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Supplementary Materials 

Table S1. Sequences of primers used to amplify, sequence and clone the BLV env-gp51 region. 

 

Fragment of 

BLV Genome 
Name Location Sequence 

CG% Tm °C * Ta °C ** Cross-dimers in PCR*** 

env- gp51 

Primers used for first round PCR     

Amplification 1017 bp fragment    

P4796 4796–4817ַײ  
5′- CCTGGCGTTTGCTGAAAGCCTT-

3′ 

54.55 62.1 62.0 Max 3' annealing score (best < 9): 6 

Max 5' annealing score (best < 15): 11 

P5791 5791–5812 
5′-TGTCTGCCCTTAGCCATCAGAG-

3′ 

54.55 62.1 

Primers used for second round PCR     

Amplification 923 bp fragment    

P4833 4833–4852ַ5′ ײ-CGACGGTCCCGAAGACGCCC-3′ 

75.00 67.6 66.0 Max 3' annealing score (best < 9): 6 

  

Max 5' annealing score (best < 15): 11 

P5734 5734–5755 
5′-CGGCCCTGACCTTAGGCCTAGC-

3′ 

68.18 67.7  

 ** ;Numbering of genomic locations is based on the first published complete BLV genome (Sagata et al., 1985; GenBank accession no. K02120). * Tm - melting temperatureײַ

Ta - annealing temperature. The optimal annealing temperature was estabilished using gradient PCR (start with temperature 60 °C and increased up to the extension temperature 

72°C). *** Forward / reverse primer pairs cannot form cross-dimers in PCR. Thermo Scientific DyNAzyme II DNA Polymerase, used for nested PCR, is recombinant thermostable 

DNA polymerase with an improved thermal stability at high temperatures. The polymerase mutation rate is 2.28 x 10-5 mutations per base pair per template duplication. After 

35 cycles of PCR amplifying a 804 bp template, 64,16% of the product DNA molecules may have contained 1 (nucleotide) error each. This means that 35,8% of the product 

molecules may have been entirely error-free. Considering two PCR reactions of 35 cycles each performed with this polymerase, every product molecule contained an averaged 

1.28 errors. The next calculation is as follows: 20 clones 1S (or 20 clones 4T) x 1.28 errors = 25.6 errors (nt); 804bp x 20 clones = 16080nt; 16080nt = 100% identity; 25.6 nt = 

0.1592%. Mean genetic distance among 20 clones was 2.0% (range: 0.1% - 4.5%) and 2.1% (range: 0% - 4.7%) for isolates 1S and 4T. Based on the above polymerase fidelity 

calculations, we concluded that this polymerase was suitable for studying the variation of the BLV isolates described in this study.
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Figure S2: Detection of recombination events for 1S isolate. Phylo-HMM identified two 

recombination positions. Bio Neighbour-joining phylogenetic trees constructed in HMM for 

each part of the alignment reported four putative recombinants. A- Two breakpoints predicted 

at positions 240 bp and 542 bp; Three separate BIONJ trees based on the different portions of 

the alignment identified these sequences resulted from recombination: 1S-c11 (G4/G4/G7), 

1Sc-9 (G7/G4/G4), 1S-c2 (G4/G7/G7) and 1S-c1(G7/G4/G7). B- BIONJ tree based on 

sequences beginning from 1 to 240 bp of the gp51; C- BIONJ tree based on sequences ranging 

from 241 to 542 bp of the gp51; D- BIONJ tree based on sequences ranging from 543 to 804 

bp of the gp51. 
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Figure S3: Identification of recombination events for 4T isolate. Phylo-HMM identified one 

recombination position. Bio Neighbour-joining phylogenetic trees constructed in HMM for 

each part of the alignment reported four putative recombinants 4T-c1, 4T-c19, 4T-c20 and 4T-

c21 marked in blue. A- One breakpoint predicted at positions 400 bp; B- BIONJ tree based on 

sequences beginning from 1 to 400 bp of the gp51; C- BIONJ tree based on sequences ranging 

from 401 to 804 bp of the gp51. 
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Figure S4: Genotype specific nucleotides, on the different fragments manually designated and individually for each recombinant breakpoints 

confirming the breakpoints calculated by the Phylo-HMM algorithm. A- recombinant 4T-c20; B- recombinant 4T-c19; C- recombinant 4T-c21; D- 

recombinant 4T-c1; E- recombinant 1S-c11; F- recombinant 1S-c1; G- recombinant 1S-c2 and H- recombinant 1S-c9.
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Figure S5. Positive selection among analysed clones within env gene coding gp51 protein. 

The dN/dS ratio is defined as the ratio of nonsynonymous substitutions per nonsynonymous 

site (dN) to the number of synonymous substitutions per synonymous site (dS). A dN/dS ratio 

of less than one implies purifying selection, while a ratio of more than one indicates positive 

selection. A ratio of approximately one indicates a neutral mutation. Sliding window option: 

Window length: 20, Step size: 10; Units: Coding positions. The red line describes the level of 

dN/dS for all the windows positioned along the entire length of gp51 (804bp). The blue colour 

describes the positive selection values. A - Positive selection among 20 clones 1S within gp51 

was indicated in the following windows: 61-80, 111-130, 201-220, 251-270, 331-350 and 761-

780. B - Positive selection among 20 clones 4T within gp51 was calculated in the windows: 

131-150, 251-270 and 351-370. 
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