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ABSTRACT

PCR  amplification  and  sequencing  of  gag gene  fragments  of  two  Brazilian 

strains of BLV were performed. After comparison of the Brazilian sequences with four 

sequences  originating  from  other  countries,  available  in  the  GenBank,  a  high 

conservation  of  this  gene  was  observed  and  the  results  confirmed  that  two  of  the 

available sequences in the GenBank had sequencing errors.

INTRODUCTION

The  Bovine  Leukemia  Virus  (BLV)  gag gene  codes  for  a  polypeptide  that 

originates the matriz protein, the capsid protein (CA, p24) and the nucleoprotein. The 

p24 protein has one of the most conserved regions of the gag gene, the major homology 

region (MHR)  constituted  by  20  aminoacids,  which  is  present  in  the  CA  of  most 

retroviruses and has an essential role in viral infectivity (Coffin et al. 1997, Willems et 

al.  1997).  The p24 protein  also contributes  to  gag  polyprotein  packing during viral 

assembly  and  it  is  important  in  the  early  stages  of  infection  by  interaction  with 

cyclofilin  A (Gamble  et  al.  1996).  Two sequential  epitopes  were  found in  the  p24 

protein (Mager et al. 1994). The p24 aminoacid sequences of Human Immunodeficiency 

Virus (HIV-1) had a variation level of 6.2 % to 8.5 % (Iroegbu et al. 2000). There were 

only four BLV p24 gag sequences available in Genbank, and in two of these sequencing 

errors probably occurred (Rice et al. 1985, Couslton et al. 1990, Dube et al. 2000). The 

goal of this work was to characterize two Brazilian  gag  BLV partial  sequences and 

compare them with the four sequences available in GenBank.
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MATERIAL AND METHODS

DNA samples were obtained from blood of two BLV naturally infected bovines, 

identified  as  30  and  384,  using  GFX  Genomic  Blood  DNA  Purification  Kit® 

(Amersham  Pharmacia  Biotech,  USA)  according  to  manufacter’s  recommendations. 

PCR  primers  forward  (5’-ggaaatcgcaaccgccat-3’  760-777)  and  reverse 

(5’-tggggtgtggacgaggat-3’  1384-1401)  had  an  annealing  temperature  of  50ºC.  The 

numbers correspond to those in BLV sequence M10987 (Rice et al., 1985). PCR and 

eletrophoresis were done as described by Camargos et al. (2003). PCR products were 

purified  with  Wizard PCR Preps  DNA  Purification  System  Kit® (Promega,  USA) 

according to manufacturer’s instructions. The purified PCR products had been directly 

sequenced using the DNA Sequencing Kit Big Dye Terminator Version III (Applied 

Biosystems, USA) and the automated sequencer ABI PRISM 377 DNA SEQUENCER 

™  (Applied  Biosystems,  USA).  The  program  Bioedit  Sequence  Alignment  Editor 

version 5.0.9 (Hall 1999), was used for editing, alignment, translation of the nucleotide 

sequences  and  obtaining  a  consensus  sequence  from  the  sequences  AF257515 

(Argentina),  D00647  (Australia),  K02120  (Japan)  and  M10987  (Belgium).  This 

consensus  sequence  was  used to  calculate  the  number  of  nucleotide  and aminoacid 

substitutions. The  software  BlastP  (http://www.ncbi.nlm.nih.gov/Blast)  was  used  to 

search for conserved domains in the translated nucleotide sequences. The software SIFT 

(http://blocks.fhcrc.org/sift/SIFT)  (Ng  and  Henikoff,  2001)  was  used  to  verify  if 

aminoacid substitutions would change BLV integrase properties. The software MEGA 

version 2.1 (Kumar et al. 2001) and the nucleotide substitution model Kimura 2-P was 

used to verify the genetic variation between partial nucleotide sequences of the BLV 

pol gene.
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RESULTS AND DISCUSSION

PCR amplified  640 base  pair  fragments.  After  sequencing  with  forward  and 

reverse primers the sequences were submitted to GenBank and received the following 

access  numbers  30  (AY589727)  and  384  (AY277948).  The  average  nucleotide 

substitutions per sequence, compared to the consensus sequence, was 11.6 (2.1 %) and 

up  to  6.1  %  variation  between  the  sequences  was  observed.  Sixty-one  of  70 

substitutions were of the transition type (87.1 %), predominantly C→T and A→G. In all 

sequences deletions  and insertions were observed.  Insertions  and deletions  were not 

observed in BLV pol and env sequences (Coulston et al. 1990, Dube et al. 1997, Dube 

et  al.  2000,  Camargos et  al.  2002,  Monti  et  al.  2005).  The sequences  D00647 and 

K02120 probably had sequencing errors, as mentioned by others (Dube et al. 2000). 

