ARG Y R D A VA DR FFEAL T RIS

Phylogenetic and Evolutionary Analysis of

Bovine Leukemia Virus

2022 4
WHEERTZ KRR ETE

sy S



%*% ;f%% ................................................................................ 1
B HARICBT DHBYEY LoNE Y A VA DI L YRR ORES 12
1. fggﬁ% ........................................................................... 13
. &‘H%i@jﬂi& ............................................................ 15
1. %% ........................................................................... 20
V. %%’g ........................................................................... 25
AV ?% ........................................................................... 32
=% PCR-RFLP E%#H\\=
ARG U 2SI A L A DR TR FE OB oo 44
1. fggﬁ% ........................................................................... 45
. &‘H%i@jﬂi& ............................................................ 48
1. %% ........................................................................... 52
V. %%’g ........................................................................... 55
V. ?% ........................................................................... 57
%“@% ;’%;J:E ................................................................................. 61
Summary ..................................................................................... 66
%Tﬁjl‘g ............................................................................................. 71



CEA

e
iff



B—E

i

Yt ) X fE  (Enzootic Bovine Leukosis : EBL) (X4t U o S
7 A VA (Bovine Leukemia Virus : BLV) &N 5405 T, B Al
R oD B L BB Y VA B E TV, AR ORIERITIE %R &K
WS, BLV & F0 % & 0v5, EBL O3S T H AR TR 4,300 88 (2021
) A TW5S, EBL BIEICHE ) TERARBSEEMLEOKTIC EENGES
PERICREREEL T2 H T, 1998 FFICK S BYR THHEIC T 5 BEn Yy
i EHERYR) ICHE ST AR, BHERERICEESR TV L E0 Y
A NVAWSIROF T, JECH - A E bk bE <. FEfid LoREREL
PIRD—D>Th 52, ARD LI ITFEMRBEHDP RS ATHZRNE DD,
EBL IZEEEVEFHR (OIE) 2L - CHEHEEES EEEMHOEWERO Y A b
ICHRE SN TWD Z &b, HFRIIC S MH T X 220 L@ S b T
%534, 33—y DL DOETIE, EFRNTm Y =2 b e U TR ORI
IRURIKE I I VIEE L E ER L TV DA, ZOMMBgIZ VT KR E LT
FAEDHRNTEY, SOLRIWENREIND,

BLViZL e UvA VAR A LY L br A VAT LEZ L ha oA LR
BLTHY, b b THBEALEY A VA (Human T cell Leukemia Virus :
HTLV) &SmOV ANATHD P, £8,720bp DT 0T A VAT ) KD
—AERNA VA VATHY, = _Xa—FZ2HT 57 AVARkFDELT

100~120 nm T, [E+ A EE &5 67, BLVO 2 U A )L ARYF ) LD



JitlZ 13 long terminal repeat (LTR) fEik% A L, ks o 37 BOREHE %
— N9 28T (gag: a7 X/ V&, pro: BEFEH, pol: WERHFFHEFRB X
Wenv: =_Xu—=>7) Dl b4 o0HI% LRI EEa— KT 5HEE
¥ (Tax, Rex, REEBLVG4) THKINLTED., S5 miRNABLIOT
FEARNA (AS1 BLUAS2) b=a—FLTW%® (K1) , ZOBLV %
ZLDETHL b U A VAL, BEIRD T ) DMZOA VAR DT ) A
EREANT D88 OMIENH 5, BLV M5 EHII~MRAT D & WilREREE
(po) ZFIHLTCHEDZ 7 5ARNA % AR DNA (v A )LA) (IZEH#H
L. 0%, BYHED T ) MAIGAEND 9, — BT 5 LU A VAT
RN S ATEYERR S e 72, BLV IS L2 4R1E, WICRIRIBIC & 2 Ff
fei g L 72 5, BLV EQEAIZ DB WS DINOIFEEZ & 25 2 LM b T
D

BLV ITJ#&H: L7203 & A Sl BRRIERZ RS 2WEERF v U T — & L
THEEEZK A 510, RS v U7 —3EEEICIZE A EEEEE IR0,
W, YO 30%M U VSR DI K D RipetE Y o EIE A
%o AR v U 7 —[FRRICEE AR 12D F 0 RS20, iR o7 v w4
WVABENE L, BIERE v V) 7 — R T IE G S D RBEICH 5 7
O, ESGNIC W TR EE R REGR & 72 2 101119 —J5 - BUEO R B

ZRETCRRIT, A DRI B N TR D U 2/ Hi-Cllids 03 IR %

EBL Z%#iE3 % 19, EBL FAEAFIE, EICIRERZEH, HIFE, oRibk, I
i ALRRD Y CNEIE R EOSER A R L, TEAR TIRIZED 510, EBL %

JEAFDITE A LR, i SNEBRIZE BBV THER SN, LEHIEBLIT
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BAEAEBICESE, LIRITEMERE 05, £72. EBL BIEFITBAEE
R0, ESORTIED hOBEFR 2 RET D RN T E D720, FERFIC
BT ORFOBEOER L 720 REZRMEE /eo TV D,

BLV (%, VA NVAZEG LY R BREETfiR, MRS L OHIFIck->T
IS, BPFICEN O DBBAT D Z LI Ko TR RN T 5 19, Eie
JRYUIR & LTy B - HAREEAE - BB - BB - EIGRA - TSR o iAo
IMETHEH LB WEI L, 7708 v =/ E ol BRI X 58
DHHNTWD W, Fo, FIABIOFEN - EELIT L TEET 52 &bk
HINTEY, BLV OEEREREREEO—DTH D 15, BIE, RLEHITHT
DINRAIRT 7 F B L ONERIEIIFE L RN L BLV EEERGIEXR I
—RAZIE TREAMR ST 28ET A R4 ) (E  ARBOIRL )
(ZPE> T, fEE B L OFE SR AT EORBEREN KL 2V IRV HAT
W, ARZRRIRE LQXEIC, EMINRGUARTE., Y40 R RT, B
FoOREE. Bihxr s b WIFLOINE - BE R ENFT b5 10, Ll *K
(2D 2 AN« FHTEFRICE o TRERAMERY | S OITHRENE
(CRATERNDIITRBZAT 5720, ARISHEE L TV EFHITL V., EBL
FEAMIITAE 2 BB 2R LTV D 2 & 0vD . BLV B K 25 < 2 &g
BTl nWZ Enbnd,

EBL O b d Rk, 47058 150 4FRITD 1871 40D KA Y O ICHRIZ I\
T, RAYVEBBLORT R AL DA — AN B N T =T « 75 A
) O, MEE D HEREREN LR, VW HEHTH D 10, Kk

T, 1873 FEB LN 1876 FITH FA VI T EBL & Bl 2 2722 JE G H
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HEd o7z 1819, MIREIF A IR 5 TR Y | UGN 2B & T
22D, HIFREA A S & N D K 912 o T, D% 1900 FER A

([CHRBERNBAERR, DWW S — 1y RN RBAENREEND L H 128 -
7220, Z LT, BHEETIETY7, 77U h, k7 AV, BT AV AR LN
FTT7 =7 OETOMES EBL ORERENSINATHD 2D (K2) , L7
LR, =1 v 0—BLO0A 7 =7 Tld, BLV EYER A D 72
WIFRIZ B WD THIRRAIZ X 5 ESIRY e BLV &G a2 50 L, [E 35O/
MR 72K A B IR o 2 &IV BIETIX EBL BANIZE A E RN
20, —J5, AT AV B, BT AV BBIOT UTIZENTL, BLV B0 F
BVRENTD | ERFOUERIRE WS T FRZ LD 2 E1THEVITH KRE R
FHERIC D L E SN D=0 L <, BLV &4 fd X OV EBL AT HE
LI Lt TN B 22

HAIZERIT 5 EBL ORI EIE 1927 FIZE T#HD, HFRIZBNTH T #»
HWEA LTz ARV AR A CFEREARDR Y CNEIORERZ R L, B L7722 &2 Tk
EREDO—fF] LW I MEICENTWDS 2, D%, HAL#G &2 Foc g4
OB DPAHRE . 1970 FARLUEIIIAMNBAL LU L IUN T H R S D £ 9
(278 o 72 242520 1980 AR ITF S HAERBIZIC L0 | WD TORBIUE 2 2
ATz 20, ZOFETIE, BHEFOWD BEEZT.OICHRENSRE LT
7o, REMREE E U TUIEMEEZ RN TWAEHa b HH LB LD
23, REPEE OPURSEMESRITILAF TR 4%, WHATH 6% &G Sz, 20
A Tl 41 AHEF IR TR S SN2 2 LD 1980 R EEAIZ

BLV OIEHNEE Z o572 B 2 bivd, BAEROEMNZ%1F T, EBLIE 1998
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A SHBIIN TEHEIZ B W Tl MR YYF IR E S h, BFEORATEAEIC
WEEIhD Kooz, L, 1998 FIZ 99 BHTH - 7223, 2012 4
(ZITA 20 512, 2021 FEITITHT 40 f512H 722 4,368 BEHIZE THML TH Y |

ETOFHEFRTRAENDRESNTND 2 (M3) . 2010 FI2iE, BMHEAE
FEAMIZ LD 30 5 D ISR 2 Mg R Fai A AT o7 29, Z oA T

EEOF AR AFTE N O RGN ORMEIE REZEE L TRIEZzE L, &

[

EoORBERERE B LT, ZORE, 2EFYTIIFE 4T 40.9%, A4T

[

28.T%DGURIGME T 5 Z L AV iE S, ENICEWT BLV LRI S 5
ZEBHBLMNE ST,

BLV (21X 2 F TORMANT I L OEZAIIITEIC BV T, BAR TR D1E
IZE DN ODDBBEFRPFET DT e Do TND, ZHHDIFFETIE
enviBn1. Rl envgpbl FEIRIZAEH L TW5, enviBfn 121X, BLV K1
DREIZHEL TN\ D RS /37 'HE gpsl LIRE@Y /X7 ETH D gp30
D 2ODRER LRI END D, NEE2HENSD A NAREAT 5 BLV
I, EEMEAMRAT DB, T A L AR & 18 AN & O IEERS O A
L L, FFIC gpbl XV A NVA LT ¥ — O L OWE R 2 #1243 5 68
BT, BLVDO I A 7% A 7 BN TEHEREFHZH S TWDH, ZERIEICED
72, BLV IZRMFHSFEORBE S LT HIIZFIHINTWD, 20 env
gpbl W= T E TOERFEPINZECIE, D7 & 1-10 o BLV &5 1
B SN TS, BEFEREDERICHEVT LWBE FRNFEE SN TE
| SEETIEFAST O7IZBWTH LWBEBE RSN R A SHRINTVD

2930 1 AT b — I TH Y . HFRICHH L TW D, F OBz
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(THIERAORF RME N A DA, 2 B ROV BIIETK, 4,7,8 BT FEIZa—1 v 3 6
BLO10BET U7 EMATHERINTND, HARTEHIRFTHRITL T
L18E TAY BB IOEETHREIND 38D 2 SOBIR TIN5 LT
W5 Z Lo TS 2D, BLV OEGLTITEEGL Y o/ Bk e & OB PR Hfid
INLEET o D12 AR R o sy Bk & BLV &G 0B E) - H 512133
FERHD LEZ BN TN,

