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TECHNOLOGY OF BOVINE LEUKEMIA VIRUS
GENODIAGNOSTICS IN CATTLE,
IN PRODUCED RAW MATERIALS AND PRODUCTS

Abstract. The most important task of the dairy cattle industry is to obtain high quality raw milk. To achieve it,
a set of measures is required, including aimed at increasing the biological safety of produced raw materials. The aim
of the study was to create a scientific and methodological basis for the Bovine leukemia virus (BLV) gene diagnostics
in a combined format of pathogen indication and identification. This required updating the strategy of BLV
PCR-RFLP genotyping, consistent with its phylogenetic classification, taking mto account the growing knowledge
about the genetic diversity of 11 genotypes of the studied viral pathogen. When staging nested PCR, oligonucleotide
primers were used, which initiate at the final stage of the reaction the production of a 444 bp env-gene fragment of
the pathogen. Five restriction endonucleases were used in PCR-RFLP BLV genotyping of: Pvull, Sspl, AsuHPI,
Haelll, and BstX21. As a result of verification of the developed Bovine leukemia virus method for gene identification
with an updated genotyping strategy, a technical result was obtained, expressed in the ability to identify all 11 BLV
genotypes discovered to date by interpreting the generated 58 genotype-associated combinations of PCR-RFLP
profiles.

Key words: Bovine leukemia virus, BLV, cattle, milk, PCR, RFLP, sequencing, gene diagnostics, genotyping,
env-gene.

Introduction. Obtamimg high-quality raw milk is the most important task for the dairy farmmg
mdustry, mcluding for the production of functional and gerodietetic food products. To achieve it, a set of
measures is required, including aimed at increasing the biological safety of the produced raw materials,
which ultimately affects the products quality [1,2].

Bovine leukemia virus is a chronic infectious disease of a tumor nature, causing significant economic
damage to the dairy farming industry, including due to products shortage and a decrease in its quality. The
causative agent of the disease itself — the Bovine leukemia virus (BLV) can also be detected in milk raw
materials obtamed from infected cows [3.4].

It is believed that most of the traditionally used types of technological milk processing, mostly heat
treatment, inactivate the virus, but do not destroy the genome. At the same time, the assortment of dairy
products includes a number of products with gentle process parameters that do not have a lethal effect on
the virus [5,6].

Currently, to eradicate BLV, early pathogen gene diagnostics is introduced mto the system of antiepi-
zootic measures, followed by the mfected animal’s removal from the herd. In this regard, the pathogen
gene identification is of great importance [7,8].

Molecular genetic research methods make it possible to assess the genetic diversity of BLV, and are
the most informative approaches to its gene identification, both when using phylogenetic analysis of
sequenced nucleotide DNA sequences of the provirus, and PCR-RFLP analysis in accordance with the
phylogenetic pathogen classification [9,10].
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blemx 0/ 1ke Acaéewy o/>krences o/ 1ke Kepubkc o/KarakkMan

blyesingaiions o6 !'be 1a8! iiecalie baye blenlleii 11 B~V pgenolype8, botoeyer, !'be 6ealnre8 o6
penolype-a88oaaleli palbogene8”8 baye no! been 8m&eit [11-17].

Thbe a T 06 !be 8luily "8 'o creale a 3aeniiiic anii Telboitoloatoal ba8"8 6or 'be BAV paene &apno8iic8
T acoTbTein 6orTal! o6 Tiitoalon ani blenii6ioaiion 06 !be T6eciiow agen!. To acbleVe !be goal, !be
curren! re8earcb !'a8k 10a8 6ortulaleii:

- wupitale lbe 8lralenyy 06 PCK-KP~P-genolypta 06 B”V, con8l8len! Toiib W8 pbylogenelio
clag8"6”calton, 'akTpg T!o accoun! !be grotoTtg knoTtoleiipge abou! lbe peneiic n”~ereily o6 e”~en knoton
npenolype8 06 !'be 8!'n&eii Vral palbogen.

Malenal anii researcb Telll 0i3. The Toork T0a8 carneit on! on !be ba818 06 !be ~aboralo”y 06 Canneii
MWKk, 'be "aboralo”y 06 8laniiar&ralton, Melrology anit Palen!*t0oen81g “ork o6 !be Al1l-Kn88"an "a’ry
Ke8earcb 1n8iilnle.

AN A "8olal™on 6roT TObole cannei callle blooil, Tk ani Kalry proiuc!8 T0a8 catein ou! by
cotTteraal ki8 '"bblA-8orb B" anii "bblA-8orb 8-M" (Cen!ral Ke8earcb 1n8iilu'e 06 EpbleTiology,
Ko8po!rebnaiiror, Mwa8!ry o6 Heallb 06 !be Knu88"an Peiieraiion).

