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ABSTRACT
Overlapping redundant short oligomers in DNA sequences of retroviruses and

papovaviruses have been identified. For each sequence, a search procedure
determines the 5% short oligomers of the same length with the highest ratios
of observed to expected occurrences based on singlet composition of the
sequence. These short oligomers are referred to as compositionally-assessed
redundant sequence elements (COARSEs). A pair of COARSEs overlapping by at
Teast one Ease is considered to be a COARSE overlap. Most COARSE overlaps of
the 7th order (overlapping septuplets) are found in long terminal repeats of
retroviruses and in the regulatory control regions of papovaviruses SV40, BK
and JC. Many of the 7th order COARSE overlaps in HIV-1 and SV40 are identical
with regulatory elements determined experimentally. On the contrary, very few
of the most frequently occurring oligomer overlaps, which are defined
differently from COARSE overlaps, are present in the regulatory regions of
retroviruses and papovaviruses. Examining DNA sequences of other genomes by
the COARSE overlap method may identify putative regulatory regions.

INTRODUCTION
Regions of possible functional significance In DNA may be discovered by

computer search algorithms which examine DNA sequences for linear patterns and
other forms of ordering. A computer algorithm was written to locate
overlapping redundant short oligomers in DNA sequences. The sequence length of
the short oligomers considered Is two to seven bases. For each sequence, the
algorithm determines the 5% oligomers of the same length with the highest
ratios of observed to expected occurrences based on singlet composition of the
sequence. These oligomers are called compositionally-assessed redundant
sequence elements (COARSEs). The algorithm then searches for all possible
overlapping COARSEs without any mismatches, two at a time. A pair of COARSEs
overlapping by at least one nucleotide is considered to be a COARSE overlap.

Retroviruses and papovaviruses SV40, BK, and JC are used here as the
Initial sequences to test the potential application of COARSE overlaps. Many
regulatory elements controlling viral replication are located in long terminal
repeats of retroviruses and in regulatory control regions of papovaviruses.
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Since substantial biological information on the replication mechanisms of HIV-
1 and SV40 is available, only HIV-1 and SV40 are analyzed in detail. In order
to consider the information content of the entire viral genome, only complete
genomic DNA sequences are used in this analysis.

An interesting question that arises from the COARSE overlap study is how
COARSE overlaps differ from most redundant oligomer overlaps. For example, for
each sequence, instead of selecting 5% oligomers of the same length that have
the highest ratios of observed to expected occurrences, select the most
redundant oligomers by sorting the frequencies of the oligomers. Then
determine the 5% most frequently occurring oligomers, which we named most
redundant sequence elements (MORSEs). Similar to COARSE overlaps, the number
of overlapping MORSEs with no mismatches, two at a time, can be determined. A
pair of MORSEs overlapping by at least one nucleotide is considered to be a
MORSE overlap. Investigating retrovirus and papovavirus genomes by these
methods shows that COARSE overlaps (but not MORSE overlaps) have potential for
identifying regulatory regions.

METHODS
A computer algorithm, which we called OVERLAPsearch, determines COARSE

overlaps in DNA sequences. Program OVERLAPsearch was written in Digital VAX-1l
FORTRAN using GCG Procedure Library (1). The program finds the 5% identical-
length oligomers with the highest ratios of observed to expected occurrences
based on singlet composition. If selection of the exact 5% oligomers for a
sequence is not possible, the percent nearest to but not greater than 5% is
selected. The sequence length (or order) of short oligomers considered is two
to seven bases. For each order, the program then identifies these short
oligomers which overlap.

An example of results generated by program OVERLAPsearch is shown in
FIGURE 1, which shows the 7th order COARSE overlaps in the -73 to -54 region
of the 5' LTR of HIV-1. FIGURE 1A shows the septuplets within the region that
are consider COARSEs - CGTGGCC, TGGCCTG, GCCTGGG, and CCTGGGC. These
septuplets are among the 5% septuplets of the HIV-1 genome with the highest
ratios of observed to expected occurrences. A COARSE overlap is a sequence of
two overlapping COARSEs (FIGURE 1B). Since COARSEs of an overlap pair must
have the same length and overlap by at least one base, the sequence length of
a COARSE overlap is 8 to 13 bp long at the 7th order. Since there are four
COARSEs in -73 to -54 region, there are six possible COARSE overlaps present
in the region. FIGURE IC shows a histogram indicating the location of COARSE
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A) 7th order COARSEs (septuplets)

