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ABSTRACT
The nucleotide sequences of the LTRs and their adjacent regions from 19

type C and one type B retrovirus were compared. Salient features are: (a) The
R regions in the genomes of most of the type C retroviruses begin with GC and
end with CA. (b) The mammalian type C retroviruses have a polyadenylation
signal "AATAAA" in the R region, and most have a "CAT" box and a "TATA" box in
the U3 region, (c) The avian type C retroviruses have an AATAAA sequence, and
some also have "CAT-like" and "TATA-like" boxe3, in the U3 region, (d) As with
many transposable elements, the IR regions of the proviruses begin with TG and
end with CA, and the DR sequences in the host genomes flanking the proviruse3
are different from one another. Although SNV is an avlan retrovirus, the
nucleotide sequences in the R, U5, TBS, and PU region are more similar to the
mammalian type C than to the avian type C retroviruses.

INTRODUCTION

The molecular structure of the retroviral genome ha3 been well defined

(1). Its genomic RNA has a short repeat (R) at the ends of the sequence

(Fig. 1). The R at the 5' end is followed by a unique sequence called U5, a

tRNA-binding 3ite (TBS), and then a noncoding sequence. The middle portion of

the genome consists of the coding regions, which may contain up to four genes:

gag, pol, env, and one. After the 3' end of the coding region i3 a noncoding

region, a purine-rich sequence (PU), a unique sequence called U3, and the

final R.

The genome of a retrovirus is replicated in the host cell by way of a DNA

intermediate (2). The transcribed linear double-stranded DNA molecule is

longer than the corresponding genomic RNA (Fig. 1) because of the addition of

a U3 and a U5 at the 5' and the 3' ends of the DNA, respectively. The

combination of U3, R. and U5 is called a long terminal repeat (LTR). The

linear DNA becomes closed circular DNA with one or two copies of the LTR

before it i3 integrated into the host genome. The Integrated viral DNA is

called a provirus. As with a transposable element (3), the sequence at each

host-proviral Junction consists of an inverted repeat (IR) at the end of the
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(a) 5' R-U5-uu-TBS...coding regions...PU-aa-U3-R 31

I
I reverse transcription
T
! DNA replication

T
(b) 5' aa-U3-R-U5-tt-TBS... coding regions.. .PU-aa-U3-R-U5-tt 3'

3' tt-U3-R-U5-aa-TBS...coding regions.. .PY-tt-U3-R-U5-aa 5'
• »•!•••••!••• | ••••IIIKIOI

I closed circular formation
T
! Integration
T

(c) 5' U3-R-U5-tt-TBS...coding regions.. .PU-aa-U3-R-U5 3'
3' U3-R-U5-aa-TBS. ..coding regions.. .PY-tt-U3-R-U5 5'

>•••••• | •!•••••
! transcription
T

(d) 5' R-U5-uu-TBS...coding regions.. .PU-aa-U3-R 31

Fig. 1. Molecular structures of the retroviral genome during various stages
of development, (a) The genome In the virion. The dinucleotide3 UU (uu) and
AA (aa) are considered to be part of the 115 and the U3, respectively. The
dotted lines flanking the coding regions represent noncoding regions, (b) The
unintegrated double-stranded retroviral DNA, which becomes closed circular DNA
with one or two copies of the LTR. (c) Proviral DNA in the host genome;
notice that the dinucleotides TT (tt) and AA (aa) at the end3 of the DNA are
missing. Finally, (d) the viral genome is transcribed from the proviral
sequence. Asterisks mark the LTR.

provirus and a direct repeat (DR) in the host genome flanking the provirus.

Note that the dinucleotide3, usually TT and AA, at the ends of the

unintegrated double-stranded DNA are missing in the proviral sequence.

Retroviruses, which belong to the family Retroviridae and subfamily

Oncovirinae (4), are classified into four types: A, B, C, and D. Many

nucleotide sequences, mostly from type C retroviruses, have been determined

(Table 1). Host of the sequenced avian type C retroviruses belong to the

avian leukemia-sarcoma virus (ALSV) group, which includes RSV, Y73, FSV, AMV,

and AMC29. The other avian retrovirus, SNV, is a reticuloendotheliosis virus

and has been shown to be more closely related to the mammalian type C

retroviru3es than to the ALSV group (45). Among the mammalian type C are

eight murlne (MMLV, MHSV, AHLV, FBJ, AKR, FSFFV, BKMV, and RMLV), one feline

(FESV), three primate (SSV, GALV, and BaEV), and one human retroviru3 (ATLV).