"ben 8laaTtn ne8leii PCK Toiib ex!racleii 8atple8 06 B~V provVAral "N A, Toe u8eii “exlermal”
(“enV5032” anin “enV5608”) anit “tlermal” (“enV5099” anin “enV552I°) pnter8, Tl aiing a! !'be 6T1al
8lage 06 !be reaciion !be proiinciton o6a 6ragTen! o6!be eny-gene 06 !be palbogen lenglb 06444 bp [18].

Corre8poniitg re8!nclion enitonuclea8e8 n8eit T PCK-KP~P genolypTh 06 BKY, con8”8len! 10"6b /18
pbylogeneiic cla88"6"calion: PyuM, &pl, ATHP1 (Hpkl 7808cb"20Ter), Haell, B$(X21 (BS(Y1
1808chblroTer).

Por PCK-KPAP Toiielnpa, bIEBcuiier V.2.0 8o6!Toare T0a8 n8eii.

To nelec! 'be oblwnein re8nl!8 06 PCK anii PCK-KPAP analy8"8, bonronlal elec!ropbore818 7 2.5%
aparo8e pgel Toiib TBE bwub6er (pH 8.0) con'atta elbliiwT brotble T10a8 wn8elt, 6olloToeli by
eleclropboregrar8 exatrtainon 1T a ~V-lran8”1llmutnalor (X=310 nT). Tbe 81re8 06 generaleii "NA
6ragten!8 Toere e8!”taleit by cotpar”8on ToMb 8laniiarit "N A Tolecular Toe"gb! Tarker8 (“8JTIEnryTe
000 (MT1/leih MabMANly CoTpany)).

8e”nenc™ng 06 PCK atpl”6”cal™on proiuc!8 o6 !be eny-gene locm8 06 itelecleit ~8olale8 06 'be BNV
provVAru8 Ttoa8 carreii ou! onm an AB1 PK18M 3100 pene!“c caplUary analyrer (8e”uencer) (Appl”ieii
BrogysleTs, W A) n8*ng “~nlermal” ol”gonucleo!Mie priter8 “enV5099” anii “enV5521” a8 8e”men!”al.
AHpnTen! 06 !'be 8e”nenceit 8e”mence8 06 !'be eny-gene locu8 06 'be BAV proV/Aru8 ”8olale8 T1oMb !be
corre8ponin”ng nucleo!~ie 8e”nence8 06 !be reberence BAV "8olale8 preV/on8ly iiepo8iteii n OenBank T0a8
carreii on! w T4 'be BMA8T anit MEOA-4 proarat8 1oMb 8ub8e”unen! pbylogene!”~c analy818.

Ke3nKs ani 11”8cm88”on. A8 par! 06 !be curren! 'a8k, Toe “nlerpreleii 'be enV-PCK-KPAP pro6"1e8 o6
520 BNV "8olale8 peneraleii iunng 'be analy8™8 06 re8!rc!”on TappTta8 06 !be eny-gene locu8 by 5 re8!nc-
1"on enryTe8, Toblch ac'nally re6lec! !be 8lralegy 06 PCK-KPAP B~V genolyp”ng "n accoriiance 1oMb N8
pbylogenel”~c cla8876”calon, Tobo8e i1ala are pre8en'ein n!be 8utTary lable.

Wpiialeir 8lralegy 6or PCK-KPbP B~V penolyprn§

0 180lale OenBank p:o(l:‘/il:c! KPoP-oraaTents (5p) c N
Albl (bp) Pyui &pl Hpkl Haelll B3ly1
1 Ab-63 PAB08571 444 444 399/45 224/220 198/94/87/32/27/6  198/128/118 1 56
1 Coto 527 AP007764 444 444 399/45 224/220 285/94/32/27/6 198/128/118 2 8
123 1187873 444 444 399/45 224/220 312/94/32/6 198/128/118 3 1
1 Ab-2106 PAB08578 444 444 399/45 224/220 198/94/87/32/2716 246/198 4 42
1 NruCoen PM955558 444 444 399/45 224/220 285/94/32/27/6 246/198 5 1
1 ViiM M35239 444 444 399/45 224/181/39 198/94/87/32/27/6 316/128 6 1
1 Kurii18lan EV266062 444 444 399/45 220/196/28 198/119/94/27/6 198/128/118 7 1
2 Ab-164 PA808574 444  280/164  399/45 224/220 198/94/87/32/27/6  198/128/118 8 34
2 Pb-4960 PA808590 444  280/164  399/45 224/220 198/87/49/45/32/27/6 198/128/118 9 1
2 AKO8P8 AP485773 444  280/164  399/45 444 198/94/87/32/27/6  198/128/118 10 1
2 Ab-1453 PA808577 444  280/164 444 224/220 198/94/87/32/27/6  198/128/118 11 1
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224/137/83
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224/137/44/39
224/220
224/220
2241220
2241220
224/137/83
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224/171/49
224/171/49
224/220
224/220
224/220
224/220

