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Abstract: The lentivirus (genus of the retroviruses family) can integrate a significant amount 

of viral cDNA into the DNA of the host cell and can efficiently infect dividing cells. They are able 

to spill over from their natural host species to induce new infections and pathologies among hosts of 

new species. This defines the crossing of species barrier that originates emergent viruses causing 

emergent diseases. The transmission of lentiviruses was observed between different species (do-

mestic & wild). The small ruminant lentiviruses (SRLV) transmission is accompanied by genetic 

mutations in the genome of the virus. In this article, we have studied the genetic mutations that ac-

company the infection and adaptation of SRLV to the new host. Genetic mutations were studied by 

amplifying and sequencing the Long Terminal Repeat (LTR) region.Blood samples were taken 

from Capra ibex living in the French Alps. Sera were tested using a commercially available ELISA. 

Peripheral blood mononuclear cells (PBMC) isolated on a Ficoll gradient were cultured in a macro-

phage differentiation medium to obtain monocyte-derived macrophage (MDM) monolayers for vi-

rus isolation. DNAs from non-cultured PBMC were used as templates for the PCR amplification of 

proviral DNA. PCR products (270 nt) were cloned and sequenced. Sequences were analysed using 

ClustalW.The alignments of the LTR fragment show three types of nucleotide mutations: replace-

ment, addition, and deletion of nucleotide. Sequence analysis shows that the TATA box and the 

poly (A) site were highly conserved. The divergence of the LTR region between sequences ob-

tained varied by 0.3 - 5.7 %. These differences were also shown by the phylogenetic tree. It can be 

seen that proviruses from the Capra ibex sequences are a closely related group, quite distinct from 

the reference sequence. 
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INTRODUCTION 

The lentiviruses – which consist of two major 

types – are non-oncogenic retroviruses respon-

sible in humans and several species of mam-

mals for slowly progressive diseases: Lentivi-

ruses capable of infecting lymphocytes and 

some of which can induce immunodeficiency 

and death of the infected host such as the HIV 

(Human Immunodeficiency Virus) type 1 and 

HIV type 2. The second type: Lentiviruses that 

do not infect lymphocytes and do not induce 

immunodeficiency but inflammatory or degen-

erative diseases affecting various organs - after 

a long latent period- such as the lungs, joints, 

mammary glands, and the central nervous sys-

tem such as the small ruminant lentiviruses 

(SRLV) which cause persistent infections in 

domestic ruminants and wild small ruminants 

(Erhouma et al., 2008). The lentiviruses are 

able to spill over from their natural host species 

to induce new infections and pathologies 

among hosts of new species. This defines the 

crossing of species barrier that originates 

emergent viruses causing emergent diseases. 

During these last decades, several emergent 

lentiviruses were discovered in humans and an-

imals occurring in many parts of the world. The 
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presence of many variants in the viral swarm 

might facilitate cross-species infections. HIV-2 

is almost certainly a human-adapted variant of 

the simian immunodeficiency virus (SIV) from 

sooty mangabeys (Hirsch et al., 1989), and 

HIV-1 may similarly be derived from a chim-

panzee SIV (Corbet et al., 2000). Again, the 

SRLVs emerged after the cross-species transfer 

of closely related domestic ruminants and wild 

small ruminants in recent times (Erhouma et 

al., 2008). 

The lentiviral genome is organized from the 5′ 

to the 3′ end and major protein components are 

contained in the gag gene (group-specific anti-

gen: responsible for encoding the structural 

proteins), pol gene (polymerase: encodes the 

reverse transcriptase, protease, and integrase) 

and env gene (envelope: encodes the virus en-

velope glycoprotein). These genes are flanked 

by two non-coding LTR sequences (Long Ter-

minal Repeat). The LTRs (control center for 

gene expression) – divided into the U3, R, and 

U5 regions – flank the proviral DNA and pro-

vide the signals required for transcription, inte-

gration, and polyadenylation of viral RNA 

(Jaime et al., 2013; Yang et al., 2015).The 

SRLVs transmission is accompanied by genetic 

changes (mutations) in the genome of the virus 

(Blatti-Cardinaux et al., 2016). The rapid evo-

lution of lentiviruses is linked in part to a high 

frequency of mutations, these genetic muta-

tions allow the virus to adapt within the new 

host (Rihn et al., 2017). 