All of these except BaEV and ATLV show marked similarities in the sequences of

their LTR. WfTV is the only type B retrovirus. This paper analyzes a

collection of these nucleotide sequences and compares related sequences at the

ends of the viral genomes and the host sequences at the host-viral junctions.
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MATERIALS AND HETHODS

The National Biomedical Research Foundation maintains a nucleic acid

sequence database (5-9) that contained 1,123 entries with 1,593,561 bases as

of July 20, 1983. The database contains nine completely sequenced retroviral

genomes and fragments of many others (Table 1).

Computer programs ADDSEQ, ALIGN, and DISP were U3ed to compare the

sequences and to produce the alignments. Program ADDSEQ adds a new sequence

to an existing alignment, inserting gaps where needed to align homologous

regions of the sequences. Program ALIGN determines the best alignment of two

sequences by computing the maximum match score (10), and program DISP displays

alignments of related sequences. Only the homologous sequences are shown in

thi3 paper. The heterogeneous sequences, such a3 those in the LTR of SNV,

BaEV, ATLV, and MMTV, are not shown here.

RESULTS AND DISCUSSION

The R Region

Avian Retroviruse3 R regions in the genomes of the ALSV group are 21

bases long (Table 1), and their sequences are highly conserved (Fig. 2a).

SNV, on the other hand, has an R region 82 base3 long and its sequence is more

similar to those of the mammalian retroviruse3 discussed below. Like most of

the mammalian type C retroviruses, the R region of the SNV contains the

sequence "AATAAA" near the 3' end. However, no such polyadenylation signal is

found in the R regions of the ALSV group.

Mammalian Retroviruses The R regions in the genomes of the mammalian

type C retroviruses are longer than those of the ALSV group: 64-69 base3 in

the murine, the feline, and the primate retroviruses and 228 in the human

retrovirus (ATLV) (Table 1). With the exception of BaEV and ATLV, portions of

the sequences in the R regions of the mammalian type C retroviruses are

conserved (Fig. 2b), and they contain an AATAAA sequence about 17 bases from

the poly(A) 3ite.

It should be noted that the R regions in the genomes of most avian and

mammalian type C retroviruses begin with GC and end with CA.

Type B Retroviruses The R region of HHTV is only 11 bases long (Table 1),

and its sequence does not contain the standard AATAAA sequence.

The U5 Region

Avian Retroviruses The U5 regions of the ALSV group are 80 bases long

(Table 1), and their sequences are also highly conserved (Fig. 3a). Once
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Table 1. Probable lengths of various regions in retroviral LTRs
and probable lengths of their adjacent regions

(1) Type C
R U5

retroviruses

Avian retroviruses
RSV»

Y73#

FSV»
AHV
AMC29
SNV

Mammalian
MHLV»
MMSV*
AMLV»
FBJ*
AKR
FSFFV
BKHV
RMLV
FESV
SSV»
GALV
BaEV
ATLV*

( 2 ) Type B

KMTV

21
21
21
21
21
82

80
80
80
80
80
97

retroviruses
68
69
68
68
68
69
68
61
68
69
66
66

228

77
76
77
76
76
76
76
76
76
77
77
67

176

retrovirus

11 12<4 1

231
215
246
288
216
420

449
444
449
475
482
373
385
-

342
362
-

421
355

197

TBS

18
18
18
-

18
18

23
23
23
23

-
23

-
-

18
18
-

23
18

18

PU

11
11
11
11

_

13

13
13
12
13
14
13
-
-
-

14
_
-

12

19

IR

15
15
9

17
11

9

13
13
13
13
13
13
13
-

14
9
_
-
4

8

DR

-
_
-

6
_
5

-
4
4
4
4
4
-
-
-
4
_
-
6

6

Ref.