285/94/32/21/6/6
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285/94/32/2716
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198/94/87/32/27/6
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198/128/96/22 13
198/128/118 14
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444 17
253/191 18
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316/128 26
316/128 27
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242/128/74 30
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316/79/49 32
316/128 33
294/128/22 34
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316/128 36
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316/128 40
316/79/49 41
316/128 42
316/128 43
316/128 44
316/128 45
316/128 46
444 47
198/128/118 48
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198/128/118 50
198/128/118 51
198/128/118 52
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1 2 3 4
CenoPype 1 CenoPype 1 CenoPype 1 CenoPype 1
narker Prall HAsp! Haelll B3PY! Prall dAap! Hpbl Haelll BaPy! Purvll  8xp! Hpbl Haell BsaPY! PToM 8apl Hpbl Haelll BsPY! narker

P18ure 1- 1n THco woiieling oP re8PncPton paPPerww Por 5 re8PncPion enryTe8

- Pbl238/P3808582/genolype 6
m151/AV 185360/penolype 6
- C53/M P574055/genolype 6
OH1/MP574057/genolype 6
Pucallpa-7/1_C075552/aenolype 6
1 Paragvway-96/1_C075556/aenolype 6
- 3C2/MP574060/genolype 6
——————————————————————————————— E101/KY764746/genolype 11
Pa51-A3/Kn233547/genolype 10
M1_45-B3/Kn233540/aenolype 10
N/t0154066/genolype 10
15-c16/30353652/genolype 4
15-c9LLI353640/penolype 4
MK1111686117/aenolype 4
15-cK0/30353650/nenolype 4
14023/KC867149/penolype 4
M034/KC886611/aenolype 4
« 1 BY/HO902258/genolype 4
"BC/EP065638/aenolype 4
- 3/11WW7872/penolype 4
KA3-1/EP065635/genolype 5
£ CKCC/EP065639/peno(ype 5
CK1.C-1/EP065655/aenoly pe 5
«12/583530/geno(ype 7
« 13-c11K0353649/penolype 7
-30/00059417/penolype 7
MO067/KC886618/aeno(ype 7
}-----4T-C19/.K0353655/penolype 7
e 4T-c11/t0353656/aenolype 7
— 14YK1700686120/aeno(ype 7
13-c400353651/aenolype 7
380P720351/genolype 7
bl28/HM102356/aeno(ype 7
176/AV515276/peno(y pe 7
450P720352/peno(ype 7
14/AY515274/peno(y pe 7
« 13-c61L353633/aenolype 7
P1_-4960/P3808590/aenolype 2
Al_-164/P3808574/peno(ype 2
AK63P8/AP485773/geno(ype 2
Al_-1453/P3808577/genolype 2
4-6/HM563764/peno(ype 8
bl1740P713455/genolype 8
- MKC2137/30675759/penolype 8
M1/EHO Cro/08/C11724606/nenolype 8
EO Cro/1/PA/09LLI990072/genolype 8
3PP1)/EP065650/aenolype 3
P 1)3CA-1/EP065647/genolype 3
1n5CA-2/EP065648/genolype 3
Monelro-1/1_C075563/aenolype 9
Pollaciiel10-20/1_C075567/genolype 9
- KurcM3lan/E1)266062/paenolype 1
, Al -2106/P3808578/genolype 1
1)ruCO6H/PM955558/aenolype 1
u m - Yc1M/M35239/genolype 1
- Cowv 527/AP007764/penolype 1
1_-63/P3808571/penolype 1
23/1187873/penolype 1

0005

P18ure 2 - Pbybparat oP 58 rePerence 180lale8 oP 11 open B~V genoPype8, bulM on Pbe basis oP pbylo8enelic analy818
oPPbe enr-gene locv8 [MEOA-4: N1 alpgonPbT, 400 nP, 58 8e".]
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our upiialeii 8lralegy 06 PCK-K6BP B~V pgenolypta 18 con8l8len! Toiib M8 pbylogenelio cla8816>
caion, TakTg I po88lUe 'o bleninby all eleVen curren!ly knoton genol!ype8 06 !be Vral palbogen uniier
8lnity.

