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ABSTRACT KEYWORDS
Lentiviruses are characterised by high genomic flexibility due to multiple LTR;
recombinations. The genomes are composed of many parts from different HIVs,
strains and show an alternation of long variable and short conserved do- SIVs,
mains which can evolve differently and independently. For primate Primatelentiviruses,
lentiviruses conserved domains correspond to LTR-promotor regulatory Regulatory sequences,
sequences and it is of particular interest to understand how important Recombination;
genetic elements such as lentiviral-derived LTRs evolve. The analysis of Evolution crossroad.

382 LTRsextracted from 298 primate lentivirusgenomesincluding HIV-1,
HIV-2, Macague, African Green Monkey, Sooty Mangabey, Chimpanzee,
Mandrill and Syke’s viruses is reported in this paper. We compared the U3
promoter sites responsible for cellular-related regulatory proteins binding
from upstream USF/Ets1 sequencesto the TATA-box. The present investi-
gation reveaded a clustering of the different regulatory sequences that
clearly appeared as belonging to distinct HIV-1 or HIV-2 like-groups. The
nucleotidic sequencesfrom simian viruses showed characteristicsthat were
shared by the two generic groups with occasionally slight modifications
peculiar to the concerned viral species. This situation allowed a better
subtyping distinction of the mosaic simian lentiviruses. More striking was
the occurrence of modified arrangements of these conserved sequences
revealing either atotal or partial HIV-1 or HIV-2 organization. Some se-
guencesexhibited adual HIV-1/HIV-2 organization, which wasrepresenta-
tive of Chimpanzee and African Green Monkey viruses. Thusthe question
arises about ancestral lentiviral sequences from which the recombinations
produced new emerging viruses to form evolution groups. Then we sug-
gest amodel in which the AGM genomes represent akey crossroad in the
herd evolution of primate lentiviruses.

© 2012 Trade ScienceInc. - INDIA

INTRODUCTION “mosaic virus” and “quasi species” (for areview see

Krebset dY), whichintegratethe non-uniform varia-

Thelentivird genomeisunder continuousrecombi-  tion occurringa ong thegenome between different genes
nation leading to the now generaly admitted notionsof  and even parts of asingle gene (e.g.l4). Theseviruses
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can adapt to changesin the environment to alow con-
tinued reproduction and ensureinfection spread. The
conserved domainsof thelentivira genomesare essen-
tia for vira expression and virulence. Their preserva
tionisimportant for thegroup evol utionthrough aper-
manent genomic reshaping. Numerousinvestigationson
lentivirusevol ution based on thecomparison of asingle
or afew genes, and partsof genesraised the difficulty
to establish clear evol ution treesthat vary among the
different studies (e.g.l>9).

A reliableattempt wasposs blewhenusing detailed
compari sons between key sequenceswhich should be
conserved through evolution or modified in aconser-
vativeway, i.e. in an analogous approach such asde-
fined by Bonhoeffer et dl”. Thesemodificationsshould
be coherent in the studied viral sub-group and should
form familiescharacteristic of the proper group. A first
approach was to identify Conserved Lentiviral Se-
quences(CLS) aslandmarksof genomicflexibilitywhich
evidenced aviral sub-typing®. Fromthat study, it ap-
peared that the ssimian and other mammal lentiviruses
could berelated either toHIV-1 or HIV-2group and it
was of interest to examine such adistribution through
other well conserved domains.

Thelossof phylogeneticinformation observedin
recombinating sequences® 1% |ed usto the subsequent
step which wasto check the stable sites binding the
cdlular-reated regulatory factorsinthe LTR promoter
U3 domain and to compare the mapped organi zation
of theprimatelentivirusLTRs. Thispaper presentsthe
computer anays sfor thepromoter regulatory sequences
of 382 LTRsbelongingto 298 primatelentivirusesfol-
lowed by the studies of their organi zation. We reconsti-
tuted the U3 part from the TATA-box to the upstream
USF/Ets1 sequences (i.e. the coreand modulator ele-
ments). For this purpose 223 HIV-1, 38 HIV-2 and
121 simian LTRswere analyzed, either singleor ex-
tracted from compl ete genomes. Such detailed com-
parisonsalowed to determine modificationswhich led
to clearly distinguish between the HIV-1and HIV-2
type sequences. A globa survey showed anincreasing
divergenceand complexity of thestructuresfrom HIV-
1toHIV-2upto simian ones. Morethan the confirma:
tionof thevird affiliation previoudy reported for CLSS9,
this permitted a subtyping to avoid the confusionin-
duced by thelentiviral genomic mosaic structure. The
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simian LTRsgenerally presented either aHIV-1or a
HIV-2 bel onging with some unexpected dua HIV-1/
HIV-2 onemainly for African Green Monkey (AGM)
viruses. The combined studies of nucleotidiclexical
variationsand of U3 genera organization led to con-
Sder theresultsobtained asidentifiersof thevird strains.
These characteristicsmay point to either anincomplete
convergence phenomenon or apotentia herd evolution
schemewhen cond dering common ancestral sequences.
Such dataled usto consider the AGM virusesas an
early landmark inthe suggested evolution modd.

