction fragments
of Hinf¥l sites within
degeneracy of the XLJ
XL3 fragment to Hinfl

homologous to genomic

recognition sites at

positions 18-21 of the 2é6=-nuclentide Satellite Il consensus

sequence produces multiple small fragments

in Satellite I[ INA

(Frommer et al.,, 1982; Prosser et al., 1984)., lagl sites are not

found in the §°' 201 bp XL3 sequence. Further, genomic DN# digested

with Tagl did not hybridize well to the XL3

fragment (Figure Ll/J,

though the poor quality of the Southern blot makes this information

difficult to assess, Characterization of the XL3 fragment as a
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Satellite II-derived DNA is consequently inconclusive using the
criterion of Tagql digestion. Digestion of Satellite Il DNA with
EcoRI is expected to produce two fractions: high molecular weight
DNA undigested by the enzyme, and several fragments 4.2, 3.4, 2.2,
1.8 and t.4 kb in length, the most prominent being the 1.8 kb
fragment (Mitchell et al., 1979 Frommer et al., 1982). The XL3
fragment was homologous to a prominent 6.4 kb fragment and a smear
pf higher and lower molecuiar weight material when hybridized to
EcoRI~digested genomic DNA wusing intermediate conditions. Under
stringent conditions, XL3 DNA identified discrete 6.4, 4.2 and 3.4
kb EcoRI genomic fragments. This further placed XL3 DNA into the
cateqory of Batellite II DNA, specifically the NYS 3.4 kb Haelll
repeated EcoR[-defined sequences.

Hybridization of total Batellite Il fraction sequences to
male-derived genomic DNA digested with Haelll 13 expected to
produce a large, variable fraction of high molecular weight DNm: a
prqminent 3.4 kb fragment, and a degenerate ladder ot bands
comprising multiples of 170 bp superimposed upon & range of other
fragments of apparently random sizes. The three hybridization
fractions do not appreciably cross-react, indicating that they are
not truly homologous (Mitchell et al.,, 1979). When hybridized to
Haelll-digested, male-derived human genomic ONA, XL3 DNA did not
appreciabiy identify high molecular weight, undigested tragments
but dad identify-a prominent 3.4 kb fragment, and a smaller 1.9 kb

genpomic fragment., No "ladder" of fragments was apparent, although a
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2500 bp fragment and small, <400 'bp fragments did appear using
intermediate hybridization conditons., Thig indicated that XL3 DNA
Was homologous to some Satellite Il sequences present in

Haelll-digested DNA, particularly the 3.4 and 1.9 kb fragments.

III.XL3 DNA Defines a Mipnor Domain of NYS 3.4 kb Haell]l Seguences

The 3.4 kb Haelll fragment of human male DNA was first described
by Cooke (1976)., Kunkel et al. (1974) showed that these sequences
comprised both Y-chromosome specific (it-Y) and non Y-chromosome
specific (NYS) DNAs. The non Y-chromosome specific sequences
hybridized to female DNA, indicating that they were autosomal in
origin (Kunkel et al., 1977; Cooke and McKay, 1978).

Cot analysis and renaturation kinetics showed that “7500 copies
of the 3.4 kb Haelll holecule pecurred per male diploid genome and
that both it-Y and NYS seguences occurred within each 3.4 kb Haelll
molecule, Three ™~800 bp it-Y seguences were interspersed with and
covalently linked to four ™“200 bp NYS sequences per molecule.

logether, as components of the 3.4 kb Haelll repeat molecules, it~

“and NYS sequences accounted for 40% of Y chromosome DNA. MYS ENA

was rapidly reassociating, suggesting that it contained siaple
repetitive sequences. Further, NYS DNA was shown to consist of at
least two sequence "families" with overall homologies of u.dh and
0.34%, respectively, to total female and male genomic DNA. Based on
this intaormation, the 3.4 kb Haelll repeat could be generally

tharacterized as a heterogeneous collection of it-Y sequences
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covalently linked to mere highly repetitive, less complex NYS
sequences within the same molecules {(Kunkel et al., 1979).‘A later
study showed that approximately 50% of it-Y sequences were truly Y
chromosome specific, whereas the other 504 cross-reacted with
female DNA using relawed reassociation criteria. This study alseo
showed that ape DNA did not hybridize to the Y-specific it-y
sequences but did hybridize to the cross-reacting it-Y and NYS
sequences. The study concluded that the cross-reacting it-Y and NYS
sequences were more divergent, hence "older", than the Y specific
it-Y_ sequences, suggesting that the 3.4 kb Haelll repeat molecules
were primarily autosomal, not Y-chromosomal, in origin (Kunkel and
Smith, 1982).