When these sequences were taken out of the alignment deletions and insertions were not 

observed anymore. A consensus sequence was obtained with the remaining sequences 

to recalculate the substitution numbers, and 31 nucleotide substitutions were observed, 

with  an  average  of  7.7  per  sequence  (1.4  %),  most  of  them  silent  (74.2  %)  and 

transitions  (83.8 %).  These  results  are  similar  to  these obtained in  previous reports 

(Coulston et al. 1990, Dube et al. 1997, Dube et al. 2000, Camargos et al. 2002). The 

sequences D00647 and K02120 were excluded from aminoacid alignment (Fig. 1). 

           1         11         21         31         41         51         61         71         81         91
           GPGSPETIA- -LFESLSEGW TPYDWNQLLN AVPSHGGDKQ LLKSEINEEA AEWDRAHRAP QIPGTGSTQQ QQAQPQFDGL RQQYRQWILL AWRKLPQMGH
Consensus  APGSQVWIQT LRLAILQADP TPADLEQLCQ YIASPVDQTA HMTSLTAAIA AAEAANTLQG FNPQNGTLTQ QSAQPNAGDL RSQYQNLWLQ AWKNLPTRPS
30         ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
384        -------T-- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
AF257515   ---------- ---------- ---------- ---------- ---------- ---------- LT-KT----- ---------- ---------- ----------
M10987     ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
         101        111        121        131        141        151        161        171        181
           PTPLADIRQG PKEPYQDFVD RLQEALDAEQ ADGEVKDYLT QTLAYENANP DCQSALRPLG -PNATLEEKL RACQDVG
Consensus  VQPWSTIVQG PAESYVEFVN RLQISL  ADNL PDGVPK  EPII DSLSYANANK ECQQILQGRG LVAAPVGQKL QACAHWAPKI KQP
30         ---------S ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---
384        ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---
AF257515   ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---
M10987     ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------V ---

Figure 1 - Alingment of partial aminoacid BLV gag sequences. The similarity between 
the evaluated sequences and the consensus sequence is indicated by a trace (-).  The 
above consensus sequence presents the conserved domain of the p24 protein of the gag 
gene. The epitope sequences (2-26) and (112-136) are underlined and the MHR is in 
italics (107-126)
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Seven aminoacid residues were changed, the residue 8 I→T (sequence 384); the 

residue 110 G→S (sequence 30); the residues 61 F→L, 62 N→T, 64 Q→K and 65 N→

T (sequence AF257515) and the residue 180 I→V (M10987) which give an average of 

1.75 (0.9 %) change per sequence, showing that this protein is highly conserved. The 

BlastP software showed that part of the p24 aminoacid sequence obtained belongs to the 

conserved domain p24 of the gag gene. Six of the seven changes were localized in this 

domain. All aminoacid changes evaluated by SIFT were predicted to be tolerable except 

the change I→T, but this change had low confidence which may be due to the low 

genetic variation and small number of sequences available. The residue 8 was the only 

one that varied in the BLV p24 epitopes (Mager et al. 1994). The four MHR residues 

conserved in all Retrovirus, Q-109, E-113, F-118 and R-121, were conserved in all BLV 

sequences (Wills  & Craven 1991).  To verify if  aminoacid substitutions  in epitopes, 

MHR and in the conserved domain of p24 would change the infectivity or reactivity of 

BLV it is necessary to do mutagenesis studies. It is necessary to do more sequencings of 

the  BLV  gag  gene  to  obtain  a  better  understanding  of  molecular  and  phylogenetic 

characteristics of this BLV gene.
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