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Abstract

Objectives: To associate the BoLA-DRB3 alleles with the resistance and/or susceptibility to the development of the
Enzootic Bovine Leukosis (EBL), in the Harton del Valle cattle. Methods: In 93 animals of the Harton del Valle breed, the
infection with the Bovine Leukosis Virus (BLV), the development of Persistent Lymphocytosis (PL), the production of
antibodies against the virus (anti-BLV) for one year were evaluated. The animals were genotyped for the BoLA-DRB3
locus. The number of alleles and their frequencies was estimated. Alleles were associated with infection with BLV
(env+/-), development of PL (PL+/-) and production of anti-VL (anti-BLVhigh/low) using Odds Ratio (OR), the alleles
were classified as Resistant (R), Neutral (N) or Susceptible (S) to the variables evaluated. Additionally, the sequences
were explored in order to find common amino acid motifs. Findings: We found 27 alleles BoLA-DRB3, the most fre-
quentalleles were *1101 (14.5%), *0902 (7%) and *2703 (7%), *20012 (6.5%), *1501 (5.9%) and *1701 (5.9%) The
remaining 21 alleles had a cumulative frequency of 53.2%. The alleles *1001, *1101, *2006, *2703, *3001 and *4802
were considered as Renv infection with the virus, whereas, the alleles *0902, *1601, *1701, *20012 and *25011 were
they considered Senv. Only the allele *1101 was significantly associated with the absence of PL and the alleles *25011
and *2703 were considered SPL. The alleles *1101 and *2703 were Ranti-BLV, while, the alleles *1601 and *1701 were
classified as Santi-BLV. The allelic frequencies of the R alleles were higher than the S. Some common amino acid motifs
were found between alleles with the same classification. Only the allele *1101 was Renv/PL/anti-BLV. The protective
effect of the allele was greater in the heterozygous state (OR = 0.18, p<0.00005). Application/Improvements: The
BoLA-DRB3 locus is highly polymorphic. The allele *1101 was considered as Renv/PL/anti-BLV. The heterozygote
advantage was shown when responding against the development of the disease. The data presented here can be used
in future genetic improvement programs aimed at increasing the frequency of alleles of resistance to the disease.
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1. Introduction caused by the Bovine Leukosis Virus (BLV), which affects

e T S
Enzootic Bovine Leukosis (EBL) is an infectious disease the cells of the lymphoid line’. It is lymphoproliferative
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and is characterized by Persistent Lymphocytosis (PL) in
approximately 30% of animals, tumors (lymphosarcoma
and/or malignant lymphoma) with a frequency between
1 and 5% that appear in animals older than two years and
one form in which the animals have antibodies (anti-
BLV) without persistent lymphocytosis or tumor lesions,
a condition known as the aleukemic phase® The clinical
manifestation of EBL begins after two years of age, in
most cases; the symptoms are nonspecific and variable as
they depend on the location of the neoplastic process and
the degree of involvement of the vital organs. Anemia,
wasting and infertility have been observed, although
the most obvious signs that allow suspecting the disease
are bilateral more or less symmetric enlargement of the
explorable lymph nodes, exophthalmia due to retro-ocu-
lar tissue involvement or internal structures of the eye
and the presence of subcutaneous tumor masses in dif-
ferent locations?3.

The BLV belongs to the genus Delta retrovirus and
as such has a reverse transcriptase responsible for the
synthesis of a DNA copy from viral RNA. The formed
DNA (provirus) can be conserved in the nucleus of
diverse cells of the host and this property is the cause of
the particular characteristics of the different infections
due to retroviruses®. The BLV can be transmitted verti-
cally from the cow to the brood either via the placenta
or during the peripartum in colostrum and milk; hori-
zontal or from a sick anima to a healthy one by exposure
to blood or fluids containing infected lymphocytes); or
through the iatrogenic route due to poor livestock prac-
tices®. The disease can be diagnosed by serological or
molecular methods; these techniques vary in specificity
and sensitivity, have comparative advantages and disad-
vantages, but are ultimately complementary in the correct
diagnosis of viral infection and the development of the
disease®.

Some genetic variations, especially those related to
Bovine Leukocyte Antigens (BoLA) class II, in the DRB3
gene (BoLA-DRB3), have been associated with resistance
and/or susceptibility to infection with BLV, develop-
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ment of PL, development of antibodies against the virus
and the pro-viral load”. This gene has an approximate
length of 11.4 Kpb, with five introns and six exons and
codes for functional restriction elements, exon two is the
most polymorphic, has an approximate size of 270 bp and
codes for the peptide binding site which one wants to
present!®.

The objective of the present investigation was to
associate the BoLA-DRB3 alleles with the resistance
and/or susceptibility to the development of the EBL, by
evaluating the probability of infection with the BLV, the
development of PL, the production of antibodies against

the virus in Harton del Valle cattle.

2. Materials and Methods

2.1 Animals and Sample Processing

A follow-up of 93 Harton del Valle (HV) animals was
done during one year, collecting blood samples every
three months. In each bleed the serum was separated by
centrifugation at 3000 rpm for 13 minutes and stored
at -80°C until its use and peripheral blood lymphocytes
were extracted following the methodology of® from which
DNA was extracted using the Wizard® Genomic DNA
Purification Kit from Promega, following the manufac-

turer’s instructions.