Previous studies showed that Satellite IIIl (Cooke and Mckay,
1978; PBostock et al., 1978) and Satellite II (Bostock et al.,, 1978;
Cooke and Hindley, 1979) DNAR contained 3.4 kb Haelll repeat
sequences., Both male and female DNA hybridized to the Satellite III
3.4 kb Haelll element, suggesting that Satellite [I! DNA contained
both it-Y and NYS sequences (Cooke and Mckay, 1978). Since
Satellite II and [II DNA consists of highly reiterated, sinple
sequences, it could compose a major part of NYS 3.4 kb Haelll ONa,
Recent studies have shown that this is the case. Burk et al. (198%5)
have defined three ‘"domains" of sequences within the 3.4 kb
Haelll-type DNAs, all of which are related to Satellite DMA. Domain

ky defined by hybridization of genomic 3.4 kb Haelll sequences and

a cloned, pY-3.4A, probe to 1.8 and 3.6 kb Kpnl-generated genomic
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fragments, occurs in many copies of a tandemly repeated 1.8 kb
sequence specific to chromosome 15, Domain D, defined by
hybridization of genomic 3.4 kb HaelIl sequences and a cloned prohe
(6D) to a large 6.2 kb fragment and three smaller 2.6, 2.0 and 1.6
kb {(which sum to 6.2 kb) Ddel-generated genomic fragments, occcurs
as many copies of a tandemly repeated 4.2 kb sequence specific to
chromosone 16, The cloned pY-3.4A and 6D fragments do not
tross-react, indicating that they represent different types of 3.4
kb Haelll repeat sequences, A third domain, Domain R, was defined
by hybridization of genomic 3.4 kb Haelll sequences and the cloned
4D probe to a distinct 3.4 kb EcoRI-generated genomic fragment and
several other minor EcoRI-generated bands, These bands were similar
in appearance to those homologous to the Satellite Il~derived HS3
claned fragment. This suggested +that Domain R represented a
chromosome l-specific NYS 3.4 kb Haelll sequence based an its
identity with the chromosome 1 centromere-specific HSI fragment
{Gosden et al,, 1981). 1In another study, a cloned chromosome 2&
library-derived fragment, QP23, identified the 3.4 kb Haelll repeat
fragment in male genomic . DNA, The ©8F23 prohe defined a Donmain
k-like 1.8 kb tandemly repeated sequence specific to chromosomes 9
and 15 and a Domain D-like &.1 kb tandemly repeated sequence
specific to chromosome té (Jeanpierre et al., 1968%), A third study
showed that a Domain K-like cloned repetitive 1.8 kb kpnl sequence
comprised tandem arrays of the Batellite III S5°ATVCC 37 pentamerac

repeat and localized to the pericentromeric region of chromosome 1S
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(Higgins et, al., 1985). Taken together, these studies indicate
that the NYS 3.4 kb Haelll repeat sequences may be divided into
Satellite 1Ill-derived chromosome 9 and 15-specific domains and
Satellite [II-derived chromosomes ! and lé-specific domains, Burk et
al, (1983) proposed that other domains undoubtedly exist, but have
yet to be identified,

The relationship between inter-and intra-domain sequences is not
consistent., The 1.8 kb tandemly repeated Domain K-like sequence has
been described as opredomipantly localized ¢to chromosome 15 with
possible minor sites on other chromosomes (Burk et al., 198%5), or
as predominantly localized to chromosonme 9 with & nminor
localization to chromosome 1§ (Jeanpierre gt al.,, 1985). These
discrepancies may be attributed to the use of two cloned probes
that differ somewhat in sequence but were both homologous to the
1.8 kb tandem vrepeats and NYS 3.4 kb Haelll sequences. This
suggests that Domain K-like DNAs comprise a family of similar
Satellite IlIl-derived sequences that have diverged somewhat fronm
each other. The divergence may be due to the segregation of Domain
K-like sequences onta different chromosomes sometime during the
evolutionary history of these sequences, as has been proposed for
Satellite III DNA (Beauchamp et al., 1979},