-73 CGTGGCCTGGGCGGGACTGG -54

COARSEs
-73 CGTGGCC
-71 TGGCCTG
-69 GCCTGGG
-68 CCTGGGC

B) COARSE overlaps

Beginning'
Position (5') COARSEs COARSE overlaps2 Total

-73 CGTGGCC CGTGGCCTG 3
TGGCCTG CGTGGCCTGGG
GCCTGGG CGTGWTGGGC
CCTGGGC

-71 TGGCCTG TGGCCTGGG 2
GCCTGGG TGGCCTGGGC
CCTGGGC

-69 GCCTGGG GCCTGGGC 1
CCTGGGC

1 First base position of the 5' end of the COARSE overlap.
2 Underlined bases are bases common to both COARSEs.

C) Exale of histogrm showing COARSE overlaps

3 2 1
-73 CGTGGCCTGGGCGGGACTGG -54

FIGURE 1. A) COARSEs in the -73 to -54 region of the 5' LTR of HIV-1
(HIVHXB2CG) - CGTGGCC, TGGCCTG, GCCTGGG, and CCTGGGC. These septuplets are
among the 5X septuplets of the HIV-1 genome with the highest ratios of
observed to expected occurrences based on singlet composition. B) A COARSE
overlap is a sequence of two overlapping COARSEs. Since COARSEs of an
overlap pair must have the same length and overlap by at least one base,
the sequence length of a COARSE overlap is 8 to 13 bp long at the 7th
order. There are 6 possible COARSE overlaps for the sequence shown in part
A. Each overlap is a distinct pair of overlapping COARSEs. C) The number
above a nucleotide indicates the number of occurrences of COARSE overlaps,
with the beginning nucleotide of the 5 end of each COARSE overlap starting
at that position. Only COARSEs which overlap are shown in these histograms.
Non-overlapping COARSEs are not depicted in the histograms of FIGURES 2-8.

overlaps in the sequence. The number above a nucleotide indicates the number

of occurrences of COARSE overlaps, with the first nucleotide of the 5' end of
each COARSE overlap starting at that position. There are three COARSE overlaps
at position -73. Each overlap is a distinct pair of septuplets overlapping by
at least one nucleotide (FIGURE 18). Two bases downstream, there are two
COARSE overlaps; and two bases further downstream, there is one overlap. All
six overlaps Involve the four COARSEs shown in FIGURE 1A. Only COARSE overlaps
are shown in the histograms used for the COARSE overlap analysis. COARSEs
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which are not overlapping are not shown in the histograms.
A modified version of OVERLAPsearch was used to look for overlapping most

redundant sequence elements (MORSEs). Similar to the method used to determine
COARSEs, the totaT number of oligomers considered to be the most redundant
sequence elements are among the 5% of the total possible identical-length
oligomers of the DNA sequence. If selection of the exact 5% most redundant
oligomers for a sequence is not possible, the percent nearest to but not
greater than 5% is selected. The only difference between a COARSE and a MORSE
Is that a COARSE is determined by its ratio of observed to expected
occurrences based on first-order nucleotide composition and a MORSE is
determined by its number of occurrences. A sorting of the number of
occurrences for all oligomers is required before MORSEs for a sequence can be
determined.

Complete genomic DNA sequences from the GenBank viral database (release
55) were used in this analysis (2). The following papovaviruses were studied:
Simian virus 40 (SV4CG), human JC polyomavirus (PLJCG), and two human
papovaviruses BK - variants Dunlop (PVBDUN) and MM (PVBMM). Sequences of human
and nonhuman retroviruses studied are shown in TABLE 1. For each genome, 500
randomized sequences were generated, each by permuting the bases of the
original sequence 100 times. Therefore, the only difference between the random
and the real sequences is the ordering of the bases. The average total number
of COARSE overlaps was determined for the random sequences. Because the base
composition of a real and its random sequence is the same, the different
number of COARSE overlaps between the real and random sequences is determined
by the ordering of bases. Randomizing the real sequences should give results
predictable from the first-order base frequencies.

RESULTS
COARSE overlaps found In complete genomic viral sequences are shown in

FIGURES 2A, 3A, and 4. The long solid line represents the entire DNA sequence
and is scaled to the real sequence. The brackets below the solid line show
where the 5' and 31 LTRs of retroviruses and the regulatory regions of
papovaviruses are located. The numbers below the brackets for the retroviruses
indicate the starting and ending positions of each LTR. The number above the

sequence represents the number of COARSE overlaps at that position in the
genome. The asterisk, *, indicates 10 overlaps. The region of the histogram
with very high peaks represents extensive occurrences of COARSE overlaps. The
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locations of MORSE overlaps for a genome are shown with a histogram described
above (FIGURES 2B and 3B).

