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ABSTRACT

We have analyzed repetitive DNA sequences in a prosimian, Galago
crassicaudatus, and found that there are two distinct, highly repetitive
families of seguences related to the human Alu family. The Type I
family is closely analogous to the human Alu Family. The Type II family
of repeats, which appears to be present in higher copy number, has a
right half that is almost identical to the Type I family. Howewver, the
left half of the Type II sequence shows only limited hamology to the
galagp Type I or human Alu families. A camparison of homologous
sequences in the left half indicated that they are centered in regions
of the Alu family which function as RNA polymerase III promoters. We
have also dbserved at least one example of a Type II left half that was
integrated into the genome independent of the Alu family right half
sequence. The Type II family appears to be of much more recent evo-
lutionary origin than the Type I and may have arisen by the independent
integration of a RNA polymerase III pramoter adjacent to the right half
of a Type I Alu family sequence.

INTRODUCTION

In the human gename there are approximately 500,000 members of a
single repetitive DNA family, the Alu family (1,2,3). These sequences
are about 300 nucleotides long and are interspersed throughout the
gename (2,4). Structurally, the human Alu family members actually repre-
sent a head-to-tail dimer of two appraximately 130 base pair monamers.
The two halves of the dimer contain about 70% hamwology to each other
with the right half also containing an internal region of 31 base pairs
which is not part of the left half (3,7). It is not clear whether these
31 base pairs represent an insertion or a deletion event relative to the
evolutionary prototype sequence. The individual members of the human
Alu family do not contain exactly the same sequence. Instead they are
divergent fram a canonical consensus sequence by about 13% (3) which
makes them a family of similar, but not identical sequences.

There is strong evidence that the Alu family sequences have been
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interspersed throughout the genome by means of RNA intermediates (8,9).
The Alu family members contain a RNA polymerase III pramoter (4) within
the left half of the dimer (10) which would allow the formation of the
R intemediate. The details of the mechanism for Alu family movement
are as yet unclear, but upon insertion into a new site in the genome,
short direct repeats are fomed in the genamic sequence flanking the Alu
family member as occurs with most other transposing elements (5,6).

The dimer structure of the Alu family appears to be conserved
throughout all lines of primate evolution (11). Howewer, rodents have
equivalent sequences to the Alu family which are monamers rather than
dimers (5,6,12,13, 13). In the hamster genome there are actually two
subfamilies of Alu family equivalent sequences, neither of which involve
dimer structure (13,14). These hamster Type I and Type II Alu family
equivalent sequences are appraximately 140 and 96 bases long, respec-—
tively. They share about 50 residues at the 5' end of the Type II
repeat with 88% hamology and a lesser hamology at the 3' end. The Type
IT Alu-equivalent family makes a RNA polymerase III product, in vitro,
whereas the Type I does not. In this sense the hamster Type II and Type
I repeats are analogous to the left and right halves of the human dimer,
respectively. It is not clear whether these multiple types of Alu family
related sequences are cammon to all lower mammals. The rat genome has a
closely analogous Type II family (15). The mouse gename has been found
to contain a sequence camparable to the Type I, the Bl repeat, and also
to contain another class of repeat of similar copy number and arrange-
ment to the Type II (16). This second mouse repeat, the B2 repeat,
shows no major hamology with Alu family seguences, however. A repeti-
tive family with hamology to the Alu family which is cammon to all
mammals and some non-mammalian species (17,18) is the 7S gene. This
gene is thought to be present in a few functional copies with about 500
to 1000 pseudogenes. Its structure is essentially that of an Alu family
monomer with an approximately 140 base insert. It is not clear whether
this is truly an insert or whether the Alu family seguences arose fram a
deletion of a 7S progenitor (17).

