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Abstract. We have recently published a new probabi- 
listic algorithm which performs genomic comparisons on 
a huge scale. In the present paper it was applied to im- 
munodeficiency viral sequences extracted from interna- 
tional gene databanks. During global sequence analysis 
of human (HIV1 and HIV2) and simian viruses by means 
of dot-matrix representation, series of homology were 
obtained which permitted the definition of families of 
viruses overlapping the species divisions. Sequences of 
interest were characterized to the lexical base sentence 
through successive zoomings. Strain-to-strain compari- 
son confirmed subfamily classifications and led, for ex- 
ample, to the identification of divergent LTR sequences. 
By way of example, we described the application of the 
algorithm to the ANT70C and MVP5180 HIV1-O vi- 
ruses, for which the observed differences were shown to 
correspond to a deletion in the U3 region, situated be- 
tween the LEF and NF-KB sites. It was of interest to 
consider these data in a tentative phylogenetic interpre- 
tation. 

Key words: Primate immunodeficiency virus - -  Ge- 
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Introduction 

Epidemiological studies revealed extensive divergence 
between the etiological agents of AIDS HIV1 and HIV2. 

Correspondence to: M.L.J. Moncany 

For example, a subtyping was necessary to distinguish 
the HIVls  ANT70C (De Leys et al. 1990; Vanden Haes- 
velde et al. 1994), MVP5180 (Vanden Haesvelde et al. 
1994) and VAU (Charnean et al. 1994), which were 
highly divergent from other HIVls.  More surprisingly, it 
has been observed that the chimpanzee virus (SIVcpz) 
presented genomic sequences which were more closely 
related to the HIVls  than to the other simian viruses 
(Vanden Haesvelde et al. 1994; Peeters et al. 1989, 
1992). Series of similar data, as reviewed by Myers et al. 
(1993), have kindled the conception of new viral studies 
based on the screening of viral genomes to determine the 
domain(s) which could be of interest in prospective phy- 
logenetic studies. However, the evolution of the HIVs is 
now generally considered in the perspective of recombi- 
nation events (Robertson et al. 1995a). This concept of 
"mosaic virus" made evident that gene-to-gene and do- 
main-to-domain comparisons lead to multiple phyloge- 
netic trees as reported by Gao et al. (1994) for HIV2, Jin 
et al. (1994) for viruses from West African green mon- 
keys, and Robertson et al. (1995b) for HIV1. The prob- 
lem of alternative phylogenetic positions justified global 
genomic analyses. 

Genomic comparison is a technique which is now 
widely used for the detection of homologies between 
different viral strains. Graphical representations of se- 
quence similarity have been in use for a long time (Fitch 
1969; Gibbs and Mclntyre 1970; McLachlan 1971; Mai- 
zel and Lenk 1981; Steinmetz et al. 1981; Novotny 1982; 
Hart et al. 1982; Staden 1982; Schwartz et al. 1991; 
Lef~vre and Ikeda 1994). They allow a fast "intuitive" 
comprehension even when integrating an increasing 
amount of computing data. The commonly chosen solu- 
tion is a dot-matrix representation which tends to form 
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diagonals  when a high degree of  similari ty on long 

strands is detected. However,  these methods are not only 
time and memory consuming but also limited in their 
range of  applications, particularly when the treated se- 
quences exceed 50-150 kb, depending on the algorithm. 

These problems have led us to design a probabilist ic 
algorithm designated PAGEC which exponentially de- 
creases the comput ing t ime (Courtois and Moncany  
1995). This has been verified by testing comparisons of 
up to 4 Mb/4 Mb, which were achieved in 13 rain. Fur- 
thermore, PAGEC is fast enough to permit  an interactive 
use as it compares genomes as large as 325 kb in 20 s 
with a single index (Courtois and Moncany 1995). In this 
paper, PAGEC was applied to the immunodeficiency vi- 
ruses. The homology domains of  the HIVls ,  the HIV2s, 
and  the S I V s  we re  r a p i d l y  d e t e r m i n e d  by  se l f -  
comparison of the computer-concatemerized genomes. 
They were represented by dot-matrix figures which were 
zoomed to obtain the distinctive lexical sequence. As an 