The &.1-4.2 kb tandemly repeated Domain D-like seguences have
been described as predominantly localized to chromosome l& (Hurk et
al., 1983; Jeanpierre gt al.,, 1985)) whereas the Domain R-like

seguences localized to chromosome 1 (Burk et al., 1985). Since the
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3.4 kb Haelll repeated sequences contain Satellite I[ DNA (Bostaock
et al., 1978; Cooke and Hindley, 1979), and the major sites of
Satellite Il localization in the human genome are the centromeric
regions of chromosomes 16 and 1 (Jones and Corneo, 1971), it is
reasonable to propose that Domain D~ and R- like sequences
represent two families of related Satellite Il-derived DNAs. The
cloned H83 sequence (Cooke and Hindley, 1979; Gosden et al., 1981)
may be a Domain R-like DNA, since it contains Satellite 11
sequences and is specific to the centromere of chromosome L. The
precise relationship between Domain D and R sequences is unclear,
however, in that a cloned probe, 4D, identifies both Domains in
genomic DNA but is specific only to chromosome 14, not chromosome |
(Burk et al., 1985). Another Domain D-like sequence i3 also
specific to chromosome 16, but not to chromoseome | (Jeanpierre gt
al., 1983)., This indicates that Domain D and R DNAs represent two
distinct GSatellite IIl-related sequence families within the HYS 3.4
kb Haelll repeat sequences. The divergence may be due to the
segregation of Domain D-like sequences predominantly to chromosome
16 and of Domain R-like sequences to chromosome 1 sometime during
the evolutionary history of Satellite II DNA.

The present study prnposeé that the XL3 cloned +fragment
represents a third 8Satellite Il~-related domain of sgguences
associated with the NYS 3.4 kb Haelll repeats., This domain, lomain
Hy 1is defined by DNA homologous to XL3 sequences prodhced by

digestion of human male genomic DNA with the restriction
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endonucleases Haelll and Hinfl. It is a minor component of the
Satellite 1II-derived NYS 3.4 kb Haelll sequences, is specific to
the pericentromeric regiaon of chromosome 7, and censists of 10-100
repeated sequences 1400 bp in length. Though it is unclear how
these segquences are tandemly repeated, the segregation to one
chromosomal site suggests that homologous sequences are clustered
together along one continuous stretch of DNA, XL3 does not
locélize to either chromoseme | or 16, and does not identify a 1.8
kb EcoRI genomic fragment often associated with chromosome | (Cooke
and Hindley, 1979;) or chromosome 146 (Burk et al., 1985; Jeanpierre
et al., 19853). This indicates that Domain H exists independently of
Domains D and R. The identification of homology to minor Domain H
DNA suggests that other minor domains will be identified 1in future
studies, Together, this information may be used to define the
heterogeneity of BSatellite II DNA and the NYS 3.4 kb Haelll

sequences in particular.

IV. Assoriation of Satellite Il and Alu Senuences in Subclass 1 ONA

The degenerate Satellite II-type sequences between bp 7~198 were
associated with an inverted Alu SINES glement spanning
approximately bp 900-1200 1in the 33 fragment. The XL3 subcloned
fragment, consisting of bp 1-750 of 33 DNA and containing the
degenerate bp 7-198.Satellite Il sequences, some slight homology to
restriction fragments of cloned 2 DNA, cloned 103 DNA, cloned 20A

DNA. These restriction fragments also contained sequences
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homologous to BLUR B8 Alu SINES element DNA. Thus, the XL3 DNA and
Alu element association in the 33 fragment also occurred in the 2,
{103 and 20A cloned fragments. Moreover, the XL3 and Alu DN#
association was repeated twice within cloned 2 and 103 DNAs,

As seen in Figures 3 and 20, the 1500 and 1200 bp seguences of
the cloned 2 and 103 fragments are not contiguous but are separated
by sequences 300 bp apart in 2 DNA and 500 bp apart in 103 DNA.
This suggests that the Alu elements within the cloned 2 fragment
arg minimally 300 bp and manimally 3000 bp (1290 bp + 300 bp + 1500
bp) apart (Figure 20), Similarly, the Alu .elements pithin the
cloned 103 +fragment are minimally S90 bp and maximally 3200 bp
(1300 bp + 500 bp + 1200 bp) apart. Random dispersion throughout
the human genome places Alu elements approximately 4200 bp apart
from each other., Kinetic data, however, suggests that Alu elenents
are not randomly dispersed but may he "bunched up" in 40% of the
genome, occurring approximately every 2500 bp. The remaining 404 of
the genome possesses Alu elements that are more “spread out”, or
widely dispersed, among unique and pther repetitive sequences
{(Rinehart et al., 1981). Maximal separation of the Alu elements in
2 and 103 DNA places them closer to 2500 bp apart than 4200 bhp
apart, suggesting thét the 2 and 103 fragments were purified fron
the 607 of genomic sequences containing closely spaced #lu
elements.