In all of the studies to date there have been no reports of a
monomer family, like the rodent families, in the human genome or the
genane of any other primate. Neither does the human dimer type of Alu
family member appear to be present in rodents. We have shown that even
in the prosimian, Galago crassicaudatus, there is a very human-like
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dimer Alu family. Bowever, in this report we describe a second type of
Alu family within the galago genome which is clearly distinct fram the
human type dimer organization and present in high copy number.

METHODS

Cloning galago repetitive DNA sequences. Genamic Galago crassi-
caudatus DNA was prepared fram liver as previously described (11). The
DMA was cleaved with the restriction enzyme Rsa I and DNA fragments fram
300 to 500 nucleotides in length were isolated fram a 1.5% agarose gel
by a trough elution procedure (19). This DNA was ethanol precipitated,
resuspended, and cloned directly into M13mp8 (20) by blunt-end ligation
(21). The M13mp8 had previously been cleaved with Sma I and treated
with alkaline phosphatase to stop religation. Recambinant phage were
plated (22) and then screened by hybridization (23) overnight at 65°C
in 5 x SSC (SSC = 0.15 M NaCl 0.015 M citric acid) with nick-trans-
lated galago DNA. With genamic DNA as a prabe, only highly repetitive
cloned sequences were detected.

DNA sequence analysis. Recambinant clones were picked and phage DNA
prepared fram one ml cultures (24). DNA sequence analysis was carried
out by the dideoxy temination method (25) using standard procedures
(22,24). DMNA sequences were analyzed by camputer using the programs of
Staden (26) as modified by K. Isono for use on the DEC 10. DNA
sequences were campared to each other and the human Alu family consensus
sequence (3) to detect related families of sequences.

RESULTS

Our experimental approach was to randamly create a large number of
Alu family containing clones in a fomm which facilitates DNMA sequence
analysis. To do this we chose to cleave genamic galago DNA with the
restriction enzyme Rsa I. This enzyme did not cut the human Alu family
sequences and our preliminary data indicated that the same might be true
for galago. The cleaved DNA was then size fractionated to yield frag-
ments of 300 to 500 nucleotides in length. The fractionated DNA frag-
ments could contain a 300 nuclectide-long Alu family member with only a
minimum of flanking sequences, thus facilitating the sequence analysis
of the clones. These fragments were blunt-end cloned directly into
M13mp8 and screened by hybridization to nick-translated genamic galago
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Figure 1. A consensus sequence for the galago Type II Alu family. The
sequence of nineteen cloned galago Type II repetitive sequences are
aligned and a consensus sequence (CONS) is created. In the few posi-
tions where one base was not the most prevalent, both bases were in-
cluded. Approximately ten bases of flanking sequence are included and
the numbering begins at the left end of the repeated DNA sequence.
Deletions in a clone sequence are marked with an X and insertions are
marked above the rest of the sequence for that clone.

DNA. Under these conditions, clones containing repeats present in high
copy number in the galago gename would be detected. Although this
approach could easily select against the presence of larger repetitiwve
DNA sequences, it should yield a fairly random population of inter-
spersed repeated sequences of 300 nucleotides in length and less.

Using the mrocedure described above, we detected 40 clones which
contained highly repetitive elements out of approximately 500 genamic
clones. Sequence analysis of these forty clones showed that six of the
clones represented repetitive sequences analogous to the human Alu
family. In galago we will refer to this as the Type I Alu family and
they are described in detail in the accampanying paper (27). Another 18
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Figure 2. Direct repeats flanking Type II family members. The direct
repeats that flank three galago Type II Alu family members are pre-
sented. Underlined bases are mismatches within the direct repeats. The
overall structures of the repeats are represented schematically. The
solid heavy line represents the right half sequences and the open lines
represent the left halves. The numbers correspond to the exact lengths
of these regions for each specific clone.