VT, BAR RN HA & RMEL R FIEOE LWRERIZEY, UvA L
ZDT ) DG D E OHEAETE & PR 2 AT 5 50 132 - HIRFE 05 A
TWD, ZHEICKERWEELGZDUANAL LTOREY A VA, BT A
WAL BAVINVTEU T IALNVABI ORI V—F T VAR ER, B MZ
YT HTANALELTE MUBERETVANA, A VTNV UL NVAB L
CZRTIANARENILSREINTEY, 260U A VADRME, ik
MR (AR 38 X OEEGRIE 22 PR LM STV D 8149, 2 b DR
TN, VANAOIHITE b - FE - WEBMOBE LEEE LTS Z
EWTRENT, DX RHFRIZTA N ZRFET TR, b FOEMEE, B
R LU - BURFRNC B IEFICEBE R L 225, FERIC, xDov A
JVADG ) SERIE, HUIE - R - IEER EOFRE LT —F R— R TEES
NTEY, BEOWITPE(LIREE, & L TR AT THNCIEH S Tun b
44-46)

JEYYE DOPRATIC R 25 U DBRIC, 3RO TEARBRIR] 25 oy
51 Eonol TREE) CREEZIT CWIONERIATL 2 ENEETHD

19, FERIRGE DK © A )L A DOMPLA) o3 Af, JRHRR - RRES . SREIENAEN
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MERIUT, VA NVA - FEOBENE X OREMR EOEELRMAAZS 5
o, BWIBE O R R IR T IEBR S 72 E DR RICKE S BBRT 2 2 & 23 HIfT
Sd,

AR O Y . BLV IZBW TITEE RS ISR B2 R LT D Z & IT S
MEIRSTWVDN, LRI EOFERmRITH E D TR, —J5,
HAEWNT EBLIZIRWTHRAERDZ N FET A NVAETHIEDRINTH 54w
ANVAVETHIZ A LA (BVDV) R, BLV L[EI L L hr U A LA TEICHFEID
W Bz /N BER L T A LA (SRLV) ICBWT. Rt
M3 M SAL72 2 &S L0 FER 72 BE BRSO AT R B v & e o T D
4748) TR O [E BREE OTERALIZ L - T, BYYE T2 R ER b2 28Tk
D, BEEFEIZT TRARMAEMICO REZRMBEICHEL TWD, Z2D7D,
BLV IZBWTH, G IEBR ORI AT L, T OE 2B R+ 52 &
%, ABORRICAIT TRERMALIIRD EEZXBND,

Z ZTCAMIFETIZ. BLV 5 MG E 7w GRIE - SREGATT %1
W2 RO 24T 5 Z 212X 0. BLV ORFBIREE (OIAER) & HEE
L., EOLOICLTHABIOARNEH L TEONZHOLNNIT 52 L2 B
E LT, BT TIL, 1972 025 2000 FI/ER SN A v~ U VEENT 7
4 @ (FFPE) BEANOHE LN BLV 7 A&, T — X _X—R|IHFKI
TW5% BLV % L% HV 7= phylodynamic fE4TIZ & 0 . BLV D43 IAREA
BLOHARENICE TS BLV 8RO HEFHZH LN Lz, 5 _FET
(X, RIENOIEHEIC, BLV OB TROEFIERE RIS 572010, BT

FIDOWTE 2 B L L7 Wl PCR-RFLP I DRF 21T o7, 7/ M
7



7= BLV O RFHE IR B2 . EBL O34 L0 NG FE DR R

EDHEFEGOET, EBL OFAELIHIDELIZHOWTHELE LT,



LTR

SU 51
2 (gpS1) } Envelope

Protease (p14) ‘F; T™ (gp30)
: ( Lipid bilayer

Capsid (p24)

Viral RNA

Nucleocapsid

(p12)
Reverse B Matrix (p15)
transcriptase 1T

4000

gag pol

pro env
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'J:] No information
[ Neverreported

- Disease absent
[T Disease suspected

- Infection/infestation 5 = 3
[ Disease present

B Dis s eliiiit R G o moTe:zones
r-:t.lfﬁon/infestation limited to one'drmore 20 nes OIE 2019

2. o EBL #4ARM (2019 4F)

OIE, World Animal Health Information Database & ¥ 5| H - &%
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FBTE HARIBIBAHERMEY VO NEBEORA LILBORESE

I. g

HARIZERT 2HuGett U SO P& L 1927 FI2ETHD, EFRICK
WCHFTE DDA LTZ ARV A S A CFEREARN Y A EiOREIRZ R L, B L
22l THRERED —fF]] LW MEICRE SN TN D 23, Z OREREAIE,
OITFAEENTHY, THORFICAARICIA I, 9% TEBLZ#3EL, #
FRC LIS T D, ZfHIHO®mEIL, 1933 FIZHHE R OFA
EBLZRIELTZL VI D TH D 0, D% LIS IFRAEREITR, =
B H LA D3RS 188 IR IR KR % & 70 D, Bk OFiEk s L TIE. 1950
SOEFNH Y, 1953 45, 1954 FF|Z 2HHT D, D% 1957 DL EED
LI EBL OREAEDHRESNTND 5, 2F 0, EBL ORENREHETDH LD
(272 2 T2 DIXEFIRICB T 2HED DK 30 15D 1957 FLIETH D L\ 2
Do HRIZ, A FRTIL 1970 FASAER 10 Pl 2B 2 5 L 512720 1973 4F
P L1975 FITAEM 20 BILA L & BAFERBIMEIN S A iz, aFRESL
IZh . HARRTHFHEHTIZIVT 1968 42725 1971 4RIC 21 58, #h7) 1 IR AR
Tl 1968 725 1982 4RIZ 22 BH, & BIZRH IR TIE 1970 AERIZHERH] 13 B
25 EBL 2380 L7 LS STV 5 2420, 1980 4RIZ 160 T E i S LT Kt
ARSI & 2 REE TR REPEOPURGERITHATH 4%, BT
# 6% &l S 7z 20, 2010 EOEFEFMA TIE, EEEE THAT 40.9%. W
T 28.T% D HURIGIE Tl o 72 29, S B EBL FAEMEIE 2021 121X

4368 FHIZETHIMLTWVWA 2 (X3) , ZNHDORERNS, HARTIHEEZEND
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1980 FFfRORIIC & ER 72 EBL (D% Y 135K & 725 BLV) OILEBE Z -7
EEZDNDD, ZOFEMITH LT > THRYY,

BLV O ZERMEZ TR D 7291228 < ORFFEIZ I TR FZIFENT 23T T
WD, T BITEEFREZHRT 5720 T, EILFRRroEmII e S
TR, RFEHEACEAMITIC K DRERREE (OYIAE(R) 2 HEE T DB
IZ, Coalescent theory (A B ICHESWTITH ONFHTH D, T,
BIEDEM N BRT- R 28> T, £DERDED X5 7t (EkE) %
BT EINTZ b DRONEHET L FETH D, HOLBREZREO D L EIR
TEEHNE FHWNCTHEE 21T 9 O Ly, BARENTHRE SN TS Tk
HHWVIEIR RSN 1985 2 TH Y . £ OMOBSFEFNIZIE L A 2 2000
EARLARE I Z AT S V72 LB RGITHA T LT D BLV Th D, 2 b O#Is T
BB IAR RIS FEE @ T8 - R LRI I W\ Tl E O FEM 72
EALOER 235 DIIREETH 5,

Z ZTABETIX, 1972 505 2000 FORMIZ EBL & 2 &40k
~ U VEENRT 7 4 om0l (FFPE) BEARICER L. BHARICET 2FATHH O
BLV & EA OfiEFi 2 kT, £z, 7T —FX—ZAB L O FFPE A5
72 BLV BlF1E ) (RRIARBREUREAR & B BuEk) % FHv T, BLV Oy IR
ERBLOCARICBIT 29O BLV BEICET 5L haAX7 T ¢ T7esr 1%

B
W EAL 2 ROBRNT 24TV, BLV OFEAE & HRHODBEHIZ SWTER LT,

=~
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Io. #kke X U5

1. EBL®EFDHL~<Y VEENRT 7 4 LA (FFPE) &4

2EOF SR AT L O RN AEREDT (e iE &S S Rt AT,
AL E R =R A PR A pT, TIER PR A R AT, TRERR AL
BARTR L Wa FRPRESREE AT I2RE SN TW5, EBL 3ES 28
g4 FFPE (AL~ Y Y [E5E/XT7 7 4 4 : Formalin Fixed Paraffin
Embedded) EAZHEF L (1) . 275 FFPE AKX EBL & 2 S
NI ) R EICESHRIC R T 5 b O TH Y | 1972 H~2000 FfFEHR
S, | THRE S T2 (1970 448 ¢ 10 ffR, 1980 4L : 8 Mifk, 1990
AR ORI, 2000 4 1 1RRIE) o SHHORIERY LoNERRTH DL Z &
R D722, 5um OEIICHEY L7 %, 45°CT 2 RFfEA v F 2 —

L7, ~~ XU 4P (HE) TYELE,

2. DNA i

FFPE ZARD U /36 « TG 2B A A7 L — KT L7,
FULBIORY ) =BT T 4 LB T = ) =)L s T ma R
VIAIEIZ XD DNA#H 21T -7z, £9°, 1mL OF L 200Z, 10,000
rpm T 10 /i L, EEAZBRE L, ZROOFIEE S 51T 1 Al
DK L7, HWT, 100%=% /—/L% 1 mL /% T 10,000 rpm T 10 5=
DBEL, EBAERELE, ZTOXAT vy 723021 EEDIEL, XLy B

T EZS R TR ST, WRIZH RV RET D720, 675 uL @O TE
15



(pH9.0) . 75 uL ® 10% SDS. 18.8 uL. ® Proteinase K (20 mg/pL) %I
Z. 48°CT 24-48 Fffi], #k& 5 (800 rpm) L72NHA v FaX—hLT, £
D%, 75 pL D 10 % SDS & 18.8 L @ Proteinase K (20 mg/pl) %M.,
24-48 REfH], lRE O LB A ¥ 2 X— kL7, 500 uL @ TE fiafi~” = / —
NEINZ, 3,000 rpm TiL B L7ct2, by MEELS T RIEE T
15mLF=2—7IlB L, ZRNOHOFIREZSHIZ 1RV IK LT, D%,
500pL O 7 =/ —/b« ZJaaR/ b« AT INTNa—)L (25:24:1) %
Iz, 3,000 rpm T 5 4y LBl L2, XLy hEELS T BEZ 15 mL
Fa—TIlBLExD, ZOTREE 2EEVIKR L, D%, 16 uL © 5M
NaCl & 1 mL @ 100%=% / —/A %1% (3% 400 pLiZxt L) | =|IET—
oA o F2X— kL7, 7% 12,000 rpm T 30 ofE 0B, EEA
WRERZE L, T, 80% =4 /—/L 1mL %, 12,000 rpm T 30 43
wOEE L, RS, &I 25 uL @ DW &1z, DNA SRR EF1C

BAE LT,

3. BLV 7u A /L X (envgp5l fAIR) DOMIE L IR TR E

BLV O Ruo—7&xt (env) Do H, AIEEKTHAREmEESX 7

il

gp51 fEiE (903bp) ZAERJE L7=PCRIZCX VY., BLV DA )VRSF ) A
Z YR L7z, BLV env-gp51 OIRFHEIICT =— 135 X 5 ITE&FH L7 8 DD
A —/"—Z v~ 7425 Primer set A /= (X14) ., PCR (%, Expand High
Fidelity PCR System (Roche, Basel, Switzerland) % H\>T{7-7-, Master