2.2 Presence of BLV by PCR (env)

A highly conserved region of the viral env gene was
amplified by nested PCR. In the first reaction 25 ng
of DNA, 10mM of each forward primer env5032
5-TCTGTGCCAAGTCTCCCAGATA-3" and reverse
env5608r 5-AACAACAACCTCTGGGAAGGGT-3;
0.2mM of each dNTP, 1X of PCR buffer were used, 2.5
mM MgCl, and 1U Taq DNA Polymerase. In the second
reaction, 1pl of the amplification product of the first reac-
tion were used as template, the same concentrations of the
other reagents and the internal forward primers env5099
5-CCCACAAGGGCGGCGCCGGTTT-3’ and reverse
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env5521r 5-. GCGAGGCCGGGTCCAGAGCTGG-3;
both reactions were performed at a final volume of 15ul*2
The thermal profile of the first reaction included an initial
denaturation at 94°C for 5 minutes, followed by 40 cycles
of 94°C for 30 seconds, 60°C for 30 seconds and 72°C C
for 1 minute, to finish with an extension final at 72°C for
5 minutes. The thermocycling conditions of the second
reaction were the same, except for the hybridization tem-
perature which was increased to 6°C. The amplified ones
were observed in 1.2% agarose gels stained with ethidium
bromide, the product of both reactions is a fragment of
444 bp in the animals carrying BLV (env*), the animals
without infection of the virus were considered env.. DNA
from a positive animal and a negative one was used as
PCR controls. To ensure that there was no PCR inhibitor
in the DNA samples, each sample was tested by ampli-
fying the Glyceraldehyde 3 Phosphate Dehydrogenase
(GAPDH) gene®.

2.3 Development of Persistent
Lymphocytosis (PL)

The development of PL was evaluated using the peripheral
blood plate spreading methodology. Using the push-
ing technique, 20pl of peripheral blood were extended,
fixed with 96% methanol for 5 minutes, stained with
1% Methylene Blue 100x DNA Stain, (AMRESCOQO®) for
3 minutes, the reaction was stopped with a buffer solu-
tion (10 mM Na,HPO,, 2 mM KH,PO,)™. The plates were
observed with an optical microscope at an increase of
1000x and the percentage of lymphocytes was calculated.
The evaluated animal was considered to have lymphocy-
tosis when the percentage of lymphocytes was equal to or
greater than the mean plus twice the standard deviation
for the sex and age group. An animal was considered to
have PL when in two consecutive samplings it presented
lymphocytosis?. Thus, the animals were classified as those
that developed Persistent Lymphocytosis (PL*) and those
that did not (PL").
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2.4 Quantification of the Development of
Antibodies against the Virus (Anti-
BLV)

Antibodies against BLV (anti-BLV) were quantified using
the ELISA test (Svanova, SVANOVIR' BLV gp 51-Ab) fol-
lowing the manufacturer’s instructions. The plates were
read with a microplate photometer (BioTeK" ELx808™).
The optical density values were interpreted with the pro-
gram xChek 3.3. The animals were classified according to
the Antibody Titers (AT) obtained, AT <15 were consid-
ered negative and AT* >15 were considered positive, the
positive animals were further classified as having low AT
(anti-BLV"") or high AT (anti-BLV"¢"), the critical value
used for the classification of the animals was the median
(95.43) of the AT value.

2.5 Amplification and Sequencing (PCR-
SBT) of the Bola-DRB3 Gene

Genotyping of the alleles BOLA-DRB3.2 was performed
using the PCR-SBT methodology, with the primers
DRB3FEW (5-CGCTCCTGTGACCAGATCTATCC-3’)
and DRB3REV (5-GGTGAGCGCGGGGGTG-3)= at a
concentration of 10 mM, 25 ng of DNA, 0.2 mM of each
dNTP, 1X of PCR buffer, 2.5 mM of MgCl, and 1U of Taq
DNA Polymerase. The thermal profile of the reaction
included an initial denaturation at 95°C for 5 minutes,
followed by 35 cycles of 95°C for 30 seconds 62°C for
30 seconds and 72°C for 1 minute, to finish with a final
extension of 72°C for 5 minutes. The PCR product was a
fragment of approximately 281 bp that was sequenced in
the MACROGEN Company.

2.6 Statistical Analysis

The percentages of individuals who developed persistent
lymphocytosis (PL*) and those who did not (PL") was cal-
culated; the percentage of animals infected with the virus
(env*) and not infected (env) and the percentage of ani-
mals TA* and anti-BLV'"o/high,

The sequences were edited using the GENEIOUS
6.1 program (Biomatters development team, USA) and
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aligned using the MEGA 6 software'®. Genotypes were
determined using HAPLOFINDER software (www.
bioinfortmatics.roslin.ac.uk/haplofinder/haplofinder.
py). The number of Alleles and their frequencies was
estimated'”.

Chi-square independence tests were performed
between the variables (PL, env, and anti-BLV) and the
BoLA-DRB3 alleles. The alleles BoLA-DRB3 were asso-
ciated with the presence/absence (env*") of the BLV
through the Odds Ratio (OR) with a confidence interval of
95%, this same association was made between the animals
env*/PL*" and env*/anti- BLV'**}ish The OR indicates the
relative frequency of exposure between cases (env*, env*/
PL*, env*/anti-BLV"¢") and controls (env*, env*/PL’, env*/
anti-BLV'"). OR values greater than 1 indicate that these
animals are at high risk and were considered Susceptible
(S) (negative association), OR values less than 1 indicate
that these animals are at low risk and were considered
Resistant (R) (positive association), OR values close to
1 were considered as Neutral (N)’. An exact Fischer test
was performed to determine the statistical significance of
OR values using SAS software version 9.1.

The cumulative allele frequencies of the alleles with
R, S and N categories were calculated; the animals were
classified according to the category of the alleles of their
genotype in N/N when their two alleles were neutral, N/R
when they had a neutral one and the other was resistant,
N/S when they had a neutral allele and another suscep-
tible one, R/R when they had two resistant alleles, R/S
when they had one resistant and the other was suscep-
tible, and S/S when their two alleles were susceptible.