An Wuw'ralrye exatple 06 T $LLco ToiieMng o6 re8!nclion paitern8 6or 6”e re8!nclion eniionuclea8e8
"8 8boton T iigure 1, Toblcb re6lec!8 4 06 58 pgenolype-8pet6t0 coTbTalton8 06 eny-PCK-K6BbP BAV
pro6iie8.

Tbe reMabllly o6 re8'nclion paiiern8 T $LLco ToiteMng Toa8 8ub8laniialeii by !'be iala oblwneii a8 a
re8ul! o6 aHanten! ani re8lnclion TappTtg 06 'be "N A 8e”nence8 06 !be eny-gene 6ragten! o6 !be
re6erence 18olale8 06 'be knoton BAV penolype8 atpll eii Toiib !'be olMpaonucleoiiite pnter8 "ety5099"+
+"enr5521".

Tbe con8”8lency 06 !be ~TproVeii 8lralegy 06 PCK-K6bP B~V genolypta Toiib 18 pbylogeneiic
cla88"6”cal”on "8 8ub8lanitalei, TcluinTa by pbylogene!to analy8™8 o6 !be eny-gene 6ragTten! 06 58 reberence
180lale8 06 e”~en open pgenolype8 06 !'be palbogen ~pure 2), pgeneraing 58 pgenolype-a88otaleit
cotbTalion8 06 PCK-K6BbP prob6iies.

An Wuw'ra!'~e exatple 06 !be PCK-K6BP B~V pgenol!yptg 8lralegy Tpleten'alton T accoritance
T0"6b V18 pbylogene!io c1a88"6”calon "8 8boTon T 6~gure 3.

Mpownre 3 - Eleclropberoarat 06 PCK-KPbP pro6/e8 06 1be 18! B ~ peno'ype (upitaleit genolypT§ 8lralesy)
Key8: 1) BblA Tarker8 100 bp + 50 bp (3&EwyTe). 2-6) PCK-KPbP-pro6iie 06 1be B ~ proykuw 18olale "N-4" (O1, C4):
2) Prull-KPbP (444 bp); 3) &p1-KBbP (399/45 bp); 4) Hpk1-KPbP (224/220 bp); 5) Haelll-KPbP (198/94/87/32 / 27.6 bp);
6) BaFYT-KPbP (246/198 bp). O - geno'ype. C - coTblnaiion.

PCK-K6bP-pro6iie 06 !'be B~V prov~rug8 ~8olale "N-4" ~pgure 3, !rack8 2-6) cbaraclenre8 !be
4'b coTbTaon (C4) 06!be eny-PCK-K6BP pro6iie 06 !be 18! BAV penolype (O1), Toblch Tclmnite8 a! lea8!
42 blenlll e repre8en'al”e8 06!be Vral palbogen uniier 8luity (lable).

Conclu8tn. Tbu8, a8 a re8ul! 06 Ver"6"cal™on 06 !be iieVelopeii Boyrne leukeTra pene blenii-
6roalion Te!boii T0'6b an upitaleit 8lralegy 06 PCK-K6bP B2V genolypTa, con8™8len! 10'6b 18 pbylogene!io
claB8816t0alton, a 'ecbuwcal re8ml! T0a8 obaTei, expre88eii T !be abll!y 'o bleniby all 11 V*ral palbogen
penolype8 i8CoVerein lo iiale by Tl!erprelTn !be pgeneralein 58 penolype-a88otaleit cotbTalton8 o6
PCK-K6DbP pro6iie8. Tbe propo8eii lecbnology 06 B~V pgene &apno8iic8 "8 tpleTtenl!en T a coTbTeld
6orTa! o6 cawal!”~e agen! o6 callle T6eciion Tt anon anin blenii6ioaiion, T !'be proiincei rato Talenal8
anii Tannbaclureli pronuc!s.

Nckno”lein8ten4. The Toork T0a8 carnmeit ou! T accoritance Toitb 'be Apreeten! ~ . 044 06 1nly 31,
2020 on !'be prov”8™on 06 a gran! T !'be 60rtT 06 8ub8”e8 6roT !be reatonal buiige! 'o proVA iie 8lale 8uppor!
6or 'be T!rolinclion 06 “nnoVal*Ve lecbnolog™e8 t!o proiiuciton 10°6b™ !'be 6ratetoork o6 !be mll cycle
pro~ec! No. 10090780: “Crea!~on 06 !e8! 8y8'!eT8 6or Ibe iielec!ton anii 'yp~ng o6 Ibe boyrne levkeTra
ba8ein on Tolecular gene!~c Te!boli8 6or ii*agno8”ng !be pa'bogen ~n!be 8y8leT o6 anllenkeTo Tea8nred”
(Belporoii, Kndg"a).
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P. P. Bagun!, X. X. Tmismanos!, A. I'. Tancrsan!, H. C. Ipsianunnkosal,
A. B. Buraesal, E. T. JIazapesal, B. C. Kazakosa?