MATERIALSAND METHODS

Completegenomesand singleLTRs

Thereferenced lentiviral complete genomesand
single LTRswereextracted from Genbank database.
Thelist of analyzed sequencesisreported in“Supple-
menta data” available on line. These sequences repre-
sent 223 LTRs belonging to 176 HIV-1 strains (no-
ticed 223/176, comprising 10 HIV-1-O and 213 HIV-
1 other strains), 38/27 for HIV-2sand 47/39, 34/27,
19/11, 12/10, 6/6 and 3/2 for Macagque, African Green
Monkey (AGM), Sooty Mangabey, Chimpanzee
(CPZ), Mandrill and Syke’s viruses, respectively.

M ethodology

Several published papers presented different
schemesfor theHIV-1 LTR organization (e.g.[t 1-14)),
Inthe present work we chosefor HIV-1sthe sequences
describedinthereview by Jonesand Peterlin@ asmany
of theregulatory domainsreported in other paperscor-
responded to split parts of these sequences. For iden-
tical reasonsand to allow aharmonization between dl
regulatory lentivira sequences, wesdected for HIV-2s
those described by Guyader et a*. Thereference se-
quenceschecked for detection in humanand smianvi-
ruseswere:

- HIV-1. TATA-box: TATAA, SP1/1:
GGGGAGTGGC, SP1/2: TGGGCGGGACT, SPY/3:
GGAGGCGTGGC, NF-kB1l: GGGGACTTTCC,
NF-kB2: GGGACTTTCCG LEF: TTCAAGAACTG
Etsl: GCATCCGG USF: CACATG,;

- HIV-2: TATA-box: TATAAA, SP1/1:
GGTGGGGAAC, SP1/2: TGGGAGGAGC, SP1/3:
AAGGGAGGGAC, NF-kBl: GGGGCTGTAAC,
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NF-kB2: GGGACTTTCCA, LEF: GGAA
GTAGCTA, Etsl/1l: GTACCCAG, Etsl/2:
ACATCCAG USF: CACAAG

The crudeviral sequenceswere extracted from
Genbank and the LosAlamos Laboratory data bank
and corresponded either to LTR domainsor complete
genomesfromwhich only LTRswereconsidered. They
werelisted and analyzed following aspecific program
based on an algorithm that we designed, which per-
mitted an automatic research of the desired sequence?
818 Thead gorithm, used to match the sequences, was
appropriateto find reference-rel ated sequences, up
to 30-50 bases. Some of the latter corresponded to
regulatory sitesal so characterized by their respective
positionson theviral genome. Thismethodisnot a
usual alignment process but aresearch of sequences
bearing particular properties. Thus, the studies con-
sidered both the nucl eotide sequence (lexical deter-
mination) and therelative position of thesitein the
LTR. Someof the detected sequences had avariabil-
ity superior to 30%, whichisthought to delimit gener-
aly admitted jumpfrom onefamily to another oneand

might fit with apossible biological significant diver-
gence®. For comparison, another step studied se-
quenceswith avariability inferior or equal to 30%to
thereference sequencesasdiscussedin thefirst chapter
of “Results-Discussion”. The regulatory sequences
weredistributed under the HIV-1 or the HIV-2 type,
those presenting the same number of transitionsto be
part of the HIV-1 or HIV-2 typeswere named “dual
sequences’.

RESULTS-DISCUSSION

The analysis of the LTR U3 part of primate
lentiviruses considered the number and the nature of
the conserved regul atory nucl eotidic sequences (Fig-
ure 1, supplementary dataavailableonline; TABLES
1 and 2) and their mapping organization (Figures2to
7). Thetype of association between the regulatory
sequenceswasinvestigated in order to define either
HIV-1 (yellow boxes) or HIV-2 (blue boxes) asiden-
tifier types. Sequenceswhich presented the same num-
ber of nucleotidetransitionsto correspond to HIV-1

TABLE 1: LTR regulatory sequencesof human and simian genomes. Thefirst lineindicates, fromright toleft in order to
reproducetheor ganization of theLTR, thenameof thestudied sequencesfrom the TATA box upstreamtothe USF domain. The
yellow, blue, green and whiteareasrepresent HIV-1, HIV-2, dual HIV-1/HI V-2 and non-sequences, respectively. Thesear eas
areproportional tothe per centage of therespectivedetections. TheHIV-1* quotation indicatestheviral strainswhich do not

bdongtotheHIV-1-O type.