Retrovirus. For HIV-1, as the order increases, the total number of COARSE
overlaps increases from 48 to 631 (FIGURE 2A). In each order, most COARSE

overlaps occur prominently in 5' and 3' LTRs. Since there are 241 7th order

COARSE overlaps in each LTR, the histogram has a distinctive appearance. The

MORSE overlap histograms (FIGURE 2B) do not have the same appearance. Unlike

COARSE overlaps, the number of MORSE overlaps does not increase as the order

increases. There are 167 5th order, 362 6th order, and 147 7th order MORSE

overlaps. Also unlike COARSE overlaps, most MORSE overlaps are not located in

either the 5' or 3' LTRs. For all orders, the number of MORSE overlaps in a

LTR ranges from 5 to 10.

Results for other human retroviruses, which include human T-cell

lymphotropic virus I and II, are shown in TABLE 1A. The total number of 7th

order COARSE overlaps for a human retrovirus exceeds 400, with at least 31%

occurring in each LTR. Although the total number of 7th order COARSE overlaps
for a nonhuman retrovirus varies more (TABLE 1B), from a minimum of 187 for

Rous sarcoma virus to 676 for Simian Mason-PFizer D-type retrovirus, most

COARSE overlaps remain in the LTRs. The percentage of total COARSE overlaps In

LTRs ranges from 18% for Rous sarcoma virus to 50% for recombinant avian

retrovirus MH2E21.
For random sequences of human retroviruses, the average total number of

7th order COARSE overlaps does not exceed 47.8, which Is only approximately
10% of the total COARSE overlap number for a real sequence. The average total
number of COARSE overlaps for a random nonhuman retrovirus ranges from 0.1 to

81.7, which is considerably less than the number for a real sequence.

Papovaviruses. The locations of 5th to the 7th order MORSE overlaps and

COARSE overlaps for SV40 are shown in FIGURES 3A-B. Similar to HIV-1, as the

order increases, the total number of COARSE overlaps Increases from 86 to 301.

Also similar to HIV-1, most COARSE overlaps occur extensively in the

regulatory region of the genome at high orders, especially the 7th order. The

results for MORSE overlaps differ from those of the COARSE overlaps. As the

order increases from the 5th to the 7th, the total number of MORSE overlaps

decreases from 179 to 104. Most MORSE overlaps are not located in the

regulatory regions. BKV-Dunlop, BKV-MM, and JCV also have many 7th order

COARSE overlaps in their respective regulatory regions (FIGURES 4A-C). Similar

to SV40, MORSE overlaps are not present in the regulatory regions of BKV and

JCV genomes (data not shown). Again, like retroviruses, the average total
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COARSE overlap number for random SV40, BKV, or JCV sequences is usually less
than 1OX of the number for its respective real sequence. The total 7th order
COARSE overlap numbers for SV40, BK-Dunlop, BK-MM, and JC are 301, 421, 291,
and 314, respectively. The average total 7th order COARSE overlap numbers for
the respective random sequences are 16.1, 26.6, 10.1, and 35.3.

DISCUSSION
The occurrences of both MORSE overlaps and COARSE overlaps in HIV-1 and

SV40 were separately examined. The results show that few MORSE overlaps occur
in the long terminal repeats of HIV-1 and the regulatory region of SV40. On
the contrary, most 7th order COARSE overlaps (overlapping septuplets) occur in
these regions. Preliminary results indicate that 7th order COARSE overlaps,
not MORSE overlaps, of these viruses correlate with important biological
information. This analysis implies that short sequence elements which overlap
may help to regulate integrational and transcriptional functions of these
retroviruses and papovaviruses. Random sequences have few 7th order COARSE
overlaps compared with their respective real sequences. Many of the COARSE
overlaps of HIV-1 and SV40 have been experimentally shown to be identical with
regulatory elements as described below.

HIV-1. Deletion analysis of the HIV LTR have been performed to determine
regions of the LTR required for transcriptional activity in HeLa whole cell
extracts (3). Results from the deletion analysis reveal that the region from
-104 to -57 is required for HIV-1 LTR-directed transcription in vitro (FIGURE
5). The SV40 enhancer core consensus sequence and the Spl binding sites (4)
within this region have been suggested to be important for activating
transcription (3). The -104 to -57 region contains many COARSE overlaps. Also
present In this region are two nuclear factor binding sequences, GGGACTTTCC,
called NF-sB sites (5). COARSE overlaps occur extensively in these NF-XB
binding sites. Studies Indicate that this region responds to T-cell activation
signals (5,6).