'Bykinpeceiimik CyT oHepKaCiOi ThLIBIMA-3¢PTTEY HHCTUTYThI, Mockey, Pecei;
2«Kepamoc-benMVY» XKIIIC, Bearopon, Peceit

IPI KAPA MAJIJATBI, HIMKI3BATTAI'BI ’KOHE OHAIPLJITEH OHIMJEI'T
BOVINE LEUKEMIA VIRUS TEHOAUATHOCTHKA TEXHOJIOI'HACHI

P. P. Bagun!, X. X. Tmismanos!, A. I'. Tancrsan!, H. C. Ipsianunnkosal,
A. B. Buraesal, E. T. JIazapesal, B. C. Kazakosa?
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TEXHOJIOI'UAA TEHOJUATHOCTUKU BOVINE LEUKEMIA VIRUS
Y KPYITHOI'O POTATOTI'O CKOTA,
B BLIPABATBIBAEMOM CHIPBE U TPOU3BOAUMOM MPOAYKIIUH

Annortamust. BakHelmel 3agaded MOJIOUHOTO CKOTOBOJCTBA SIBIBIETCSI HMOJNYHUCHHWE BBHICOKOKAYECTBEHHOTO
CBIPOTO MOJIOKA. [l ee MOCTHKCHHUSI HEOOXOTUM KOMIUIEKC MEp, B TOM HYHCIC HANPABICHHBIX HA IOBBIIICHHUC
OHOIOTHYECCKOM OE30ITACHOCTH MPOU3BOAMMOTO CHIPBSL.

Llenpro uccnenoOBaHNA ABUNOCH CO3AAHHME HAYYHO-METOAMYCCKON OCHOBBI FC¢HOJMATHOCTHKH BHPYCa JEHKO3a
KpymHOTO poraroro ckota (bJIB) B koMOmHHpOBaHHOM (hOpMATE MHIMKALUH M WACHTH(HKALUH BO30YAUTEILL. JTO
moTpeOoBamo akryaym3anuu ctparerun reHotumuposanna BLV PCR-RFLP B cooTBeTcTBHH C €€ (DHIIOTCHCTH-
YECKOH KIACCH()MKAIUCH C YUETOM PACTYHIMX 3HAHWHA O TEHETHYECKOM pa3zHooOpasmu 11 reHOTHIOB M3ydaeMoro
BUPYCHOTO marorcHa. [lpu nmocranoBke BiIO;keHHOM TP MCHOMb30Bad OMMIOHY KJICOTHIHBIC MPAMEphl, KOTOPBIC
HHUIUHPYIOT HA 3aKIOYMTENBHON CTaaNK peakuuu MpoAyImpoBanue (parmenra reHa env 444 bp marorena. 1t
pectpukiim OputH HCTOMB30BaHbl B [TLP-IT/IP®-renotummposanus BJIB: Pvull, Ccmm, AsuHPI, pecrpuxrazamu
haeiii, u BstX2I. B pesynprare Bepuduranum pa3pabOTaHHOTO METOJa MACHTH()HKAIMM T€HOB BHPYCA JICHKO3a
KPYITHOTO POTaroro CKOTA C OOHOBICHHOHN CTparerueil TeHOTHITMPOBAHMS OBLT IOJIYUCH TEXHHYCCKHH PE3yibTar,
BBIPAKAFOIUKCS B BO3MOKHOCTH HACHTH(HKaumu BceX 11 oOHApy>KeHHBIX HA CETOTHALIHUHN JAE€Hb TeHOTHIIOB BLV
IyTeM HHTEPIPETALNH CTCHEPUPOBAHHBIX 58 TeHOTHUIT-ACCOLMUPOBAHHBIX KoMOnHanwui mpoduneit [TLP-POJIIL

Kmrouernie cioBa: Bovine leukemia virus, BLV, kpymHbIi porartsiii ckot, Mojoko, [TLP, TTIP®, cekBeHHPO-
BAaHHUE, TCHOAUATHOCTUKA, TCHOTHIIMPOBAHHUE, €/1V-TCH.
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