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We have compared the sequences of the entire genomes of
bovine leukemia virus (BLV) and human T-cell leukemia
virus type I (HTLV-I). Both the gag and po/ genes show
overall strong homologies indicating the close evolutionary
relationship of the two retroviruses. However, a surface
glycoprotein portion of the env gene shows no appreciable
homology, which probably reflects a difference in their host
ranges. The 3’ end portion of the BLV genome (designated as
pXpgy) contains an unidentified long open reading frame that
has a typical protein-coding property. The potential product
of this open reading frame may be a glycoprotein of ~40 000
daltons. We note that its amino acid sequence shows low but
appreciable homology, especially in its N-terminal quarter, to
that of the HTLV-I counterpart (pX product), and we thus
suggest that BLV pXp; and HTLV-I pX have diverged from
a common ancestral gene. It is tentatively concluded that
both the putative pXgj, and pX products are respectively pro-
duced from a spliced mRNA.
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Introduction

A number of replication-competent retroviruses are im-
plicated in both naturally-occurring and experimentally-
induced leukemias (Teich ef al., 1982). Their proviral
genomes usually consist of only three structural genes flanked
by long terminal repeats (LTRs) arranged in the order 5’
LTR-gag-pol-env-3' LTR (Coffin, 1982).

Human T-cell leukemia virus type I (HTLV-I) is an exo-
genous, replication-competent retrovirus and is implicated in
human adult T-cell leukemia (Poiesz et al., 1980; Yoshida et
al., 1982; Weiss, 1982). The genomic structure of HTLV-I,
deduced from its complete nucleotide sequence, is quite uni-
que in that it harbors, downstream of the env gene, an
unidentified region called pX (Seiki et al., 1983). Although
HTLV-I carries no typical oncogene of cellular origin (Seiki et
al., 1983), it can transform T-lymphocytes in vitro (Miyoshi
et al., 1982, 1983; Yamamoto et al., 1982a). In addition,
HTLV-I has no preferred chromosomal site for integration
(Seiki et al., 1984) and often lacks the 5’ half of its genome in
the leukemic cells (Yoshida, 1983). It is thus conceivable that
the HTLV-1 genome (presumably its 3’ half) harbors a
gene(s) that is somehow involved in the transforming events;
in this connection, the pX region has been noted because it is
located at the 3’ end of the viral genome and is capable of en-
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coding an unidentified protein(s) (Seiki ef al., 1983; Haseltine
et al., 1984).

Bovine leukemia virus (BLV), a causative agent of enzootic
bovine leukosis, is also an exogenous, replication-competent
virus and contains no typical oncogene (Burny et al., 1980;
Deschamps et al. 1981). BLYV shares several biological proper-
ties with HTLV-I (Burny ef al., 1980; Weiss, 1982) and, in
fact, appears to be evolutionarily related judging from the ap-
preciable homology between their core proteins (Oroszlan et
al., 1982; Copeland et al., 1983b) and from the unique struc-
tures of their LTRs (Sagata ef al., 1984a). The ability of BLV
to transform cells in vitro (Onuma ef al., 1981; Rhim et al.,
1983), the absence of preferred chromosomal sites for pro-
viral integration (Kettmann et al., 1983; our unpublished
observation) and the presence of 5’ half-truncated proviruses
in the leukemic cells (Kettmann et al., 1982) also suggest that
the 3’ half of the BLV genome possesses some gene im-
plicated in cellular transformation. Collectively, it appears
that the genomic structure of BLV has substantial similarity
to that of HTLV-I, although this has not been elucidated so
far at a molecular (nucleotide) level.

We have been interested in the evolutionary relationship of
BLV to HTLV-I and the genomic structure of BLV (especial-
ly in its 3’ half) (Sagata et al., 1983, 1984a), and we have
recently determined the complete nucleotide sequence of the
integrated BLV provirus (Sagata et al., 1984b): the genomic
structure of BLV proves to be very similar to that of HTLV-I,
possessing at its 3’ end a region (designated as pXpp) that
corresponds to the pX region of HTLV-I1. Based on this com-
plete nucleotide sequence of BLV and the previously reported
one of HTLV-I (Seiki et al., 1983), we show here the detailed
comparison of the entire genomes of these two retroviruses,
including characterization of the pXp;j .