Mix (2%, dNTP Mix (200 pM) . %77 A ~— (4 300 nM) ., Templete
16



DNA (<500 ng) . 15 mM MgCls, Expand High Fidelity Enzyme Mix (1.9
U/S) ZiRG Lz, BOSSMEL. £7994C 2 0 OHHIBEMRA T » 7 21T
W, VT 94°C 158, 55°C 308D, 72°C 458 A& 1A vk LT 45 [BIY
A NVFERL, £D#% 712°C THOREMEZ1T>72, PCR KG%., HHIREY
2 %7 Hn—AS (myRr—r, W) 7V CTEIVKE L, BLV env
gp51 (903bp) MIEME S TWD Z & il Lz, HiNEZ M8 L7- PCR EY
IZ. QIAquick Gel Extraction Kit (QIAGEN, Hilden, Germany) % H\TH
L, XAV M= RABRIC K VIEARS A RE L. RSt 7 7 A~
v RN, By —4 > AT —# 1 Sequencer5.2.4 (Gene Codes,
Ann Arbor, MI, USA) V7 v =T %2 LT, WET—XDmRELT v

YT NEATV, BRI RS 2 1R T

4. ¥ RIIENT

BREVE - REUGIT O AT % BLV envgpbl (903 bp) FF|7—4 %
GenBank/EMBL/DDBJ 7 — &% ~— 276451 193 Blsl ((RFAY2ELS) Buts
L7z (#3) ., 26 DOESE MEGAT [Z3EE I LTV A ClustalW 2LV |
ABFFETHRONTZ 8 5D FFPE S &7 T A A > | Lz, MEGAT @ Find
best DNA/Protein models (ML) |2 & % Akaike 1§ #&&EYE (AIC) 12~
T, ol R EEE T VAR L2, @RS 72 Kimura-2 parameter
model plus gamma distribution (K2+G) €7 V&2 MW T, &k (ML) JEIZ
£V BLV envgpbl O Rl & HEE LTz 52, R OFEMEIL, /3T A b

Uy 7-F—K A KNIy FHHIZED 1000 BT X L7V oV THEL
17



77o AHBFZETHUNZ BLV env-gpbl FCA OEEEE & B R EITHBENRH 20 E 9
MERBHTT 572012, TempEst & W CTlElZ0HT (Root-to-tip regression fi#

M) %4772 53,

5. SRR L OEHBIRBOHEE

A T MCMC {EI12325 72 BEAST v2.4.8 2 T, BLV O R#HAL
FHIRAT AT o T2, SR IR bW k@A SE £ TORF#E (time of the
most recent common ancestor : tMRCA) % . #£[H#AEIZ1% Bayesian skyline
analysis ® Bayesian slyline plot (BSP) & X 2H8WEM YA X% Z i Eh e
LT 5, Zih D Coalescent HFHIZHEDSWTIEY . TA /L ADUATORER
EHAEET D720 ORMFNTFIE L UCOEFRICAZ T, B, HEilofFR
BLXOEREERRBRAHE T 52 LN TE 5, tMRCA & ARNEM Y1 X HEE
IZ1%. BEAST v2.4.8 |33 X7 TV % Relax model % iV T, Beayesian
Markov Chain Monte Carlo (MCMC) & T 21T o7z, AT T v
MCMC O R HEE I i 72 M AL E A 7 /11X, MEGAT @ BIC [ZHSWT
HER L7z 52, fe7e BIC fii 2 7~ L 7= Hasegawa-Kishino-Yano (HKY) €5 /b
ZARFATICH W, F72, A FREFET /LTI 2 2D Relax model (Relax
clock exponential & Relax clock log normal) & 4 DOH#FHET /L (2 DD/
Z A RV w7 HEHi/0 A ; Coalescent constant population & Coalescent
exponential population, 2 2 / > %7 % kU v 7 HHii454i ; Coalescent
extended skyline & Coalescent Bayesian skyline) ®H 7% Tracer v1.5 %

AT, _A XK+ (BF) faiE s AICM (Akaike's information criterion for
18



MCMC) fEIZFESWT, KEeET LRI LTZ 5, BF & AICM IZ X %%
HrofEF:. Relax clock log normal K ¥ % Relax clock exponential @ 5735 —
K\ LTy FRiEFCTH D Z o7z, Relax clock exponential D ¢, & T
%, BF 8L OVAICM fi##r1c L v . Coalescent exponential population A3
ANABRBET VLD &7 —ZITHT 2 Z EAvRSh/z, BLEXY | Bestfit
model & ¥ & 7= HKY + Relax clock exponential + Coalescent
exponential population & AfEHTIZEIR L=, S FEIOMH TIL, 3{ERID~A
U7 MCMC ¥ X = L—3 a3 »&4TV, 10,000 state Z & (27 o7
L. &MID 10% DY 7% Burn-in & L TRz, DCRMEOREARIX, Tracer
v15 ZHWNWT, XA YT MCMC b ¥ o7V 7 LTeR T A —=F DR
YINYA X (ESS) (200>) AHEET HZ & TITo72 5, £7-, BEAST
v2.4.8 DFERH )7 7 A L % TreeAnnotator v1.8.0 (Z X Y Maximum clade
credibility (MCC) tree Z 5 L7 56, 212, FigTree v1i.4.4 %M\ T
MCC tree % fffiH L 7z 57,

BLV O£ #ENREIX Beyesian skyline Analysis (& & - THERI L 7=, FHEICIE
BEAST v2.4.8 % I\ T, Beyesian skyline plot (BSP) &4k L7259, LLF
DINT A =B EFZE L, AARD BLV envgp5l 4 48 HOA LMY A X
ZHEE L7z, Nucleotide substitution model; HKY model + empirical, Clock
model; Strict clock, Prior; Coalescent Bayesian Skyline, with 300,000,000

states. BSP IZ Tracer v1.5 TH L L 7= 59,
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. #E5%

1. FFPE A2 658 b mBEICHIT L BLV X2 U VRS ) A
A AIZFV T 2000 4ELART (1972 45-2000 4F) IZ/E# S 7= FFPE (24 28

BIES BLV e A V5 ) LA gL, BAIRET D Z &L TREICHITL
72 BLV Bl D8 e & il 7z, BAKOFEMITE ¥ X OV PCR 2 X 2 B FHEiEAS
FIIR LITRLTWD, TOREE, 1998 bl TIER & 7= FFPE 24
1 A ZERE . ZOM 27 BBV T BLY 70 U A L A2 HIET 25 2 LR T
T, T UANALEIETE - FFPE EEARIZEB W T, i/ L7z Primer set
ICE - THRIERPRES B ->TEY, TXTOMKDNS envgpbl DEER
A% (903bp) #4155 Z L IFNEETH 7=, HH L7z Primer set AH D 5 5
Primer set D 238 % < ORKD BLV 7’02 7 A LA ZHEIES 5 Z L N TX,
28 IR 27 IR (96%) 75 BLV env-gp51 O EHIA R H S 72

(Amplicon size 148bp) , & 512, 5 D BLV envgpsl D%ELE

(903bp) & 3 HADIZIFEAER (862bp) DELHIAZ FRESE S 5 Z LN TE T

(903bp : Hokkaido-1995, Hokkaido-2000, Iwate-1974, Chiba-1974.
Chiba-1984, 862bp : Chiba-1995, Chiba-1996, Chiba-1997) . Primer
set D (Ampricon size 148bp) 73 b R H\—7 T, Ampricon size ®
KEZ W EAL 250 Primer set (G : 327bp. C:249bp) (21T 5 HRITK
<. ENEN 32.1% (9/28) BL1U39.2% (11/28) 72-7=Z &6, FFPE
FEARIZI T 5 i81s -8 IE Ampricon size (KA T DA N A HiTZ, FR5]

IZBWW T, 1970 Ff%, 1980 4F. 1990 4FftE L O 2000 FARIT I\ T HIMRRE
20



RICKREREWVTRED b eipodz, FMRUTHAI L TRIRE I2R1F 5 DNA
B L ZIUTED PCRIAEN AL D & TEL TV, AFERICE W TR
ZOMANT AR BV o 7o, SR KX ONBERIC I T b8 R 78 IS B i
WIS IR0 1o, FRERERFAFTICRE STz FFPE A, KR
1974 4F|Z¥i4T L T /2 BLV OEsFElY] (Iwate-1974 36 X O Chiba-1974)
EEHTTEXZE00, 40 MU EICOE2EHREZ L TN TH VA LAD

T AEREESETED ZEBNHALMNE 0T,

2. GrF RN

PCR (2 & Y BLV envgp51 BFIDERRER L ONFIEEEERE (862-903bp) D
FeHIZRET H 2 &L DTE 2 FFPE 8 KICIHWT, 7 —F N—RITHEHKI N
T % 192 Bls &2 W Tor 1 Rt fifitr 247 - 72o. ML R##HC LD . FFPE Al
NI TEEFR 1B EISNT: (¥5) . FFPESESID S 6, kb dw
RS 1974 45 (Iwate-1974 35 .U Chiba-1974) TH H7-8, 1974 FF2iL T
TICAARTIHRAFATL TN Z LR ENTZ, S 51T, Iwate-1974 B &
O Chiba-1974 IZENENREMFEL LRV A Z A kO FFPE A TH
L&D 1970 FRITITT TICH AL FEM T BLV 23R8 > TWz b E 2 b
%, BEERBINIFREEEMH5Z L O TE b o7z FFPE 20 KD env
gp51 BAN &2 N T o F Rt Lo R, T 1R EHERI SN 55 TH
HZ ENPnro7e (Datanot shown) , 723, BLV OB TFRZ ST HIC
1% BLV env-gp51 1 444 bp (EF6006960 FLK-BLV:nt5099-5542) 7372

S EHLMBETHAHI0H, ZOfEEE /83— L T FFPE 20 ¥k D Rk iR
21



P RIIBET — & L2 D), T —Z _X—An LA ElS % % Primer set
Anpricon size TRAMMHT L7oAER, EMICEEBETHEZSITHZ ENTET,
ZOZENLH 1IHRRHINLAARTHITL TWEZ &30 5

B 5347 (Root-to-tip regression fif#T) OFER. BIsTOERM LT
V7 RECITIEOMBIN S VW . FFPE 8 B4l % & T 200 BRI O FH BRI I
FFPE Bdsl & & £ 720 (192 F2%)) oA LY bbb nicEmnoz (R2=
0.399) (X6) , ZhoDfEREMNS, FFPE BT — % 1% BEAST TO 4y i
{LBIFEHTIZE LT D &3R8 Hiviz, @EITHAT L7z BLV i, FREHEET

HEEDEBEIRIERERDZ EERLTWD,

3. BLV DXL E R L ORI ERHEE  (ReHREE)

BLV (2381 2L DR R E 2 #5722, XA 27 > MCMC
HEIC S 72 BEAST v2.4.8 2 iV T, BLV envgp51 IZ8 1) DML E DR
& tMRCA ZH#EE L7z, BLV O#E(LIEE 1T 1.55 X104 nucleotide
substitutions/site/year TH 25 Z L nbro72, ZOEEEZR UL e v
A NVARTIHEET 5 & HIV (FEY) 1-5X103 (env) L% 1X104 (gag)
nucleotide substitutions/site/year) & RFREDOEERMETH Y | K bITHR
HTLV (°F-¥ 2.5-6.7 X 107 nucleotide substitutions/site/year) X ¥ &>,

BLV O3 ISARAHEE O . BLV OH#ELAYZREIR (root) & 72 % HistH st
21853 4F (95%HPD:1750-1919) ICfFET D 2 EnHfiE s (K7 .
BLV i, H#fide & B2 LN L% OEMNS I L, Z ORI E LT &