The trans-acting responsive region (TAR) between +1 and +80, which
contains many COARSE overlaps, is capable of forming several secondary
structures (3,7,8,9). One stable secondary structure type is shown in FIGURE 5
(3). The potential RNA hairpin structures have been suggested to affect the
TAR function (7, 8, 9). There are further experimental results which indicate
that COARSE overlap regions of HIV-1 LTR are indeed binding sites (10). HeLa
cellular proteins, called EBP-1 and UBP-1, have been isolated. These two
proteins bind to the GGGACTTTCC repeats of the enhancer element and CTCTCTGG
repeats of the TAR region, respectively. The deletion of nucleotides between
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-340 and -185, the negative regulatory element (NRE), increases the level of

gene expression (11). This region has some COARSE overlaps at the start of the
sequence, but has few COARSE overlaps overall. For the 5' LTR of HIV-1 genome,
COARSE overlaps do occur in regions of the LTR which are required for
transcriptional activity.

The search procedures used to locate MORSE overlaps and COARSE overlaps
both identify repeating elements in DNA sequences. This trend is more apparent
when the 3' LTR Is removed from retroviruses (data not shown). For example,
the total 7th order COARSE overlap number for the HIV-1 variant (HXB2) with
the 3' LTR deletion decreases from 631 to 267, with 36 (13%) located in the 5'
LTR. The total 7th order MORSE overlap number for the same HIV-1 variant
without the 3' LTR decreases from 147 to 124, and only one is located in the
5' LTR. Even with the deletion of the 3' LTR, which is a repeating sequence of
634 bp in length, the results indicate that 7th order COARSE overlaps, not
MORSE overlaps, are present in the regulatory regions of these viruses.

SV40. In SV40, both the initiation of viral DNA replication and the
control of early and late gene transcription are mediated by the large T

antigen. The large T Ag binds specifically to three sites within the
regulatory region - I, II, III. Each contains repeats of sequence G/T-A/G-GGC
(12). Experimental results suggest that the pentameric repeats of sequence
G/T-A/G-GGC form the core of the recognition-binding sites for the large T Ag.
All three binding sites contain COARSE overlaps (FIGURE 6).

The early and late RNA syntheses proceed in opposite directions from the
regulatory region. The 21-bp repeat region, which contains six GC-motifs,
regulates both the early and late gene expression (13,14). Each GC-motif is an
independent binding site for the cellular transcription factor Spl. Analyses
of mutants with point mutations within the GC-motifs have shown that motifs I

and II are important for the transcription of early genes (T antigens); and

IV, V and VI are important for late genes (capsid proteins). COARSE overlaps
are located in all six GC-motifs.

The 72 bp repeat region functions as an enhancer of transcription,
composed of three discrete elements A, B, and C (15). COARSE overlaps occur

extensively in the 72 bp repeats, with most of the COARSE overlaps situated
between elements B and C. Element C, which contains the GTGG-A/T-A/T-A/T-G

('core' consensus), has some COARSE overlaps. Between element B and C are the

TC motifs - TCCCCAG (16). The TC motifs are binding sites for a 52 kD nuclear

enhancer binding protein, called AP-2, which activates early transcription of

SV40 (17).
BKV. Within the GenBank database there are two complete BKV genomes: BK-MM
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and BK-Dunlop. COARSE overlaps occur extensively in the regulatory regions of
these two BKVs (FIGURE 4). For BK-Dunlop, all three large T Ag binding sites
contain COARSE overlaps (FIGURE 7A) (18). Recognition sites for cellular
proteins have been identified for some BK variants by the technique of DNAase
I footprinting (19). BKV-Dunlop contains five sites, called Ni, N2, N3, Al,
and A2. Binding sites Ni, N2, and N3 recognize nuclear factor NF-BK, a member
of the nuclear factor I (NFI) family of transcription factors. Binding sites
Al and A2 recognize nuclear factor AP-1, a transcription factor for SV40. BK-
MM contains six recognition sites for NF-BK (Ni, N4, N7, N8, N9, N10), arnd a
single binding site (Si) for transcription factor Spl (FIGURE 7B). COARSE
overlaps occur extensively in binding sites N4, N8, and N10.