11
12
13
14-16
17
18-20

21,22
23-25
26
27
28,29
30,31
32
33
34
35,36
37
38,39
40

41-44

The lengths of U5, U3, and IR include the dinucleotide AA or
TT at their ends, and the lengths of these regions at the ends
of the provlruses should be two nucleotides shorter than that
shown. IR, TBS, and PU may not be perfect.

Abbreviations: RSV, Rous sarcoma virus strain Prague C; Y73,
avian sarcoma virus Y73; FSV, Fujinami sarcoma virus; AMV,
avian myeloblastosis virus; AMC29, avian myelocytomatO3is virus
HC29; SNV, avian spleen necrosis virus; MMLV, Holoney murine
leukemia virus; MMSV, Holoney murine sarcoma virus; AMLV,
Abelson murine leukemia virus; FBJ, FBJ murine osteosarcoma
virus; AKR, AKR murine leukemia viru3; FSFFV, Friend spleen
focus forming virus; BKHV, BL/Ka(B) murine nonleukemogenlc
virus; RMLV, Rauscher murine leukemia virus; FESV, feline
sarcoma virus; SSV, simian sarcoma virus; GALV, gibbon ape
leukemia virus strain GaLV(SF); BaEV, baboon endogenous virus;
ATLV, human adult T-cell leukemia virus; HMTV, mouse mammary
tumor virus.

•The entire genome has been completely sequenced.

again, the U5 of SNV is slightly longer (97 bases), and its sequence is very

different from those of the ALSV group. It can be aligned with those of the

mammalian type C retrovirus, but the nomology is not significant when tested
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(a) Avian retroviruaes

RSV GCCATTTTACCATTCACCACA
Y73 GCCATTTTACCTCCCACCACA
FSV GCCATTTTACCATTCACCACA
AMY GCCATTCTACCTCTCACCACA
AMC29 GCCATTTTACCATCCACCACA

C o n s e r v e d GCCATTTTACCATTCACCACA
11 1 1 1 1 i 1 1 1 11 i i 11 i

(b) Hamnallan retroviruses

HMLV GCGCCAGTCCTCCGATTGACTGAGTCG-CCCGGGTACCCGTGTATCCAATAAACCCTCTTGCAG-TTGCA
MHSY aGCMG^TTrcGATAGACTGCGTCG-CCCGGGTACCCGTATTCCCAATAAAGCCTCTTGCTGTTTGCA
AHLV GCGC&AGTCCTCCGAGTGACTGAGTCG-CCCGGGTACCCGTGTATCCAATAAACCCTCTTGCAG-TTGCA
FBJ GCGCUGTCCTCCGATAGACTGAGTCG-CCCGGGTACCCGTGTATCCAATAAAGCCTTTTGCTG-TTGCA
AKR GCGCCAGTCCTCCGATAGACTGAGTCG-CCCGGGTACCCGTGTATCCAATAAAGCCTTTTGCTG-TTGCA
FSFFV CKGCCAGTCCTCCGAaGACTGAGTCG-CCCGGGTACCCGTGTTCCCAATAAAGCCTCTTGCTGATTGCA
BKHY GCGCCAGTCCTCCGACAGACTGAGTCG-CCCOGGTACCCGTGTATCCAATAAAGCU 11 lGCTG-TTGCA
RMLV GC^-^^CTCCGAaGCCTGAGTCG-CCCGGGTACCCGTGTATCCAATAAATCCTCTTGCTG-TTGCA
FESY GCGCAAGTCTTTGCTGAGACrrrGACCGCCCCGGGTACCCGTGTA-CGAATAAA-CCTCTTGCTGTTTGCA
33Y GCGCCAGTCCTreCAGAGACTGAGTCG-CCCGGGTACCTGTGTGTTCAATAAAACCTCTTGCTATTTGCA
GALV CC ACTCrcCCUGJlGACTGAGTCG^CCGGCTACCCGTCrrGATCAATAAAACCTCTTGCTACTrGCA

C o n s e r v e d GCGCCAGTCCTCCGA AGACTGAGTCG CCCGGGTACCCGTGTATCCAATAAA CCTCTTGCTG TTGCA
t i i i t i t t i i i t i t t t i i i t t i 1 1 1 i i i i i i 1 1 1 i I I I I I

Fig. 2. Alignment of nuoleotide sequences from the R regions of the LTR.
Dashes indicate gaps inserted to align homologous regions of the sequences.
The polyadenylation signal is underlined.

with program ALIGN.