FEALND, TO%k, I—ry MEH (B4, TR | 7Y - FREH
22



(6,10M) BLUV1,2, 3,8 9B THINLIEHADKE < 35D Clade 1257
L TWDZERnbholc, 3—ry EHIE, 3—ry /N IZofMmML TS 4
BB IO TR CHER I TEY, tMRCA 1X 1913 4£ (95%HPD:1840-1961)
ThdEHEINT, Flo, TUT - BARERE, 77 & HEKIZHMmAL
TS 6RBLU 10 B THER S LB Y . tMRCA 13 1917 4 (95%HPD:1832-
1972) LHEESNTZ, —J. 1,2,38,8, 9 B TR SN A EMIT 7 v — L7
BB ZRLCEBY, HREE (TAVD, 7790, A—ARNZ U T, BA,
WEE, AFxTa, Ixrv— AA NTTTARE) oL, ATy
7 DEFIEZZ LTS 180 tMRCA 13 1922 4 (95%HPD:1872-1954) & H
EXNTz, Zoth, 28 (FK) . 38 (T AU D - AA -5&E) | 84 (=
—myN) BEXO9M (R ET) IZENLh 1965 F (95%HPD:1928-
1988) . 1970 4F (95%HPD:1954-1990) . 1986 4F (95%HPD:1941-2005)
B L1994 . (95%HPD:1967-2006) T35 LT\ 5 Z E BB H 0 E 7o
77

HA® BLV Bd4i% 1 8 L 3 BC S iz, ARBHE TR 7= FFPE 8 Bl
%, 1823V T 3 2D Micro crade (MC1-MC3) ZHERL L TV 5H Z &3
-7z (X8, 9) ., MCLIZIE, 1970 FFRICERIR S 7z FFPE OELS (Iwate-
1974, Chiba-1974) NEEN TV, MO HAROESNIIEZENTHE LT,
T TTARLAF Ao kHK BLV THAE I LTz, MC2 &
MC3 I2iZ, Z#EHh 1980 4514 (Chiba-1984, Chiba-1987) & 1990 447>
5 2000 4F (Hokkaido-1995, Chiba-1996, Chiba-1997. Hokkaido-2000) (Z

BHELE 7= FFPE EFIN G F Tz, MC2 IZHAR, #E, A¥va, M7
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7 VD 4 HEOEIIPHER ST, MC3IZ2WTIE, MC2 & FIERIZ HA,
REE, A X aABHERINEZN, IRZYH, A, REFLALEENA TV
(8 ., ZhbHd MC @ tMRCA 1%, MC1 Tl 1950 4, MC2 Tl 1962
. MC2 TIE 1967 L HEE S ivlz, BLEDZ &e | FFPE (IFR S 74
R LI MC R a2 Uiz, R, B2 2E26 BLV 28 H ARIZEF

HIAENTZ LRI N D,

4. BHEAY A XA0HE

HA B O RS 2 VT BSP fi#dT 217V, EREELEHEE L
7=, TOFER, BARTIET 1970 £ 5 BLV O FEM YA XH33HMN LIk T
WH ZENnbrole (K10) o 1900 FFEAR A4 06 H A2 R HITIEF AL
ST FRHCAARIT 1970 ERUEICT A U B2 2% < OE» 4%
AL CWeZ &, BLV OFA T EF0BE (BH 7 L2 L2 HA) 23—

B oMk Lotz
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IV. B%

1. EBLBLUBE - EBEHRICE T 5 FFPE EARDH Atk
AWIEOIEMTHER DS . FFPE AN S 40 L1 ERNZHIT L Tz BLV &
farhddlZ2#ot L, BLV oz (RERRE) | RS L O HBIED
HEEITHNWD Z LN T&E T, FFPEREARIX, BLVICKIT LV hr AT T 47
I B EH AR T 5 2 LR TH D, Ll REIRMF
ZEDBALORN < ) CEESR EOREIZL Y, DNA oWk, (bFEffiks
FOEEE S OENE Z 5729, FFPE FEAN 5 DNA it L. PCR Hiig
AT O DOIEFE LS WEETH 5 5860, JeATHIETIL, K 15 FFMRIE L7214,
50% LA DR T DNA OHEIEN AR AIRETH 5 LW D fERTE -7 6D, BLV O
FENTICEE L Cid, fRAFHIM 3 4£LLN @ FFPE #ifA % v 7= EBL BIE4 D5y 1
BURTFHIBEAT S STV D, (RAFIIR D2 4 4L D FFPE f (A % fi#hT
L7eiiE iy (BERaRfEmAETE LOBIRESRREITREERT —
%) , AWFFETIE, FFPE #i{A£75 DNA ZHiH$ 57012, 7=/ —/L 7
7RV AEE W, BIfE, FFPE AN 6 DNA ZfiH+ 27200 % < D
HRF > FABGES TN D 69, Lo L, AHFFEO PR CIE, iy
¥ LW FFPE A (2010 %) 122 box > FE2HWTBLY 7’2 U A LR
RS 5 Z LANTE2A, 2010 FLARTD FFPE FEAD IR EY) 2155 Z
EMTERMNST, —F, 7= /=)L« 7L LRHETIT, AUFZEH R

DIEY | 40 FFLL ERTICERL S 7= FFPE AR S L HIEEM 2155 = LN T
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Xl Enn, PCRIUCZIAEFET 25 X7 H D55 fiREs L OS2 Tk L.
fn'E 72 DNA ORERIZHE LT\ D Z EARB Iz,

T, WEEEMNEONDNE DML, Primerset IZK > THERENRH -
oo HEEGHEDO B 2 HElE 3 5 & 9 128k EF L 72 Primer set D 38 X OVE (149
bp & 135bp) ZHWEA, BLV 702U A VAT ) AOHEEIZKII LT-0
X, TN 27 (96%) & 25 (89%) #MikTH-= (1) ., LrL, kW
RS R (249 bp B3 L1327 bp) @ Primer set C B LG Z W54
BLV 7’0 U A NVAT ) ME, ZREN9 (32%) BLV10 (36%) DRIART
L2oMEE Sve o7z, ZHUX FFPE oihbic 20T, vya—krU—F
TOMNINENTHDZ ERNbmnol-, X6, BLV 0 A )VAF ) LD
T, RAFHIR & 0 ERFSMICRTE L Qe ARHFZE Tk 1970 44X, 1980
L 1990 FUE L 112000 XD FFPE AN S, Wb 7r v A LA
DNA i a iz Z &2 b, REHMIC L2 7 r U A VAR OZEIEH B h
otz L L, RIPIREBIZE W TIE, ARFFE T L7z FFPE BRIz 4x
TEETRESILTWED, AARTITHIRIC L > TEIRSCREDN R 5720,
RSB IR S L IC R D Z B2 LD, 512, FFPE ERORIE
FIEH gk Z LI RRDBEERH D, ZNOLDOBIKD I B 20%F /L~
CTHEHIZ[EE L= FFPE f24 (Chiba-1996, Chiba-1997) Ti&, fliH &7
DNA O#ENE <. T PCR amplicon #%% Z RN T& 7z, —J,
5O L\ FFPE FEARTIE, fiith &7z DNA OMENK -T2, T HORK
{KiZ. FFPE {EREFDOBLARL/ T 7 4 U DRBNARTZETH -T2 DICHEE L

ZLBZDND, WAKSONT 7 4 VFEPATERIZL . KPOEE RV~
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23 DNA ot b7 e 77— K OFEA 5 & 2372, PCRIZEDE
LT HEEAREEC 72 5, S D OFERN D, EHED DNA 21525 7290121,
HHREE, HaR2 KB IORT 7 4 v OBRNEECTHLEEZX D, Lk
DFERNE 40 FLL EANCRFESNIEARAN L S BLV 70 U A VAT ) L%k
TR TE D 2 EbnoTz, 2k EBLAFRICER ST, o FEmYk
JEOLV ha AT T 4 7RI FFPE BEANFIHTE 5 Z %73, B D
FFPE AR Z W AT I3 A TN TEBY . 7 A2 F~— T —
DKL EITHMEN TS, —T7, BRE - SEFECOF AT EZRER T
b5, FEREMATTCERMAERAET L, ZEZHELBMEOEED FFPE
A Z REIZRA L TWD 2D, FROBYHREIENE L 72> TWDH B
1B, TNHOEARNL S DIEGIED L b a1 AT T ¢ T IREFTIZ BV TH 72

NAFY =R L2 H D,

2. EBL R4 & i DREE
AWPIETIE, SRAERZZAIBETIC LV | 9160 T BLV O I EAR (RFfE R

FE) EBHEET DI LN TE, tMRCA 246 L7-fE5E, BLV % 1800 AR
AL, a—a vl (G4 £ GT) IZHIELTW=Z Enn, ETHIHICE
— 2y SNTHATLIEZ LR E N7, EBLIZ 1871 FOR T v At (Bl
UFT7=7) ZEBWTHIO TORERENRH D . £ Ok 1900 FARYIBI T
TI—m Y /NITIER LT & W) BAEDFGR E RERFENRVRIR L 2o T,
1700 AR 4725 1800 FERUTHNT T, I —m y N TIRHEEEMAE D | 4F

D BN ANATONA L) 2o, F—ua v X lidnx I —nr v 3R
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#ia’t (Bos taurus) EMFENLENE S NOEBE SN TEY | AEEEICEN
IREZ R > TV Z D, stk RICK Y | A& - AUH - ERE - WER
EDEFEMED S 6725 EICHT T ORMEPEN Sz, o, BESM
BLOEEEGOPTADITRHITEML, ZNHE BRREFEZEORE I M
R R OBEEMENE L2 &, ZLTHERD ) UNTFEDE K3 d —u
Y /NICBIT DIEFR BRI B ORERERN o7, I—r v 3D < DE

T, ZHEEERGEI T ED I TWEZ D, YYEDRA TSR LT
BO ., EBRIITFE, AEE R EORGYEN KIT L& r H 5, Loz
Emn, EBLARAL, 70T —a v/ ST SN2 LT, R

#r. EBL J4Efiek, £ L CGOREERREOREEMEBLA PO, +7I2529 5
ZLThHD, SHITHRFBRN NG, 1900 FRHFEN BTN T 1 A
FENZRESIEB L TWD Z ENDhoTz, 1965 0D 28 (FK) , 34

(T7AUD - AR -#&FE) , 8% (53— v/X) 98 (R ET) OBEETFH
1B GS3E L T, fAET A U I 1 TE BRI D AR EE L T
M, TUIAEBLTELT, IO TYYRRLIAENT-DIX 1492 Flam v
TANT AV EFHEALTURTH -T2, BERITFLIAENT U ICHK A
ARET, EVEZEZETERIZ SN T eh o723, 1800 A4 5 1900
FAPEIC T T, TA VD THEEFMPEZ D, RO MRS R
FERIZAT O D K D17 D, BHREANO LR Z2T 2 Y 1 Tl s B O
MHRESHERELTWVE, MERREOTLOMA I —a vy "\ ET XY UKD
ZLenn, BIRERRERZIC, HRANICHOTEOESE Y 2% T, T A

U G B SRR RS E IS ST D, BLV O SRR R
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Nh, F—ay A EMIZIEED , WNTT A Y D REBEOERDEAEL T
W - FRE I EEEoRFEL T 5, [FEkIC, BLV OH#ERALH
TRER RS OFLEE L2 2 LIS T v Ol A K & 2R EA

D—DThHLHERENLLEZLND, A TRENTZIT—m /X TAY

71, & L THREEIZIENR > Thvofz vy d BLV IEHGR IR X, 40 Fllk

B - EBHOREORER L —HT5Z Lnb, BLV OWfTIXFOMELE - B

ZED b DOTHDLZ EZH LN LT,

3. BAICEKIT 5 EBL 34 L kB RESR
SFID T T A ~—ZHWTHRLZHER, 5 205%2E (903bp) & 35

DIFIFTEEE (862 bp) @ BLVgps1 OESIZ R T 5 2 LN T, R
AT ORER. 2o ORFNITEE R 1 RIS (6) . ZiLETO
WFFECIE, B8 1 BT A e b IRV HUBIC 3f L T 0 L Bk, M