clones, referred to as the Type II Alu family, showed excellent hamology
to the right half of the Alu family, but contained a different left half
of about 100 bases in length (Figure 1). One other clone, GAL 39 (Fig-
ure 1), contained only the left half of a Type II sequence with no
attached Alu family hoamologous sequence. This DNA sequence was flanked
by direct repeats (Figure 2) suggesting that it was inserted into the
genane independently and did not result fram the insertion of a Type II
Alu family member with the subsequent deletion of the right half.
Figure 2 also shows same of the direct repeats seen flanking the typical
Type II Alu family sequences. Analysis of the sequences within these
direct repeats showed 42.3% A and 23.8% T residues suggesting the possi-
bility for a preference for A+T rich integration sites with a bias
towards A on one strand. This is consistent with the sequences of
similar direct repeats (5,6).

The Alu family clones of both types represented appraximately 5% of
the clones screened. Since we did not sequence the entire insert of all
40 clones, we may not have detected all Alu family containing clones so
that this number may be an underestimate. Also, any highly divergent
family members may not have been detected by our screening procedure.
This estimate is in close agreement with the proportion of the human
gename present as Alu family (3-7%, 1,2,3). However, in the case of
galago, only one-fourth (6/25) of these clones represented a human-like
dimer Alu family (Type I). The other three-fourths represent members of
the Type II family. The presence of occasional Rsa I cleavage sites in
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the two families may have affected their relative proportions somewhat
in our analysis. However, there was no major difference between the
two families in this respect as seen by sequence analysis, so that it
appears that the Type II family is actually represented in several-
fold excess over the Type I family in the galago gename.

We can learn a great deal about the heterogeneity of the galago
Type II Alu family fram Figure 1. First of all, the overall hetero-
geneity is about 14% in each clone relative to the consensus sequence.
With only one exception, the clones are diverged fram the consensus
within the range of 10.5% to 19.5%. The specific values are 18.5%,13%,
13.5%,14%,14%,11%,12%,10.5%,17.5%,13%,14%,9.5%,16.5%,15.5¢%,  11.5%,11%,
19.5%,28% and 18% for the clones in numerical order. Clone GAL 39 with
a divergence of 28% represents a repeated DNA sequence with only the
left half of the Type II sequence. If we partition the sequences at
position 114 to separate left and right halves we see that the left half
has almost 19% divergence while the right half has only 8%. This is
similar to what was cbserved for the galago Type I family (27) with 20%
and 13% divergence for the left and right halves, respectively.

There are at least two subfamilies of sequences which stand out
fran the remainder of the clones. We initially identified these sub-
families because of identical insertions or deletions in three separate
clones. One example is demonstrated by clones GAL 20,39, and 40 which
all share a two base deletion at position 4 and almost identical dele-
tions at position 96. In addition, between positions 1 and 110, there
are five point mutations which are cammon to all three clones and numer-
ous mutations cammon to two of the clones at a time. One unusual feature
of this subfamily is that clone GAL 39 represents only left half, mono-
meric sequences. A subfamily which is even more striking involves
clones AL 7,16 and 26. These clones all share an unusual two base
insert at position 70. About half of the remaining mutations relative
to the consensus are cammon to all three of these clones and many more
occur in a paired manner. This subfamily deviates fram the consensus by
an average of 11.5%, but the individual clones differ fram each other by
less than 3.5%. In the region fram 171 to 213 these clones do not
differ fram each other at a single base. There may be other subfamilies
in addition to these with less specific variances or which are less
abundant so that they are not as cbvious in this study.

We lock at the distribution of the heterogeneity of primate Alu
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Figure 3. Divergence as a function of position in primate Alu families.