Results and Discussion

Comparison of the entire genomes of BLV and HTLV-I at a
nucleotide level

The proviral genome of BLV consists of 8714 bp (Sagata et
al., 1984b), while that of HTLV-I consists of 9032 bp (Seiki et
al., 1983). They have a common genomic structure in the
form of 5’ LTR-gag-pol-env-pXpr) (pX for HTLV-I and
pXgy. for BLV)-3’ LTR. Figure 1 shows a two-dimensional
homology matrix comparison, under conditions detecting
20-bp unit sequences with >70% homology, of their entire
genomes at the nucleotide level. On a nearly diagonal angle of
the square frame of the matrix can be seen parts of a line,
showing the existence of partial homology between the
nucleotide sequences of the two retroviruses. They have the
strongest homology in the pol gene (especially in its
5'-terminal region), intermediate homology in the gag gene
and 3’ half of the env gene but no detectable homology in the
LTR, gag-pol junction, 5’ half of the env gene or pXgL)
regions. Similar homology matrix comparisons between BLV
and other (murine and avian) retroviruses showed virtually no
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Fig. 1. A two-dimensional homology matrix comparison of the complete nucleotide sequences of BLV and HTLV-I. Complete nucleotide sequences of BLV
and HTLV-I were respectively taken from Sagata et a/. (1984b) and Seiki ef al. (1983). Each short line (appearing as a ‘dot’ in the figure) represents a
region where there is at least 70% homology in 20 contiguous nucleotides between the two viral genomes. Locations of the respective genes are indicated

outside the square frame.

significant homology throughout their genomes, confirming
at a complete nucleotide sequence level that BLV is most
closely related to HTLV-I.

Comparison of the three structural genes of BLV and HTLV-
I at an amino acid level

Figure 2A shows two-dimensional homology matrix com-
parisons of the three structural genes (gag, po/ and env) of
BLV and HTLV-I at an amino acid level, and Figure 2B
shows their sequence alignments. They demonstrate very
clearly the striking similarities in the gene structures of these
two retroviruses.

gag gene. The BLV gag gene encodes a 392-amino acid
residue precursor polyprotein and is predicted to have a se-
quence, NH,-pl5-p24-p12-COOH (Sagata et al., 1984b),
where pl5, p24 and pl2 are mature gag proteins representing
phosphorylated, major internal and nucleic acid-binding pro-
teins, respectively (Burny ef al., 1980; Copeland et al., 1983a).
The HTLV-I gag gene encodes a 429-residue precursor poly-
protein with a sequence, NH,-p19-p24-15-COOH (Seiki et
al., 1983; Yoshida, 1983), showing close structural similarity
to the BLV gag precursor sequence. As represented by the
diagonal lines in the homology matrix (Figure 2A-a), the BLV
and HTLV-I gag precursor polyproteins show strong
homology encompassing almost the entire region of the three
mature protein portions. Sequence alignment shows that they
have the strongest homology (62%, counting gaps) in the
nucleic acid-binding protein (BLV p12 and HTLV-I p15) por-
tion and less but still substantial homology (34%) in the other
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protein portions (Figure 2B-a). As previously mentioned
(Copeland et al., 1983b; Sagata ef al., 1984b), the extremely
high homology between the nucleic acid-binding proteins is
due to the existence of highly homologous sequences
duplicated in both the BLV pl12 and HTLV-I pl15 (see the
brackets in Figure 2B-a); interestingly, a similar sequence is
also duplicated in the avian retrovirus homologue and is
thought to have a nucleic acid-binding activity (Copeland et
al., 1983a). BLV pl5 and HTLV-I pl9, on the other hand,
have strongly conserved sequences in the N-terminal region
(amino acid position 20— 30, Figure 2B-a), and the major in-
ternal core proteins (p24s) have these in both the N-terminal
(positions 150—190) and middle (positions 240—300)
regions. We presume that these highly homologous regions
are functional domains of the respective proteins.