Mammalian Retroviruaes The U5 regions of most mammalian type C

retroviruses are 76-77 bases long (Table 1), and portions of their sequences

are conserved (Fig. 3b). BaEV and ATLV, on the other hand, have U5 regions 67

and 176 bases long, respectively, and their sequences are different.

Type B Retrovlruse3 The U5 region in the genome of HMTV is 12t base3 long

(Table 1), and its sequence is different from that of the type C retroviruses.

Neither the promoter "TATA" box nor the polyadenylation signal AATAAA is

found in the U5 region of any of the above retroviruses.

The U3 Region

Avian Retroviruses In contrast to the R and the U5 regions, the lengths

of the U3 regions in the genomes of avian type C retroviruses are more

variable (from 215 bases in Y73 to 420 bases in SNV) (Table 1). Length

variations are also found in different strains of the SNV (361 to 120 bases).

Despite the fact that these sequences are very heterogeneous, the U3 regions

of some of the ALSV sequences contain "CAT-like" and "TATA-like" sequences.

The AATAAA polyadenylation signal is found at the 3' end (Fig. la).

Mammalian Retroviruses The lengths of the U3 regions in the genomes of
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(a) Avian retroviruses

RSV TTGGTGTGCACCTGGCTTGATGGCCGGACCGTCGATTCCCTAACGATTGCGAACACCTGAATGAAGCAGAAGGCTTCA(TT)
If 7 3 TTGGTGTGCACCTAGGTTGATGGCCGGACCGTCGATTCCCTGACGACTACGAGCACCTGAATGAAGCAGAAGGCTTCA(TT)
FSV TTGGTGTGCACCTGGCTAGATGGACAGACCGTTGAGTCCCTAACGATTGCGAACACCTGAATGAAGCGGAAGCCTTCACTT)
AHV TTGGTGTGCACCTGGGTTGATCGCCGGACCGTCGATTCCCTGACGACTGCGAACACCTGAATGAAGCTGAAGGCTTCA(TT)
AHC29 TTGGTCTGCACCTGGCTAGATGGACAGACCGrrGAGTCCCTAACGATTACGCGAACCTGAATGAAGCAGAAGGCTTCA(TT)

C o n s e r v e d TTGGTGTGCACCTGGCTTGATGGCCGGACCGTCGATTCCCTAACGATTGCGAACACCTGAATGAAGCAGAAGGCTTCACTT)
1 1 t t i 1 1 t 1 1 i i l i t M I i t 1 1 i i i i i i 1 1 i i i I I I I i i t 1 1 i i i i 1 1 i i 1 1 i i t t i i i i i i i i i

(b) Maanallan retroviruses

MMLV TCCGACT-TGTGCTCTCGCTGTTCCTTGGGAGGGTCTCCTCTGAGTGATTGACTACCCGTCAGCGGGGGTCTTTCA(TT)
MM3¥ TCCGAAT-CGTGGTCTCGCTGrrCCTrGGGAGGGTCTCCTCTGAGTGATTGACTACCCACGA-CGGGGGTCTTTCA(TT)
AML¥ TCCGACT-TOTGGTCTCGCTGTTCCTTGGGAGGGTCTCCTCTGAGTGATTGACTACCCGTCAGCGGGGGTCTTrCA(TT)
FBJ TCCGAAT-CGTGGTCTCGCTGATCCTTGGCAGGGTCTCCTCAGAGTGATTGACTGCCCAGCC-TGGGGGTCTTTCA(TT)
AKH TCCGAAT-CGTGGTCTCGCTGATCCTTGGGAGGGTCTCCTCAGAGTGATTGACTGCCCAGCC-TGGGGGTCTTTCA(TT)
F S F 7 ¥ TCCGAAT-CGTGGACTCGCTGATCCTTGGGAGGGTCTCCTCAGATTGATTGACTGCCCACCT-CGGGGGTCTrrCA(TT)
BKHV TCCGAAT-CGTGGTCTCGCTGATCCTTGGGAGGGTCTCCTCAGAGTGATTGACTGCCCAGCT-TGGGGGTCTTTCACTT)
RML¥ TCCGACT-TGTGGTCTCGCTGTTCCTTGGGAGGGTCTCCTCAGAGTGATTGACTACCCGTCT-CGGGGGTCTTTCA(TT)
FES¥ TCTGACT-CGTGGTCTCGGTGTTCCGTGGCTACGGGGTCTCATCGCCGAGGAJIGACCTAATT-CGGGGGTCTTTCACTT)
S S ¥ TCCGAAGCCGTGGTCTCGTTGTTCCTTGGGAGGGTCTCTCCTAACTGATTGACTGCCCACCT-CGGGGGTCTCTCA(TT)
GALV TCCGAAGTCGTGGTCTCGCTGTTCCTTGGGAAGGTCTCCCCTAATTGATTGACCGCCCGGAC-TGGGGGTCTCTCA(TT)