The percentage divergence of individual clones fram their respective
consensus sequence is plotted as a function of position: (A) the galago
Type II family, (B) the galago Type I family (27) and (C) the human Alu
family (3). The percentage divergence is calculated for each fiwve base
unit of the consensus sequence. Insertions or deletions are each cal-
culated as a single mutational event. The blackened area corresponds to
left half sequences and the cross-hatched area corresponds to the region
in the human Alu family that is not present in the left half of the
dimer.

families in more detail in Figure 3. By plotting heterogeneity as a
function of position we see the owverall high level of divergence within
the left half, There is also appreciable heterogeneity in the right
half, with two major regions that seem to be more highly conserved. The
first of these regions is found between positions 145 and 175 (Figure
3A). This is the region which has been shown to be highly conserved in
not only the human (3) and galago Type I (27) Alu families, but also in
rodent Alu families (4). In addition, because of the large amount of
data here, we are confident that the region fram positions 196 to 220
shows even less heterogeneity (Figures 1 and 3A). This region shows
only 5% divergence in the Type II Alu family and it can also be seen
that the same region in the human and galago Type I Alu families is
highly conserved (Figure 3B,C). This region is found entirely within
the 28 base region in galago and 31 base region in human which is not
found within the left half of these Alu families (3).

The similarities and differences in the two types of galago Alu
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Galago Type I TAOCTGGACA TGGIGGCTCX ACTCATGIAA TCCTAGCACT CTGGGXAGAC
R R R AR R ARRRRRRAR
Galago Type II TGGCTTG GOGCCTGTXX XOKAGCACA GTGGITAGGG OGOCAGOCAC
TR R R R AR R ARRRRRAR
Buman TGCTGGGXOG TGGIGGCTCX ACACCTGIAA TOOCAGCACT TTGGGXAGGC OGAGGIGGGT
70 80 90 100 110 120
Galago Type I GGATTGCTTG AGCICAGGAG TTTGAGAOCA GUCTGAGNCA
AE ARE R R Kk RAE R L L R L L I T I )
Galago Type II ATAXCACCTA GGGIGGTGGG TTOGAACOCA GOCOGGGOCA
o ox R . * x Ry R AR A
Human GGATCACCTG AGGICAGGAG TTCAAGAOCA GOCTGGMOCA ACATGGTGAA AOCOOOGXTCT
130 140 150 160 170 180
Galago Type I CTACTAAAAA TAGAAAAATT AGCTGGGCAT GGIGGCAGGT GOCTGTAGIC OCAGCTACTT
LR T I Y - * * * * ®
Galago Type II CAACTGCAAC CAAAAAAAAT AGOOGGGCGT TGIGGOGGGC GOCTGTAGIC CCAGCTACTT
LR ) * - * * *
Buman CTACTAAAAA TACAAAAATT AGOOGGGOGT GGTGGOGOGC GOCTGIAATC OCAGCTACTC
190 200 210 220 230 240
Galago Type I GGGAGGCTGA (!I:AAKINEEA 1(!!:!1&!(!3 (::Aeczuzrrz GAGGI'TGCTG TGAGCTGTGA
Galago Type II GGGAGGCTGA GGCAAGAGAA TOGCTTAAGC OCAGGAGITG GAGGITGCTG TGAGCTGIGA
- . * * .
Huran GGGAGGCTGA GGCAGGAGMA TOGCTTGAAC OCAGGAGGTG GAGGITGCAG TGAGOOGAGA
250 260 270 280 290 300
Galago Type I TXXXGOCACA GCACTCTAGC CAGGGTGACA GAGTGAGACT CTGICTCXAA AAAAAAAAAA
- * [ *
Galago Type II TXXNGOCACA GCACTCTACC CAGGGGGACA GCTTGAGACT CTGICTCTAA AAAAAAAAAA
"k * R N e - *
Human TOGOGOCACT GCACTOCAGC CTGGGCAACA GAGOGAGACT OCATCTICXAA AAAAA

Figure 4. A camparison of human and galago Alu families. The consensus

sequences for galago Type I (27), Galago Type II (Figure 1) and the
human Alu family (3) are aligned. Both the human and Type 1 sequences
are campared to the Type II consensus, with stars indicating mismatches.
Deletions in one consensus versus another are marked with an X.

family and the human Alu family consensus sequences are pointed out in
Figure 4. Position 138 marks what we consider as the boundary between
the left and right halves of the different Alu families. The right
halves are very hamogeneous, with the Type II consensus sequence showing
about 10% divergence fram the Type I and about 16% divergence fram the
human Alu family. The Type I consensus sequence also shows about 16%
divergence fram the human sequence. Not surprisingly the two galago Alu
family members are more closely related to each other than to human.