T Regulatory
Viruses ——_ Sequences

USF ETS1 LEF

NE-xB2

NE-xBl SP1/3 SP1/2 SP1/1 TATA box

HIV-1
(223 LTRs)

L HIV-1*
(213 LTRs)

“HIV-1-0
(10 LTRs)

Chimpanzee
(12 LTEs)

AGM

(34 LTEs)

Sooty Mangabey
(19 LTRs)

Svke’s
{3LTRs)

HIV-2

(3B LTEs)

Macaque
(47LTEs)

Mandrill
(6 LTRs)
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TABLE 2: Number and percentageof LTR regulatory sequencespresenting variations< 30% . For each sequence, thethree
columnsindicated thenumber of sequencespresenting variations< 30%, thetotal number of studied sequencesand the
per centage of sequences presenting variations< 30%, respectively. Thecolorsareasfor Table 1. The HIV-1* quotation
indicatestheviral strainswhich donot belongtotheHIV-1-O type.

USF Etsl LEF N F-kB /2 NF-kB /1 SP1/3 SP1/2 SP1/1 TATA box
165 194 85 119 121 98 185 221 84 191 202 95 222 229 97 203 212 96 183 190 96 217 218 100 223 223 100
HIV -1 18 |20 | 90| 19 [ 22| 90] 2 2 [100] 52 [ 52 |00] o 2 0 9 [ 12 | 75 | 35 | 36 | o7
4 | 25 | 16 | 91 | 92 | 99 2 2 |wo]| o 6 0 1 2 | s0
154 178 87 117 119 98 181 212 85 191 202 95 213 219 97 201 208 97 176 180 98 210 | 210 | 100 213 | 213 | 100
HI 1% 1 |13 |es| 7 7 |wol| 1 1 | o] a2 | a2 [100] o 2 0 9 9 [100 ] 32 [ 34 | 04
3 |22 | 14 | 86 | 86 [ 200 2 2 |wo]| o 6 0 1 1 | 100
u | w6 |69 | 2 2 |1w0] 4 9 | 44 9 | 10 |90 ] 2 4 |so | 7 |0 [70]| 7 | 8 |ss 10 | 10 |1oo
HIV-1-0 7 7 [wo| 12| 14 |8ss] 2 1 | o] 10 | 10 | 100 0 3 0 2 2 | 100
1 3 33| s 6 | 83 0 1 0
1 1 | 100 2 2 | 100
HI -2 62 | 87 | 70 | 62 | 67 | 93 | 36 | 38 | 95 | 36 | 36 | 00| 38 | 38 |1oo 39 | 39 |1oo 38 | 38 |1oo 38 | 38 |1oo 38 | 38 |1oo
o | 18 0 8 8 | 100
T ACARTEE 50 | 50 [100] 3 | 47 | 6 | 54 | 5a [100] 8a [ 01 | 902 47 | 47 |1oo 47 | 47 |1oo 23 | 23 |1oo
SHIV 31 | 94 | 33 | 44 | 44 | 200 ) 2 0
51 | 53 | 96 | o 9 |0 | 22|22 [100] 7 7 | 100 9 | 9 |1oo 36 | 38 | o5 | 33 | 33 [ 100 ] 33 | 33 | 200
AGM 47 61 77 22 31 71 [ 4 [ 45 45 100 1 | 1 |100 24 24 100 1 1 100 1 1 100
3 1 | 27| 16 | 19 | 84
2 2 | 100 1 1 | 00 17 | 17 | 200
SOOTX 20 | 21 | o5 | 20 | 20 | 200] o | 19 | o | 3a | 34 |1oo 18 | 18 [ 100 21 | 21 |00 | 10 | 19 |1oo 19 | 19 |1oo
MANGABEY
0 15 | o | 14 | 14 | 200
1 | 1 |1oo 1 2 | s0 | 3 | 3 |1oo
SYKES's 2 2 | 100 3 | 3 | 00 | 1 | 1 | w00 | 2 | 2 | 00| 3 3 | 100
1 1 | 100 0 1 0
4 | 4 | 100
MANDRIL 5 | 15 | 33 | 7 | 10| 70 1 | 1 | 100 | o | 9 | 100 1 | 1 | 00| 3 | 3 | 100
3 3 | 100
3 3 100 2 | 2 | 100 8 | 12 | 67 7 7 100 4 | 4 | 100 6 | 7 | 86 17 19 89 12 | 12 | 100
CHIM PANZEES 3 7 43 16 16 100 2 2 100
0 5 o | 14 | 14 | 100 0 | 2 | 0 0 1 0

or HIV-2 type (green boxes) were named “dual se-
quences’.