X, T7UH, TUT R EOFEEL BLV ERETHREIN TS 2, SEO
FERG, BARTIZ 1970 R 5T TICEE R 1 BAHITL TV 22 &7
Gyinote, Eilo, 7 AV BT 2000 FLLENCINEE S 7-Blsl (EF065644,

EF065656 72 &) &0 | BETH 1 RAWIT L T D 2 & 2T #IH oL
Llrolz, &BIT, MCC tree T, MC1 OBANIAEREOBLS] & rfx T, H
AR ESMERRD BLV BRSO BRIV E 2R LTS (K7, 8) . Zhbd
FERIT, AP OOFEEZEAT LD, ARIUEGYELBIESE LU X7

WZR 0 9B LA RLTWVWD,
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VIR OMFFE T, FIXEN-oTo b DD, 1980 FiE3 TIZ BLV 28 HA
EENZAR > TV ERE SN TN 5 2D, 1970 4%, B AROEMRREZEIT O
FHZ LD &L WSO BARIZEHA SN DO EEENE L <HML, Rk
EH, HFF, EENDDOEANE N> T2, HANLEA Sz BLV envgpbl
O FES %2 BSP TN T 5 &, 1970 705 BLV OF LMY 1 XH3H
MUIRDT=Z LRy hotz (K9) . F72, 1970 525 1980 F ORI /ER X
iz FFPE IEAD 4 Bld L, AARTOWRITHIINZBIT LT A NV ARHTH Y |
PRI EEREWIR & 72 o 70, 19T4 FRITER S o i b iR (Twate-
1974, Chiba-1974) %Z&ie\ < 2@ FFPE E5i%, BAEH AR TH T L T
20V MC (MC1) (2B LT, MC2 @ FFPE 2%l (Chiba-1984, Chiba-
1987) 1%, o7 L— REITRRDLEAAL RN FTHRICIEE2T2EEBZ BN
%, F£7-. MC3 ® FFPE Bl ZAME D & OELFI & F#gr)ET L tMRCA % &
BLTWD72, ZNHOEFNTIE Y RITICR> THRIZEAINZHDTH
% (X8) .

BLV %, 19 f:fdic g —o v/ STHifT L, 20 #HALISIET A U BREEICH IR L
2o EO%, ALK DDOEOEHITEN, 1900 FRH-E2 5 BLV (X4 IS
PERLTIZEEDLN TS 63, FEERZ, 1 & 38T 20 i A> THo o HHL

L. 7AVART T IO MRENTIRN > 72, 1900 FAETIT HAICE
HIAENTEY ., TR EDOE FHE L —H L TW\D, Dbk
5. BUERARIZB W T T LTS BLV 1% 1970 4ER LIRS D DR HIAE
Nicb O EHEE S, BFRISTHHE Sz EBL OJRIK & 72> 7 BLV % i

JHELTWD DI TIERY, £, HEERATHRE SN BLV I, kB &
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UKD BLV EfEEZFRI UL 562 &b, 1970 R, 2 HOENS
BLV DIZANE 2 H Y, BRIZIAND T2 Z EDRRB I, ZubORERIL,
#7250 EBL #AWMER Y v OWMARER EOE®RE b EIX o7,

EBL 3 X O'BLV QLKL SHEOFRESL, BUAH, thaiiy s & < Bk
LTWDZ ENRBRINT, EREZES 720D BICEREZILRK S 5 BLV

By DWPZEEOBEN L & BICHMRZIERSE T 2R LTV D,
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#£1. BEAEFRI L CPCRIZ & 5BLV env-gp51 D IEHE £

Location

Prefecture City

Collection date

Breed

Organ

PCR amplification

C D E F

Detection of the
BLV proviral genome

Daseignated name

Hokkaido (n=9)
Nemuro
Nemuro
Nemuro
Nemuro
Nemuro
Abashiri
Shiribeshi
Nenuro
Abashiri
Iwate (n=8)
Kuji
Hachimantai
Hachimantai
Sumita
Sumita
Kuji
ND®
Kamaishi
Chiba(n=11)
Mutsuzawa
Ichihara
Ichihara
Misaki
ND
ND
Sodegaura
Kisarazu
Yamada
ND
ND

1987
1988
1989
1990
1993
1995
1998
1999
2000

1972
1973
1974
1974
1975
1975
1975
1978

1974
1974
1981
1984
1984
1987
1989
1991
1992
1996
1997

Dairy cattle
Holstein
ND

ND
Holstein
Holstein
Beaf cattle
ND

ND

Japanese shot horn
Holstein

Holstein

Japanese black cattle
Japanese black cattle
Japanese shot horn
Japanese black cattle

Japanese black cattle

Cross breed
Holstein
Holstein
Holstein
ND

ND
Holstein
Holstein
Holstein
Dairy cattle
Dairy cattle

Heart

Lymph nodes®
Lymph nodes®
Lymph nodes®
Lymph nodes®
Lymph nodes®
UnKnown
UnKnown

Heart

Anterior lymph nodes
Stomach

Lymph nodes®

Heart

Abomasum

Intestine

UnKnown

Intestine

Anterior lymph nodes
Lymph nodes®
Iliac lymph nodes
Heart

UnKnown
UnKnown

Lymph nodes®
Heart

Lymph nodes®
Lymph nodes®
Lymph nodes®

- + + -
- + + -
- + + -
- + + -
+ + + +
+ + + -

- + - -
- + + +
- + + -
+ + + +
- + + -
- + + -
- + + +
- + + -
- + + -

+ + + +
- + - -
+ + + +
+ + + +
- + + -

Hokkaido-1995

Hokkaido-2000

Iwate-1974

Chiba-1974

Chiba-1984
Chiba-1987

Chiba-1996
Chiba-1997

a: Unspecified
b: No data
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#2. FFPE»» 5 BLV env-gp51 % #iE 3 % 7= D253 L 7zPrimer

Fragment Size of amplicon (bp) Location at FLK-BLV?  Location at BLVgp51 Orientation® Sequence (5' to 3')

A 174 4715- 4734 -110- -91 F CARTCGTCGGTGGCTAGGAC
4864 - 4888 39-63 R AGTGAGACTTACCCATCTGATGATC

B 196 4864 - 4888 39-63 F GATCATCAGATGGGTAAGTCTCACT
5038- 5059 213-234 R GTATCTGGGAGACTTGGCACAG

C 249 5038- 5057 213-232 F CTGTGCCAAGTCTCCCAGAT
5266- 5286 441 - 461 R CCATGACACTGTTTGAGATGC

D 149 5266- 5286 441 - 461 F GCATCTCAAACAGTGTCATGG
5394- 5414 569- 589 R ATCTGACAGAGGGAACCCAGT

E 135 5280- 5304 455- 479 F GTCATGGAATTTTCACTYTAACCTG
5394 - 5414 569- 589 R ATCTGACAGAGGGAACCCAGT

F 213 5394- 5414 569- 589 F ACTGGGTYCCCTCTGTCAGAT
5586- 5606 761- 781 R AYCCTTGGGTGGTGTTAAACG

G 327 5280- 5304 455- 479 F GTCATGGAATTTTCACTYTAACCTG
5586- 5606 761- 781 R AYCCTTGGGTGGTGTTAAACG

H 236 5591- 5610 766- 785 F AACACCACCCAAGGATGGCA
5804 - 5826 979- 1001 R GAGGTGAGTCTCTGATGGCTAAG

a: EF600696.1 Bovine leukemia virus cell-line FLK-BLV subclone pBLV913, complete genome
b: F, forward; R, reverse

Nishikaku et al 2022
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# 8. ZMAEATIC AV /= BLV env-gp51 EL¥)

Collection date Country Isolate Accession No.
1975 USA USIA EF065644.1
1976 USA USPA EF065656.1
1984 Belgium U K02251.1
1985 Japan U K02120.1
1990 Australia 18] D00647.1
1990 France LB59 M35238.1
1990 USA VdM M35239.1
1990 Belgium LB285 M35240.1
1990 USA 18} M35242.1
1991 USA USWI EF065642.1
1993 Belgium U AF503581.1
1994 USA USID EF065641.1
1996 Argentina  Arg4l FJ914764.1
1997 USA USCA-1 EF065647.1
1997 USA USCA-2 EF065648.1
1997 USA USCA-3 EF065649.1
1998 Poland 18] AF067081.1
2000 Argentina  B19 AF257515.1
2001 Brazil 30 AF399703.3
2001 Brazil 384 AF399704.3
2002 Brazil 141 AF547184.2
2002 USA 18} AY078387.1
2002 Brazil 485 AY151262.2
2002 Brazil 151 AY185360.2
2003 CostaRica  CRAS-3 EF065637.1
2003 Belgium BG EF065638.1
2003 CostaRica  CRAG-2 EF065640.1
2003 CostaRica  CRLC-1 EF065655.1
2004 Japan JPFU EF065650.1
2004 Japan JPAI-2 EF065651.1
2004 Japan JPEH-2 EF065653.1
2004 Japan JPAI-1 EF065657.1
2004 Japan JPKA-1 EF065658.1
2004 Japan JPKA-2 EF065659.1
2004 Japan JPMI-1 EF065660.1
2004 Japan JPMI-2 EF065661.1
2004 Japan JPMI-3 EF065662.1
2007 Paraguay  asunl LC080651.1
2007 Paraguay asunb LC080652.1
2007 Paraguay  par7 LC080653.1
2007 Paraguay parl7 LC080655.1
2007 Paraguay  par62 LC080656.1
2007 Paraguay par89 LC080657.1
2007 Paraguay  par9l LC080658.1
2008 Russia MKC5233 JQ675758.1
2008 Russia MC19 JQ686089.1
2008 Russia KA6 JQ686096.1
2008 Peru lima40 LC080654.1
2008 Bolivia monl LC080659.1
2008 Bolivia monl7 LC080660.1
2008 Bolivia mon41l LC080663.1
2008 Bolivia por84 LC080672.1
2008 Bolivia por93 LC080674.1
2009 Russia MKC3877 JQ675756.1
2009 Russia MKC2137 JQ675759.1
2009 Russia MKC3511 JQ675760.1
2009 Russia KE136 JQ686095.1
2009 Russia MS3569 JQ686098.1
2009 Russia R5164 JQ686106.1
2010 Russia 15V JN695881.1
2010 Russia NV13 JQ686111.1
2010 Russia NV3 JQ686112.1
2010 Russia NK17 JQ686120.1
2012 Moldova 13MD KF801457.1

a: U; unspecified
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# 3. ZFMHTICAV = BLV env-gp51 Bi% ()