pol gene. The retroviral pol gene encodes reverse transcriptase
and possibly endonuclease also (Dickson ef al., 1982). The
predicted pol/ products of BLV and HTLV-I consist of 852
and 896 amino acid residues, respectivley (Seiki et al., 1983;
Sagata et al., 1984b). We showed earlier that the C-terminal
one-third (approximately at amino acid position 560 to the C
terminus; see Figure 2A-b) of the BLV pol product represents
an endonuclease domain, while the major N-terminal two-
thirds represents a reverse transcriptase domain (Sagata et al.,
1984b). As shown in the homology matrix (Figure 2A-b),
BLV and HTLV-I share substantial homology throughout
their pol products. This in turn indicates that the HTLV-I pol
gene also encodes, in addition to the reverse transcriptase, an



Comparison of the BLV and HTLV genomes

A IR

® N .
RN \\\\ O T R

E]

:TE- \ N AN

g3 \ S
l§‘ AN SN

ad N 5

F(p!s)ﬁ——ﬁl—)ho 124 = -3
M B e Coon R N ® NN
3 )
I'Te
s 2l N N N
:' T & AN -
5%
238 N ) SN
S+ N N\ 2 N
2 N sl A
I‘ N e 280 ) 600 )
g 200 400 '"t " ! - coom
o BLY POL
? BLV ENV coon
B8
a GAG
>(pl5 120
BLV MGN ------ SPSVNPPAG[SPSDHLNLLQSAORLNPRPSPSDFTDLKNY]HH FHKTQKKPHTFTSGGPTSCPPGRFGRVFLVLATL---NEVLSNEGGAPGASAPEEQPPPVDP -----
HTLV Q[FSRSASPIP%SFRGLAAHHHLNFLQAAVRLEPGPSSVDFHQLKKFLKIALETPARICPINVSLLASLLPKGVPGRVNEILH]LlQTQAQIPSRPAPPPPSSPTHDPPDSDPQIPPP
19 (p1S 240

------ PA(LPI lSE GNRNRHRAHALRELQDI KKEIENKAPGSQVHIOTLRLAILQADETPADLEQLCQYIASPVDQTAMMTSLTAAIAAAEAATPSRVLTPKTGTLTOQSAOPNAGDL
b L

VVEPTAP VEP MHPHGAPPNHRPHOMKDLQAIKOEVSQAAPGSPOFHQTIRLAVQQFDPTAKDLQDLLQYLCSSLVASLHHQQLDSLlSEAETRGIT GVNPLAGPLRVQANNPQQQ
360
RSQYONLHLOAGK]SLLVLQLOE !STIVOGPAESSVEF!NBI..OISLADNLPDGVLRNPLLTPLVHOHLTESVSKFCRG(ASGRGGAK TAGLRTlG--PPRMKQPALLVNTPPGPKHPGP

RREYQQLWL-AAFAAL PGSAKDPSHASlLOGLEEPVHAFVERLN1ALDNGLPEGTPKDPILRSLAYSNANKECQKL--LQARGHTNSPLGDMLRACOTHTPKDK 2Tl.l(v VVO --------
448 P

pl12
RQPAPK pp epcvacuscnuuocpr PPGPCPICKDPSHHKRDCP oTH
L
----PKKPPPNQPLFACGKAGHWSRDC - TIPR-PPPGPCPLCQDPTHWKRDCP KPTIPEPEPEEDALLLOLPADIPHPKNSIGGEY
pls5
b poL [ RT 120
BLV GASlPFKLERLQALQDLVHRSLEAGVlSPHDGPGNNPVFPVRKPNGAHRFVHDLRATNALTKPIPALSPGPPDLTAIPTHPPHIICLDLKDAFF