C o n s e r v e d TCCGAAT CGTGGTCTCGCTGTTCCTTGGGAGGGTCTCCTCAGAGTGATTGACTGCCCA C CGGGGGTCTTTCA(TT)
11 1 1 1 1 i i 1 1 1 1 i i 111 i i i i i i it II i i i i i t i i 11 i i i

Fig. 3. Alignment of nucleotlde sequences in the U5 regions of the LTR.
The dinuoleotlde TT inside the parentheses at the 3' end is missing in the
provirus. Dashes indicate gaps inserted to align homologous regions of the
sequence.

the mammalian type C retroviruses vary from 312 bases in FESV to 482 bases in

the AKR. As in the avian retroviruses, the sequences in the U3 regions of the

mammalian type C retroviruses are heterogeneous. However, only a "CAT" box

and a TATA box, but not the polyadenylation signal AATAAA, are found near

the 3' end of the U3 regions of most mammalian type C retroviruses (Fig. 4b).

In addition, the U3 regions of mo3t murine retroviruses contain one or two

copies of a 75-base repeat.

Type B Retroviruses The U3 region of the MMTV (1197 bases) is much longer

than that of the type C retroviruses. Interestingly, its sequence contains a

coding region for an unidentified protein varying in length from 198 to 324

amino acids in different strains of the virus.

The TBS Region

The sequence in the TBS region of the retroviral genome is complementary

to the 3'-terminal sequence of a tRNA. It has been proposed that tRNA, upon

binding to the TBS region by base pairing, serves as an initiation site for

the minus DNA strand synthesis (16).

The TBS regions of the murine and BaEV retroviruses are 23 ba3e3 long;

those of the other retroviruses, including even the type B retrovirus, are 18
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(a) Avian retroviruses

RSV (AA)TGTAGTC(83)TGCATGCCGATTGG-TGG( 95)TATTTAAGTGCCTAGCTCGATACAATAAAC

Y 7 3 (AA)TGTAGTC(64)TACATGTTGATTGG-TGG( 95 )TATTTAAGTGCCTAGCTTGATACAATAAAT
FSV (GA)TGTTGCC(75)CGGATG-TCATTGGCTGC(115)TATATAAGCCATTGTAACCTTCTAATAAAC
AHV (AA )TGTAGTC(66 )TATGATCCCATTGG-TGG ( 1 6 5 )TACTTAAGCTTGTAGTTGCTAACAATAAAGT
AMC29 (AA)TGTAGTC(65)TGCATGATGATTGG-TGG( 95)TATTTAAGTGCCTAGCTCGTAACAATAAAC

C o n s e r v e d (AA)TGTAGTC TGCATG TGATTGG TGG TATTTAAGTGCCTAGCTCGTTACAATAAAC
i i 1 1 i i t 1 1 i i i 11 i t t i t i t i i i i 11

"CAT-like" "TATA-like"