e x a m p l e ,  i t  a p p e a r e d  tha t  the  HIVIANT70C and 
HIV1MvP518 o diverged to a high degree from the HIV1 
group although they were described as both belonging to 
the HIV1-O subgroup (Vanden Haesvelde et al. 1994; 
Gtirtler et al. 1994). We  made similar striking observa- 
tions for the SIV group. In our studies, these differences 
were strongly emphasized when individual  divergent 
strains were compared to members of  their immunologi-  
cal group. Cross comparison between the different im- 
munodeficiency virus groups revealed high intragroup 
divergences and surprising intergroup homology. From 
these rapid screenings, we confirmed the current defini- 
tion of families of viral strains which were then consid- 
ered in greater detail in a phylogenetic interpretation. 

Materials and Methods 

Probabilistic Algorithm. The PAGEC probabilistic algorithm based on 
the creation of index tables and large key determination was tested on 
large genomes as previously described (Courtois and Moncany 1995). 
The comparison utilizes four parameters which can vary as a function 
of the length of the compared genomes and the homology rate. These 
parameters are: the number of indices, the index or key size, the maxi- 
mum number of mismatches (or transitions), and the sequence length. 
The two first parameters affect the quality of the data defined by the 
difference between the theoretical vs the practical results. They were 
estimated by mathematical calculations and determined by experimen- 
tations as reported in the article in which we detailed PAGEC (Courtois 
and Moncany 1995). In this work, the four parameters were set at 3, 8, 
3 and 25. The graphic representation is a dot-matrix picture in which 
one dot is printed whenever a successful comparison occurs. This hap- 
pens when the number of detected random mismatches is inferior to the 
number of mismatches allowed in a sequence of the previously fixed 
length. Under our conditions, a point is drawn when less than three 
randomly situated mismatches are found in a sequence of 25 nucleo- 
tides. 

PAGEC was implemented on an Ultrix system with an interactive 
system which allows successive zoomings to obtain the base sequence 
which is considered of interest. The program was written in C pro- 
gramming language. 

Genomes. The complete viral genomes selected for analysis were 
extracted from the Human Retroviruses and AIDS 1993 data bank 
(Myers et al. 1993) at the Los Alamos Laboratory. The studied viruses 
were composed of 21 HIVls, 10 HIV2s, and 17 SIVs as listed below: 

Human viruses 
• HIVI: BH102, CAM1, ELI, H3BH5, HXB2, JRCSF, LAI, MAL, 

MN, NDK, NL43, NY5, OYI, PV22, RF, SF2, SG3X, U455A, 
Z2Z6, ANT70C, MVP5180 

• H1V2: BEN, CAM2, D194, D205, GH1, NIHZ, ROD, SBL/ISY, 
ST, UC 1 

Simian viruses 
• Green Monkeys: AGM155, AGM3, AGM677A, AGMAA, 

AGMTYO, AXX 
• Sykes' Monkey: SYK (COM) 
• Macaque: MM142, MM239, MM251, MNE, STM 
• Sooty Mangabey: MMPBJA 
• Mandrill: MNDGB1 
• Chimpanzee: CPZ (CIV) 
• D particle forming SIV: MP, RV1 

The last SIVMp (Sonigo et al. 1986) and SIVRv I (Power et al. 1986) 
sequences were extracted from the Genebank database. 

In order to perform global analyses, the viral genomes were artifi- 
cially queued by family. These concatemerized genomes, named 
"allhivl," "allhiv2," and "allsiv," were assembled following the 
order indicated above. 

Results and Discussion 

Sel f -Comparison o f  the Viral G l vu p s  

The graphic representation of  the self-comparison of the 
artificially concatemerized HIV1 s (designated "a l lh iv  1" 
in the Figs.) displayed a corner-to-corner diagonal line 
resulting from the self-comparison of each viral strain 
(Fig. 1A). Continuous lines, which reflected perfect ho- 
mology, could not be drawn when different strains were 
compared: Some gaps corresponded to nonhomology 
zones (area A1), while others were due to missing LTR 
sequences (area A2). On the other hand, in area A3 we 
observed parallel lines which corresponded to repeated 
sequences. A single zooming confirmed that they corre- 
sponded to LTR sequences (data not shown). More strik- 
ing observations were made for the ANT70C (lines L1) 
and MVP5180 (lines L2) viruses. The weaker dotted 
lines indicated high divergence between these two sub- 
typed HIV1-Os and the other members of  the HIV1 
group, as has been proposed previously (Vanden Haes- 
velde et al. 1994; Gtirtler et al. 1994). Dispersed dots 
corresponded to point homologies between the different 
viral strains. 