JCV. Sequence analyses of JCV variants indicate that the regulatory
regions of these isolates are hypervariable due to complex alterations of the
original 98 bp repeat of the wild type JCV, Mad-i (20,21). Apart from the
variations, there are conserved sequences in the regulatory regions of these
isolates (FIGURE 1C). A 17 bp conserved sequence (region II) is present in
naturally occurring infectious JCV variants (20). A longer conserved region
(region I) conwmon to JCV variants isolated from the central nervous system and
the kidney of a patient contains putative enhancer elements (21). This
conserved region, which includes the 17 bp sequence, contains many COARSE
overlaps. Conserved sequences and novel enhancer core sequences, generated
from DNA rearrangement, can influence the host ranges of JCV variants.

Regions with COARSE overlaps. Examining linear nucleic acid sequences of
viral genomes by the COARSE overlap method may identify prospectively possible
regulatory regions. For example, the regulatory regions of SV40, JCV, and BKV,
which contain many COARSE overlaps, are vital to the propagation and
replication mechanisms of these papovaviruses. Sequence elements within
regulatory regions of SV40 and JCV contribute to host specificity and tissue
tropism (22,23). DNA rearrangements within regulatory regions of JCV and BKV
affect the host ranges of these viruses (21,24,25). This sequence analysis
shows that COARSE overlaps occur extensively in LTRs of retroviruses. LTRs of
murine and human retroviruses have been suggested to encode pathogenic
determinants (26). From studies that were based mainly on recombinant viruses
of leukemogenic SL3-3 (causes T-cell lymphomas in mouse cells) and
nonleukemogenic Akv viruses (26,27), the sequences of the SL3-3 LTRs have been
shown to encode some leukemogenic determinants. One of the leukemogenic
recombinant viruses is the coding region of the original Akv with the SL3-3
LTRs (FIGURE 8). There are more COARSE overlaps occurring within the LTRs of
the leukemogenic recombinant virus, Akv with SL3-3 LTRs, than the original
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COARSE Overlap. in Regulatory Regions of BKV. and JCV

A) KV (DWILOP)

21 1
1 11TMoCMM ATTGCMMAG MTAOMTT TCCCCAMTA Gl1TMOCTA OCCTCAGAM ACCTCCM ACCUACTA CTGGMAA AGOOTOA
1 MMcGTM TAACTIMC TTATCCCTM AGOGMMAT CAAAACTC CGATCM TTCOGTG TGGTGAT GOLTCTCTM TCCCTCC

(---- Large T Au b.s. A I

2 1 1 1 Ui66654 321 1 4 64321 43 2 11 1
101 CAGoGGC CTCGG=CTCT TATATATTAT AMAMMAAGOCMOACCTCTTCCATMAA TGCAC CCATGACCTC AAOA
1i1 GTCTCC GACG CGA ATATATMTA 1T111TTTC COGTGTCCCT CCTOGACGAA TOGTACCTT ACGTCGGI OGTAT T TT

<--- Lara TA b.s.Bl (---Lara T A b.s. C I Ni 1

2 2 2 45 654321 43 2 11 1 6 65555432 1 1 4 6 4321
251 TCATOT CACA A TAGCAGW CCATGACCTC AGGUAGAM OTOCATGACT AOACTOCMTAC CCATGGAATG CAOMAAACC
231 CACGTACTGA GTGTCCCCMT ACGTMG11TCTOAG TCCMTCII CACGTACTGA GTGTCCCTCC TCACGAATG GOTACTA GTCTAlI N2 I 1A21 N3

B) KY U

1 1 1 1 6666 665 44321 2 1
3251 GCTGC1TAC CATGGAATOC AGCAAACCA TGACCTCAGGAMU= CATGACTOG CAOCCAGCCA OTOCAGTTA ATAGTGAAC tCCCCCCTA
3231 CGACGAATGO OTACTA TCOTTOAT TATCC TTCCTCAC TACTGACCC TCOGTCT CACCaTCMT TATCATTG MCOOAT

Ni II N4 I Si

1 1 1 1 666665 44 321
3851 MATCTCTCT TACCCATOM ATGCACA ACCATGACCT CAGAQAA AGTTGAC TGMCA GCCAGTGGA GTTMTAGTG MKCATGCC
3361 mTIT ATGGTACAT TACGTCGT TOGTACT GTCCTTCCTT TCACTACTG ACCGTCGGT COGTCACCT CMTTATCAC MT TACG