The sequences of the alleles with some significant
association were translated and aligned using the pro pro-
gram MEGA 6 to look for common amino acid motifs

among the alleles.

3. Results and Discussion

The average of animals positive to the env* was of 38.3%,

this value was lower than the one reported by'® in this same
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racial group (83%); in other Colombian criollo breeds
the percentages of infection that are reported are 26.7%
in Casanareno, 23.3% in Costeno with Cuernos, 60% in
Chino Santandereano and 16.7% in Caqueteno race'®
In Holstein cows the infection values vary from 44%2
to 83.3%". In Brahmin animals present in Colombia the
infection is lower (6.7%)". The differences in the percent-
ages of infection can be attributed to the effects of the
sample size and the origin of the animals evaluated.

The percentage of animals that developed PL* was
15%, while the AT* animals were 30.3%. Of the animals
classified as AT* the average of the antibody titers was
96.7 in the animals classified with anti-BLV"¢" and of 25.6
in the animals with anti-BLV™". This is the first quantifica-
tion report of the development of PL and AT in the Harton
del Valle breed. Some authors indicate that between 30%
and 70% of animals infected with BLV develop Persistent
Lymphocytosis (PL*)%22% In race HV the animal’s env*/
PL* were 32.7%. Additionally, it is reported that 66% of
the animal’s env*/PL" present a pathological lymphocyte
count®’.

We found 27 alleles BoOLA-DRB3 shown in Table 1,
allele *1101 had the highest frequency (14.5%), alleles
*0902 and *2703 followed in frequency, the fourth most
frequent allele was *20012 followed by alleles *1501 and
*1701. The remaining 21 alleles had a cumulative fre-
quency of 53.2%.

Seven of 27 alleles presented frequencies greater than
5%, similar results are reported by* in this breed where
they found?* alleles of which six had a frequency greater
than 5% and by* who reported 37 alleles in 66 samples
and only four alleles with high frequency. In these reports
concluded that *1101 allele had the highest frequency.
The number of alleles and the most frequent alleles in
races around the world is presented in Table 2.

The Chi-square test showed high dependence
(p<0.0001) between the infection with the virus (env*),
the development of PL* in the env* animals and the anti-
BLV"¢" with the BoLA-DRB3 alleles. The values of OR,
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Table 1. Allele frequencies at the BOLA-DRB3 locus in the study population
BoLA-DRB3 Frequency BoLA-DRB3 Frequency BoLA-DRB3 Frequency

allele (%) allele (%) allele (%)

*0101 3,2% *1501 5,9% *2801 1,1%
*0501 4,3% *1601 2,2% *2802 2,7%
*0701 1,1% *1701 5,9% *2902 2,2%
*0902 7,0% *20012 6,5% *3001 3,2%
*1001 2,7% *2006 3,8% *3501 0,5%
*1002 4,3% *2201 1,6% *3601 4,8%
*1101 14,5% *25011 3,2% *3901 2,2%
*1104 4,8% *25012 1,1% *4401 1,1%
*14011 1,6% *2703 7,0% *4802 1,6%

the confidence interval, the value of significance and their
classification as N, R or S for each of the variables studied
are presented in Table 3.

The alleles *1001, *1101, *2006, *2703, *3001 and
*4802 presented low values of OR (p<0.05) and were con-
sidered as R to infection with the virus (R®), whereas,
the alleles *0902, *1601, *1701, *20012 and *25011 were
classified as S*™. The cumulative frequency of the neutral
alleles to infection (N*™) was 49.4%, followed by the accu-
mulated frequencies of the R*™ (32.8%) and S*™ (24.8%)
alleles. Only the allele *1101 was significantly associated
with the absence of PL in the animals in env* (R™*) and the
alleles 25011 and *2703 were considered S*, the cumula-
tive frequency of these two alleles was 8.1%, whereas, 19
alleles were NP, Nine alleles BoLA-DRB3 were considered
Nt-BLY the alleles *1101 and *2703 with the accumulated

frequency of 21.5% were classified as R*"*, while, the
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alleles *1601 and *1701 with the accumulated frequency
of 8.1% were classified as S*""BV shown in Table 3).

Some alleles of the DRB3 gene have been associated
with a high risk of infection with BLV including *1002
and *25011 instead, the alleles *1101, *2709 and *20012
have been associated with a low risk of infection®. In the
present study the alleles *1002 were classified N and the
*25011 as S*™. The allele *1101 presented the same clas-
sification given by®, while the alleles *2709 and *20012 are
reported here as N, The alleles *1101, *1501 and *2703
have also been reported in the races Yacumeno, Harton
del Valle, Holstein, Japanese Shorthorn, Japanese Black,
Jersey, and Hanwoo shown in Table 2. The allele *2006
(R*™) has only been found in HV and the allele *1701 of
(S*™) has only been reported in races Yacumeno, Harton
del Valle®22. No common amino acid motifs were found
between the R alleles.
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Table 2.  Allelic frequencies in the BoOLA-DRB3 locus in breed of the world using PCR-SBT

Breed N Na Frequent alleles References

*1101 (0.145), *0902 (0.070),

*2703 (0.070), *20012 Present
Harton del Valle 93 27 (0.065), *1701 (0.059), *1501 | investigation
(0.059)

*1001 (0.172), *1501 (0.163),
Argentine Holstein 107 18 *1101 (0.149), *0101 (0.121), “@
*1201 (0.112), *0201 (0.065)