Within the 60% of human genomic DNA associated with freguently

gccurring Alu sequences are tegions where Alu alemente are found in
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"clusters" (Calabretta et al.,, 1982; Tsukada et al., 1982). Alu
elements have also been found in "paired" arrangements in the human
genome. Some paired Alu elements have been implicated in specific
genonmic rearrangements, including intfastrand recombination

{Lehrman et al., 1985), Inter-Alu sequences have also been shown to

820y
pcecur in 30 polymorphic copies dispersed in normal lymphocytic DNA,
Gome copies of the inter-Alu sequence existed as small polydisperse
circular DNAs (Calabretta et al., 1982). An increase in the number

of the polydisperse circular inter-Alu sequences was associated

with in vitro and in vivo ageing (Shmookler Reis et al., 1983).

These studies proposed that the inter-Alu sequences had undergone
replication, excision and reintegration events which anmplified and
dispersed them throughout the genome as extrachromosomal circular
DNAs. This transposon-type mechanism may have involved the flanking
Alu sequences, which could have functioned in a manner similar to
prokaryotic transposon insertion sequences (Shmookler Reis et al.,
1983) .

As previously stated, 2 and 103 DNA possess two assnciated Alu
element~XL3 DMA sequence complexes. If these sequences are oriented
as they are in 33 DNA, then the 2 and 103 sequences are arranged in
an  XL3-Alu~XL3-Alu array. This configuration would place an XL}
degenerate Satellite 1[I sequence between two Alu elements in both
tloned fragments. This suggests that the occurrence of L0O-100
copies of degenerate Satellite Il-containing XL3 sequences 1n the

genome could theoretically represent an Alu element-mediated
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transposon-like amplification of these specifit sequences,

V. Origin of Satellite II DNA and Specific Origin of the XL3

Cloned Fragment

The identificatinh of XL3 DNA as a minor component of Satellite
II DNA raised guestions concerning the specific arigin of XL3
seguences in relation to the general nfigin and genomic
distribution of Satellite II DNA,

Previous studies have shown that Satellite II DNA was composed of
populations of distinct, but related, sequences comprising
approximately 2.07% of genomic DNA (Mitchell et al., 1979; Corneo gt
al,, 1970), Total ©Satellite II DNA localized primarily to the
centromeric region of chromnénme 1 with secondary localization to
the centromeric region of chromosome 14 and minor localizations to
the centromeric regions of many other chromosomes <{Jones and
Corneo, 1971; Gosden et al., 1975), Satellite Il sequences were
associated with NYS 3.4 kb Haelll repeated DNAs {(Bostock et al.,
1978; Cooke and Hindley, 1979). Renaturation kinetics showed that
NYS 3.4 kb Haelll sequences were probably autosomal in origin
{Kunkel and 8mith, 1982). Taken together, this information is
consistent with a centromeric origin of a major portion of
Satellite Il DNA on human chromosome 1. The secondary concentrafion
of Satellite II sequences at the centromeric region of chromosone

14 and minor conceatrations on the centromeres of other chromosomes

could bhave arisen subsequently through amplification and dispersion
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of Satellite Il seguences to these sites sometime during human
evolution,
fwo mechanisms that account for the amplification and dispersion

of Satellite II sequences in the human genome are unequal crossing

over and disproportionate replication. Unequal crossing over was

recently elucidated as a major mechanism contributing to the

amplification of alphoid sequences in the human genome (Willard and

Wayey, 1987). In unequal crossing over, homologous recombination
between two nonallelic repeated sequences organized in a tanden
array results in reciprocal amplification and ‘deletian of the
repeated sequence. These events also act to maintain seguence
homogeneity so that the DNA eventually consists of repeats of a
single seﬁuence through a process called crossover fixation, [his
mechanism also allows that similar~repeated seguences on different
chrompsomes that do not participate in unequal crossing over are
free to diverge (8mith, 19764; Lewin, 1980)., Unequal crossing over
adeqguately accounts for the initial amplification of Satellite [I
sequences at the centromere of chromosome {, the relative
homogeneity of these sequences, and the divergencte of these
sequences at other sites. It does not explain the dispersion ot
these sequences to other sites or the absence of reciprocal
deletion products from unequal sequence exchanges.

The dispersion of Satellite [! seguences tao many sites in the
genome 1s accounted for by a second mechanism, disproportionate

replication. In this process, multiple initiations o+ DNA
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replication result in the production of some free strands af newly
synthesized DNA which may undergo end-to-end ligation. The
resulting closed circular DNAs may then recombine into chromosomal
DNA at or near the initial site of DNA synthesis or into a
different site on the same or on a different chromosome (Schimke,
1984)., bisproportionate replication accounts for the initial
amplification of Satellite I1 DNA at the centromere of chromosome |
and its subsequent dispersion to chromosome 16 and other
chromosomes. Rounds of amplification and dispersion of Satellite II
seguences from these to the same and other sites would then account
for the presence of different amounts of Satellite Il sequences on
different chromosomes. This mechanism also allows the independent
divergence of Satellite 11 sequences from each other an separate
chromnsomes.