1 N7 1 iS I I No

1 1 1 66666655 4 321
34U1 AAACCATGAK CTCAGGAAG MAGTTG ACTGGCC CAGCCATG CAGTTMM GCGAGCCTA GAATCTTOC CTMGTCCCCA GTAAACTGG
8431 MaGTACTG GCGTCCTTTCAGTAC TGACwCGTCGGTOOGTCACC GTCMTTMA COCTCGATC CTTACG MCAG CMMATCC

_I |~~N13 I

C)Jcv

1 1 66543U21 2 2 4 3221 3 21
1 GCCTIGGCT CCTGTATATA TA AAG TG GCTGCCAGCC AACCATC TCATACCTAG AGTAACAGC CATAAACMA
1 CGGAGCCGGA OGACATATAT ATT1T1TTMC CCTTCCCTAC COA 3TCGG TTCGTACTCG AGTATMATC CCTCGGTG TCGATTGTCG TCAMGTT

141 Conwerd region with putative enhancer elent.
II lConaerved reaion I

1 1 666664321 22 4 3221 3 21 1
131 AGCWCA= TOTATATATA AMAMGM AMAGATOC TOACCM GCATGAGCTC ATACCTAGG AGCAACCAG CTAAWCAC GTAAACMAG
A1 TCGTGTTCCG ACATATATAT MIMIlCC TTCCCTAC ACGTCT CGTACTCGAG TATATCCC TCGGTFOGTC QiTGTCGOT CAT1TGTTTC
__I g Conervd reaion with PUtive enhancerelnts

II nsr5 rgio

333 2 1 21 1
231 CACAAGG AGTOAAAGC ACATGTTO CACCAGAG CTGTTOC TTGTCACCAG CTGCTO TTC1TC(CA OCTGTCACGT
231 GTGTTCCCCT TCACCMCG TGMTTCT TGTACAMAC GCTCTCTC GACAAAACCG AMTGTC GACOMTACC AAGAMGT cGACAGTOCA

I

FIGURE 7. Late genes 5'--> 3' (top strand). Early genes: 3'(--5' (bottom
strand). A) b.s. = binding sites for large T Ag. A & B) Ni, N2, N3, N4, N7, N8,
N9, N10, Al, A2, and Si = binding sites for nuclear factors. C) I and II =
Conserved sequences with putative enhancer elements. Nucleotide position is
based on GenBank database files.
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Akv. Extensive occurrences of COARSE overlaps in the SL3-3 LTRs of the

recombinant virus are located within binding sites for nuclear proteins NFI
and SEFI (28,29). Experimental data suggest that some of these binding site

motifs are the primary determinants of the T-cell tropism and leukemogenicity

of the SL3-3 virus (28,29). COARSE overlaps present in the recombinant virus,

especially those located in the LTRs of SL3-3 but not Akv, may contribute in

part to the leukemogenicity of the SL3-3.

Potential of COARSE overlaps. If COARSE overlaps can be consistently shown

to occur in important regions of other complete viral genomes, not only

regulatory elements but also regions which encode essential proteins (trans-
activating factor, adsorption protein), then the procedure for finding COARSE

overlaps may be used as a tool for analysis of sequence information. COARSE

overlaps may address the problem of selecting the most important targets of

the viral genome to study. For example, synthetic anti-sense

oligodeoxynucleotides have been shown to inhibit HIV-1 replication and gene

expression in cultured human cells (30,31). Some of these synthetic oligomers
are complementary to regions of the LTRs with COARSE overlaps. When twenty

anti-sense oligodeoxynucleotides to HIV-1, which included 17 anti-sense

oligomers not located in the LTRs, were ranked for activity based on

inhibitions of syncytia formation (31), the most effective oligomers were from
the R region of the LTRs - a 5' untranslated region (54 to 73) and poly(A)+
signal (9183 to 9202) (FIGURE 8). Both oligomers are 20 nucleotides in length
and contain COARSE overlaps. Another very good anti-sense oligomer was

targeted against the CAP site, which is identical with many COARSE overlaps
(30).

In sumnary, many of the 7th order COARSE overlaps in the regulatory
regions of HIV-1 and SV40 are identical with experimentally determined

regulatory elements. On the contrary, very few of the MORSE overlaps are

present in the regulatory regions of these viruses. The COARSE overlap
analysis implies that overlapping compositionally-assessed redundant sequence

elements may regulate replication and transcription for these viruses.
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