*0101 (0.174), *1101 (0.172),
Holstein, Holsteinx Jersey 809 25 *1501 (0.132), *1201 (0.116), z
*2703 (0.083)

Girolando 99 39 *1101 (0.123), *2101 (0.061)

Holstein of Brazil 46 39 *1101 (0.151), *0101 (0.113)

*0101 (0.181), *1501 (0.115),
Iranian Holstein 190 37 *1101 (0.092), *1201 (0.084), 2
*0902 (0.071)

*0101 (0.177), *1501 (0.147),
Argentine Holstein 424 33 *1101 (0.121), *2703 (0.075),
*1201 (0.071), ¥0902 (0.064)

*1501 (0.182), *0902 (0.154),
Bolivian Holstein 159 23 *1101 (0.113), *0601 (0.104),
*0101 (0.0570)

*1501 (0.177), *0101 (0.177),
Peruvian Holstein 127 26 *1101 (0.165), *0902 (0.071),
*0201 (0.067), *1001 (0.063)

*1501 (0.214), *1101 (0.169),
Peruvian Holstein 133 20 *0101 (0.117), *1201 (0.098),
*14011 (0.083), *0902 (0.056)

*1501 (0.217), *0101 (0.124),
*1101 (0.119), *14011
(0.093), *1001 (0.088), *0902
(0.080)

Chilean Holstein 113 21
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Table 2 Continued

*1001 (0.160), *1302 (0.160),

Chilean Wagyu 81 27 *1601 (0.105)

*3001 (0.138), *3601 (0.087),
Brahman 236 58 *1201 (0.072), *2201 (0.063),
*0201 (0.057)

*1201 (0.136), *0101 (0.135),
Holstein x Sahiwal 249 46 *1501 (0.062), *0201 (0.058),
*0902 (0.052), *1101 (0.052)

%0301 (0.117), *0201 (0.082),
Native to the Philippines 482 71 *1501 (0.059), *1501 (0.052),
*4101 (0.051)

Native to the Philippines 132 57 *3001 (0.087), ¥0201 (0.079),
x Brahman *3601 (0.064)

*0701(0.106), *0902 (0.084),
Yacumeno 112 35 *1801 (0.084), *0201 (0.070),
*14011 (0.066)

*1101 (0.121), *2703 (0.098),

Harton del Valle 99 24 *2006 (0.098), *2801 (0.075),
*1501 (0.075), *3601 (0.075) »
* %,
Vacumeno 13 3 0701 (0.106), *0902 (0.084),

*1801 (0.084), *0201 (0.078)

*4301 (0.216), *1002 (0.155),
Hanwoo 359 39 *0701 (0.095), *1601 (0.093), 8
*1501 (0.069), *0902 (0.052)

*1101 (0.204),¥20012 (0.122),

Harton del Valle 66 37 *2006 (0.071), *2801 (0.071)

*1601 (0.318), *1501 (0.129),
Japanese Black 507 22 *0503 (0.128), *1001 (0.096),
*1101 (0.07), *0201 (0.054)

*1501 (0.273), *0101 (0.203),
Holstein 143 17 *1101 (0.112), *1001 (0.096),
*1201 (0.067), *2703 (0.061)

N: number of animals. Na: number of alleles
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Table 3. BoLA-DRB3 alleles associated with env*, env*PL*- and anti- BLV'"/"igh in HV.

env* env'PL*" env*/anti- BLV!o/hish
BoLA-
DRB3 allele . . .

OR (915%) f)'iffﬁi c | OR (915(;,) f)'iffﬁi cC | OR (9ISC%) ﬁfiilfﬁi ¢
*0101 0.48 011372 0.125 N 1.07 ?‘11'8(') 0.664 N
*0501 0.72 012792 0.306 N 0.66 05‘292' 0.563 N
*0701 1.06 05'.1999' 0.621 N | 11.06 106'5_69'0 0.140 N
*0902 2.60 152293 0.007 S 0.42 011247 0.099 N 2.36 06%78' 0.074 N
*1001 0.22 %%76' 0.003 R
*1002 1.83 (27367' 0.109 N 2.99 ?‘75'2; 0.213 N 1.56 07'129’ 0.529 N
1101 0.63 %"1947' 0.049 R 0.26 %'1606' 0.003 R 0.35 %?627' 0.020 R
*1104 0.52 012220 0.092 N 0.81 06'_1502' 0.660 N
*14011 0.37 ()1‘?595' 0.166 N 0.26 2'7(_)5; 0.763 N
*1501 0.79 (’1'?’679)' 0.352 N 0.91 (:1492' 0.637 N 1 %?149_ 0.622 N
*1601 7.56 592729 0.002 S 0.80 ()3"16%' 0.563 N 2.90 :6?34_1 0.013 S
*1701 9.69 f‘;j(') 0.0001 S 1.96 032652 0.629 N 5.91 29'258' 0.014 S
*20012 2.28 142157 0.006 S 0.64 02‘_20(;' 0.340 N 0.76 022175 0.412 N
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Table 3 Continued
*2006 0.27 %1609' 0.003 R 0.26 3'703; 0.763 N N
*2201 1.06 (22368' 0.588 N 439 ngé 0.238 N
1.46- 0.17- 0.49-
*
25011 401 | |05 | 0009 S 072 | 3, | 0492 N 1.80 661 0.278 N
*25012 1.06 (;'1999' 0.628 N 7.41 fféi 0.012 S
0.32- 1.31- 0.41-
>*
2703 0.64 | g 0.042 R 6.34 | e | 0035 S 0.71 0.90 0.034 R
*2801 0.22 01'0247' 0.090 N
0.35- 0.66- 0.03-
%
2802 L07 | 55 0.551 N 447 | oo | 0145 N 0.22 151 0.129 N
0.31- 0.42- 0.02-
*
2902 106 | ey 0.561 N 439 | g, | 0238 N 0.21 L 76 0.196 N
*3001 0.21 (())'06%' 0.001 R
0.09- 0.01- 0.01-
*
3501 L06 | 516 | 0685 N 0.26 | 2, | 0763 N 023 | -5 0.668 N
*3601 0.43 01'1090' 0.573 N 0.26 03'%16' 0.441 N
0.46- 0.31- 0.01-
*
3901 L58 | oo 0.324 N 251 | 5ooc | 0339 N 0222 | o 0.445 N
*4401 0.22 01'0247' 0.091 N
*4802 0.22 %’0952' 0.038 R