In this study, to better understand the mecha-

nisms involved in the natural transmission of 

SRLV in the new species, we characterized the 

genetic variation in the LTR sequences of 

SRLVs which emerged after cross-species in 

Capra ibex. 

MATERIALS AND METHODS 

Blood samples were taken from three Capra 

ibex living in the French Alps. Sera were tested 

for the presence of specific antibodies against 

ERLVs, using a commercially available ELISA 

based on the detection of the recombinant LTR 

protein. Peripheral blood mononuclear cells 

(PBMC) isolated on a Ficoll gradient were cul-

tured in a macrophage differentiation medium 

to obtain monocyte-derived macrophage 

(MDM) monolayers for virus isolation. Ge-

nomic DNA was extracted from 5x10
6
 PBMC 

cells
 
using the DNeasy blood and tissue kits 

(Quiagen, Courtaboeuf, french) according to 

the manufacturer’s instructions. DNA concen-

tration and quality were determined spectro-

photometrically and stocks were stored at -70°c 

until use. DNAs from non-cultured PBMC 

were used as templates for PCR amplification 

of the proviral genome with primer sets chosen 
in a conserved region of the LTR region sequences 

from published CAEV-Co (Saltarelli et al., 1990) 

genomes. PCR products (270 nt) were cloned 

and sequenced. Sequences were analysed using 

ClustalW software (Thompson, 1997). The na-

ture of these variations is shown in phylogenet-

ic trees constructed using the program 

NEIGHBOR (Perriere & Gouy, 1996)  method 

Neighbor-Joining (NJ) (Saitou & Nei, 1987), 

with bootstrap values determined over 1000 it-

erations (Felsenstein, 2002). 

RESULTS 

The alignments of the LTR fragment (corre-

sponding to the U3 and R regions) show a large 

discrepancy between these two types of viral 

sequences (Figure 1). The alignments aligned 

show three types of nucleotide mutations: re-

placement, addition, and deletion (one or more) 

of nucleotide. Replacement of nucleotides: GG 

by TA at position 5, T by A at position 10, A 

by G at position 79, A by G at position 88, C 

by T at position 107, C by T at position 115, 

AG by CA at position 118, C by T at position 

171 and C by T at position 133. The second 

type of mutation was an addition of nucleo-

tides:  A at position 23 (all sequences), T at po-

sition 32 (sequence CIa2) and T at position 139 

(all sequences). The third type of mutation was 

a deletion of nucleotides:  T at position 22 (se-

quences CIa2 & CIa4), A at position 64 (all se-

quences) and C at position 98 (sequence CIa6). 
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Examination of the aligned LTR sequences 

shows that the TATA box (TATAA) and the 

poly (A) site (AATAAA) in the part R of the 

LTR were highly conserved in all sequences 

(Figure 1).  

 

 
               10         20        30        40        50        60          

 Ref. GGGGGGTTATAAGAAAAGCAAGT-TCACTATG-ACAAAGCAAAATGTAACCGCAAGTGCTGACAGA  64  

 CIa2 ....TA...A............-A.....G..T................................-  64  

 CIa4 ....TA...A............-A.....G..-................................-  63  

 CIa5 ....TA...A............CA.....G..-................................-  64  

 CIa6 ....TA...A............CA.....G..-................................-  64  

 CIa8 ....TA...A............CA.....G..-................................-  64  

 CIa9 ....TA...A............CA.....G..-................................-  64  

 Cons.GGGG**TTA*AAGAAAAGCAAG+*TCACT*TG ACAAAGCAAAATGTAACCGCAAGTGCTGACAG   

                                                       