Determination modeof LTR classification

In the present paper, the viral character was ob-
served usi ng asreference sequencestheregul aory ones
reported by Jones and Peterlin*d for HIV-1sand by
Guyader et a™ for HIV-2s. They were compared to
those reported by Krebs et all¥ which corresponded
to moresplit sequences. Asan example, theAGM char-
acteristicswere studied using thetwo groups of refer-
ences and the results are shown in a supplementary
TABLE availableonline, Sheets3and 4. When using
the Jones and Peterlin/Guyader references, aclassica
HIV-1 or HIV-2 belonging was detected together with
adua HIV-1/HIV-2 characteristic. Thelatter was not

totaly identified when referring to Krebs et al™ since
morethan onethird of the sequencescould not beclas-
sified. Thusthe sequences could belong elther to HIV-
1 or HIV-2 according to the cons dered modifications
of thenucl eotidic domain reference. Thesplit sequences
permitted refined Sudiesof theviral expressionregula
tion!, whereas the sequences we chose alowed the
harmoni zati on of thehuman and 9 mian domainstogether
with theHIV-1 and HIV-2 classfication, thetwo types
of studiesbeing complementary.

In addition to the compared lexical construction of
the domains (nucl eotide alignment), the short regula-
tory sequenceswereretained when locdized at apos-
tion corresponding to that of thereferenceone. A HIV-
type connection was possible and agloba belonging
(HIV-1, HIV-2 or HIV-1/HIV-2 types) was established
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Figurel: Digribution of LTR regulatory sequencesof simian virusesaccor dingto HIV belonging. Regulatory sequencesare
depicted from the TATA upstream to the USF sequence, fromright toleft in order toreproducetheor ganization of theLTR.
Thebar srepresent the per centage of each consider ed sequences. Color ed bar scorrespond to sequencespresentingavaria-
tion <30% and yellow, blueand green barsarefor HIV-1, HIV-2and dual HIV-1/HI V-2 sequences, respectively. Spotted bar s
show theper centage of sequenceswith variations>30% . HIV-1* quotation indicatestheviral srainswhich did not belongto

HIV-1-Otype.

for al the sequencesfor each virusfamily asreported
on TABLE 1. Further we studied the sequenceswhen
presenting variationsfrom the reference sequencesin-
ferior tothethreshold leading to the generdly admitted
speciesjump, i.e. inferior or equal to 30%. Thenum-
ber and the percentage of these sequencesaredetailed
inTABLE 2, whichdlowedtodraw Figure 1. There-
sultsobtained under these conditionswereclosetothose
shownwith all thesequencesin TABLE 1. Only part of
the sequences presented variations superior to 30%for
afew smianviruses(seespotted barsin Figure 1). They
werelocalized at theright positionfor each considered
sequence and were mainly situated inthedistal pro-
moter (LEF, Etsl, USF). These sequencesdid not in-
tervenein the promoter basal activity but principalyin
theviral host adaptation as discussed bel ow. Conse-

quently, our studieswere pursued considering al the
sequenceswhen positioned at theright place.

Regulatory domain connections

U3 conserved domainsare specific when consid-
ering the nature of the nucl eotidic sequences (supple-
mentary data available on line). The reference se-
guencesweredetected in thehumanand simianvira
LTRsamong families characteristic of the HIV-1 or
HIV-2 reference group or both of them (dual HIV-1/
HIV-2 belonging). The human viral LTRs presented
exceptionswhen HIV-1 sequenceswerefound in HIV-
2L TRsand conversaly (mixed belonging). TABLE 1
and Figure 1 summarizethe connection of thesimian
LTRsto thehuman ones, upstream the USF sequences
tothe TATA-box. Generdly thesimian LTRsbel onged
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numbersof indicated base pair srepresent thedistancebetween theregulatory sequences. The“standard” HIV-1 organiza-
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ether toHIV-1or HIV-2’s upstream from the TATA-
box. The CPZ and about haf AGM virusesweremainly
related to HIV-1, while Macague, Sooty Mangabey,
Mandrill (except for haf of the TATA-box) and Syke’s
viruseswerecloseto HIV-2.