Collection date Country Isolate Accession No.
2012 Moldova 16MD KF801458.1
2012 Moldova 8MD KF801459.2
2012 Moldova 15MD KF801461.2
2012 Moldova 14MD KF801464.2
2012 Moldova 1MD KF801467.2
2012 Moldova 3MD KF801468.2
2012 Moldova 7MD KF801470.2
2013 Japan U AB934282.1
2013 Thailand Ch7-F2 KU233528.1
2013 Thailand Ch17-F4 KU233530.1
2013 Thailand Lo19-E1 KU233534.1
2013 Thailand Pa53-A4 KU233548.1
2013 Thailand Pr67-C5 KU233555.1
2013 Japan 73-T69 LC007977.1
2013 Japan 877-K100 LC007978.1
2013 Japan 384-T83 L.C007980.1
2013 Japan 76-T69 LC007982.1
2013 Japan 781-T99 LC007984.1
2013 Japan 488-T42 LC007985.1
2013 Japan 646-T61 L.C007986.1
2013 Japan 545-K94 L.C007988.1
2013 Japan 477-T42 L.C007989.1
2013 Japan 865-T99 LC007991.1
2013 Japan 366-K29 LC007993.1
2014 SouthKorea GBGS-3 KP201460.1
2014 SouthKorea GBGS-6 KP201461.1
2014 SouthKorea GBGS-2 KP201463.1
2014 SouthKorea GBGS-12 KP201465.1
2014 SouthKorea GBGS-1 KP201466.1
2014 SouthKorea GBGS-8 KP201469.1
2014 SouthKorea GBGS-9 KP201470.1
2014 SouthKorea GBGS-5 KP201471.1
2014 SouthKorea GNCN-7 KP201473.1
2014 SouthKorea GNCN-4 KP201476.1
2014 SouthKorea GNCN-5 KP201477.1
2014 SouthKorea GNCN-8 KP201481.1
2014 SouthKorea GNCN-11 KP201482.1
2014 Thailand Ns12-D2 KU233542.1
2014 Thailand Ns94-D4 KU233544.1
2014 Thailand Pkk12-J1 KU233551.1
2014 Thailand Pt1-G1 KU233556.1
2014 Thailand Pt12-G4 KU233559.1
2014 Thailand Sk8-12 KU233564.1
2014 Japan 53-K110 LC007983.1
2014 Myanmar L2 LC154064.1
2014 Myanmar S5 LC154065.1
2014 Myanmar L1 LC154066.1
2014 Myanmar S3 LC154067
2014 Myanmar L1 LC154848.1
2014 Myanmar S3 LC154849.1
2015 Japan K01 LC361248.1
2015 Japan K02 LC361249.1
2015 Japan K03 LC361250.1
2015 Japan K04 LC361251.1
2015 Japan K05 LC361252.1
2015 Japan K06 LC361253.1
2015 Japan K07 LC361254.1
2015 VietNam VP02-05 LC512452.1
2016 Japan K08 LC361255.1
2016 Japan K09 LC361256.1
2016 Japan K10 LC361257.1
2016 Japan K11 LC361258.1
2016 Japan K12 LC361259.1
2016 Japan K15 L.C361262.1
Utunspecified
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# 3. ZHMHTICA V= BLV env-gp51 EiF ()

Collection date Country Isolate Accession No.
2016 Japan K17 LC361264.1
2016 Japan K18 LC361265.1
2016 Japan K19 LC361266.1
2016 Japan K20 LC361267.1
2016 China GS1 MF574053.1
2016 China GS2 MF574054.1
2016 China GS3 MF574055.1
2016 China GS4 MF574056.1
2016 China QH1 MF574057.1
2016 China SC1 MF574059.1
2016 China SC2 MF574060.1
2016 China GS5 MF574061.1
2016 China GS6 MF574062.1
2016 China GS7 MF574063.1
2016 China GS8 MF574064.1
2016 China QH3 MF574065.1
2016 China QH4 MF574066.1
2016 China GS9 MF574067.1
2016 China QH5 MF574068.1
2016 China SC1 MF580990.1
2016 China GS1 MF580991.1
2016 China QH1 MF580992.1
2016 China GS2 MF580993.1
2016 China GS3 MF580994.1
2016 China QH2 MF580995.1
2016 Mexico MX-GUA-3L MG678760.1
2016 Mexico MX-HID-20L MG678763.1
2016 Mexico MX-TLA-7L MG678766.1
2016 Mexico MX-AGU-5A MG678769.1
2016 Mexico MX-AGU-8A MG678770.1
2016 Mexico MX-HID-16A MG678775.1
2016 Mexico MX-HID-29A MG678776.1
2016 Mexico MX-TLA-8A MG678779.1
2016 Mexico MX-HEART-2 MG678782.1
2016 Mexico MX-HEART-5 MG678784.1
2016 Mexico MX-AGU-5032L MG678790.1
2016 India Ind_UK_251 MH341516.1
2016 India Ind_UK_258 MH341519.1
2016 India Ind_UK_285 MH341525.1
2017 VietNam VT-S6 MF817716.1
2017 VietNam CH-V50 MF817724.1
2017 Mexico MX-HEART-6 MG678785.1
2017 China CHI-DQ MG800834.1
2017 VietNam S6F15 MH170028.1
2017 VietNam S9F16 MH170029.1
2017 VietNam S38F21 MH170030.1
2018 VietNam TMO02-10 LC512446.1
2018 VietNam TMO02-15 LC512447.1
2018 VietNam BN09 LC512448.1
2018 SouthAfrica Afrivet:K1170 MN966688.1
2018 SouthAfrica Afrivet:K1194 MN966689.1
2018 SouthAfrica Afrivet:LL3401 MN966690.1
2018 SouthAfrica Afrivet:M1878 MN966691.1
2018 SouthAfrica Afrivet:M2746 MN966692.1
2018 SouthAfrica Afrivet:P2152 MN966693.1
2018 SouthAfrica Afrivet:P2677 MN966694.1
2019 Russia R6077 JQ686107.1
2019 China B3008 MK820044.1
2019 China B3026 MK840875.1
2019 China B3054 MK840876.1
2019 China B3064 MK840877.1
2019 China B3065 MK840878.1
2019 China B3071 MK840879.1
2019 China B3103 MK840880.1

a: U; unspecified
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Root-to-Tip distance

R?=0.399

0.04 4

0.03 4

0.02 4

0.01

Time

X 6. Root-to-tip regression fZHT

BLV 5 OFEUF (Collection date) & Z8SDOEMEDHE A MET 572912 TempEst %
FAWT, BRI Z1T 72, Y #iliE root 705 txa £ TOBIRHEEE (ML BHEOEH) |
X I ERBUE 28 LT D, T BRI R2=0.399

Nishikaku et al 2022
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Genotype || Distribution
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|| .—I'_E.__ng G10  Asia, South America
g
—= G5 Central America

T 1
1820 1840 1860 1880 1900 1920 1940 1960 1980 2000 2020

Time Scale (Year)

B 7. envgp51l (903bp) IZE-3< BLV DHlkEARHEE

BLV @ env-gp51 (2D < IR HEE (Maximum clade credibility tree : MCC tee) . Ol%
BLV OB % 5 LT 5, AT B tMRCA O 95%(Z#EKM% . G1-G10 1Likx 75
EENENRLTWS, FO time scale [ZFEEAF L TV 5,
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okkaide-2000
Japanese strain

. Japan
MC3
@ FFPE
Foreign strain
996
Il North America Nokkaido-1995
PE Chiba-1997

O cCentral/South America
B Asia

[0 Others

MC Micro clade
MC2 | G1
——3
1587

tMRCA=1922 FFPE Chiba-1974 MC1
(95%HPD=1872 -1954) LIRE bvte 1974

\1—45'

|

= G3

e

X 8. env-gp51 (903bp) IZEH-3< BLV OIRERHMETE (1 8L 3 BOFEMK)

T DIFUAEARHEE 21T > 72 MCC tree £V, 151 L 3HRIOFEMZ R LT Rk, £ OMoEs
7% Collapse L CW 5, 17D root (22T, tMRCA W FE LT L HEE S -EE2 R LT
W5, @ZFFPE E%, @13 HAMHN® BLV., OiZE4SH BLV £ X O MC I Micro Clade %

ENENTRT,
Nishikaku et al 2022
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© Japan O central/South America
@ FFPE Bl Asia
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—
10

X 9. Micro Clade 1-3 D4l %27~ L7z MCC tree

T DI HEE 21T > 72 MCC tree Z VT, X 8 T/r L7z MC1-3 ZFEHIC L 72 Bfisst,
MC1-3 @ root {22\ T, tMRCA BNFELT- EHESNTZFE2 R L T\5, @1 FFPE B,
@ X HAH¥R BLV, OIXE2 AR BLV 3 X' MC 1% Micro Clade # N Fi1LR7,
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10° 4

10+

Effective population size
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Time
X 10. BARITIT 5 BLV OEMEIRE
HA® BLV 2% (n=48) %MW T, HAIZEIT S BLV OEMEIRE%S Beyesian skyline
Analysis (2 X » THEHI L 7=, #E121Z BEAST v2.4.8 % iV T Beyesian skyline plot (BSP)

BB L, ARVEHIY A XEHEE Ui, FRIERPREITEROB, FOEDE 95%HPD zR
T XHIEEFH (FF) . YEiZAREM A X (Vo) 2 RL T 5,
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PCR-RFLP i£%& AW T2 ARt U LN JED A L A D
EAn P R O R
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=% PCR-RFLP &EZHAWHBREY VNETANVRAD

B FEHBIFEORE
I. Fim

A Tl BLV O IAFEAHEE LARFEREBE 2B 682 Lz, ZOWEICZ &
v, EBL ¥ X O'BLV O¥EKIZ, SEOCFKES, BUAH, tEaryiy s &< M
RLTWD Z LR INT, TERERERW D HITEEA LRSI 5 BLV
B WDNTREEOBE L L BIZOMIAIERSE TV E R LTS, £
7=. BLV @ envi#8{cDOEEIES /78 (gpbl) FEBOME/HE &L ZEHRO
EREIE, R R XS RTIRE L e n 0, B, FRITIS L ORI &
R 2 PRI FIEOEERERE B DN D, FEEIC, & MNIgEL S
2D TANADBIG T ETARD Z L, FATOME, WEME GREkk) o
B, BEREOHEER EOMREZHGLT-OIZFE I TWD, BLVIZBWT,
BAE T AU X DRBEMEOBEWTBED & ZAH LN THRND, Fx D
A D A ARENO RTINS 2 EBE RO 1R THh LA, EBL
FIEA D D % < 3R SN T 5D, EYMEDEB AR IC T 7
73, BLV OUATOHYRES L OMERERIE e EIZBT 28 LW R Z 55729012
EAR PR Z R L 72 P I IE R ICHE Th 5,

F—HOME T2l . BLVIZAARIZT TR, IFH, 7AV I, K
BR. PR LT 7 0L DETERE LTRTT LTV 5 2122, BLV I3 env

B OEIERHDE NS, D7 &b 10 OB LA BEFEET D Z &N
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STV 5D 22, BLV O s FAUCITHIBRE RN Z S, 1 BT R I
SAALTEY, 28X 9BUImM K, 4,7, 88T FICa—r v /8 6BLU10
BNET VU7 ERKICHFEL TS, BARTIEIHRAPTHRITL TS 18IE 7
AU BB IOEE TR END 3B 2 EHN /DA LTS Z ERbho T
%, BLV OREYTITEGL Y » ek EOY B EMA LB CTh 5720, BiaT
T oo HuleRr 580 & BLV &G OBE) - HEIITBEERH 2 L E 2 b T
%R

PCR-#IIREEHE W i K25 (PCR-RFLP) fi#trid, EfnFEOAIE 2 2 L
LW, Wl AT TR TH D 2 L n, 16K D BLV Oifs -5
MFEE LTAS HNSILTN S 6469, JefT4F5E Tld, BLVenvi&{s 1 D5y
HEME (nt5099-5542) 444 bp %, 5 MO HIREES (BamH I, Bel I, Bel I,
Hae III, Pvu Il) OMBEDEIZLY . T % —2 75 BLV #5175
OFHNCHE LT~ —H—ThHhDHERINTND 65, Fio, RO TIEL, 5
HORIREESE D 9 5 3F8MH (Bell, HaeIIl, Pvu Il %\ /- RFLP 7' BLV
OEETALHBNC 3 THH 2 EDRENTZ 6D, ZD 220 PCR-RFLP £(Z
£ 2 AR ALAR] DO —FEIE 78.96% THRIEMRWC H L 57, BIETIX
SOHIREEFIC L D 7 1 b 2L BLV OB TR S Tns, =
DIEE AW T BARD BLV YA OB 2 {5 L 72 EZ 2R Tl 1-6
WO 6 MEOBMLE T ANFEEINTND 0, L, ZHILETOMETIE, H
AKENTESIRE Sz BLVIZRBAITIC L Y 18 L 3BT ES D 2 L