OR: Odds ratio value. IC: 95% confidence interval. C: Classification of the allele, resistant (R), neutral (N) or sus-
ceptible (S).
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Table 4. Genotypes N/N, N/R, N/S, R/R, R/S and S/S for the BOLA-DRB3 gene in HV

Percentage of individuals in each genotype
Itmen
N/N N/R N/S R/R R/S S/S
env 37,6 45,2 54 6,5 4,3 1,1
LP 47,3 31,2 54 10,8 4,3 1,1
anti-VLB 28,1 8,7 21,9 9,4 0 4,7
Average 37,67 28,37 10,90 8,90 2,87 2,30

Previous studies with BLV infection revealed that the
presence of the amino acids Glu-Arg (ER) at position
70-71 of the BoLA-DRp chain was associated with resis-
tance to PL development, the alleles that encode the ER
motif are DRB3 *11 (*0901, * 0902, *1201 by PCR-SBT),
*23 (*2701, *2702, *2703, *2705, *2706, *2707 by PCR-
SBT) and *28 (*0701)'"*, On the contrary, it has been
associated with the alleles DRB3 *8 (*1201 by PCR-SBT),
*16 (*1501, *1502 by PCR-SBT), *22 (*1101 by PCR-SBT)
and *24 (*0101, *0102 by PCR-SBT) with susceptibility to
PL¥*_ Contrary to what was reported by these authors,
the allele classified as R™ (*1101) presented the RR motive
(Arg-Arg) in these positions as well as the alleles classified
as SP' (*25012 and *2703). The differences between these
reports and what is presented here can be explained by the
genotyping method used (PCR-RFLP versus PCR-SBT).

No associations were found between the production
of neutralizing antibodies against Bovine Viral Diarrhea
Virus (BVDV), Bovine Herpes Virus type 1 (BHV-1),
Foot-and-Mouth Disease Virus (FMDV) and Bovine
Leukosis Virus (BLV) and DRB3 gene polymorphisms®.
However, they associated alleles *0902 and *1701 with low
antibody titers against BLV. Similar results were found for
the allele *1701, but the allele *0902 that here, presented
a NBLV association. Alleles *1101 and *2703 associated
with high titers of antibodies against BLV (R*™*V) pro-
duced 0.04 and 0.14 (p<0.05) times more antibodies than
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the SV allele. These results together with that reported
by?® suggest that the implementation of genetic improve-
ment systems aimed at increasing the frequency of the
alleles of interest would have no effect on the susceptibil-
ity to other viruses of economic importance.

The alleles classified R*™*% in HV shared several
amino acids including Glu-Arg-Val (ERV) in positions
58-70-77 of the BoLA-DRp chain, highlighting among
them the presence of the amino acid Arginine in posi-
tion 70, this is located right in the groove of binding to
the peptide in the BoLA-DRP chain. The §*"*'V alleles in
these same positions carry the KEY motif for the allele
*1701 and KKY for the allele *1601.

On average, 37.67% of the animals evaluated were
classified as N/N, 8.90% were R/R and only 2.30% were
S/S. On the other hand, 28.37%, 10.90%, and 2.87% were
classified as N/R, N/S, and R/S respectively. The details of
the classification of the animals according to the category
of their alleles are presented in Table 4.

The first work on genetic resistance to leukosis
revealed that the characteristic had a heritability coeffi-
cient of 0.24 and suggests that using selection methods
the frequency of the characteristic could be increased?'.
This work proposes as the main determinant of genetic
resistance to leukosis, the alleles of the DRB3 gene, in
this sense, only the allele *1101 was considered as R*™,

R’ and RV which means that the animals carrying
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Table 5. BoLA-DRB3 *1101 genotype associated with resistance to EBL
BoLA-DRB3 Genotype OR IC (95%) Fischer P-value
*1101/%1101 0.56 0.25-0.75 0.0004
*1101/*otro 0.18 0.05-0.35 0.00005
*otro/*otro 0.98 0.80-1.99 0.145

OR: Odds ratio value. IC: 95% confidence interval.

this allele they become infected less frequently with BLV,
animals that become infected do not develop PL and also
maintain high titers of antibodies against the virus. On
the other hand, no allele was considered as S, S**, and
StBLY although the alleles *1601 and *1701 were for two
of the three evaluated characteristics (S and S-BLV),
The homozygous genotype *1101/*1101 had a fre-
quency of 1.07%, while in the heterozygous *1101/*other
its frequency was 26.8%. The association of this genotype
with the development of bovine leukosis is presented in
Table 5. The OR value of the homozygous genotype was
lower than that of the heterozygote, but both highly sig-
nificant. The OR of the genotypes does not carry the allele
*1101 showed an OR value close to one. These results
suggest an advantage of the heterozygote. It has been
proposed that heterozygous individuals are able to recog-
nize some broad-spectrum antigens, thus increasing the
efficiency of these individuals compared to homozygous
individuals®. Several studies have shown that hetero-
zygosity confers selective advantages against infectious
diseases, for example, human heterozygotes at HLA class
IT loci showed resistance against the hepatitis B virus
and the Human Immunodeficiency Virus (HIV)*3%. In
Holstein cattle with mastitis caused by Escherichia or
Streptococcus it was found that in heterozygous animals
in the class IT locus DQAL, the progression of the disease

was slower?>3¢, A similar result of heterozygous advantage
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over proviral load control is also demonstrated and pro-
posed by*°.