                 76        86        96       106       116       126        

 Ref. TGTAACAGCTGACATATCAGCTGATGCTTGCTCATGCTGACACTGTAGCTCTGAGCTGTATATAAG  130  

 CIa2 ..............C........G..................T.......T..CA...........  130  

 CIa4 ..........A...C........G.............G....T.......T..CA...........  129  

 CIa5 ..............C........G..................T.......T..CA...........  130  

 CIa6 ..............C........G.........-.C.A....T.......T..CA...........  129  

 CIa8 ..............C........G..................T.......T..CA...........  130  

 CIa9 ..............C........G..................T.......T..CA...........  130  

 Cons.TGTAACAGCT*ACA*ATCAGCTG*TGCTTGCTC*T*C*GACA*TGTAGCT*TG**CTGTATATAAG                                            

   

                142       152       162       172       182       192        

 Ref. GAGAAGCT-TGCTGCTTGCACTTCAGAGTTCTAGGAGAGTCCCTCCTAGTCTCTCCTCTCCGAGGA  195  

 CIa2 ........T...............................T.........................  196  

 CIa4 ........T............................C..T.........................  195  

 CIa5 ........T...............................T.........................  196  

 CIa6 ........T...............................T.........................  195  

 CIa8 ........T...............................T.........................  196  

 CIa9 ........T...............................T............C............  196  

 Cons.GAGAAGCT*TGCTGCTTGCACTTCAGAGTTCTAGGAG*GT*CCTCCTAGTCTC*CCTCTCCGAGGA  

 

             208       218       228       238       248       258        

 Ref. GGTACCGAGACCTCAAAATAAAGGAGTGATTGCCTTACTGCCGAGTGGAGAGTGATTACTGAGCGG  261  

 CIa2 .................................T................................  262  

 CIa4 .................................T................................  261 

 CIa5 ...............C.................T................................  262  

 CIa6 ...............C.................T................................  261  

 CIa8 ...............C.................T................................  262  

 CIa9 ...............C.................T................................  262  

 Cons.GGTACCGAGACCTCA+A**AAAGGAGTGATTGC*TTACTGCCGAGTGGAGAGTGATTACTGAGCGG   

 
Figure (1): Alignment of nucleotide sequences of the LTR region of the SRLV sequences obtained (Capra ibex: CIa2-

CIa9) and of SRLV reference strains (CAEV-Co: Ref.). Sequences of the TATA box element (position 124), and the 

polyadenylation signal (position 214) are within black squares. Sequences of samples with similar scores of mammary 

lesions are within colored squares. Legend: (·) homology, (−) deletion. 

 

The divergence of the LTR region between 

sequences obtained (Capra ibex: CIa2-CIa9) 

and of SRLV reference strains (CAEV-Co: 

Ref.) varied by 4.7 - 5.7%. High divergence 

was observed between sequences CIa7 and 

CAEV-Co. The sequence divergence between 

CAEV-Co, CIa8 and CIa9 varied by 5.3%, 

5.0% with that of CIa5 and by 4.7% with that 

of CIa2. The divergence internal between 

Capra ibex sequences varied by 0.3 - 1.9% 

(Table 1). 
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A phylogenetic tree illustrating the relation-

ships between these different LTR sequences 

was constructed using the neighbor-joining 

method. It displays proviruses from the Capra 

ibex sequences (CIa2-CIa9) a closely related 

group, quite distinct from the reference se-

quence (CAEV-Co Ref.) (Figure 2).  

Table 1:  Pairwise nucleotidic genetic distances of the 

partial LTR region of SRLV reference strain (CAEV-

Co) and SRLV strains sequenced in this study. 