The representation (Fig. 1B) of  the self-computation 
of the concatemerized HIV2s (designated "a l lh iv2"  in 
the figures) is similar to that for H I V l s  (Fig, 1A). Of 
par t icular  interest  were the HIV2D2O5 and HIV2uc  1 
strains previously described as being divergent (Gao et 
al. 1992; Kreutz et al. 1992), a result which was corrobo- 
rated on lines L1 and L2 of  Fig. 1B, respectively. 

The representation of  the self-comparison of  the arti- 
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Fig. 1. Self-comparison of the artificially concatemerized viral 
groups. A Self-comparison of the HIV1 group. Lines L1 and L2 
correspond identification to the allhivl/ANT70C and 
allhivl/MVP-5180 comparisons, respectively. Areas A1-A3 display 
an example of a nonhomology domain, an example of a gap 
resulting from missing LTR sequences, and an example of repeated 
sequences in the LTR, respectively. B Self-comparison of the HW2s 
group. Lines L1 and L2 correspond to the allhiv2/D205 and 
allhiv2/UC1 comparisons, respectively. C Self-comparison of the 
SIV group. Lines L1-L6 correspond to comparison of all the S1V 
viruses to AGMAxx, Sykes' monkey, sooty mangabey, mandrill, 
chiimpanzee, and the two MP and RV1 viruses, respectively. Areas 
correspond to the following comparisons: AI: macaque/macaque 
viruses. A2: example of macaque/AGM virus comparison. A3: 
AGM/AGM viruses except the AXX virus. A4: D-particle-forming 
virus self-comparison. 

ficially concatemerized SIV genomes (designated "all- 
siv" in the figures) was particularly informative. In Fig. 
1C, area A1 clearly displayed strong homologies be- 
tween macaque immunodeficiency viruses which were 
compared in this zone. Area A2, corresponding to the 
African green monkey virus vs macaque virus compari- 
son, showed that these two subgroups were composed of 
highly divergent strains. However, one should note the 
distinctive behavior of  the AXX African green monkey 
virus (Franchini et al. 1987), which behaved like a ma- 
caque virus (line L1). Area A3 revealed an intermediate 
situation with a variable level of  homology when African 
green monkey viruses were compared. The L2 lines in- 
dicated the Sykes' virus, which has weak similarity to 
other viruses (Hirsch et al. 1993). The SIVsMMPBJ A iso- 
lated from the sooty mangabey (Dewhurst et al. 1990) 
behaved like macaque viruses, as indicated on lines L3. 
The L4 lines corresponded to the MNDGB viral genome 
from the mandrill monkey, which highly diverged from 
all other simian viruses. MNDGB is known to be a sub- 
family generator (Tsujimoto et al. 1989). A similar ob- 

servation was made on lines L5, corresponding to the 
infected chimpanzee CPZ (Peeters et al. 1989, 1992). A 
striking divergency was apparent on lines L6, where no 
homology was noticed outside area A4, in which the 
homology lines of two strains appeared. The central di- 
agonal line demonstrated perfect homology resulting 
from self-comparison. The lateral lines indicated the very 
good homology between the two strains SIVMp and 
SIVRv ] (Sonigo et al. 1986; Power et al. 1986). They 
were included as controls as they are known to cor/e- 
spond to D-particle-forming SIVs, which never induce a 
lethal immunodeficiency (Sonigo et al. 1986; Power et 
al. 1986). Although belonging to the SIV immunological 
group, they represent an important genomic divergency 
which could be correlated to their particular etiology. 