Finally, the data presented here indicate and those
discussed in other races*! indicate that the develop-
ment of bovine leukosis presents particularities according
to breed since some alleles with the same classification
differ. As has been demonstrated in others in other retro-
viruses*, the low infection rate, the low lymphocytosis
development, and the high antibody titers are good pre-
dictors of disease progression, this suggests that the data
presented here can be used in future plans to control the

disease.

4. Conclusions

The BoLA-DRB3 locus is highly polymorphic; the high-
frequency alleles coincide with other reports of the breed
and others in the world. For all the characteristics evalu-
ated, alleles with significant associations were found,
however, only the allele *1101 was considered as resis-
tant to all. For all the characteristics, a higher percentage
of animals with genotypes N/N, N/R and R/R were
found. There was an advantage of the heterozygote when
responding against the development of the disease. Some
amino acids motifs present in the alleles of interest and
absent in the susceptibility alleles were found. The data
presented here can be used in future genetic improvement
programs aimed at increasing the frequency of alleles of
resistance to the disease.

Indian Journal of Science and Technology | I -



Association of Bola-DRB3.2 Alleles with Enzootic Bovine Leukosis: Profiles BLV Infection, Persistent Lymphocytosis and Antibody
Production in Harton Del Valle Cattle

5. References

L.

Beyer ], Kollner B, Teitke J, Starick E, Beier D,
Reimann I. Cattle infected with Bovine Leukaemia
virus may not only develop persistent B-cell lym-
phocytosis but also persistent B-cell Lymphopenia.
Journal of Veterinary Medicine. 2002; 49(6):270-7.
Crossref.

Chamizo E. Enzootic Bovine Leukosis: A review.
REDVET-Revista Electronica De Veterinaria. 2005;
7(6):1-25.

Shell H, Muller K. Case report: Lymphosarcoma in
a cow. Dtsch Tierarztl Wochenschr. 2004; 111(1):
38-41.

Gutierrez G, Alvarez I, Politzki R, Lomonaco M, Dus
Santos MJ, Rondelli F, Fondevilla N, Trono K. Natural
progression of Bovine Leukemia Virus infection in
Argentinean dairy cattle. Veterinary Microbiology.
2011,; 151(3-4):255-63. Crossref.

Usuga-Monroy C, Echeverri-Zuluaga J], Lopez-Herrera
A. Bovine leukemia virus decreases milk production and
quality in Holstein cattle. Archivos de Zootecnia. 2018;
67(258):254-9.

Hernandez D, Munoz J, Alvarez L. Dynamics of Bovine
Leukosis in creole cattle Harton del Valle in natu-
ral infection. Archivos de Zootecnia. 2016; 65(251):
365-73.

Carignano HA, Beribe M]J, Caffaro ME, Amadio A, Nani
JP, Gutierrez G, Alvarez I, Trono K, Miretti MM, Poli
MA. BoLA-DRB3 gene polymorphisms influence bovine
leukaemia virus infection levels in Holstein and Holstein
3 Jersey crossbreed dairy cattle. Animal Genetics. 2017;
48(4):420-30. Crossref.

8. Hernandez D, Posso A, Munoz J, Giovambattista G,

Alvarez L. Evaluation of Harton del Valle creole breed
genetics resistance to Bovine Leukemia virus. Actas
Iberoamericanas de Conservacion Animal. 2011; 1:169-
72.

9. Juliarena MA, Poli M, Sala L, Ceriani C, Gutierrez S,

10.

Dolcini G. Association of BLV infection profiles with
alleles of the BoLA-DRB3.2 gene. Animal Genetics.
2008; 39(49):432-8. Crossref.

Miyasaka T, Takeshima SN, Jimba M, Matsumoto
Y, Kobayashi N, Matsuhashi T, Sentsui H, Aida Y.
Identification of bovine leukocyte antigen class II haplo-
types associated with variations in bovine leukemia virus

I 2 | Vol i1 (24) | June 2018 | wwwindjst.org

11.

12.

13.

14.

15.

16.

17.

18.

proviral load in Japanese Black cattle. Tissue Antigens.
2013; 81(29):72-82. Crossref.

Panei C, Suzuki K, Echeverria M, Serena M, Metz G,
Gonzales E. Association of BoLA-DRB3.2 alleles with
resistance and susceptibility to persistent lymphocytosis
in BLV infected Cattle Argentina. International Dairy
Journal. 2009; 4(3):123-8. Crossref.

Monti G, Schrijver R, Beier D. Genetic diversity and
spread of Bovine leukaemia virus isolates in Argentine
dairy cattle. Archives Virology. 2005; 150(3);443-58.
Crossref.

3. Janovick N, Dann H, Carlson B, Murphy M, Loor ],
Drackle J. Housekeeping gene expression in bovine liver
is affected by physiological state, feed intake and dietary
treatment. Journal of Dairy Science. 2007; 90(5):2246-

52. Crossref.

Campuzano G.;How to get a blood smears of good qual-
ity? Medicina y Laboratorio. 2008; 14(3-4):125-52.