HTLV &KAACNLANTGASL PHARTPPKAPRNQPVPFKPERLQALOHLVRKAL EAGHIEPVTGPGNNPVFPVKKANGTHRFIHDLRATNSLTlDLSSSSPGPPDLSSLPTTLAHLQTIDLRDAFF
24

0
QIPVEDRFRSVLSFTLPSPGGLQPHRRFAHRVLPQGFINSPALFERALQEPLROVSAAFSOSLL VSYHBBILVASPTEEQRSQCYQALAARLRDLGFQVASEKTSQTPSPVPFLGQHVHE
QIPLPKQFOPVFAFTVPQQCNYGPGTRVAHKVLPOGFKNSPTLFEHQLAHILQPIRQAFPQCTlLQVHDDILLASPSHEDLLLLSEATMASLISHELPVSENKTQQTPGTIKFLtiol Isp
60

Q1 VTYOSLPTLOISSPISL HQLOAVLGDLQHVSRGTPTTRRPLQLLVSSLKRHHDPRAI lOLSPEOLOGIAELRQALSHNARSRVNEOEPLLAYVHLTRAGSTLVLFQKGAQFPLAYFOT

NHLTVDAVPTVP[RSRHALPELOALLGEIQHVSKGTPTLRQPLHSLVCALQRHTDPRDOIVLNPSOVOSLVOLROALSQNCRSRLVQTLPLLGAlHLTLTGTTTVVFQSKEOHPLVHLHA
480
PLTDNOASPHELL.LLLGCQVI;OTQAI;SS!AKPlLKYVHNLPKTSLDNHIQSSEDPRVQELLOLHPQISSQGIOPPGPHKT L lTRAEV----FLTPOF--SPDPIPAALCLFSDGATGRG

[ 23
PLPHTSQCPWGQLLASAVLLLDKYTLQSYGLLCQTIHANISTQTFNQFIQTSOHPSVPILLHHSHRFKNLGAQTGELWNTFLKTARPLAPYKALMPYFTLSPY I INTAPCLFSDGSTSRA
RTabemedENG00
AYCLHKDMLL--DFQAVPAP ESAQKGELAGLLAGLMAPP EPVNIHVDSKVLVSLLRTLVLGAHLQPDPVPSYALLVKSLLRHPAIVVGHVRSHSSASHP[ASLNNYVDOLL----PL

AVILHDKO1LSORSFPLPPPHKSAQRAELLGLLHGLSSARSHRCLNIFLDSKYLVHVLRTLALGTFQGRSSOAPFQALLPRLLSRKVVVLHHVRSHTNLPDPlSRLNALTDALI&F‘VLQ
ot 720
ETPEOHHKLTHCNSRALSRHPNPRlSAHDPRSPATLCETCQKLNPTGGGKMRT]QRGHAPNHIHOADITHVKYKQFTYALHVFVDTVSGATHASAKRGLTTQTT IEGLLEAIVHLGRPKK

LSPAELHSFTHCGQTALTL---OGATTTEASNILRSCHACRGGNPQHQHPRGHI RRGLLPNHIHOGDITHFKVKNTLYRLHVHVDTFSGAISATOKRKETSSEAISSLLQA!AHLGKPSV
840
LNTDOGANVTSKTFVRFCOOFGVSLSHHVPVNPTSSGLDERTNGLLKLLLSKVHLDEPHLPHTOALSRALHTHNQINLL PILKTRHELHHSPPLAVlSEGGETPKGSDKLFLVLLPGON

INTDNGPAVISODFLNMCTSLAIRNTTHVPVNPTSSGLVERFNGILKTLLVKYFTDKPDLPMDNALSlALHTINHLNVLTNCHKTRHOLHHSPRLQP]PETRSLSNKQTHHVVF KLPGLN