The left half of the Type II sequence does not show this close
relationship with either the Type I or human Alu families (Figure 4).
Attempts to optimize the hamolgy by making insertions at six different
positions yielded only a 50% hamology between consensus sequences. This
small amount of hamology is largely centered in three locations. One is
the A-rich region fram 125 to 138 which seems to be a standard feature
of interspersed repeated DNA sequences (5,6) and the other two are
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around 35 to 50 and 80 to 99. The latter of these areas spans the
region thought to be important for RNA polymerase III promoters (10) and
for reasons discussed later, we feel that this is also true of the
region fram 35 to 50. In spite of these similarities, the overall
structure of the left halves of the Type I and II Alu families is quite
different. Most striking is that when the sequences are lined up for
maximum hamology (Figure 4), the Type II sequence begins 14 bases within
the Type I sequence. In addition there are several other regions with
multiple base deletions in the Type II consensus versus the Type I
consensus (positions 29 and 104 in Figure 4). These are somewhat less
striking than the truncated left end because some of the individual Type
I members also show variable deletions in these general regions (27).
The region fram position 52 to about 79 shows essentially no significant
hamologies between the Type II and Type I Alu family sequences. There is
also a sequence near the right end of the Type II left half which in-
cludes a distinctive region with a variable number of CAA units (Figure
1, positions 83-92). Although the significance of this seguence is
unknown the sequence AAACNNCAA is highly conserved and diagnostic of the
galago Type II Alu family.

In the accampanying paper we showed that the galago Type I
sequences contain species-specific differences relative to the human Alu
family sequences. The positions discussed in that paper as being galago
Type I specific are also found in the galago Type II family, at least in
the right halves where a camparison can be made. However, there are
several positions where Alu family type-specific differences occur in
galago. Most of the differences in the consensus sequences of Figure 4
result fram minor variations in one base or another and are likely not
to be significant. However at position 199 (Figure 4), the Type II has
an A in 18 out of 18 clones while at the equivalent position the Type I
has 6 out of 7 G's with only one A. Another case is at position 144
where the Type II Alu family has 13 C's, 3T's and one A, while the Type
I has 5T's, only one C and one A. There are also several less convinc-
ing positions where the consensus sequences lean towards different
bases. It is clear that the two galago types are very similar in their
right halves, but seem to have sewveral distinct differences. This
suggests either a relatively recent formation of the Type II Alu family
relative to galago-human divergence, or a sequence correction mechanism
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whereby the two types of galago Alu family maintain a similar, but not
identical spectrum of sequences.

DISCUSSION

Although multiple types of Alu family repeats have been found in
the hamster genome (13,14) and are quite possibly cammon to the lower
mammals, finding a new Alu family in a primate gename is unprecedented.
This is particularly true since the human Alu family has been exten-
sively studied by DNA sequence analysis without finding any alternate
foms of this family of sequences.

For reasons discussed below, we believe that this Type II Alu
family has arisen quite recently on an evolutionary time scale. We also
believe that it has spread itself by means of a RNA intemmediate which
is produced using a RMA polymerase III pramoter within its new sequence
canponent. This new family not only seems to be much nore active at
amplifying and transposing itself than the Type I family, but also may
be replacing that family within the galago gename.