Amplification~independent dispersien of Satellite Il sequences
could also have occurred through their transposition to other sites
in the ogenome as "inter-Alu" =sequences, a process alluded to
earlier. In this type of event, Satellite Il sequences sandwiched
between two Alu elements could have been transposed to other
genomic sites through Alu~-Alu recombination events. This particular
mechanism is of special interest here because of the possible
KL3(Satellite II)-Alu to XL3(Satellite II1)-Alu sequence arrangement
in the cloned 2 and 103 fragments, |

Some combination of these mechanisms is congistent with tie

general amplification and dispersion of Satellite Il seguences in
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the human genome., None of the mechanisms, however, explain the
preferential localization of Satellite sequences to
heterochromatic, centromeric regions. It has been proposed that the
almost exclusive placement of Satellite sequences at centromeres is
a "defense" mechanism designed to ‘"protect" the genome from the
intrusion of masses of vrepeated sequences into loci critical to
cell function and propagation (Singer, 1981). This presupposes a
necessary function of Satellite DNA so that Satellite sequences are
maintained in the genome. A lack of selective pressure on the
existence of Gatellite sequences, balanced with the exertion of
selective pressure to maintain the heterochromatic localization of
Satellite DNA, may have resulted in the observed abundance of
Satellite II sequences at selected centromeric toci in the human
genome,

At some point- in evolutionary history, one or a few copies ot
Satellite Il DNA was dispersed to the centromere of chromosome 7,
These sequences, segregated from other Satellite II sequences,
underwent random changes and diverged considerably from the
priginal Satellite Il consensus sequence. Limited amplafication
occurred so that, eventually, 10-100 copies of thig highly variant
Satellite Il sequence existed at that chromosomal location. lhis
proposed mode of origin of the XL3 sequence accounts for 1tg
localization to & minor Batellite II chromosomal site, itfs
divergence from the Satellite Il consensus sequence and its low

copy number. This mechanism may account for the existence of other
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variant Satellite II sequences in the human genome which,
together, define the heterogeneity of Satellite I1 DNA,
loci in the human genome.

The mechanisms involved the origin of XL3 DNA evolve
directly from those just described for the origin of Satellite 11
DNA. At some point during evolutionary history, one or a few

copies of Satellite II DNA was dispersed to the centromere of

" chromosome 7. These sequences, segregated from other Satellite I

sequences, underwent random mutations and diverqged considerably

from the original Satellite II consensus sequence. They underwent
limited amplification so that eventually 10-100 copies of this
highly variant Satellite II sequence existed at that chromosomal
location. This proposed mode of oarigin of the XL3 sequence
accounts for its localization to a minor Sateliite II chromosonmal

site, its divergence from the Satellite Il consensus sequence and

-its low copy number. This mechanism may account for the existence

of other variant Satellite Il sequences in the human genonme

which, together, define the heterogeneity of Satellite Il DNA,
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APPENDIX [

Hvb(idizatinn In Situ of Human Metaphase Chromosomes

A. Chromogomal Localization of 43 DNA

A representative metaphase plate is  shown priaor to
hybridization (1.) ;nd as it appeared after hybridization (2)., The
centromeric regions of chromosome 4 and the X chromosome, the major
sites of 43 DNA localization, are indicated. The slide was exposed

48 hourg at -4°C.
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N

B. Chromosomal Localjzation of XKL3 DNA

A representative metaphase plate is shown prior to
hybridization (l.) and as it appeared after hybridization (2). The
centromeric region of chromosome 7, the major site of XL3 DNA
localization, is indicated. The slide was exposed 72 hours at

4=C,
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APPENDIX 11,

Derivation of the Benomic RE Maps of XL3 DNA

The information obtained from the Southern blot analyses using
relaxed (Figure 17), intermediate (Figure 18) and stringent (Figure
19} hybridization conditions, as summarized in Tablé A1, was used

to construct the genomic RE maps shown in Figure 20,

f. _Characterization of the Major 1.4 and 3.9 kb XL3-Homologous

- Benomic Fragments

Mapping of the. restriction entyme sites defining genomic
fragments homologous ta XL3 DNA was derived from the analysis of
blots shown in Figures 48 and 19 and summarized in Vable X1. The
mast intense regions of genomic homology te the XL3 fragment
correspond to fragments 1.4 and H.0 kb in length produced by
digestion of genomic DNA with HindIIl + EcoRl, Hindlll + Xbal and
HindlIl + Hpal. These fragments are not evident upon digestion of
genamic DNA with either EcoR! or Xbal alone {(Figures 1/,18,1%)., lthe
1.4 kb but not the 5.0 kb fragments are observed upan digestion of
genomic DNA  with HindIIl (Figure 18 and 19) or Hpal (Figure 17)
alone, The production of similar 1.4 and 5.0 kb fraqmenté upon