NRRHLGPLPALVEASGGALL--ATDPPVHVPHRLLKAFKCLKN DGPEDAHNRS- -SD<(;I
SRQHKGPOEALQEAAGAAL IPVSASSAOHI PHRLLKRAACPRPVGGPADPKEKDLQHi(::]

C ENV 41-'» gp 0 120
BLV PGLALPDAQ[FHVNSSSFNTTOGHHHPSQR ENVSQGNA LPPlSLVNLSTASSAPP RVRR LTLGLA TGINVAVSALSHQRLTSLIHVLEQDOQRLITAINQTNV
HTLY PSLALPAPHLTL - - - -PFNWTHCF - DPQIOAIVSSPCH S4 [LPPF§L§PVPTL§----SRSWWMS&K"SLLHEVDKDISQLTOHVKNHK
062 or gphb P . 240
NLLNVASY QNRRGLDhLYIRLGFQSLCPTlNEPECFLRlQNDSI1RLGDLQPLSORVSTDHQHPHNHDLGLTAHVRETIH§!L§E[LEA§ELLFLAPSL]KCLTSRLLKLL_RQAP':FF.’
e w * (23222 -
NLLKIAQYARQNRRGLOLLFWEQG--GLCKALQEQCRFPNITNSHVPILQERPPLENRVLTGNW--GLNWOLGLSQWAREALQTGITLVALLLLVILAGPC]----------- LRQLRHLP
gp30
EISLTPKPDSDYQALLPSAPEIVSHLSPVKPDYINLRP?I;'
Semcecmceeeeaeaas RVRYPHYSLIKPESSL
-

p20

Fig. 2. Two-dimensional homology matrix comparisons (A) and alignments (B) of the amino acid sequences of BLV and HTLV-I structural proteins.

(A) Homology matrix comparisons of BLV and HTLV-I amino acid sequences according to the computer program detecting 20-residue unit sequences with
an average ‘score’ value of at least 70 (Toh et al., 1983). Location of the BLV gag pl5 is tentatively identified (Sagata et al., 1984b). The location of the
HTLV-I reverse transcriptase (RT)-endonuclease (EN) junction is estimated (by the broken line with arrows) based on the previously determined one of
BLYV (Sagata ef al., 1984b). a, gag; b, pol; ¢, env. (B) Alignments of the BLV and HTLV-I amino acid sequences according to Needleman and Wunsh
(1970). Amino acid (represented by one-letter code) sequences are deduced from nucleotide sequences (BLV from Sagata et al., 1984b and HTLV-1 from
Seiki ef al., 1983). The HTLV-I env surface glycoprotein (gp62 or gp46)-transmembrane protein (p20) cleavage site is tentatively determined according to the
consensus sequence recently proposed for the retroviral env product cleavage site (Sagata et al., 1984b). See text for explanations of brackets, closed circles,
underlines and boxes.
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as yet unidentified endonuclease; the N terminus of this en-
zyme can be located approximately at amino acid position
600 of the pol product (estimation shown by the broken line
with arrows in Figure 2A-b). It should be noted that the
estimated mol. wt. (32 000 daltons) of the putative HTLV-I
(and also BLV) endonuclease is identical to that of the avian
retrovirus homologue (Grandgennet et al., 1978, 1980).

Sequence alignment of the BLV and HTLV-I po! products
can be performed without any extensive deletions or inser-
tions (Figure 2B-b), and the overall homology is as high as
46%. We note the two highly conserved sequences: one in the
N-terminal region of the reverse transcriptase (positions
31 —85 in Figure 2B-b) having 75% homology, and the other
in the C-terminal half of the putative endonuclease (positions
748 — 813) having 68% homology. Most probably, the former
well conserved region represents an RNase H activity-carrying
domain of the reverse transcriptase because it has strong
homology with the N-terminal region of the avian retrovirus
reverse transcriptase (Sagata et al., 1984b), a region which is
suggested to have an RNase H activity (Crouch and Dirksen,
1982). Both the BLV and HTLV-I reverse transcriptases
possess most or all of the 10 amino acids (indicated by closed
circles in Figures 2B-b) that are conserved at the correspon-
ding positions of the other retrovirus reverse transcriptases
(and the putative polymerases of hepatitis B and cauliflower
mosaic viruses) (Toh er al., 1983).

