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[Abstract] Objective To investigate the epidemiological pattern of Borna disease virus
(BDV) among different canine breeds in Ili, China, and to analyze its potential phylogeny.
Methods BDV p24 RNA fragments were detected from peripheral blood mononuclear cells
(PBMCs) of canine by modified nested RT-PCR (nRT-PCR). Possible false positives were excluded
by determination of both BDV p40 RNA fragments and PMDI19 plasmid standards. Analysis were
performed on genetic sequence, homologous comparison, amino acid sequence and phylogeny after
p24 positive products were validated. Results BDV p24 RNA fragments were found only in Kazakh
Tobet (a shepherd dog) in 8 breeds of 150 cases and their overall positive rate was 11.0% (10/91).
Compared with the strain of He/80 from horse and that of S6 from sheep in Germany, the homologous
similarities of Kazakh Tobet was 99.2% and 95.7% , and that of amino acid as 100% and 89.3% ,
respectively. The kinship of Kazakh Tobet was close to He/80 and next to S6. Conclusion There was
potential natural BDV infection in Kazakh Tobet in Ili, and its endemic strain was concerned with He/
80 infecting I1i horse and S6 of German Merino sheep introduced into the region from Germany.

[Key words] Boma disease virus; p24 RNA; Nested reverse transcription-polymerase chain
reaction; TagMan probe; Canine
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HRET, HAEEERAR, REAEMAALEHM
BAHEY, HRBRENEIM ERE, BEREHER
AT KB RATRF A, AFEBR S r R
K R #% 5% PCR (nRT-PCR) 77 i, # il (7 A b X
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1. ERXE . S MEESE BDV p24 i B4
BOE (BRI 11.5% ")t AE R AR, H
45 8% 133 H (pi=0.10, p,=0.03, power=0.90) , %
BREARKRRE, LRFAE 160 R, KHME . BH
BRI R T xR s AL X 1 7 8 BT
. BHEARHRERXIEIM 10 ml, & EDTA S
BT R B A . BEARREERTIR] R 2007 42 8 H
15HZ12814H,

2. BDV p24 i B 5| ¥ 4R § : 1R #& GenBank
BDV % [K 4 £ 5F [X 4 5 p24 55 — FF ik 4 iL HE (ORF
IDZFBRTF), Wi 23595 1 &xEE. Sh 519
P1:5' -TGA CCC AAC CAG TAG ACC A-3', P2:
5'-GTC CCA TTC ATC CGT TGT C-3' ; A 5|4 P3:
5’ -CCC TCC AAG TGG AAA CCA T-3' , P4:
5'-CAG TAT CTT GAT GTT CTC GCC A-3' ; "o 45
&t ¥ %1 5’ -FAM- TCA GCG GTG CGA CCA CTC
CGA TAG C-TAM RA-3'; B|¥h FIEEREYAH
B2 Bl A AL, BRET P L R 2Rk BE S Y 2
DA o

3.BDV p40 i Bt 514 : 18 §i BDV p40 Bi H R
Fo&it 1558, L5145 -CGA CAG
GTA GGA TTC ACG AGG C-3', T #5347 :5' -AGA
CAT CAG GCA GAA CGC AGT G-3' , & & B A
Al A o

4. B PMDI19 AR HE T 5190 - i3 —X1514, 51
YL B 4> 56 F PMD19 B 42 HIi%E # BDV p24 % A
HE. LESI# .5 -CTG ATG CTG TCG GAG
TGG-3' , T##514 : 5 -CGG TGA TGA CGG TGA
AAA-3 o B H A FE B

5. RNA $2 8 : A Ficoll-conray ¥& % F& £ & 2.0
B4 B 41 E 1l PBMCs, Trizol — 25 2 3 B RNA, 14
BEATLEF 1k B 10 5] RNA BEAR , 6504 YO 6 B 11
FE A260 nm F1 A280 nm H , 118 HLAH 247 RNA #:4%
4 AR R e Tk T H e e

6. BDV p24 fy BBl : RIS 89 nRT-PCR ik,
BP7E nRT-PCR 7 ¥ 268 1, 35 — S PCR B2 TIMA
TagMan K IEHRET . TERRI 357158 B B o ot R (A8
AR ) FIBHAE RS BB (PMD19 FUbibn Ak & ) LAHERR (R F 4
B,