The apparent lack of the galago Type II Alu family in the human
gename suggests that the first Type II member was created after the
divergence of the human and galago lines. Preliminary Southern blots
indicate that this family is not present in the genames of several
monkeys tested, nor in another prosimian, the lemur. In contrast, the
Type I sequences were clearly present before this split (27). Consistent
with this dbservation is the relative divergence of these two families
fram their consensus segquence which is 14% and 17% for the Type II and
Type I families, respectively. This also indicates that the Type II
repeat is a nmore recently evolved Alu family. If we cambine its more
recent origin with its higher copy number in the galago cells, the Type
IT Alu family also appears to amplify and spread itself more efficiently
than the Type I.

It appears likely that the human Alu family has amplified itself by
means of RNA intermediates and that the RNA polymerase III promoter in
its left half is responsible for the transcription of this intemmediate
(8,9). It is interesting, then, that it is the left half sequence which
is different in the galago Type II family. Preliminary evidence indi-
cates that at least three of the Type II clones, GAL 20,25 and 34, also
contain active in vitro RMA polymerase III pramoters (data not shown).
We therefore propose that the Type II family represents the fusion of a
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new RMA polymerase III pramoter (within the left half seguence) with the
right half of a Type I Alu family sequence. The right half Type I
sequence would then be transcribed in conjunction with the left half
Type II sequence and allow for the rapid spread of the Type II segquence.
If this model is true, then the fusion of these two sequences caused the
Type II Alu family to amplify more efficiently than either of its parent
sequences .

The galago Type II Alu family differs fram the Type I in that the
left half is appreciably shorter as well as that many portions of the
left half sequences are consistently non-hamologous. A large portion of
the limited hamology that exist between the Type I and II left halves
appears to be associated with a RNA polymerase III pramoter. The most
essential portions of the human Alu family promoter were mapped within
the region fram -106 to =7 (10) which corresponds to positions 64 to 91
in Figure 4, a region which is hamologous between the Type I and II Alu
families. The Alu family RNA polymerase III pramoter mentioned above
contains a region highly hamologous to the sequence G,TCRANNC which is
the consensus for the "B" box of the tRMA pramoter (28-30). The tRWA
promoter has been found to contain a secornd region, the "A" box, near
the 5' end of all tRWA genes (30). The "A" box consensus sequence
RRYNNARYGG (28-30) begins about 15 bases downstream fram the 5'end of
the transcript. In the human Alu family there is an "A" box hamology 6
bases fram the 5'end of its transcript (position 6 in Figure 4). This
sequence is almost campletely absent at the equivalent position in the
galago Type II sequence. However, the Type II sequence AGCACAGIGG,
starting at position 35 precisely matches the "A" box canonical
sequence. Moreover, the position of this sequence corresponds to the
first region of major hamology between the different Alu family types
(Figure 4). This gives the galago Type II Alu family a classic RNA
polymerase III pramoter (28-30) with an "A" box fifteen bases fram the
end of the repeat which we assume will also correspond to the 5'end of
transcription, and a 34 base spacer to the "B" box. This suggests that
all of the dbserved hamology in the left half of the Type II Alu family
can be explained as essential features of a RA polymerase III pramoter
and not necessarily as any direct evolutionary relationship between Alu
family members.

We had previously noted that some regions of the human Alu family
sequence showed 1less divergence than others (3). This presumeably
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reflected evolutionary constraint on those regions. One of the nost
notable of those regions was also conserved as far back as the rodent
Alu families and had hamology with the papovavirus origins of DNA repli-
cation (4). We have plotted the relative divergence of the Type II Alu
family as a function of position in Figure 3. We have also included the
same analysis for the galago Type I (27) and the human Alu families (3).
The divergence profiles are remarkably alike. First of all, the right
halves of the Alu families are appreciably more homogeneous than the
left halves (19% versus 8% in galago Type II, 20% versus 13% in galago
Type I and 14% versus 12% in human for left and right halves of the Alu
families, respectively). This suggests more stringent functional con-
straints maintaining the right half sequences. Secondly, there are
specific regions which maintain a very high degree of hamogeneity, most
of which are in the right half as well. As mentioned previously, the
region with hamology to the papovavirus origins of DNA replication
(position 153 to 195 in human Figure 3C) is well conserved. The oligo-A
region at the extreme right is also very hamogeneous. Perhaps the most
striking hamology is found in the region fram 195 to 220 in the galago
Type II sequences (5% mismatch). This corresponds to the sequences
present in the right half of the Alu family which are not present in the
human or galago Type I left half. Ths, in all of the Alu families in
Figure 3, the region which we had previously described as an "insert"
(3,7) shows the nost remarkable sequence conservation. Since the left
half of the human Alu family seems to be all that is necessary for the
RNA polymerase III pramwoter (10), this data suggests that the right half
sequences share a functionally better conserved role than the left half
containing the pramoter function. At present we have no fimm data on
what the function of these sequences may be.