(b) Haranallan retroviruses
+

HMLV (AA )TGAAAGACCCC(16 )AGCTAGCTTAAGTAACGCCATTTTGCAAGGCATGGAAAAATAC(45 )AA
HMSV (AA)TGAAAGACCCC( 1 fl )AGCTAGCTTAAGTAACGCCACTTTGCAAGGCATGGAAAAATAC( 4 4 )AA
AHLV (AA)TGAAAGACCCC(16)AGCTAGCTTAAGTAACGCCATTTTGCAAGGCATGGAAAAATACC41OAA
F B J (AA)TGAAAGACCCC(16)AGCTAACTGCAGTAATGCCATCTTGCAAGGCATGGGAAAATAC(51)AA
AKR (AA)TGAAAGACCCC(16)AGCTAACTGCAGTAACGCCATTTTGCAAGGCATGGGAAAATAC(51 )AA
FSFFV (AA)TGAAAGACCCC(16)TGATAGCCGCAGTAACGCCATTTTGCAAGGCATGGAAAAATAC(51 )AA
BKMV (AA)TGAAAGACCCC(16)AGCTAACTGCAGTAACGCCATCTTGCAAGGCATGGGAAAATAC(51 )AA
FESV (AA)TGAAAGACCCC( 1 8 )AGCTAT-TGCAGTGGTGCCATTTCACAAGGCATGGAAAATTAC( 3 9 )AA
SSV (AA)TGAAGGAAGTG( 7 )AGCTAGCTGCAGTAACGCCATTTrGCAAGGCACGGAAAATTAC(55 )AA

C o n s e r v e d (AA)TGAAAGACCCC AGCTAGCTGCAGTAACGCCATTTTGCAAGGCATGGAAAAATAC AA
i t i i t t f t i t t l i t t i i i t t t i t i i t t t i i t t t i it

»+
MMLV ( 1 4 ) CCAAACAGGATAT-CTGTGGT ( 1 1 )GCCCCGGCTCAGGGCCAAGAACAGATGGAA ( 4 5 )GCCCCGGC
HMSV ( 1 0 JCCAAACAGGATAT-CTGTGGT (1 1 )GCCCCGGCTCAGGGCCAAGAACAGATGAGA( 1 6 JGCCCCGGC
AMLV (14)CCAAACAGGATATGCTGTGGT(11 )GCCCCGGCTCAGGGCCAAGAACAGTTGGAA(U5)GCCCCGGC
FBJ ( 1 6 )CCAAACAGGATAT-CTGTGGT ( 1 1 )GCCCCGGCCCAGGGCCAAGAACAGATGGTT ( 6 2 )GCCCCGGC
AKR ( 1 6 ) CCAAACAGGATAT-CTGTGGT ( 1 1 )GCCCCGGCCCAGGCCCAAGAACAGATGGTC(69 )GCCCCGGC
FSFFV ( 7)CCAAACAAGATAT-CTGCGGT(11)GCCCCGGCCCGGGGCCAAGAACAGATGCTC(56)TCCC
BKMV ( 1 6 ) CCAAACAGGATAT-CTGTGGT ( 1 1 )GCCCCGCCCCAGGGCCAAGAACAGATGGTC(56 )TCC
FESV AACAGGATAT-CTGTGGT ( 1 1 )GCCCCGGCTTGAGGCCAAGAACAGTTAAAC(55 )TCC
SSV (14)CCAAACAGGATAT-CTGTGGT( 7 )GGGCCGGCCCAGGGCCAAAGACAGATGGTT(41 )TCAACTGT

C o n s e r v e d CCAAACAGGATAT CTGTGGT GCCCCGGCCCAGGGCCAAGAACAGATGGT G C C C C G G C
i t t t i t t t t t i t i t t i i t i i t t i t i t t i t i t i t

I

MHLV TCAGGGCCAAGAACAGATGGTCCCCAGATG(88)TAACCAAT(t1 )AGCTCAATAAAA(15)CACTCGGG
MMSV TCGGGGCCAAGAACAGATGGTCCCCAGATG(89)TAACCAAT(111 )AGCTCAATAAAA( 15)CACTCGGC
AMLV TCAGGGCCAAGAACAGATGGTCCCCAGATG(88)TAACCAAT(11)AGCTCAATAAAA(15)CACTCGGC
FBJ CCAGGCCCAAGAACAGATGGTTCCCAGAAA(89)TAACCAAT(11 )AGCTCTATAAAA( 15)CACTCGGC
AKR CCAGGGCCAAGAACAGATGGTCCCCAGAAA(89 ) T A A C C A A T 0 1 )AGCTCTATAAAA( 1 5 )CACTCGGC
FSFFV CCAAGGACCTGAAATGACCCTGTGCCTTAT( 6 )TAACCAAT(41 )AGCTCTATAAAA(15)CACTCGGC
BKMV CCAGATGACCGGGGATCAACCCCAAGCCTC( 8)TAACCAAT(41)AGCTCTATAAAA(17)CACTCGGC
FESV CCAGTTGACCAGAGTTCGACCTTCCGCCTC( 8 )TAACCAAT(31 )TCTGCTATAAAA(15)CAACGGGC
SSV TTCAAGAACTCCCACATGACCGGAGCTCAC( 4 5 )GTACCCGCGCTTTTTGCTATAAAA( 1 5 )CACTCGGC