digestion with HindIIl + EcoRl, + Xbal and + Hpal suggests that
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these +fragments arise from similar genomic loci. EcoRI, Xbal and
Hpal sites clustered 1.4 kb 3’ or 5' from a HindIll site would
produce the observed identical fragments upon digestion with
HindIII + EcoRI/Xbal/Hpal. Movement of the HindIIl site to a
position 5.9 kb away from the clustered EcoRI, Xbal and Hpal sites
would produce the observed identical 5.0 kb fragments which occur
following digestion with HindIII + EcoRI/Xbal/Hpal.

The 1.4 and 3.0 kb HindIIl + EcoRI/Xbal/Hpal fragments appear
with equal intensity in Figure 19 but the 5.0 kb fragments appear
with nmuch less intensity than the 1.4 kb fragments in Figure (8.
This suggests that some XL3-homologous loci possess two 5° HindlIIl
sites: one located 1.4 kb and one located 5.0 kb from the clustered
EcoRI/Xbal/Hpal siteg. Complete restriction enzyme digestion of
these sites cleaves the larger 5.9 kb fragment produpinq the
smaller, more intense 1.4 kb fragment. The intensity of the 1.4 kb
signal suggests that it comprises most of the genomic fragments
homologous to L3 DNA. These f{fragments share the expected
restriction enzyme sites, which are nmapped as shown in Region @
(Figure 20). Though not shown, an additional Hpal site mavy occur
near the §° HindIIlI site, since a 1.4 kb genomic fragment
homologous to XL3 is produced upon digestion with Hpal alone
tFigure 17).

The persistence of the 5.0 kb HindlII + EcoRI/Xbal/Hpal
fragment indicates that this fragment is not always digested to the

smaller 1.4 kb fragment by HindIII (Fiqures 18 and 19), Region B
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represents the place of origin of the 5.0 kb fragments. The (.4 kb
HindIII {fragment is oprobably ogenerated independently at:a third
locus, since the intensity of this fragment is much less than that
of the HindIIl + EcoRI/Xbal/Hpal fragments (Figures 18 and 19).
This locus is depicted as Region C in Figure 20, and may represent
the native 33/XL3 locus since the 33 sequence is a 1.4 kb HindlIIl
fragment.

Analysis of the data shown in Figures 17, 18 and 19 and the
derived genaomic map shown in Figure 20 indicate that full homology
to XL3 DNA exists at only a few genomic loci. The faint signal
produced by the 750 bp Hindlil/Xbal fragment (Figures 18 and 19)
suggests that this fragment is the genomic counterpart of the AL3
fragment and is present in only one copy. Comparison of signal
intensities shows that the number of copies ot homologous 1.4 kb

HindIIlI + EcoRI, + Xbal and + Hpal genomic sequences 1s between

10-100, i.e., the XL3-homologous Region A occurs 1O0-100 times in
the human genome. Similarly, comparison of signal intensities
suggests that Region B also oceours many times in the human qenone,
though perhaps less +frequently than FRegion A, This discrepancy
prevents a precise determination of the number of genomic copies of
Region B, but allows a conservative estimation of 1-10 total copies
in the human genome., The signal intensity of the 1.4 kb Hindllil
fragment 1is consistent and comparison with that of the 750 bp
HindlII/Xbal fragment shows that the (.4 kb HindlIl fragment,

designated Region C in Figure 20, occurs approximately 10 times in
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the human genome. Since there are more genomic copies of the Region
C 1.4 kb HindIIl fragment than there are of the 33-derived XL3
HindIII/Xba genomic fragment, it ig likely that the Xbal site
pccurs in only one of these fragments, specifically, the 33
fragment itself, The combined number of copies of XL3-homolegous
genomic DNAs, then, - Regions A+ B + C - may be approximated at
10-100. It should be noted that this data does not show whether the
Region A, B and € fragments occur as contiguous arrays or as
nan-contiguous sequences.