env gene. The primary product of the retroviral env gene
undergoes processing to make a mature surface glycoprotein
and a transmembrane protein (Dickson et al. 1982). The
mature BLV env products are glycoproteins: gp51 (surface
glycoprotein) and gp30 (transmembrane protein), with the
translational order of NH,-gp51-gp30-COOH (Burny et al.,
1980; Sagata et al., 1984b). The HTLV-I env gene encodes a
glycoprotein gp62 and a processed small protein p20 (a
putative transmembrane protein) (Hattori et al., 1983), but it
is not known whether a mature HTLV-I surface glycoprotein
is represented by the gp62 molecule or another glycoprotein
found in HTLV-I-infected cells (i.e., gp46: Yamamoto et al.,
1982b; Lee et al., 1984). Homology matrix comparison of the
BLV and HTLV-I env products, each deduced from the
nucleotide sequence (Seiki et al., 1983; Sagata et al., 1984b),
reveals clearly that they share strong homology in the
transmembrane protein portion but do not in almost the en-
tire region of the surface glycoprotein portion (Figure 2A-c).
The stronger conservation of the transmembrane protein has
been noted between related retroviruses (Elder and Mullins,
1983; Sagata ef al., 1984b). The virtual absence of homology
in the surface glycoprotein portion between BLV and HTLV-
I probably reflects a difference in the host cell range of these
retroviruses because the surface glycoprotein molecule is a
host range determinant (Dickson et al., 1982).

Sequence comparison of the BLV and HTLV-I env pro-
ducts around their transmembrane protein portions reveals
striking structural similarities (Figure 2B-c). First, they both
have three hydrophobic stretches at corresponding positions
(at the C terminus of the surface glycoprotein and at the N
terminus and near the C terminus of the transmembrane pro-
tein, each underlined in Figure 2B-c). Second, they share two
common cystein residues spaced eight amino acids apart (at
positions 150 and 157, indicated by closed circles in the
figure) in the central domain of the transmembrane protein.
And third, very near the conserved cystein residues, they both
have a completely matched 8-residue sequence rich in hydro-
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philic residues (boxed in the figure). We note that all of these
structural features are also at corresponding positions of the
other (murine, feline and avian) retrovirus env products
(Dickson et al., 1982; Lenz et al., 1982; Elder and Mullins,
1983; Sagata et al., 1984), strongly suggesting their functional
importance.In fact, the first two features may play a key role
in formation of a surface glycoprotein-transmembrane pro-
tein complex and its membrane association (Dickson et al.,
1982; Lenz et al., 1982).

The major difference in the BLV and HTLV-I transmem-
brane proteins occurs in the C-terminal region, where HTLV-
I has large deletions totalling 29 amino acid residues (Figure
2B-c). The murine leukemia virus which shows stronger trans-
membrane protein homology to HTLV-I than to BLV, has
similar large deletions in corresponding positions (our un-
published observation). We suggest therefore that the BLV
transmembrane protein, which carries C-terminal extra se-
quences, interacts with the cell membrane in a somewhat dif-
ferent way than do those of other mammalian retroviruses.

Characterization of the pXp; region

Between the env gene and the 3’ LTR, the BLV genome har-
bors a 1800-bp unidentified region (designated pXg; ), which
corresponds to a pX region of the HTLV-I genome (Sagata et
al., 1984b). This pXpy region contains six open reading
frames that are capable of encoding at least 80 amino acid
residues (Figure 3).