C o n s e r v e d CCAGGGCCAAGAACAGATGGTCCCCAGAT TAACCAAT AGCTCTATAAAA CACTCGGC
l i t t t t t i i t tt i i

"CAT" "TATA"

Fig. U. Alignment of nucleotide sequences in the U3 regions of the LTR.
Numbers in parentheses indicate the number of bases not 3hown. The
dinucleotides in parentheses at the 5' end are missing in the proviru3. Da3hes
indicate gaps inserted to align homologous regions of the sequences. The
polyadenylation signal is underlined. There are two 75-base repeats, the
beginnings and ends of which are shown by the symbols + and *, respectively.
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(1) Type C retroviruses

(a) Avian retrovlrusea (b) HaemalIan and related retrovlruaea

RSV
Y73
FSV
AHC29

Conserved

Trp tRNA 3'

TGGTGACCCCGACGTGAT

TGCTGACCCCGACGTGAT

TGGTGACCCCGACGTGAT
TGCTGACCCCGACGTGAT

TGGTGACCCCGACGTGAT

ACCACTGGGGCTGCACTA 51

I«LV
MMSV

AMLV

FBJ
FSFFV
FESV
BaEV
3SV
ATLV
SNV

Conserved

TGGGGGCTCGTCCGGGATCGGGA
TGGGGGCTCGTCCGGGATTTGCA

TGGGGGCTCGTCCGGGATCGGGA
TGGGGGCTCGTCCGGGATTCGGA
TGGGGGCTCGTCCGGGATTTGGA
TGGGGGCTCGTCCGGGAT
TGGGGGCTCGTCCGGGATTTGAG
TGGGGGCTCnTCCGGGAT

TGGGGGCTCGTCCGGGAT
TGGGGGCTCGTCCGGGAT

TGGGGGCTCGTCCGGGAT GGA

Pro tRNA 3' ACCCCCGAGCAGGCCCTAAACTT 5'

(2) Type B retrovlrua

MMTV TGGCGCCCGAACAGGGAC

Lya tRNA 3' ACCGCGGGCTTGTCCCTG 51

Fig. 5. Alignment of nucleotide sequences in the TBS regions. Ba3e pairing3
of tFNA to the TBS region are shown.

bases long (Table 1). The sequences in the TBS regions of the ALSV group are

identical; each binds a Trp tRNA by base pairing (47) (Fig. 5 ) . Sequence

homology is also found in the TBS of five murine, one feline, two primate (SSV

and BaEV), one human (ATLV), and one avian retrovirus (SNV), and the sequence

bind3 a Pro tRNA (148). On the other hand, the sequence in the TBS region of

the type B retrovirus (MMTV) la different from those of the type C, and it

binds a Ly3 tRNA O 9 ) .

The PU Region

The PU region in the retroviral genome has been speculated to be an

(a) Avian retroviruses (b) Mammalian and related

RSV
T73
FSV
AMV

Conserved

AGGGAGGGGGA

AGGCAGGGGCA
AGGGAGGGGGA
AGGGAGGGGGA

AGGGAGGGGGA
1 1 1 1 i i 1 1 1 1 ,

retrovlruaes

mLV
MMSV
AMLV
FBJ
AKR
FSFFV

SSV
ATLV
SNV

AGAAAAAGGGGGG
AGAAAAAGGGGGG
AGAAAAAGGGGG
AGAAAGAGGGGGG
AGAAAGAGGGGGGG
AGAAAAAGGGGGG

AAGAGAAATGGCCG
GAAAAAGAGGCA

AAGAGCAGTGGGG

Conaerved AGAAAAAGGGGGG

Fig. 6. Alignment of nucleotide sequences in the PU regions.
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51 Host sequence I P r o v i r a l sequence I Host sequence 3 '