Ph, R AHERERILL TVD Z L1tk d,
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% ZTANIZETIX, PCR-RFLP (255 < BRI & Bl E5 < 47
SRARMENT DO & 2 R % 72012, BLVenviB{nt (444 bp) =MW/
PCR-RFLP (S H LW m F 2L fat L, BERET S Tnd 10 8o

BLV B n 1 RUHRI 21T - 72,
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II. BB X OHE

1. o7
2015 fEi2, & &% (FhRENERRREAEMREITR X OTE R RS R E AR
AT 2LV EBL &2 Sz o B A (20 B, n=20) 241

77

2. DNA i

Mz 15 g & L, DNA fiHi% » I TQIAamp DNA Blood Mini Kit
(QIAGEN)] % T DNA Z#hH L7z, fhiH L7= DNA (7272 B4 2
2, FTIIMEH E T-20C THFSRAE L7z, il L7 DNA I EW LAY |

1 A —4— e-spect (B —= A¥aR A4, B0 ICCTREZHIE LT,

3. BLFIEAEI X U5 T RFEMEAT
GenBank/EMBL/DDBJ 7 — # X—Z /5D BLVenvgpbl DHEECH

(444 bp) 396 Fid%l #HufAEL., MEGA7 Y7 b =TIl lE->TT I AV
k L7z, BLVenv iR/ ELS (444 bp) ORFHEHEE 21T, MEGAT 12 L 55
*iE (ML ) TfT-72, MEGAT7 ® Find best DNA/Protein models (ML)
12X % Akaike {Hilem e (AIC) 1T1EV, mEREAEWET L THD
Kimura-2 parameter model plus gamma distribution (K2+G) Z 3R L
Teo RMBOEEMER, 2T AN v 7-T—= AT v THTIZEY

1000 DT o X LYY o T AT o T2, SRRENTIC K - Tl s 70 5] &
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NI 2 b DORINX, in silico fEATIZ KL 2 10 B D AR BRI A] BE 72 il PR

B3 DI 21T 9O BRICH W=,

4. in silico f##TC & % PCR-RFLP #1258 U 7= | FREESE DRI

BLV env-gp51 (444 bp) fEIZ $IBREESRIC L 28I/ & — 2 k> T, 10
RIOBEFANB] T 2 2 L DS FREeHlIREER ORIRE1TH, T BT A
A A, BB L O New England Biolabs (Ipswich, USA) 226 iR &30 T
W5 229 FEEEOHIBREESE 2 BLV @ PCR-RFLP ED %4 & L7=, Genetyx 5.1
V7 b =T EHWT, fil[REESE 229 FEkEIC KX 5 BLV env-gp51l (444 bp)

396 BLA DYIWr /<7 — 2 Zffpf L, B+ RB 21T - 72,

5. envi&Z+ (444 bp) #HiE PCR

KR DRI L72 DNA 725, BLVenvig&fn 0 ] 858K T 5 444 bp % .

k

ExTaq (¥ 17344, @) #H\ T, L FDTZ A ~—"7T nested PCR |

™

X 0 8§ L7z, Forward env5032 (5'-TCTGTGCCAAGTCTCCCAGATA-3')
B L Reverse envb5608 (5-AACAACAACCTCTGGAAGGT-3) % 1st PCR
\=. Forward PCR env5099 (5'-CCCACAAGGGCGGCGCCGGTTT-3) and
Reverse env 5521 (5-GCGAGGCCGGGTCCAGCTGG-3)% 2nd PCR (>
727, 1st PCR B LU 2nd PCR O 7 > 7 U A Xi3Z 24 598 bp
L U444 bp TH 5, PCR OUGSKMIE, 95°C 30 WOEZEM:, 58°C 30 D

T=—=U 7 12C 1 5DMEZ 13 A4 271E L, 30 A4 7 LTiTo7-,
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TAE Buffer |2 1%® Agarose S (= vy R ¥— ) 2R L7 V2 ERLL 7=,
ERVKENEIZ 1IXTAE Buffer #7# &, Ethidium Bromide Solution 10mg/mL
(promega, Wisconsin, USA) 25 pL #/lx7=%&c7 V%%~ ks L7z, PCR ¥
¥ 25 pL. & 10xLoading Buffer (¥ 7 7 /34 4) 3 uL #igfnist, £2&% U
= /WIZ A7z, 100 bp DNA Ladder (¥ # 7 /314 #) 5uL %7 = /LIZ AL
%. 100V 30 73 CEXUKE) L7, vkEIZIL UV 285 L. DNA OHigEEY O
HIEAHERR L2, 444 bp fHTIZANY RRHERTE 2L OO I, FInH /N R
281 H L. QIAquick® Gel Extraction Kit (QIAGEN) DO FJEE(ZHE-> T

DNA Z 8L 7=,

6. PCR-RFLP

PCR (Z & ¥ BLV envgp51 (444 bp) % ¥iiE L 740 ##kH >k DNA 20 ff& o
&3 DNA % H\C RFLP I X 28 s TRV 24T 5, Rk, BB T80 6, 9
BLO10MDOTZ 23 FDNA (BEULAOIZERT MG L0 45 2w
T RFLP %#47-> 7., RFLP &R (20 pl) 2%, 8 L7- PCR EW 2.5
pL., BmrlI, AlwlF X O Hph I (New England Biolabs) % 15U, Tagq I,
Pvull, BamHI Msel (%717 /34 ) % 20 U, 36 X Ol BRIESR 125 L
7= Buffer |2 £ 0 HIfREEFR B 21T > 7=, HIIREERLELX, £ 24 37CT 2
Wil (Bmrl, HphlI, Pvull, Alw1) . 30°CT 2 W] (BamHI) . 60C
T2 (Msel) . 65°CT 2] (Tag /) T L7-, RFLP ALY

IZ. 20bp ® DNA 7% —8 LV 100bp ® DNA 7 X — (X H T34 4) L L
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HiZ, 3%TAE 7 irn— A% (Agarose S, = v —>) T100V, 40

oy TR Rk BN TRl L7,
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. %%

1. in silico ¥} % RFLP figdr
BLV @ 10 fi¥g D& {1 %2 RFLP TRIBIT 5 7-I2, RFfRMT Ciltfs 1

T2 5E L7= BLV env-gpb1 (444 bp) @ 396 BFIIZIW T, 229 FEHOHIIR
W32 % T in silico THEARTRVHIBI AT o 72, &8 FAUZFE R 7 RFLP
TuT7 A NEER LT (R4, 5, X11) , 50 bp L FOWHIET U m—
27V ECHREICHER TERWED, 20X ) /NS 2l R i s R o5
IZBE Loz,

T AR AP ORER Y OBESNT 1 B IN TV D20, 9 18 L
i DAL T & 754 %5 729 PCR-RFLP 4 M3t L7 (%5) . BmrIll
£V 5D RFLP N Z — 3 G5, 1 BOESID 97.9% (143/146) 233K 1
TERLIZTB 77 A/VBLIZZYS L, v 7 b0 7R 15 H -7
(JQ353638) , Z DI N—TDOH T, WIZ Hph I % AW =HIREESRLE T, 1
Bl 7T RIZRRSTHZ ENTE e, 18T, Hph 1L 3 SOIEFIZFEL LT
Gl % — &Rk L7- : profile H1 (Fragment size: 224 and 220 bp), profile
H2 (217, 196 and 31 bp) and profile H3 (217, 181 and 46 bp) (¥ 4, £ 5) .
—J5, THEITIX, 3 DU/ ¥ —>Th-o7ed, B ThOND T WI 77
A2 b A XEIRLT- : profile H4 (217, 137 and 90 bp) . ZDZ &0 b,
BmrI& Hph I3, TRE1RIORIBNAEHTHZ &N TE D, BamHI &
Pvu Il Tix, 286 10 MERBIT5DICHEN TH -T2, BamHITE Pyvull

HILOMABEDEICL D RFLP 7077 A LD 45D 55 35, T74b5
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Bal- P1. Bal-P2., Ba2-P2 2 2L L& %ZE A TW=D T, Hph
I, Tagl, AlwIB IO Msel72 XD 2L FOHIREESEIC X 5 iEf: DAL
DB TH D LR STz, 2-5 FFEDHIREESE 2 v 72 RFLP AT Of 5.
90.4% (358/396) @ BLV E%73 ML tree (Zxfis Lo in A AR LTz (&
5. X111) . #2% L72 PCR-RFLP i & GET D 72010, KT AT L& IRD X

Iz AH L7,

2. in vivo \Z¥31T B EFEFENT

EBL RJE4 20 1A 54 517z BLV env-gpbl (444 bp) E2FIZ FHWTT
— H R TBER ST D 396 Bl 2 T ML tree Z#HEE L7z, ZHET
DORFZERE R & RRRIZ, SRFEHE BLV % 1-10 B OB R AU R D55 & 72
o7, EBLFIEFHRD 20 iAo 5 6, 18 FdAiL 15 (DDBJ : accession
no.L.C361248-1.C361258, LC361260-L.C361266) ZFBIS41, 2 flsliL 3 A

(DDBJ : accession no.LC361259, LC361267) \ZHIBI &7z, SRHEMRNT &
PCR-RFLP {ED#H RS —8 L, IFERE S 7z 98I LU 10 7 23 0 TR
A[fE72HT B PCR-RFLP 35 Toh % 0 E 5 & MGk Lz,

PCR-RFLP D%, EBL FIEF 18 fifkiL4 < T 1 B S, fhhod 2
LN RIS (K 12) , 235 1E ML tree THEHT L 728 78 &
—HIT DR E o7z, SHIT, 9BLV10 O BLV 77 A R&EHW IR
%, PCR-RFLP i & ML tree Dj 5 T T AR L o7, —FH, 64D
BLV 77 23 REHWMATORER, MLtree T6HIL LT/ T AX Y U7X

AL, YIS — o OFEIMED 5 A PCR-RFLP £ TXRBITE 720 3 DR T
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Mgty a7ryA0 (a7 7 AV A3 ; Bir A 1, 6 £721L8) IT/HES
D Z DAL,

¥7-. Z® PCR-RFLP % [T, #h4)I1IR 7 245 15 81> BLV HUikkGM:
DHAO MR CRIROEIT 21T -7 2 A, T XT1RIZARI S, BAR
255495 BLV O a Rl Z EMICA 7 V—=0 7 CTEDLFETHDHZ LN

o 7= (Data not shown) .
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IV. B%

AW ClX, BLVenvgpbl (444 bp) % M7z PCR-RFLP iZX YV, BLV
DB I % 10 B E TRBITE 5 H1E% ML LTz, DNA BRSNS < FK
FMENTIE, BARFRARET 5 L TR BEBEMEO&SWIRIT CTh 523, R =
A RRDIY, EEERERBNLETH D, L0, FEEd LTz E o
BGCOIRAIIERAN S 5, £ 2T, HREECHRMZEMM, & L Ciekik X
D b EfEDOIAFIPHICHE A LA F B, KEOEFREEAT )V —=2
L. ELVMERARMET D5 Z ERARETH D,