IntheHIV-1sand HIV-2stheregulatory sequences
were homogeneous except for the HIV-1-O viruses
which exhibited amixed belonging. Two types could
bedistinguishedin simian viruses: either they were of
the HIV-2 referencetype (M acague, Sooty Mangabey
and Mandrill viruses) or they presented apreferential
connection with many uncertainties, CPZ toHIV-1sor
AGM to HIV-2s. Generally, the proximal regulatory
sequenceswhichmainly direct thevird expression (SP1,
NF-xB) wereclearly discriminated whilethedistal ones
(Etsl, USF) presented ahigh rate of dual sequences.
Such characteristic showed that these viruseshad no

rigid organization but large adaptation flexibility to the
host or external events. When all the regulatory se-
quencesweredistributed without taking into account
the 30% step of variations (see Materialsand Meth-
ods), theschemeexpressed in TABLE 1 wasconserved
when compared to that designed on Figure 1. How-
ever two main differences appeared for the LEF se-
guenceswhichweretypical of HIV-2in Macagueand
Sooty Mangabey viruseswhilethey were not attrib-
utedinFgure 1. Thissequenceambiguity corresponded
to the viral host-adaptation phenomenon through
ETs1317 LEF?® or/and USF*9. Cédll-type specific
vird replication can beinfluenced by either SP1/3 or
NF-kB sited’* 29 respectively, aswell asboth?l, The
overlap of SP1 and NF-xB sitescomplicated also the
analysig? asdid somedua belongingforms(e.g. SP1s
inHIV-1or Chimpanzeeviruses). Theuseof LTR se-
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Figure3: Schemeof theHIV-2LTRs. Seelegend Figure2. The“standard” HIV-2 organization and 8 of the more represen-
tativemodified LT Rsaresketched which only differed upstream theL EF domain.

guencesfor subtyping? through the control of gene
expression by host factorg?! illustrated the “herd evo-
[ution” as for example HIV-1 adaptation to its human
hogt even after independent cross-speciestransmissons
of SIVIA4,

Global LTR organization

When consi dering the U3 organi zation, the HIV-1
standard organization (Figure 2) was generally con-
served except for some noticeabl e cases. For example,
the HIVF12 strain showed arepetition of the SP1/3-
NF-xkB2 domain between NF-xB2 and LEF se-
guences, whilethe HIV-1-O subtype (ANT70C and
HIM 302646 strains) was modified upstream the NF-
kB1 sequence. Theinversion of the LEF/NF-xB2 part
intheANT70C together with theaboveinsertioninthe
HIVF12 strain revea ed recombination events previ-
ously reported (e.g.l* ). TheHIV-2 standard organi-
zation (Figure 3) appeared well conserved from the
TATA-box to LEF domain, whereasthe upstream re-

gion exhibited specific combinations between theregu-
latory sequences. Onethird of thestudied LTRs pre-
sented an extra USF box between NF-xB and LEF
without noticeable connectionwith virulence. Theglo-
bal organization of HIV-1 and HIV-2 LTRswas gen-
eraly maintained when the modifications occurred af-
ter the NF-kB/LEF proximal region. They consisted
mostly in discrepanciesin the position and the number
of occurrencesof ETsl, LEF and USF distal domains.
Only afew overlapswere noticed indicating that the
evolutionistill ongoing: themoreoverlgps, thelessthe
structurecan evolve.

For the simian viruses, the standard organization
wasnoted only for Macagueand Sooty Mangabey ones,
which represented 85% and 42% of thestudied LTRS,
respectively (Figures4to 7). More complex werethe
observationsfor the other simian virusesas many di-
vergenceswerereveaed insidethe species. Thegen-
erd organizationwas conserved from TATA-box to NF-
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kB 1 with minor modifications and then specific struc-
turesintervened upstream. The CPZ viruseswerere-
lated to the HIV-1s (Figure 4) while the Macaque,
Sooty Mangabey, Mandrill (either mnd1 or 2 subtypes)
and Syke’s viruses were to HIV-2s (Figures 5 and 6).
The Syke’s viruses presented two SP1/1 sequences
framing either aSP1/2 or a SP1/3 oneand they exhib-
ited typica inverted NF-kB/USF domains (Figure 6).
AGM virusesoffered themost diversified Sructurere-
vealing differences between thefour host sub-species
(Figure 7A and B). Generally the host specificity was
clearly noticed : Sabaeus (SAB 1C, SIU 21093, SIU
04008-04015) and Tantalus (SIU 58991, SIU 04016)
onFigure7A, Grivet (SIU 040006, 04007) and Vervet
(SIU 04017, SIVAGM3, SIVAGM 155) on Figure 7B
but some strains had a common organization as
SIVREV (Sabaeus) and SIVAGM 90 (Vervet) without
particular host specificity (Figure 7B). Thisrecdled the
AGM viruses subtyping reported by Jin et al®. Such
LTRsshowed ahighly variable organization sometimes

host-specific or belonging either to HIV-1, HIV-2 or
both, which couldimply adua mapping organization.