Cross-Comparison Between the Three Viral Groups 

The HIV1/HIV2 cross-comparison (Fig. 2A) showed an 
equal distribution of the homology domains throughout 
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Fig. 2. Cross-comparison between the three viral groups. A 
Comparison between the HIV1 and the HIV2 groups. Line L1 
resulted mainly from missing LTR sequences. B Comparison 
between the HIV1 and the SIV groups. Lines correspond to the 
following comparisons: LI: allhivl/SIVce z viruses. L2: 
allhivl/D-particle-forming viruses. C Comparison between the H1V2 
and the SIV groups. Lines correspond to comparisons of the allhiv2 
concatemer and the following viruses: LI: AGM viruses except the 
AXX. L2: AGMax x virus. L3: Sykes' virus. L4: Macaque viruses. 
L5: Mandrill virus. L6: Chimpanzee vires. L7: D-particle-forming 
viruses. Area A1 corresponds to a point homology between the 
HIV2cAM2 and SIVrvl viruses. 

the viral genomes. Even for the highly divergent HIVls  
ANT70C and MVP5180, no important differences were 
evident, This rapid survey was sufficient to reveal empty 
lines (L1, as an example), which mainly corresponded to 
missing LTR sequences in the files retrieved from the 
databases. Similar observations could be made for the 
HIV1/SIV comparison (Fig. 2B) with, in addition, an 
empty zone corresponding to the highly different D- 
particle-forming SIVs (line L2). These viruses diverge 
entirely from both other SIVs and the HIVls .  Line L1, 
which resulted from comparing the simian chimpanzee 
immunodeficient virus (CPZ) to all the human HIVls ,  
clearly showed a closer relationship between the SIVcp z 
and the HIVls  than between all the other SIVs and the 
HIVls.  The juxtaposition of line L4 in Fig. 1C and line 
L1 in Fig. 2B revealed that SIVcp z was more closely 
related to the HIVls  than the SIVs. It is noteworthy that 
SIVce z presented a similar degree of  homology with 
divergent HIVls  ANT70C and MVP5180 and with the 
other HIV1 genomes. 

The cross-study of  HIV2s and SIVs (Fig. 2C) was 
highly informative when compared to Fig. 1C. The upper 
horizontal zone (Fig. 2C, line L1) indicated a high rate of  
divergence between the African green monkey viruses 
and HIV2s while the macaque and the sooty mangabey 
viruses were more closely related to HIV2s (line L4). 

The close relationship between the SIVAx x African 
green monkey virus and macaque viruses (line L2) and 
the distinctiveness of the Sykes' virus (line L3) con- 
firmed the results obtained in Fig. 1C. An unusual ob- 
servation was made for the wild-caught African mandrill 
virus (MNDGB), which behaved like African green 
monkey viruses (line L5) and presented a similar degree 
of  divergence when compared to HIVls ,  HIV2s, and 
SIVs. This reinforced the putative status of  the MNDGB 
virus, which has been proposed as a subfamily ancestor 
(Tsujimoto et al. 1989). In contrast to the observation 
made while cross-studying SIVce z and HIVls ,  the chim- 
panzee virus diverged greatly from the HIV2s (line L6). 
The poor homology between the D-particle-forming vi- 
ruses and HIV2s is shown on line L7. For instance, the 
zooming of a dot (area A1 in Fig. 2C) corresponding to 
a point homology between these two families of  viruses 
allowed the determination of  related base sequences. The 
T A T C A T T C A G T A C A T G G A T G A T A T C T -  
T A A T A G C T A G T G A C A G G A C A G A C T  and  the 
T A T T A T A C A T T A C A T G G A T G A T A T C C T -  
C A T A G C T G G T A A A G A T G G A C A A C  sequences are 
situated at positions 14,029 and 157,146, respectively, in 
the conca tena ted  genomes ,  co r r e spond ing  to the 
HIV2cAN2 (Tristem et al, 1991) and SIVRv 1 viruses 
(data not shown). 
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Fig. 3. Specific analysis of viral strains. A Comparison between the 
HIV1 strains LAI and NDK. B Comparison between the HIV2 strains 
ROD and D205. Area A1 shows homologies between LTR sequences. 