ZNE TOMFETIE, PCR-RFLP i BLV O#a+RHBIT 5 F-oic—
FRENCRIA SN A HMTH D, Ll IFEOS T RFFIRIT OFE RS |
PCR-RFLP £ CTHIB STV D OBE A, 40 7R TIRE ST
TR EFETHAHREMERH D Z LR EN T, Bz, AY185360 O
BLVenvESIZDWTC, Bell, Haelll, Pvu Il ® 3 FEXEDOHIFRIESE 2 T
TR L7z REFLP O8I/ <% — s, 20 BLV BEANE 1 BB S nfz, —
Ji . AWFFERCM O AT K 2 REMAT TlE, Z OBELSNIE 6 BUZAIRI S %
TEDNIRENTZ 293072, Z DX )RR RHDITH 06T, RS TE
TEBETFHEMTONTEBY, RolHERP IS TW D AIEEEDRH 5,

AFTHEZT 110 EZ 3T 5 2 LN TE, S OISR E O8RS 92% T
HOHMN, GETEXRVWESI LB L7 (IFr 77 AV A3; BT, 6 £/

(X8 . SHMOIMABLETHD (K 10)
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PCR-RFLP # fl\\/= 21 E TOMFZE T, HARTILEE 78 1-6 23T L C
WDHZEWRINTND O, LinL, T—FX—ZATARIINTWS 444 bp
® BLVenvgpbl (444 bp) BSOS H, AR OBLANEL 1 B E 7213 3 I
BRIEIL, 2D 5B 99% 0 1 B Th o7z, RFEIE, DT D 2 FEOHIBREER
Theh 72 1A RS ICRIET 5 2 LA TE, BLV Oifs F AR Tk
ELTUIHFICARTHY . BLV DEAIZEBWTEHERY — /L &% Z &N

FFahd,
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S

# 4. PCR-RFLP (Z & % BLV env-gp51 (444bp) GIWi & —r

DTa7 7 AN
Restriction RFLP profile  Restriction fragment size
endonuclease type (bp)
Bmr1 Bl 162, 143, 109, 30
B2 173, 162, 109
B3 301, 143
B4 192, 143, 109
B5 335, 109
Hph 1 H1 224,220
H2 217,196, 31
H3 217, 181, 46
H4 217,137,90
H5 220, 196, 28
H6 220, 153,71
H7 437,7
H8 224,171, 49
H9 444
BamH 1 Bal 316, 128
Ba2 444
Pyu 11 P1 280,164
P2 44
Tagq 1 T1 357,82,5
T2 357, 58,29
T3 324, 87,33
T4 303, 87, 54
T5 357, 87
Mse 1 M1 326, 118
M2 168, 118, 113, 45
Alw1 Al 321,123
A2 196, 125, 123
A3 196, 123, 89, 36
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Bmrl
M1 1

8 9 10 M2 M1 11

300-bp — 300-bp
200-bp — %’%g
100-bp = 100-bp

14 15 16 17 18 19 20 M2

M2 21 22 23

RFLP profile B1 B1 B1 B1 B1 B1 B1 B1 B1 BI B1 B1 B1 BI B4 B4 B4
B
Hph|
M1 1 8 9 10 13 14 15 16 17 18
400-bp —
300-bp — 300-bp —
200-bp — =
100-bp — e
RFLP profile H1 H1 H1 H1 H1 H1 H1 H1 H1 H1 H1 H1 H1 H1 H1 H1
Genotype Gl G1 G1 Gl G1 G1 G1 GI GI GI Gl Gl G1 G1 Gl GI
BamH| Pwull
M1 12 20 M2 21 22 2 M1 12 20 M2 21 22 23
400-bp — 500-bp — 500-bp —
300-bp — 400-bp = 300-bp —
200-bp — 200-bp — 200-bp —
100-bp — 100-bp — 100-bp =
RFLP profile Bal Bal Ba2 P2 P2 P2
C D
Taq| Hphl Hph| Alw | Msel
12 20 M2 M2 21 22 M2 23 M2 22 M2 21 M2 23
500-bp 300-bp
—300-bp— 2&“’: 300-bp 200-bp 200-bp — -
—~200-bp— 200,.;',‘,’_ 200-bp 100-bp 100-bp —=.
:18%95%9: 100-bp— 100-bp
— 40-bp — 20bp 20-bp 20-bp
RFLP profile T4 T4 5 13 H1 H8 A3 M2
Genotype G3 G3 G1/G6/G8 G10

X 12. in vivo 2 & 5 PCR-RFLP DO RREE

EBL 5> 7 (71 1-20) LiERTE 691080 BLV 7
21-23) Z M\ 7= PCR-RFLP ik X 2 Bz FALHBRES,  (A) - (D) i BLV envgpbl @
PCR-RFLP 7Yu 7 7 AL (4, &5, [X11) IZHEV, PCR HEMEEY % Hi [REE SR LB X
D\ AERY LTz, (A) BmrlI (B) Hphl BamHI BX O Pvull (C) Taql B
SO Hph I(D) Hph L Alw I 3 50" Mse I

M1 : 100bp Ladder, M2 : 20bp Ladder

FAINRN (7w

Nishikaku et al 2019
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o, EBE Trv— 7B HRBRRYHIRICE L, BT oy T
FER LT F 7T X~IE T D72 DITIEGE D & 2 4 O ik Z i L Tz 2
EVFRETH 2D EFER L TWD BB AAET D, 1800 AL -7 b bl B
OFLHITT =y NN T AV I~EB o7, BRAEEORBIZLD T A
IR LA RROAX AR TR DET T 7 —~ UHER EORAA0
EH SN, A XV RAFFEDOY 2 — hhR—UH, ~L 74— R, 737 ¢
— T AR EOEANE KRB bITONL, £, HHFICONWTE, F—
By RN RNVATA VFERLT T U AL AR E AL, SR XY &
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Z Lo, BN EREMIC L Y RE/Sh, O EIZE > TS bIZanfE
WRAME LTz, ZD%, 7 AU I THR SN RIS EI
i, Z< ofEnKEMEBEIT 21248, EBL $ #HRMITREL Tho 7

EEZDBND,

2. BRICKITZHBREY U NEOHITEERERDIEREBEDRR
AARTI, IELSROBNOFOFRERPH L LIERERH L LD, R
B AT TITERFIE L T2 L 0D ZERBRERTWS, HEED
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ATV BB PREAE. RFn7e & 0 B AR - % 2R DMFE L T
o2l EAEEEEICLY TEATE) S MFHICRSITWDS, &
NODOIERPIIINETH Y . WHIZIZRWTW o To b S0y, FMNEDNS
AS 2722 OAERE (v a—bAR—2F, TRV, A Z—HE,
TIY AL AR, T vy —HiR L) L O TOI, AN
RESED> T oTz, BARIZIE, PR 334 (1900) 475 WIRBUN 1E
(2 K0 SAEFE & AORTE 2 BT B o T MR R E N D BT, T DR, KR
K DBERFENED HiL, TNENOEEFRIZIB W THEA 22 50l & 22
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Summary

Phylogenetic and Evolutionary Analysis of Bovine Leukemia Virus

Kohei Nishikaku

Department of Animal Science, Graduate School of Agriculture,

Tokyo University of Agriculture

Bovine leukemia virus (BLV) is a causative agent of enzootic bovine
leukosis (EBL), is currently one of the most important pathogens. EBL
affects cattle health and productivity, therefore dairy and beef cattle
industries severely damaged. EBL was first described in Germany (East
Prussia) in 1871. The number of EBL reports had been increased in the
early 20th century in European countries and North America. Today, EBL
have spread to more than 60 countries around the world. The EBL epidemic
1s also serious in Japan. It was first reported in Japan in 1927, and now of
40.9% of dairy and 28.7% of beef cattle are infected with BLV. In this study,
I reveal the early spread and epidemic history of EBL in the world and
Japan using phylogenetic and molecular evolutionary analyses, in
association with the global epidemiological information of the prevalence of

EBL/BLYV, development of modern cattle industries.
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The increase in the number of EBL is due to the increase in the number of
BLYV infected cattle. While many studies have employed a phylogenetic
study to examine BLV diversity, the results of these studies came from the
analysis of viral gene sequences collected in the first two decades of the 21st
century. First, we performed PCR and sequencing analysis to characterize
BLV envgp51 sequences from formalin-fixed paraffin-embedded (FFPE)
specimens made from1972 to 2000 in Japan. We conducted a retrospective
molecular study of the early BLV outbreak in Japan using the information
on sample collection years. Moreover, the phylodynamic analysis was
conducted to infer viral epidemiology, with the identification of the
historical fluctuations in population dynamics.

The major historical development of dairy and beef cattle breed occurred
in Europe, then move to North America in the rate 1800s. EBL have been
reported from these countries along with development of cattle industi. In
Japan, beef cattle were introduced from Europe and North America in the
late 1800s, while dairy cattle were introduced mainly from the USA in the
mid-1900s. The rapid increase of EBL outbreaks in Japan in the mid-1900s
seems to be related to the history of dairy cattle introduction. Phylogenetic
and evolutionary analysis using BLV genome sequences from database and
FFPE indicated that BLV first occurred in Europe at the late 1800s,
expanded to North and South America in the 1900s, and spread worldwide,

including Japan, from the mid-1900s from USA. The population dynamics
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(Bayesian Skyline Plot analysis) of BLV indicated that the effective
population size started to increase from the 1970s in Japan. Taken tgether,
the EBL epidemic in the world and Japan are significantly associated with
live cattle trade for development of mordern cattle industries. These results
further indicate that the introduction of livestock from overseas poses a risk
of spreading infectious diseases into Japan.

At least 10 BLV genotypes have been identified through sequencing and
phylogenetic analysis of the partial and full-length env-gp51. Genotype 1 is
the most prevalent genotype, Genotypes 2, 5, 6 and 9 have been found in
South America, while Genotypes 4, 7 and 8 have been found in Russia and
Europe. Genotype 10 is prevalent in relatively restricted areas such as
Thailand and Myanmar. Genotype 3 has been reported in the US, Japan
and Korea. The origin of this geographical distribution would probably be
linked to the cattle trade routes in the past. Since BLV sequences are
genetically stable, the low sequence variations of BLLV can be used as a
molecular tool for tracking the migration of infected cattle populations as
well as for gaining new insights into the origin, evolution, and mode of
transmission of BLV and its hosts.

In this study, I developed a simple and generally applicable PCR
restriction fragment length polymorphism (PCR-RFLP) method to identify
BLV genotypes. While the genotyping results obtained by previously

described PCR-RFLP methods matched only 78.96% to the results of
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phylogenetic analysis, we demonstrated that our PCR-RFLP method can
identify 90.4% of the sequences available in the database in silico.
Furthermore, the ability to all 1-10 genotypes allows for a wide range of
applications. This technique can be used as a reliable system for screening a
large number of epidemiological samples.

These analysis suggests that the BLV genotype 1 is predominantly
distributed worldwide as a pandemic genotype, and its source location is
USA. The global dispersal of genotype 1 appears to have occurred in two
steps, starting with the widespread export of the virus from South America
via the USA to the rest of the world around 1950, followed by local diffusion
within the countries where it was introduced to . The initial step coincided
with the worldwide distribution of the established commercial breeds to
many other countries, and the second step coincided with the cross breeding
with local populations. The phylogenetic analysis also demonstrates that the
significant increase in genetic diversity observed during the late-1900s,
coincided with the increase of international animal trade activities. This
increase in genetic diversity, which occurred worldwide, may be explained
by the adaptation of BLV to the local cattle that presented diverse genetic
background. The increase was then followed by a notable decline, which was
associated with the successful eradication programs adopted in European

countries.
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These results suggests that the BLLV genotype 1 is predominantly
distributed worldwide as a pandemic genotype, while another genotyopes
are local diffusion within the countries. Thsese results also demonstrates
that the significant increase in genetic diversity observed during the late-
1900s, correspond with the increase of international livestock trade
activities. The results of this study may provide information that

contributes to quarantine.
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