One point that also suggests a correction mechanism acting between
these sequences is that at some positions where the Type II sequence is
very hamogeneously different fram the human Alu family, the Type I will
be heterogeneous and have a gradient of sequences ranging fram the human
type of Alu family to the galago Type II. The best example of this is
shown in Figure 5, which .depicts the region at the junction of the left
and right Alu family halves. The consensus for the galago Type II
sequence (Figure 1) and the human Alu family (3) are presented along
with the data on the Type I family (27). Same of the Type I clones agree
well with the human sequence and others with the Type II suggesting
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HORMAN TCTCTACT | AAAAATACAAARATTAG |00GGG
GAL 10 mmumnuﬁmm

GAL 19 M...cmn&mmmm

GAL 36 - - «GPACT | AARAATAGAAAAACTGA] . . . . .

™0 6 - | -AanacacaaRaTTAG| CTGG.

QL 15 TIT..... u;\m; ..... CTGG| CTGGG

QL 9 TCT. . .CT| ARAACTAG. ... . ... . .. CCAGG

GAL 13 ICT...CT mn}‘m; ..... ANGG

@ 31 TCT. . .CT| AAARATAG. ... ..... CTGG.

GALAGD

TYPE II AACC| AARAATAG. ... . ... .. 00666

Figure 5. A camparison of a region of the galago Type I repeats with

galago Type II and human. The consensus sequence at the junction of the
left and right halves of the human (top) and galago Type II (bottom) Alu
families are presented. The sequence of this region fram individual
galago Type 1 clones is presented in the boxed region showing the region
where some of the clones resemble the human Alu family and same resamble
the galago Type II sequence.

that, if the human consensus represents samething closer to the proto-
type Alu family, the Type II family is gradually conwverting the Type I
family. The reverse does not seam to be true but, since there appears
to be three times as many Type II sequences as Type I, it is not sur-
prising that they would dominate. If there is a conversion process it
is clearly very slow and inefficient as evidenced by the heterogeneity
within the families and the fact that there are specific differences
existing between the families. Another explanation for the data in
Figure 5 might be that the change fran AAAAATAGAAAAATTAG to AAAAATAG
could be the result of a hamologous recambination event between the two
closely related halwes of that sequence.

One last point worth considering, is the presence of a monomer unit
in the Type II left half sequences (L 39, Figure 2). To our knowledge
this has not been dbserved in primates for any other Alu family. The
relatively high divergence of @AL 39 relative to the consensus does
suggest that the left half sequence may exist as a family of sequences
Fhat may be evolving separately fram the related Type II Alu family
sequences. This clone may even represent a member of an independent
repetitive DNA family, one member of which fused with a Type I Alu
family member to form the original Type II family. Alternatively,
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monamer left half sequences may only be the result of a mistake in the
transposition of the Type II member. Truncations of sequences which are
amplified using a RNA intemmediate are not unusual (31). The higher
divergence could then be the result of a lessening of functional con-
straints on the Alu family member once it had lost the right half
sequence. The elucidation of the relationship between monomer and dimer
Alu families in the primate gename will require additional infommation.
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