Specific~nalysis 

The genome analysis was refined by specific check pair 
comparisons. In a first computation series, we examined 
reference strains and confirmed the good concordance 
between, for example, the two HIV1 LAI and ELI (Ali- 
zon et al. 1986) genomes (data not shown). A similar 
degree of homology was observed between the LAI and 
NDK HIVls (Fig. 3A), although the latter has been de- 
scribed as a more infectious strain (Wain-Hobson et al. 
1985; Spire et al. 1989) and might have been expected to 
show a higher divergence. A similar check study made 
on HIV2Ro D (Clavel et al. 1986) and HIV2BEN (Kirch- 
hoff et al. 1990) strains (data not shown) gave similar 
results. However, the D205 strain (Gao et al. 1992), 
which was detected as being less homologous than other 
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Fig. 4. Comparison between the SIVcp z virus and the three viral 
groups. A Comparison with the SIV group. B Comparison with the 
HIV2 group. C Comparison with the HIV1 group• 

HIV2s on the general screening "allhiv2/allhiv2" re- 
ported in Fig. 1B line L1, was clearly confirmed in Fig. 
3B as a putative subfamily ancestor because of its greater 
divergence. The lines in area A1 (Fig. 3B) corresponded 
to homologies between LTR sequences. For viruses 
which induced shifted positions for these lines, authors 
had reported only single LTR copies at different extremi- 
ties of the genome. 

This study was extended to some divergent strains 
belonging to the HIV2 and the SIV groups. They differed 
from the HIVls and from the divergent strains HIV2mo 5 
and SIVcp z (Peeters et al. 1989, 1992) to a similar extent 
(data not shown), but from these observations no par- 
ticular connection could be established between the di- 
vergent strains belonging to the three groups. To clarify 
the distinctive behavior of the SIVcp z chimpanzee virus, 
additional analyses were performed (Fig. 4). Figures 4A 
and B showed an equal divergence between the SIVcp z 
and other simian viruses and HIV2s, while Fig. 4C 
clearly indicated a close relationship with HIVls. These 
conclusions were reinforced when the SIVcp v was com- 
pared to a selected African green monkey virus 
(AGM677A) (Fomsgaard et al. 1991), an HIV2 (ROD) 
(Clavel et al. 1986), and an HIV1 (LAI) (Wain-Hobson 
et al. 1985) (data not shown). Control comparisons per- 
formed pairwise  between  HIV1LA I, HIV2RoD, 
SIVAGM677A, and SIVMM2s 1 (Kestler et al. 1988) cor- 
roborated the known divergence between these viruses 
(data not shown). 
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Fig. 5. Comparison between the HIV1-OANT7OC virus and the three 
viral groups. A Comparison with the HIV1 group. B Comparison with 
the HIV2 group. C Comparison with the SIV group. 

Example of Detailed Analysis 

A detailed pair analysis was applied to the well-known 
divergent HIV1-OANT7OC (De Leys et al. 1990, Vanden 
Haesvelde et al. 1994) and MVP5180 (Gfirtler et al. 
1994) HIV1 strains, which clearly appeared highly di- 
vergent from other HIVls  in Fig. 1A lines LI  and L2. 
This was confirmed by comparisons of artificial strain 
concatemers and single virus comparisons. As an illus- 
tration, the comparisons between ANTTOC and the all- 
hivl, allhiv2, and allsiv concatemers were reported in 
Fig. 5A-C, respectively. More detailed pair comparisons 
exhibited the distinctive behavior of these to HIV1-O 
subtyped viruses. The LAI/ANT70C comparison (data 
not shown) confirmed the divergence described for these 
two strains, whereas ANT70C and MVP5180 were 
closely related, as reported in Fig. 6A. In area A1 the 
lines represented the comparisons of the repetitions of 
the LTR sequences at the extremities of the genomes. 
One should note the gap situated in the central part of 
these lines as well as in the portion of the central diago- 
nal line framed in area A2. The framed gap corresponded 
to the U3 sequences of the LTR. Successive zoomings 
were performed to delimit the endpoints of nonhomolo- 
gous domains from area A2. The two extremities of the 
gap were displayed together in Fig. 6B. They were des- 
ignated as areas A1 and A2 and described in Fig. 6C and 
D, respectively. As shown in these figures, the gap was 
s i tua ted  be tween  nuc leo t ides  145 and 382 for  
HIV1ANT7OC and between nucleotides 145 and 353 for 
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HIV1MvPsaSO. The detection of divergent LTR sequences 
was the consequence of a 29-base-pair insertion in the 
HIV1ANT70C genome. Notably, a similar observation can 
be made for HIV2 LTRs. A comparison between the 
HIVI and HIV2 LTRs indicated that about 100 bases are 
lacking in the HIV1 LTR immediately upstream of the 
LEF binding site. 