The placement of HindIII, EcoRI, Xbal and Hpal sites within
genomic FRegions A, B and C is supported by alignment of the RE maps
of Subclass 1| cloned fragments homologous to XL3 DNA (Figure 2v).
Fragments 1103 and 2 .pnssess EcoRI sites about 1.4 kb downstreanm
from the &' terminal HindIIl site (indicated with arrows in Figure
20) and about 700 bp downstream from an internal xXbal site,
Superposition of the 103 and 2 fragment RE maps on the XL3/33
tragment RE map shows thatt 1) the 5 HindlIl sites of all three
- fragments coincide; 2) the Xbal sites of 103 and XL3 DNA coincide
and 3} th3 3’ (dashed line in Figure 20) HindIIl site of fragment
33, 3 EcoRI site of fragment 103 and Xbal site of fragment 2uA
nearly coincide. Also, alignment of the homologous region of the RE
map of fragment 2 with that of fragment XL3/33 demonstrates that
internal Pvull gites coincide, and that an EcoRI site about 1.2 kb
downstream from the Pvull siﬁe in 2 DNA coincides with the 37

terminal HindIIl site of XL3/33 DNA., Taken together, these data
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strongly suggest the placement of EcoRl and Xbal sites at the 3-
end of the 1.4 kb XL3~homologous genomic fragment. Demonstration
that a Hpal site also ﬁccurs here is not provided by the RE maps of
any of the highly repetitive cloned fragments but is sugpested by
the Southern blot data shown in Figure 17,

The intensity of the 1.4 kb HindIII + EcoRI/Xbal/Hpal fragments
suggests that these sequences comprise the major regions of

homology between XL3 and genomic DNA (Figures 18 and 19).

DNA

Construction of the genomic maps af Regions A and B allows the
placement of other RE (Figures 18 and 19). Digestion of human
genamic DNA with EcoRI produces a large 6.4 kb fragment homologous
to XL3 wupon digestion with HindIII + EcoRI, and is replaced by the
1.4 and 9,0 kb HindIIl + EcoRIl.fragments. The 6.4 kb EcoRI fragment
would be generated if an EcoRI site is placed 4.4 kb upstream fronm
the 3' EcoRl site of Regions A and B, Digestion with Hindlll +
EcoRI produces the 1.4 kb HindIIl + EcoR! fragment from Region A,
and the &.0 kb Hindlll + EcoRl fragment from Region B, as observed
(Figures 18 and 19},

It should be noted that alignment of the RE wmap o+ the
honologous region of the 2 DNA with that of XL3/33 DNA suggests the
pxistence of genomic EcoRI (and Hpal) sites in addition to those
already described. However, digestion of genomic DNA with EceRI,

HindlIl + EcoRI and HindIII + Hpal (Figures 17, {8 and 19) does not
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reveal the fragments expected from digestion at these sites,
Therefore, these fragments are assumed to be much less homologous
to XL3 DNA, and genomic EcoRl and Hpal corresponding to the same
sites in 2 DNA are not considered further.

C. Mapping of Genomic Xba] Sites

The major 1.4 and 5.0 kb HindIII/Xbal fragments were mapped as
previously described in Regions A and B (Figure 20)., A less intense
band corresponding to a 750 bp HindIII + Xbal sequence represents.
the 750 bp HindIII/Xbal XL3 fragment itself which is mapped as
shown in Region C of Figure 20 (Figures 18 and 19). Placement of
gxternal Xbal sites indicated by the 2.0, 3.4, 4.2 and 5.3 kb
fragments is determined from information obtained by the HindilIl +
Xbal and EcoRI + Xbal digestions (Figures 18 and 19). External
Xbal sites are mapped 2.0 kb, 3.4 kb and 4.2 kb upstream of the
internal XL3 Xbal site of Region C and are depicted as Regions DI,
D2 and B3 (Figure 2Q). Assignment of these fragments to
independent regions D!, D2 and D3 is based on the ohservation that
none of them occur in the HindIIl + Xbal or EcoRI + Xbal digestions
and are, therefore, not denerated by digestion at Regions A, 8 or
€.

One Xbal band, the large 5.9 kb fragment, 15 also seen in a
subsequent Xbal + EcoRl digestion, and may represent é more maiaor
sequence than those of Regions DI, D2 and D3 (Figures 18 and 19),
The Xbal site generating the 5.5 kb Xbal fragment is assigned

accordingly to Region C at a location 5.5 kb upstream from the
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internal Xbal site. This assignment supports the observation that
EcoRI + Xbal digestion of human genomic DNA produces two fragments
of 6.4 and 5.5 kb, respectively. The 6.4 kb band is probably the
large 6.4 kb fragment is generated by digestion of Regions A and B
with EcoRI, and the 5.5 kb band is the large 5.5 kb sequence
produced by digestion of Region C with Xbal. These fragments are
not the same, however, and are therefore assigned to different
genomic map regions,