Specificity of smian LTR organization

Onthewhole, it wasclear that each ssimian virus
owned apromoter presenting acharacteristic organi-
zation for SP1 and NF-xB domains(TABLE 3). The
SP1 domain was generaly triplicated and the NF-xB
duplicated asin HIV-1sand HIV-2s. When referring
toFigures2to 7, these Sitespresented avariabledistri-
bution of SP1/1, SP1/2 and SP1/3 or NF-xB, and NF-
kB,. Three SP1 sequenceswerefound in CPZ (some-
timesonly two), Sooty Mangabey, Syke’s and AGM
viruses. Thelatter had alargerangeof exceptionswith
4, 2 or 1 SP1 sites. The Macaque viruses exhibited
only two SP1 sequenceswhen theMandrill viruseshad
mainly one. TheNF-xB, sequenceswereduplicatedin
CPZ, Mandrill and AGM viruses, which sometimes
presented asingle NF-xB, siteor aclassical NF-xB,
plusNF-xB, organization for theY 00295AGM virus
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Figure7: Schemeof African Green Monkey LTRs. Seelegend Figure 2. All thestudied LTR organizationsare shown.

(former RESIVAXX). However, thelatter result cor-
responding toamixed organi zation betweenAGM and
Macague viruses may belinked to the production of
virionsafter aninfection of AGM with aMacaquevi-
rus?l, Such organization was seen for the Sooty
Mangabey viruseswhich exceptionaly showed oneor
two extraNF-xB, sequences. The Macague viruses
usually exhibited two NF-xB, plusone NF-kB, sites,
but sometimeshad the opposite organization with one
NF-xB, andtwo NF-xB, sites(SIU 72748 train). The
DQ 201172-74 strains presented a double NF-xB,
plusadouble NF-xB, adjacent positions. The Syke’s
viruses showed NF-xB, plusNF-xB, or double NF-
kB, sequences.

Thedistribution of USF, LEF and Ets1 domains
wasdifficult to unravel, the number and the position
varying highly ineach viral category and from acat-
egory to another one. One should note that some con-

stant model was maintained in spite of thevariations.
Asan example, the MacaquevirusesLTR presented
variations only after thethird NF-xB sequence. The
total length between this NF-xB and thelast detected
sequence was globally constant when considering the
different regulatory sequencesand spacers, (Figureb).
Theseobservations plusthe sequence overlgppingsem-
phasi zed the genomi ¢ reshaping occurring inthat re-
gion, which wasalso seenfor theother Smian viruses,
the Syke’s one being the simplest. Nevertheless, AGM
virusesexhibited themost divergent organi zation (Fig-
ure7) whenanearly smilar number of LTRswereana
lyzed for Macaqueand AGM viruses. Thelimiting fac-
tor of these studieswasthe number of retrieved LTR
nucleotidic sequences, especialy for Mandrill and
Syke’s viruses.

Regulatory domain or ganization and virulence
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Figure8: Proposal for primatelentivirusevolution

TABLE 3: Digribution of SP1and NF-KB in simian viruses
LTRs. Number srepresent themaj or frequenciesof SP1and
NF-KB detection, the minor ones being indicated in
parentheses.

Regulatory Sequences

— - NF-KB SP1
Simian Viruses

Chimpanzee 2(lor3) 3(2
Macaque 34 2
Sooty Mangabey 20r3(4) 3
Mandrill 20rl 12
Sykes’s 2(0) 3
African Green Monkey 2o0rl 3(1,20r4)

Our resultsindicated that the LTRsareunder aper-
manent recombination process. However any reshap-
ing obtained should awaysbefunctiona and present a
maximal efficiency. In spite of these structural modifi-
cations, theglobal length of the enhancer domainwas
maintai ned when only the viableand magjor structures
were detected, which biased the statistical interpreta-
tions. From another point of view, it wasdifficult to
establish therel ationship between both thenumber and
type of the regul atory sequences and the subsequent
infectivity of the considered virusesuptotheir clinica
consequences. Asan exampleof such complexity andy-
sis, the Sooty Mangabey AF077017 that presented a
“standard organization” (Figure 5) has been described
as aneuropathogenic strain? when the other ““stan-
dard” virus SIVMM 251 appeared to be non-patho-
genicd?,