It must be emphasized that 25 extra bases in the 
HIVlai,rr7o c LTR were situated between the LEF and the 
first NF-KB fixation sites and five extra bases were lo- 
cated between the two NF-KB binding sites (Jones and 
Petterlin 1994). For the HIV1ANT70C virus, the LEF site 
was situated between nucleotides 328 and 334, the first 
NF-KB site between nucleotides 368 and 377, and the 
second NF-KB site between nucleotides 396 and 410. For 
the HIV1Mvp518 o virus, the LEF site was located between 
nucleotides 328 and 335, the first NF-KB site between 
nucleotides 344 and 353, and the second NF-KB site 
between nucleotides 367 and 381, the latter correspond- 
ing to the position of the first NF-KB site in HIV1ANTV0C. 
On the other hand, one base was inserted in the LEF 
fixation site for the HIV1Mvp51so, lowering the differ- 
ence to 29 bases. These 30 inserted bases contained a 
qua&'uplicate CTG motif organized as a tandem repeat 
and two separate single motifs. These data are in good 
agreement with the finding made by Vanden Haesevelde 
et al. (1994), who reported a triplication of the CTG 
motif upstream from the NF-KB sites. It is also note- 
worthy that the two NF-KB sites were not organized 
exactly like the HIV1 tandem profile described by Jones 
and Peterlin (1994) since 15 and 20 extra bases are in- 
serted between the sites of the MVP5180 and the 
ANT70C viruses, respectively. These inserted sequences 
contained a triplicate CTG motif organized as a tandem 
repeat and a single motif separated by the ACA sequence 
C T G C T G A C A C T G  instead of the single CT motif usu- 
ally encountered in the HIVls.  

Conclusion 

The present work investigated the computed homologies 
between different groups of immunodeficiency viruses, 
the HIVls,  HIV2s, and SIVs. The use of the PAGEC 
program, which we have described previously (Courtois 
and Moncany 1995), allowed rapid comparison between 
the different genomes. Its flexibility made different types 
of comparison possible, from cross-comparison of huge 
genomes to strain-to-strain comparison. All these analy- 
ses permitted identification of the domain of interest and, 
ultimately, the lexical base sequence. In our study, huge 
genomes corresponded to artificially concatemerized vi- 
ral genomes belonging to defined groups. They were 
labeled "al lh ivl ,"  "allhiv2," and "allsiv," and their 
self-computation time required 30-85 s. Computation 
time dropped to about 10 s when comparing concatemers 
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F i g .  6. Specific analysis of the HIV1-O viruses. A Comparison be- 

tween the two H I V 1 - O  A N T 7 0 C  and  M V P 5 1 8 0  strains.  A r e a s  A1 and 

A 2  showed divergence in the LTR sequences. B Zoom of  a rea  A 2  

indicated in A. The magnification of the gap in the LTR sequences 

allowed the visualization of the limits of  the nonhomology domains 

framed in areas A1 and A2. C Zoom of  a rea  A1 (left end of the g a p )  

framed in B. The base sequences reported under the graph detail the 
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homology domain visualized by the diagonal line. The number pre- 
ceding each of the sequences indicates the position of the starting 
nucleotide in the complete viral genome. The sequences belong, from 
top to bottom, to the HIV1-Os ANT70C and MVP5180. D Zoom of 
area A2 (right limit of the gap) framed in B. The base sequences 
reported under the figure are defined as in C. 

to a single genome, reaching only a few seconds for pair 
comparisons. 