D. MWapping of Genomic Pvull Sites in Franments Homologows to XL3

DNA

The Pvull sites are easily placed., Twe bands, 5.2 and 10.4 kb
in length, are visible upon digestion of human genomic DNA with
PvuIl (Figures 1B and 19), Flacement of Pvull sites 5.2 kb &' and
3 af the L3 in£erna1 Pvull site accounts for the generation of
the observed 5.2 kb band(s)., Evidence that the internal Pvuil site
occurs genomically is seen in HindIII + Pvull digestion, which
yield 1200 and 250 bp fragments (the latter is barely visible in
Figure 18 and is not visible in Figure 19). ‘The low signal
intensities of these bands and the presence of the f0.4 kb Pvull
band indicates that the internal Pvull site is not always present.
It is certainly absent in in Region B, since digestion with HindII!
+ Fvull does not produce the 3.9 kb fragment that would be
generated 1if the internal Pvull site were retained. Region B is
consequently the likely origin of the large 10.4 kb Pvull fragment.

hs previously noted, the 250 bp HindIIl + Fvull fragment hybridized
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under intermediate conditions but not under stringent conditions.
The absence of the 250 bp HindIII + Pvull <fragment from the
"stringent" blot and its presence on the ‘“intermediate" blot
supports the assignment of degenerate Satellite II sequences to
this fragment, since such A+T-rich Satellite sequences may "melt
off" at the higher temperature used under stringent conditions

(Mitchell et al., 1979).

E. appi of Gepomic Hinfl!l apd Haelll Sites ipn Fragments

Homologous to XL3 DNA

The XL3 fragment also hybridized to several fragments of Haelll
and Hinfl-digested human genomic DNA. Internal Haelll and Hinfl
sites are located 459 and 550 bp, respectively, downstream to the
5 HindlIl site within the XL3 sequence. Digestion of genomic DNA
with HindIII + Haelll and HindIII + Hinfl produced the expected 430
and 3530 bp fragments (Figures 1B and 19). Other fragments observed
after digestion of genomic DNA with Hinfl or Haelll may be
generated by the placement of a Hinfl site i150 Ep upstream of the
internal Hinfl site and & Haelll site 1900 bp upstream of the
internal Haelll site, Digestion with Hinfl would then generate a
1145 bp fragment; HaeIII, a 1900 bp fragment, and Haelll + Hinfl, a
1050 bp fragment (Figure 20, Region E)}. All of these fragments were
observed (Figures 18 and 19); the 1900 bp Haelll and 1159 bp Hinfl
fragments were also observed (Figure 17).

3.4 kb fragments homologous to XL3 recurred in restrictions of

genamic DNA with Hinfl, Haelll and Hinfl + Haelll (Figures 18 and
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19. The appearance of the 3.4 kb sequence in each case suggested
that the closely-spaced internal Haelll and Hinfl sites occurred
again in close proximity to each other 3.4 kb 3' or 5 to the
internal sites, and these external sites were not separated frnmA
internal sites by a HindIIl site, since HindIII did not digest the
3.4 kb fragment into smaller sequences, Based on these
observations, the Haelll and Hinfl sites producing the 3,4 kb
fragment may be aligned as shown in Region E of Figure 20,
Placement of external Haelll and Hinfl sites 3.4 kb 3' to the
internal sites produces the 3.4 kb fragment observed upon digestion
of genomic DNA with Haelll, Hinfl, HindIII + Haelll, HindIII +
Hinfl and Haelll + Hinfl. The HindIII site in the upstreanm
portions of Regions A and C must be assumed missing in Region E,
since no appropriate digestion products involving it are observed
(Figures 18 and 19}, |
The assignment of the Hinfl and Haelll sites to Region E does
not preclude the identity of Region E with any of the other maionr
or minor Regions already discussed. Superposition of Region £ on
Regions A, B or C shows that the RE map of Region E is compatible
with that of Region A if the 3' HindlII site of the 1.4 kb genomic
fragment is nat present (Figure 20). The positioning af a HindlIIl
site at the 3' terminus of the 1.4 kb genomic fragment of Hegion C
disqualifies this minor Region from identity with Regien E, whereas
the absence of that same HindIIl site plus the removal of the 5

HindlIl site to a position about 3.4 kb further upstream similarly
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disallows identity of Region B with Region C. It seems, then, that
congruence between Region E and the major Region A is the most
likely of those just considered. The relative intensities of the
HinfI and Haelll-generated bands agrees with the assignment to a
more major rather than minor .Regian, and supports the possible

identity of Region E with Region A.
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