Protein-coding property of the pXpg; region. To assess
whether the pXp; region has any protein-coding property, we
sequenced the pXp region of another BLV variant, a Belgian
isolate (Deschamps et al., 1981). Our rationale for the assess-
ment was that if any open reading frame found in the pXgp.
region of our original BLYV isolate (Japanese isolate; Sagata et
al., 1983) actually encodes a protein, then the same open
reading frame would also be found in the Belgian isolate,
which (because of the synonymous changes of codons bet-
ween the two isolates) would carry point mutations (base
substitutions) preferentially at the third bases of its codons.
Figure 3 shows a comparison of the pXpy sequences of the
two BLYV isolates. In the 1800-bp sequence of the Belgian
isolate 60-base substitutions and a single-base insertion can be
seen, but none of these point mutations disrupt the open
reading frames in our isolate. Although small open reading
frames (pXpL-II ~ pXpp-VI) have too few mutations (at most
10) to assess their protein-coding properties, the longest open
reading frame, pXpy -1, has 34 point mutations and as many
as 20 of these occur at the third bases, resulting in 16
synonymous changes out of the 29 affected codons. These
results suggest that at least the pXpy -1 has a protein-coding
property. This open reading frame could encode a 308-amino
acid residue polypeptide with a mol. wt. of 34 200 daltons. It
is interesting to note that the potential product has four
periodically placed hydrophobic or apolar stretches of 15— 18
residues (underlined in Figure 3) and two potential
N-asparagine-linked glycosylation sites (indicated by CHOs
in Figure 3), therefore it may be a (membrane) glycoprotein.
If this polypeptide is actually glycosylated, its molecular size
would amount to ~40 000 daltons.

Homology between the potential pXpg; and pX products
HTLV pX also contains several potential open reading
frames (Seiki ef al. 1983). The longest, pX-1V, together with

the still open sequence upstream of the ATG triplet of the
pX-IV frame, could encode a polypeptide 357 amino acids
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Fig. 3. Comparison of the pXg; sequences between the two BLV isolates. The nucleotide sequences of the pXp,; regions of the Japanese BLV isolate (upper
line; Sagata ef al., 1984b) and Belgian BLV isolate (lower line; determined in this paper) are compared; only the altered nucleotides are shown for the
Belgian isolate (dashes, unalitered nucleotides). The Belgian isolate has a single base insertion between positions 6700 and 6701, the nucleotide numbering be-
ing according to the Japanese isolate (Sagata et al., 1984b). pXg, -1 ~pXg, -VI are potential open reading frames, and only the pXp, -1 frame is translated
into amino acids; boxed amino acid residues of the Belgian isolate represent synonymous changes. Nucleotide sequences representing potential splice accep-
tor sites are boxed. Apolar or mostly hydrophobic stretches of amino acids are underlined. CHO, potential glycosylation site; PPT, a polypurine tract as a
primer for plus-strand DNA synthesis (Sagata et al., 1984a).

long and corresponds, in both size and position, to the (homology matrix omitted). Sequence alignment of thpir
pXgL-1 of BLV. The two-dimensional homology matrix 80-residue N-terminal sequences reveals that they have as high
under a less stringent condition than that in Figure 2A, as 35% homology and contain several highly conserved se-
revealed that the potential pXg; -1 and pX-IV products have quences (Figure 4A), indicating the significance of_ the
appreciable homology, especially in the N-terminal quarter homology observed. We also found low but still appreciable
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Fig. 4. Sequence alignment of the N-terminal quarter of the potential pXg; -I and pX-IV products (A) and comparison of their entire structures (B). (A) The
N-terminal sequence (80 residues) of BLV pXg, -1 is from Figure 3, while that of HTLV-I pX-1V (86 residues) is from the still open sequence upstream of
the ATG triplet (methionine residue at position 113 in B) of the ‘original’ pX-IV frame (Seiki et al., 1983). Closed circles indicate amino acid matches.