The concatemer comparisons were considered to be a 
rapid screening technique allowing the differentiation of 
homologous and nonhomologous domains, such as those 
resulting from omitted LTR sequences and redundancies 
in these sequences and, more strikingly, strain diver- 
gence (Fig. 1). This was possible for the HIVls  ANT70C 
and MVP5180 (Fig. 1A), the HIV2m05 (Fig. 1B) and the 
SIVcvz (Fig. 1C). The flexibility of  the system also al- 
lowed the direct detection of  remarkable homologies in 
the LTR sequences. 

The variation observed in the extent of  homology led 
to artificial concatemer/individual strain comparison and 

to cross-comparisons between viral strains. Such com- 
parisons confirmed the divergence previously observed 
for particular viral genomes and allowed tentative phy- 
logenetic interpretation. For instance, these comparisons 
clearly demonstrated that the SIV chimpanzee virus is 
more closely related to HIVls  than to SIVs and HIV2s 
(Figs. 2B and 4) (Vanden Haesvelde et al. 1994; Gtirtler 
et al. 1994; Peeters et al. 1989, 1992; Huet et al. 1990). 
However, viruses infecting macaque monkeys, as well as 
the single African green monkey AXX virus (Franchini 
et al. 1987), had a tendency to be organized like the 
HIV2s (Fig. 2C). Another striking observation concerned 
MP and RV1 viruses, which have been described as D- 
particle-forming viruses which do not induce lethal im- 
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munodef i c i ency  (Sonigo et al. 1986; Power  et al. 1986). 

All  the compar isons  we  made  conf i rmed  their  specif ic  

identit ies as D part icles possess ing only point  homolo -  

gies wi th  other  viruses.  These  homologous  domains  were  

also local ized  to the L T R  region.  

The  me thodo logy  used in this study (which led to 

conf i rming  h o m o l o g y  observations) ,  when  fo l lowed  by 

more  ref ined sequence  analysis,  is essential ly a rapid 

means  o f  der iv ing  phy logene t ic  trees. Moreove r ,  this 

type of  survey is h igh ly  useful  in the select ion o f  do- 

mains  which  should be  studied in greater  detail. F igure  

6 A - D  presented  an example  o f  such an analysis. F r o m  

the a l l h i v l / a l l h i v l  compar ison,  we  ver i f ied  the specif ic  

subtyping of  the two HIV1-Os  A N T 7 0 C  and M V P 5 1 8 0  

(De Leys  et al. 1990; Vanden  Haesve lde  et al. 1994; 

Gtirtler et al. 1994). The  pa i rwise  compar i son  of  these 

strains (Fig. 6A) revea led  a gap in the L T R  sequences,  

wh ich  usua l ly  co r re spond  to w e l l - c o n s e r v e d  reg ions  

(area A2).  Z o o m i n g  for each ext remi ty  o f  the gap al- 

l owed  the ident i f icat ion o f  the d ivergent  sequence  (Fig. 

6 B - D ) .  The  gap was shown to correspond to an extra 

29-nucleot ide  sequence,  present  only in the A N T 7 0 C  

L T R  sequence  and pos i t ioned be tween  the L E F  and the 

first NF-KB fixat ion site. Our sequence  study poin ted  out 

that this domain  contained a quadrupl icate  of  the C T G  

mot i f  descr ibed by Vanden  Haesve lde  et al. (1994). 

In conclusion,  by using P A G E C  and the conca temer-  

izat ion method,  a g lobal  analysis accompl i shed  in a few 

seconds permit ted  the detai led ident i f icat ion o f  d ivergent  

viral  strains and led to the character izat ion o f  some dis- 

t inct ive lexical  base sequences.  The  data p rov ided  an 

immedia te  i l lustrat ion of  viral  famil ies  and the unique  

behav ior  of  some  strains such as the SIVcp  z and SIVAx x 

viruses. They  also led to a fast intui t ive assessment  of  the 

studied sequences  and to the select ion of  more-or - less  

homologous  domains.  The  study of  the organizat ion o f  a 

subregion of  the H I V 1 - O  L T R - - f r o m  a genomic  com-  

parison to the ident i f icat ion of  a short base s e q u e n c e - -  

demonstrates  the e f f ic iency  of  the me thod  for molecu la r  

genet ic  invest igat ions.  
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