Theincreased number of NF-kB domainshas been
suggested to augment thevira virulence. For example,

the Sooty Mangabey PBj14 strain (SIVSMMPBJA)
which presented three NF-xB sitesinduced an acute
immunodeficiency diseasd® and the PBj6.6 (SIV 6p6,
5%) one which had four NF-xB Stesgppeared asacutely
lethal . Ontheother hand, it isworth noting the HIV-
1 HIVF12 which presented aduplicated SP1/3-NF-
kB/1-NF-xB/2 region has been described as a non-
producer clonewhich did not release particlesin the
medium®. Thiscanindicate aspecific behavior re-
lated to the host (human or not). It must be connected
tothefact that aSIVmac was ableto replicatein ab-
senceof the core enhancer whenit wasnot possible
for ahuman virustype 1 or 2 to do sof*> %1, Thesefacts
rai sed the question of adaptive changesin simian vi-
rusesto confer pathogenicity in humans(reviewed in?*
1), They reinforced the numerous datacbserved for a
host-virus adaptation during cross-infectionswith Ssm-
ianviruses. Studieson virulencemainly involveregula
tory sequences and associated proteins of theproximal
promoter. However thevira expressionistheresult of
complex cascade-combinationsinwhichthedista pro-
moter playsimportant rolesasin host specificity and
virus-hostinteractions.

L eading to amodé of putativeevolution

Thedifficulty to build lentivira phylogenetictrees
currently reported in the literature was due parti cu-
larly to multiple-originated genomic segmentsor non-
sati sfactory computing methods. The mosai ¢ recom-
binant viral structurewasearly considered asmaking
complex the establishment of evol ution trees depend-
ing on the genomic segment origin® 34, Moreover,
recombination should induceloss of phylogeneticin-
formationt® 1%, Another difficulty was the choice of
computing methodswhich can underestimate thevari-
antg* and al so betime-consuming“?. Themain prob-
lem concernsthe composition of databases*d and their
definition asthe choice of parameters used for com-
putation'“-4¢l, The methods can |ead to fal se positive
rate”l, incoherent data®, underscorevariantsby ig-
noring some recombinationsin phylogenetic andysis®
or even incompl ete datainterpretation® 4 asthe
recombinating HIV-1 genomes contai ned segments
that cannot be classified™ 51,

Theapproach considered in this paper gaveto un-
derstand about the di scriminating process|eadingto the
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dud characteristics described below and observed for
exampleintheAGM viruses. Theliterature reported
that recombinant segmentsboreless phylogeneticin-
formati on than non-recombinant oné*. Consequently,
it was necessary to build evolution studies on stable
domainswhich haveto be necessarily conserved. So,
thedatareportedin TABLE 1 and Figure 1 wererel-
evant to boththevira sequencesandthevird host, the
combination of thesecriteriaestablishing vird identifi-
ers. TheHIV-1sand HIV-2swell-defined strainsgen-
erally showed sequences according to their typewith
someexceptions, mainly for HIV-1-Os. Astothesm-
ian viruses, Macague, Sooty Mangabey, Mandrill and
Syke’s mostly exhibited HIV-2 sequences when CPZ
and AGM presented mixed forms. Somedifferences
occurred for the TATA box that could belong either to
HIV-1, HIV-2 or rarely to both, the areas being pro-
portiond to the percentage of therespective detections.
Moreover, CPZ and AGM virusesclearly displayed a
dual HIV-1and HIV-2 structure asthey owned regu-
latory sequences of the two types. The duality con-
cerned both the nature of sequencesitself (e.g. SP1/2
for HIV-1 and HIV-2) and the presence of only one
type of sequences(e.g. SP1/3for HIV-1and NF-xB1
for HIV-2).

CPZ and HIV-1-0 viruses exhibited expected
very similar schemesand thiscanlead to consider the
HIV-1-Os as an evolution step between CPZ and
HIV-1s. It wasworth noting the similarity of these
profileswiththeAGM one(TABLE 1and Figurel).
Theseresultsled usto present the data under three
different groups showing adistribution according to
threeevol ution potentiaities. A first oneexhibited the
intermediate position of the HIV-1-O between HIV-
1 and CPZ viruses. Another group reported the HI V-
2 type and connected simian viruses. Thein-between
onereved ed smian viruseswith variable connections:
i.e.theAGM viruses had ambivaent HIV-1/HIV-2
sequences whilein Sooty Mangabey viruses HIV-2
sequences predominated. Theinterpretation of Syke’s
viruseswas difficult dueto their low number of re-
trieved sequences.