(B) Closed boxes, showing 35% homology, correspond to the N-terminal sequences shown in A. Hatched boxes indicate less homologous regions

(20 —25%). Internal methionine (Met) residues are indicated. Numbers in parentheses are amino acid positions. CHO, potential glycosylation site; SA,

potential splice acceptor site.

homology (20—25%) in the C-terminal three-fourths of the
two products, although their overall sequence alignment
could not be performed with great accuracy (and thus is omit-
ted here). Based on these observations, a structural com-
parison of the potential pXgp -I and pX-1V products is shown
in Figure 4B. The C terminus of the pXg; -1 product is trun-
cated compared with the pX-IV product, because of its
premature termination immediately before the 3’ LTR. In
contrast to the pXg; -1 product, the pX-IV product has no
potential glycosylation site, which may suggest a different
subcellular localization between the two products. Neither of
these potential products has an initiator methionine, athough
they contain an internal methionine residue(s); however, they
probably begin with the 5’ ends of the respective open
reading frames because they have stronger homology in the
N-terminal quarter that precedes the internal methionine
residue(s). In this respect, we suggest that each of these pro-
ducts is generated by a spliced mRNA because one of the
several potential splice acceptor sites found in the pXpy, (see
Figure 3) and pX regions occurs at the very 5’ ends of the
respective open reading frames (Figure 4B). Supporting this
suggestion, the pX region of HTLYV type II, a retrovirus im-
plicated in hairy cell leukemia and closely related to HTLV-I,
contains a long open reading frame that is nearly identical to
the HTLV-I pX-1V and has a potential splice acceptor site at
its 5’ end (Haseltine et al., 1984).

Origin of the pX, (BL) Sequence?

The low but significant homology observed between the
putative pXpgp and pX products suggests that the pXg. and
pX sequences have diverged from a common ancestral gene.
This is consistent with our recent proposal that the pX(BL) se-
quence was somehow acquired by the common progenitor of
BLV and HTLV (Sagata et al., 1984b). The pX sequence of
HTLYV has been reported to be of rodent origin (Fukui et al.,
1983). However, we think it difficult to experimentally deter-
mine where the pX(py) sequence came from, because the se-
quences of pXpp and pX have diverged greatly from each
other (overall, <35% nucleotide homology), and also from
their possible common ancestral (cellular?) sequence. In some
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support of this, we no longer found significant difference in
the codon usage between the putative pXpg; product and the
other structural proteins of BLV, nor did we find any signifi-
cant homology between the pXg;. product and the >2500
known prokaryotic and eukaryotic gene products, including
many oncogene products and growth factors (our unpub-
lished observations).

Materials and methods

BLV DNA and sequence determination

The isolation and DNA sequencing of a molecular clone (\BLV-1; Japanese
isolate) of BLV provirus was described (Sagata ef al., 1983, 1984a, 1984b).
The subclone (clone 905-20) of the Belgian BLV isolate (Deschamps ef al.,
1981) was the gift of Drs. R. Kettmann and A. Burny. The pXg; region (3’
end portion) of this clone has a restriction map similar to our BLV isolate
(ABLV-1) (Sagata et al., 1983) and its DNA sequencing was done as previously
(Sagata et al., 1984b), according to the Maxam-Gilbert procedures (Maxam
and Gilbert, 1980) using [y-¥*PJATP (Amersham; 3000 Ci/mmol) and
polynucleotide kinase (Takara-Shuzo, Kyoto, Japan).

Computer-assisted analyses of the nucleotide and amino acid sequences

Two-dimensional homology matrix comparisons of the amino acid sequences
were performed by a computer program developed for distantly related pro-
teins (Toh ef al., 1983). A DNA version of this method was adopted for the
two-dimensional homology matrix comparison of the nucleotide sequences.
Alignment of the amino acid sequences were performed according to Needle-
man and Wunsh (1970), checked by hand and corrected if necessary.
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Note added in proof

The gag-pol junction which was commonly found in BLV and HTLV-1
genomes without apparent homology (Figure 1) was recently found to encode
a protease for cleavage of a gag precursor polyprotein (N.Sagata ef al., FEBS
Lett., December 1984).

Comparison of the BLV and HTLV genomes
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