Takeshima SN, Matsumoto Y, Miyasaka T, Arainga-
Ramirez M, Saito H, Onuma M, Aida Y. A new method
for typing bovine major histocompatibility complex
class IT DRB3 alleles by combining two established PCR
sequence-based techniques. Tissue Antigens. 2011;
78(3):208-13. Crossref.

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S.
MEGAG6: Molecular Evolutionary Genetics Analysis
Version 6.0. Molecular Biology and Evolution. 2013;
30(12):2725-9. Crossref.

Peakal R, Smouse P. GENALEX 6.5: Genetic analysis
in Excel. Population genetic software for teaching and
research-an update. Bioinformatics. 2012; 28(19):2537-
9. Crossref.

Hernandez D, Posso A, Benavides J, Munoz J,
Giovambattista G, Alvarez L. Bovine leukosis virus
detection in Creole Colombian breeds using nested-
PCR. Acta Agronomica. 2011; 60(4):312-8.

19. Meza-Barreto G, Sanjuanelo-Corredor D, Gallego-Marin

20.

M. Molecular detection of bovine leukemia virus: A
study in Colombia cluster. Revista Ciencia y Agricultura.
2016; 13(2):47-55.

Usuga-Monroy C, Echeverri-Zuluaga JJ, Lopez-Herrera
A. Association between genes BoLA-DRB3.2*8 and
BoLA-DRB3.2*12 with resistance and BoLA-DRB3.2¥16
with susceptibility to infection by Bovine Leukemia
virus. 2016; 36(4):
400-4.

Pakistan Veterinary Journal.

Indian Journal of Science and Technology


https://doi.org/10.1046/j.1439-0450.2002.00559.x%0D
https://doi.org/10.1016/j.vetmic.2011.03.035%0D
https://doi.org/10.1111/age.12566%0D
https://doi.org/10.1111/j.1365-2052.2008.01750.x%0D
https://doi.org/10.1111/tan.12041%0D
https://doi.org/10.3923/ijds.2009.123.128%0D
https://doi.org/10.1007/s00705-004-0437-1%0D
https://doi.org/10.3168/jds.2006-640%0D
https://doi.org/10.1111/j.1399-0039.2011.01708.x%0D
https://doi.org/10.1093/molbev/mst197%0D
https://doi.org/10.1093/bioinformatics/bts460%0D

Darwin Hernandez, Donicer Montes1 and Luz Angela Alvarez

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Rama G, Meikle A, Puentes R, Moratorio G, Nicolini
P, Pessina P, Furtado A, Pritsch O. Aspectos sobre el
diagnostico de leucosis enzootica bovina. Veterinaria
(Montevideo). 2010; 46:15-22.

Giovambattista G, Takeshima SN, Ripoli MYV,
Matsumoto Y, Franco LA, Saito H, Onuma M, Aida
Y. Characterization of bovine MHC DRB3 diversity
in Latin American Creole cattle breeds. Gene. 2013;
519(1):150-8. Crossref.

Hernandez DY, Munoz JE, Alvarez LA. Genetic diver-
sity of BoLA-DRB3 gene in Colombian creole Harton
del Valle cattle. Revista CES de Medicina Veterianaria y
Zootecnia. 2015; 10(1):18-30.

Farias MV, Caffaro ME, Lendez PA. A novel association
of BoLA DRB3 alleles in BLV infected cattle with dif-
ferent proviral loads. Brazilian Journal of Veterinary
Research and Animal Science. 2017; 54(3):215-24.
Crossref.

Lewin H, Wu M, Stewart ], Nolan T. Association between
BoLA and subclinical bovine leukemia virus infection
in a herd of Holstein-Friesian cows. Immunogenetics.
1988; 27(5):338-44. Crossref.

Mirsky M, Olmstead C, Da Y, Lewin H. Reduced bovine
leukaemia virus proviral load in genetically resistant cat-
tle. Animal Genetic. 1998; 29:245-52. Crossref.
Sulimova GE, Udina IG, Shaikhaev GO. DNA polymor-
phism at the BoLA-DRB3 gene of cattle in relation to
resistance and susceptibility to leukemia. Genetika.
1995; 31(9):1105-9.

Xu A, van Eijk MJ, Park C, Lewin HA. Polymorphism
in BoLA-DRB3 exon 2 correlates with resistance to
persistent lymphocytosis caused by bovine leuke-
mia virus. The Journal of Immunology. 1993; 151(12):
6977-85.

Zanotti M, Poli G, Ponti W, Rocchi M, Lewin H, van
Eijk M. Association of BoLA class II haplotypes with
subclinical progression of bovine leukaemia virus infec-
tion in Holstein-Friesian cattle. Animal Genetics. 1996;
27(5):337-41.

Juliarena MA, Poli M, Ceriani C, Sala L, Rodriguez E,
Gutierrez S, Dolcini G, Odeon A, Esteban EN. Antibody
response against three widespread bovine viruses is not
impaired in Holstein cattle carrying bovine leukocyte
antigen DRB3.2 alleles associated with bovine leuke-
mia virus resistance. Journal of Dairy Science. 2009;
92(1):375-81. Crossref.

Vol 11 (24) | June 2018 | www.indjst.org

31. Kochnev NN, Karyagin AD, Korotkevich OS, Petukhov
IV, Marenkov IG, Nezavitin AG, Korotkova GN.
Genetic resistance to BLV. Proceedings of the 7th World
Congress on Genetics Applied to Livestock Production;
2002. p. 1-4.

32. Hedrick PW, Whittam TS, Parham P. Heterozygosity at
individual amino acid sites: Extremely high levels for
HLA-A antigens are associated with protection from
severe malaria. Proceedings of the National Academy of
Sciences. 1991; 88(13):5897-901. Crossref.