ITGTAGTCTTATGC RSV GCAGAAGGCTTCAI
>> » »> »> <<< «< « «

ITGTAGTCTTATGC Y73 GCAGAAGGCTTCA I

ITGTTGCC FSV GGCTTCA I

TGATGTTCTTCAATAGTTITGTAGTCTTAATCGT...AMV...AAGCTGAAGGCTTCAiATAGTTGCATCAGT...

iTGTAGTCTTAATCGT...AMV...AAGCTGAAGGCTTCAIGGTACCCTTACTT

GGGACACGGGACCCGGGCITGTAGTCTT AHC29 AAGGCTTCA I

ATAAAAGATACAAAAAAT ITGTGGGA SNV TACAACA I AAAATCCGATTTACCCA

TGTCCTGGAGAAAATTAC ITGAAAGACCCC MMLV GGGGTCTTTCA I

i

CCCTCATAGATATAAACG ITGAAAGACCCC MMSV GGGGTCTTTCA I AACGCTAGTGCTGACCT

TCTTTGCACGATTCTGGG ITGAAAGACCCC AMLV GGGGTCTTTCA ITGGGTAACAGTTTCTTG

GATTTCATGTGGTAGATG I TGAAAGACCCC FB J GGGGTCTTTCA ! GATGGAGAGCCCCAACT

. . CAATTTCTACAA I TGAAAGACCCC AKR GGGGTCTTTCA I ACATGAATATGC

.AGGAAATTGTGAC ITGAAAGACCCC AKR GGGGTCTTTCA IGTGACAATCTCCC

TTCTTCATCC I TGAAAGACCCC FSFF V GGGGTCTTTCA I ATCCTACTCAGTTACT.

I TGAAAGACCCC BKMV GGGGTCTTTCA I

ITGAAAGACCCCC FESV GGGGGTCTTTCAI

CTAGAACCCCTCAGTAAT ITGAAGGA SSV TCTCTCA ITAATGAGCTAGAGGTAG

AAACTTGGAGTGTAGTTG iTGACAA ATLV TACACA ITAGTTGGAGGTAG

TCTATATGCTTCTTGTAC ITGCCGC MMTV GCGGCA ITTGTACCTTAATGTCCA

. . . TAGTTCACTGTAAGG ITGCCGC MMTV GCGGCA IGTAAGGCATGCCCC...

. . . TCAGACCTAGAGGTT ITGCCGC MMTV GCGGCA IGAGGTTGTTTCATG...

Fig. 7. Host-proviral Junctions. DR regions in the host sequences are
underlined; complementary nucleotides in IR regions of the proviruses are
marked with arrowheads.
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initiation 3ite for the plu3 DNA strand 3ynthe3is (H6). The PU regions in the

genomes of the ALSV group are 11 bases long (Table 1), and their sequences are

identical (Fig. 6a). On the other hand, SNV and mammalian type C retroviruses

have a PU region varying from 12 to 14 base3 (Table 1), and the sequences are

partially conserved (Fig. 6b). HMTV has 19 bases in the PU region, and its

sequence is different from those of the type C retroviruses.

Host-Viral Junctions

A3 mentioned above, the ho3t-viral junction is characterized by two short

sequences: IR in the provirus and DR in the host genome.

The Iength3 of the IR regions in the unintegrated retroviral DNA vary from

l) base3 in the ATLV to 17 bases in the AMV (Table 1), and those in the

integrated proviral DNA are two bases shorter (Fig. 1) because the terminal

dinucleotide TT or AA is Io3t during viral integration. Some of the IR

sequences, however, are not perfectly inverted (Fig. 7). As with many

tran3posable elements (50), the IR of all integrated proviral DNA begins with

TG and ends with CA.

Although all the DR regions are t-6 ba3e3 long (Table 1), their sequences

are different from one another (Fig. 7). Even for the same proviruses

different DR sequences have been found in the host genome. The implication is

that the site for viral integration may not be sequence-3pecific, and a

retroviru3 may be integrated into the hO3t genome at many different locations

(51).
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