Theviruses had U3 conserved sequenceswhich
can belong either to one or several types. Their high
level of coexistenceinthe AGM viruses showed that
they could represent aprimary stagein the constitu-

—=> RegUlOr Peper

tion of the present lentiviral genomes. Thisled usto
suggestin Figure8 amode for putativeevolution from
simian to human lentiviruses. Wetook into account
the number of regulatory sequencesthat could be at-
tributed to both types and the amount of the highly-
potentially evolutivedua ones. Astheevolutionsdid
not concernindividual viruses, theway of representa-
tion wasto evokeinside circlesthegroup or “herd”
evolutions. Thenotionsof reservoir, mosaic virusand
quasi-species rendered contradictory the classical
phyl ogenetic results. Thecontinuousrecombinating ge-
nome reshaping permitted the emergence of new
lentivira formsfromwhichthe only viable oneswere
conserved. Consequently, the ensuing produced vi-
ruses predominantly appertained to one of thefami-
lies of the evolutional branch from which they ema-
nated®. A strain cannot produce a simple progeny
which can have consequently several direct ances-
tord9, Thisorientation should be directed by the se-
lective pressure due to the homeostasi s of the con-
taminated organism. Deegp recombinations could even-
tually alow theissue of new virulent strainsand even
new vira families. All thesecriterialed usto consider
the AGM group asthe common ancestral onefrom
which evolvedtheother lentiviruses. TheHIV-1 branch
could haveoriginated through CPZ and HIV-1-O vi-
ruses. Alternatively, considering the dual sequences, a
branch could haveledto other smian virusesand HIV-
2swith the Sooty-Mangabey viral group aspossible
intermedi ate common ancestral group.

CONCLUSIONS

The general scheme of the LTRswas conserved
dueto the sel ective pressure which directsthe emer-
genceof infecting srainsin spiteof multipleintra- and/
or inter-LTR recombinations. The present study evi-
denced that AGM viruses could bedistinguished from
other simian ones, sincethey bore sequences belong-
ing bothto HIV-1 and HIV-2 virusesinthe LTR core
promoter that governstheviral expression. Moreover,
as proposed in Figure 8, the AGMs can be consid-
ered asthe common ancestral group of simian and
human lentiviruses. Thisconfirmed the sub-typingwe
showed when considering the CL Sthat evidenced all-
directional cross-evolutions for all mammal
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lentiviruses®, whichwasin agreement with many stud-
ieson simian and human lentiviruses. For example,
CPZ/HIV-1lineage could be not obvioudy specific®
and Mandrill’s SIVmnd-2 resulted from ancient re-
combinations between theMandrill’s SIVmnd-1 and
Red-Capped Mangabey’s SIVrem™, The AGMs,
which represent the largest reservoir of SIVS®, also
followed the host-adaptati on phenomenon™! using for
instance the CXCR4 co-receptor to enter the human
cellg%, On the other hand the serum from Syke’s vi-
rus-positive monkey immunoprecipitated env antigens
from HIV-1 as well as from HIV-2, SIVmm and
SIVagm®®7, The assumption of ancestral sequences
expressed only for AGM virusesd®® was strengthened
by thedua HIV-1/HIV-2 organization or by the com-
mon Sabaeus/REV-Vervet/AGM 90 common struc-
ture as examples reported in this paper. Jin et al
and Sharp et al™® a so proposed a specific host-de-
pendent evol ution from common ancestor.

However, different interpretationsand corrections
to the evolution proposalsappeared intheliterature:
an underestimation of the evolution clock®!, the ob-
servation that AGM viruses co-divergence does not
follow thehost evolution and possibly reachesto other
simian viruses®®, the supposition that CPZ and hu-
man lentiviruses could derivefrom lentivirusesinfect-
ing other hostg%”, the assumption of asimilar evolu-
tionratefor human and smian viruses®, asexamples.
These considerations extended the general concept
of lentivird evolutionincluding host-dependent evolu-
tion®?, independent cross-speci es transmissiongss 64
or recombi nation eventsinvolving divergent lentiviruses
inthe distant past!®. Such factsarerelated tothe no-
tion of “herd evolution” inducing a phenotypic hetero-
geneity dueto the genomic multistability, which can
beinfluenced by numerousfactors as environmental
conditionsinside or outside the host. Consequently,
based on these findings we can consider that AGM
viruses correspond to an important evol ution cross-
road pointing to common ancestral sequences for
lentiviruses and particularly for HIV-1 and HIV-2
groups.
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