33. Carrington M, Nelson G, Martin M, Kissner T, Vlahov
D, Goedert J. HLA and HIV-1: heterozygote advan-
tage and B*35-Cw*04 disadvantage. Science. 1999;
283(5408):1748-52. Crossref.

34, Hraber P, Kuiken C, Yusim K. Evidence for human
leukocyte antigen heterozygote advantage against hepa-
titis C virus infection. Hepatology. 2007; 46(6):1713-21.
Crossref.

35. Baxter R, Hastings N, Law A, Glass E. A rapid and robust
sequence-based genotyping method for BoLA-DRB3
alleles in large numbers of heterozygous cattle. Animal
Genetics. 2008; 39(5):561-3. Crossref.

36. Takeshima S, Matsumoto Y, Chen J, Yoshida T, Mukoyama
H, Aida Y. Evidence for cattle major histocompatibility
complex (BoLA) class IIDQA1 gene heterozygote advan-
tage against clinical mastitis caused by Streptococci and
Escherichia species. Tissue Antigens. 2008; 72(6):525-
31. Crossref.

37. Gray R, Wawer M, Brookmeyer R. Sewankambo NK,
Serwadda D, Wabwire-Mangen F, Lutalo T, Li X, van-
Cott T, Quinn TC. Rakai Project Team. Probability of
HIV-1 transmission per coital act in monogamous,
heterosexual, HIV-1-discordant couples in Rakai,
Uganda. Lancet Oncol. 2001; 357(9263):1149-53.
Crossref.

38. Vilaca LE Diniz WJS, Melo TF, Oliveira JCV, Guido SI,
Brito CEV, Costa NA, Santoro KR. BoLA-DRB3 gene
polymorphisms in 5/8 Girolando and Holstein dairy
cattle herds in the Pernambuco State. Archivos de
Zootecnia. 2016; 65(249):7-11.

39. Gholamreza NB, Ghorbanpour R, Esmailnejad A.
Association of BoLA-DRB3.2 alleles with BLV infection
profiles (Persistent Lymphocytosis/Lymphosarcoma)
and Lymphocyte subsets in Iranian Holstein
Cattle. Biochemical Genetics. 2016; 54(2):194-207.
Crossref.

Indian Journal of Science and Technology | 13 -


https://doi.org/10.1016/j.gene.2013.01.002%0D
https://doi.org/10.11606/issn.1678-4456.bjvras.2017.123769%0D
https://doi.org/10.1007/BF00395129%0D
https://doi.org/10.1046/j.1365-2052.1998.00320.x%0D
https://doi.org/10.3168/jds.2008-1143%0D
https://doi.org/10.1073/pnas.88.13.5897%0D
https://doi.org/10.1126/science.283.5408.1748%0D
https://doi.org/10.1002/hep.21889%0D
https://doi.org/10.1111/j.1365-2052.2008.01757.x%0D
https://doi.org/10.1111/j.1399-0039.2008.01140.x%0D
https://doi.org/10.1016/S0140-6736%2800%2904331-2%0D
https://doi.org/10.1007/s10528-016-9712-6%0D

Association of Bola-DRB3.2 Alleles with Enzootic Bovine Leukosis: Profiles BLV Infection, Persistent Lymphocytosis and Antibody
Production in Harton Del Valle Cattle

40.

41.

42.

Takeshima SN, Giovambattista G, Okimoto N,
Matsumoto Y, Rogberg. Munoz A, Acosta T], Onuma M,
Aida Y. Characterization of bovine MHC class II DRB3
diversity in South American Holstein cattle populations.
Tissue Antigens. 2015; 86(6):419-30. Crossref.
Takeshima SN, Miyasaka T, Matsumoto Y, Xue G, de
la Barra Diaz V, Rogberg.Munoz A, Giovambattista
G, Ortiz M, Oltra J, Kanemaki M, Onuma M, Aida Y.
Assessment of biodiversity in Chilean cattle using the
distribution of major histocompatibility complex class II
BoLA-DRB3 allele. Tissue Antigens. 2015; 85(1):35-44.
Crossref.

Takeshima SN, Miyasaka T, Polat M, Kikuya A,
Matsumoto Y, Mingala CN, Villanueva MA, Salces A],

B 4 | Vol i1 (24) | June 2018 | wwwindjst.org

43.

44,

Onuma M, Aida Y. The great diversity of major histo-
compatibility complex class II genes in Philippine native
cattle. Meta Gene. 2014; 19(2):176-90. Crossref.

Lee B-Y, Hur T-Y, Jung Y-H, Kim H. Identification
of BoLA-DRB3.2 alleles
(Hanwoo) and Holstein populations using a next gen-
eration sequencer. Animal Genetics. 2012; 43(4):438-41.
Crossref.

Miyasaka T, Takeshima SN, Matsumoto Y, Kobayashi
N, Marsuhaschi T, Tanabe Y, Ishibashi K, Sentui H,
Aida Y. The diversity of bovine MHC class II DRB3
and DQAL1 alleles in different herds of Japanese Black
and Holstein cattle in Japan. Gene. 2011; 472(1-2):42-9.
Crossref.

in Korean native -cattle

Indian Journal of Science and Technology


https://doi.org/10.1111/tan.12692%0D
https://doi.org/10.1111/tan.12481%0D
https://doi.org/10.1016/j.mgene.2013.12.005%0D
https://doi.org/10.1111/j.1365-2052.2011.02264.x%0D
https://doi.org/10.1016/j.gene.2010.10.007%0D