 Ref CIa2 CIa4 CIa5 CIa6 CIa8 CIa9 

Ref. -       

CIa2 4.7 -      

CIa4 5.4 1.3 -     

CIa5 5.0 0.9 1.6 -    

CIa6 5.7 1.6 1.9 0.9 -   

CIa8 5.3 1.3 1.9 0.3 1.3 -  

CIa9 5.3 1.3 1.9 0.3 1.3 0.6 - 

 

 

Figure (2): Phylogenetic analysis of the SRLV partial 

LTR region. Neighbor-joining tree of an approxima-

tively 270 nt fragment from the presently studied se-

quences. Horizontal lengths are proportional to the es-

timated genetic distance between the sequences; the 

bar marker represents a 1% divergence. Bootstrap val-

ues derived from 1000 bootstrap replicates are shown 

on the phylogenetic tree. 

DISCUSSION 

During these last decades, the emergence of 

several new pathologies in humans and ani-

mals has been observed. Many of these emer-

gences have their origin in the crossing of the 

species barrier by infectious agents. SRLV in-

fection is widespread in most countries of the 

world (Mendiola et al., 2019). The objective 

of this study was to analyze the genetic muta-

tions performed by SRLV during infection of 

Capra ibex. We analyzed approximately 270 

nucleotides in the LTR region. The very great 

homology between the proviral sequences of 

the LTR region suggests that there has been a 

passage of SRLV between these species, 

which is already shown by other studies 

(Erhouma et al., 2008).  

The alignments of the LTR fragment show 

three types of nucleotide mutations: replace-

ment, addition and the deletion of nucleotide. 

The sequence analysis shows that the TATA 

box and the poly (A) site were highly con-

served, it is necessary for the virus to main-

tain these chains of genetic 

mutations(Mendiola et al., 2019), but the oth-

er parties of the LTR may have more muta-

tions (Gayo et al., 2018). Indeed, the regulato-

ry sequences of the genome correspond to 

non-coding sequences involved in the differ-

ent stages of the retroviral cycle. The LTR re-

gion forms the boundaries between the inte-

grated provirus and the cellular genome. The-

se LTRs are strategic regions of the virus. 

They include regulatory signals, transcription 

initiation sites, and signals for integration into 

the cellular genome.  

These terminal regions of the provirus consist 

of three subdomains U3, R, and U5. The U3 

sequence in the 5' LTR is the most terminal 

sequence of the provirus in contact with the 

flanking sequences of the host. The terminal 

nucleotides of this sequence are part of the att 

site required for integration. Again, the stabil-

ity of the TATA box and poly (A) plays an 

Ref.CAEV-Co 

CIa8 

CIa9 

CIa5 

6CIa 

CIa4 

CIa2 
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important role in viral transcription. The TA-

TA box is used as a site of transcription initia-

tion. Other sites in this region play an im-

portant role in viral replication (Blatti-

Cardinaux et al., 2016). These LTR regions 

are necessary for the integration of the pro-

viral DNA into the genome of the infected 

cell and are directly involved in the expres-

sion of viral genes. 

Integration, as the transcription, is a complex 

and essential step for the expression of viral 

genes. The ends of the LTRs are cleaved at 

inverted and repeated (IR) sequences, result-

ing in the loss of two base pairs at each end of 

the proviral DNA. The cellular DNA is then 

cleaved by the viral integrase and then linked 

to the viral DNA. Finally, viral genes can re-

main silent for several years or become active 

in the presence of various cellular stimuli. 

CONCLUSION 

The most recent studies show that SRLVs 

have a very wide tropism since they are capa-

ble of infecting the cells of several species of 

small wild ruminants. 

The objective of this work was to study the 

genetic properties of SRLV following the in-

terspecies passage in ibex to determine the 

genetic modifications that these viruses have 

mainly accumulated in the LTR region in or-

der to be able to adapt in these new species. 

The results obtained reveal an accumulation 

of numerous molecular alterations in the LTR 

of isolated SRLVs. This allows a clear answer 

to the initial question posed, that there are 

many genetic modifications in the LTR region 

which accompany the infection and adapta-

tion of viruses in the wild ibex. 
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ودمـ  الحمـ   ،( القدرة عمى إدخـالsrvevtneeL)التابعة لعائمة الفيروسات القهقرية  srivntneLلمفيروسات البطيئة  المستخمص:
القــدرة عمــى . كمــا لهــلف الفيروســات والتــيرير عمــى الخلايــا المنقســمةداخــل الحمــ  النــووا لمخميــة العائــل  ANDالنــووا الفيروســي 
مـن عوائمهـا الطبيعيـة إلـى عوائـل أخـرة جديـدة، وللـق مـا يطمـق عميـه عمميـة  الانتقـال بـين  الجديدة ونقل الأمرا  ،إحداث الإصابة

لوحظ انتشار الفيروسات البطيئة من جـنس  ونشر الأمرا  الناتجة عنها. ،وتعتبر هلف العممية الأساس لانتقال الفيروسات .الأنواع 
بطفــرات وراريــة لــي المــادة الوراريــة  اوالــلا غالبــا مــا يكــون مصــحوب ،ين العديــد مــن الأجنــاس الحيوانيــة )الأليفــة والبريــة(بــ VssSالـــ 

لـــي عوائمهـــا  VssSلـــي هـــلف الورقـــة قمنـــا بدراســـة الطفـــرات الوراريـــة المصـــاحبة لإصـــابة وتـــيقمم ليروســـات الــــ  (،لمفيـــروس )الجينـــوم
وتحميـل السلاسـل الوراريـة المتحصـل عميهـا  ،sTsالجديدة. تمت دراسة هلف الطفرات عن طريق مضاعفة الحم  النووا لموضع 

، وتحميمهــا مصــميا، بالبحــث عــن والتــي تعــيش لــي جبــال الألــ  الفرنســية خــل عينــات الــدم مــن الوعــول البريــةأهــلف العمميــة. رــم  مــن
( المعزولــة عمــى الوســط CMBP.  بعــدها تمــت زراعــة الخلايــا الدمويــة المحيطيــة )AsIVDتقنيــة ال  الأجســام المضــادة باســتخدام

lnovFF( لمحصــول عمــى الخلايــا الميمفاويــة البعمميــة أحاديــة النــواة ،BAB بغيــة عــزل الفيــروس. اختبــر الحمــ  النــووا )AND 
ئــات مــن الموضــع الجينــي المســتهدع، لمحصــول عمــى نســخة باســتخدام باد RCPلمفيــروس المعــزول، وتــم تحميمــه باســتخدام تقنيــة الـــ 

قاعـــدة نيتروجينيـــة( لعمميـــة استنســـا ،  472مضـــاعفة مـــن الحمـــ  النـــووا الفيروســـي. خضـــع الحمـــ  النـــووا المتحصـــل عميـــه )
رنــــام  تــــم تحميمهــــا ليمــــا بعــــد باســــتخدام ب النقيــــة، والتــــيومضــــاعفة )باســــتخدام تقنيــــة البلازميــــد( لمحصــــول عمــــى السلاســــل الوراريــــة 

ClustalW. موضـع تبدال، إضـالة وحـلع. كمـا وجـد أن أنواع مـن الطفـرات الوراريـة: اسـ ةبينت دراسة السلاسل الورارية رلارbox 
TDTD،  وموضــع عديــد الادنــينPoly (A)  لــم تحــدث بهمــا أا طفــرات وراريــة. معــدل الاخــتلاع بــين السلاســل المتحصــل عميهــا
ــيكــان لــي  حيــث بينــت أن السلاســل الوراريــة لمفيــروس  ،%. هــلا الاخــتلاع يمكــن ملاحظتــه عمــى الشــجرة الوراريــة7.7-2.5 نمــا ب

 وبعيدة عن الفيروس المرجعي.  ،المعزول من الوعول البرية تكون مجموعة مستقمة

 ، تسمسل.TATA صندوق ،SRLV ،LTR، لفيروسات البطيئةاالمفتاحية:  الكممات
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