(D RFERRN : VKRR 10 pl: RNABEAS pl,
SXREFRZ 2,40 ETHSI P& 02ul,

10 mmol/L dNTP 0.1 pl,20 U/pl & 5% %8 0.5 pl,
DEPC H,02 pl, B %4 :37°C 60 min, 95°C 3 min,

(2)58—% PCR: XN #& & 25 pl: 5X ¥ PCR
FZohB S ul, S ETHEI4 0.3 pl, 10 mmol/L
dNTP 0.3 pl,3 U/pl Taq A8 1 wl, REEFZF=H5 1,
ddH0 13.1 plo RN %44 : 93 °CHIEH: 2 min; 93°C
1 min,55%C 30s,72°C 50 s, 3L 25 MER,

B)RIEERPCR: KNERSOul: SXER
PCR 2% i (% 25 mmol/L MgCl,) 10 ul, H_E F i
F#14% 0.5 ul, 10 mmol/L ANTP 0.5 ul,3 U/ul Taq %
A1 ul, %HEE 0.5 ul, PCRIZH 5 ul, ddH,0
32 plo SN 4544 : 93°C H A5 #E 2 min; 93°C 1 min,
55°C 1 min, 3£ 40 Mf#F . 1= H Rotor-gene 6000 %%
o & PCRVER EERM . PCREYKE N
86 bp,

7. BDV p40 2R Bkl . 5k F RT-PCR i,
REEFR NSRRI (1), PCRBKFRIL20 pl,
# PCR Mix 10 ul .ddH,O 7 pl, E F#3191% 1 W &
REER=Y 1 ple R Z&AF: RFIF%7% PCRY 3,
94°C A5 4 5 min; 94°C 30 s, (66 ~ 58°C , BH MG
FFE2C) 30s, 72°C 1 min, 3£ 10MEH; 94C
30 5.56°C 30 5,72°C 1 min, 3t 30 MEFF ; 72°CE M
5min, M) AT 3% 5 BE S HLIK , PCR 7=
YIEE A 154 bp,

8. Jii B PMD19 ¥ #fE & & 1 : R H RT-PCR 77
o REEFRMIER (1), PCREMAZIL20 ul,
£13% PCR Mix 10 pl.ddH,0 7 ul, E F #3194 1 ul
KRFEF=Y) 1 plo B 5% R RS PCRY 1,
94°C A5 ¥ 5 min; 94°C 30 5. (64 ~ 56°C, BH/ME
FR[%2°C)30 s, 72°C 1 min, 3t 107E3F;94C 305,
54°C 30s.72°C 1 min, 3£ 30/ E5F; 72CEM
5min, KM F=YI#HAT 3% BT BB AL Ik, PCR T~
B K B 47 480 bp,

9. PCR =9l ¥ R R G5 R A 24 404 < FHA4E BDV
p247=4) , % BDV p40 FIEH. PMD19 #R#E 5 4 ik
HATAE R, B LB TAY T EEARSA
BR 2N &)W % . LA GenBank £ it 9 7 [ & He/80
(Access Number: L27077) F1 £ & 45 ¥ S6 % B
(Access Number: U94885)1E g 5 BR , XiHifll iy 45 SR ik
TR R EEMEERTI LT, EHRER
HRHEM BDV R R R4,

10. G2 A Y15 B2 40T « F Minitab 1558
TR AL TR A B ; SPSS 16.0 B4 77 A D BEHL AL
FHATRIVUEE TR RSB L i E (v Es),
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BB LB ANOVA ; TH 43T 8L H Fisher ¥ H KL 1
[ EMBL .DNAMAN 5.2 1 DnaSP 4.0 3 {443 #r 3
R E R E E R F 5 ; MEGA4.0 3 {4 E 4 NJ
(Neighbor-Joining , bootstrap 1000)%[H 2 4 & H: bt o

g =R

1R A R B v B AR R EL 3K - SRR Y 160
RRKK 10 R, sehrfil 150 R, Hb, mgEntk
2 R (Kazakh Tobet,KT;91 R ,60.7% ) EEHER
(Schaferhund, 24 F.,16.0%) . &% ¥4 K (Carolina
Dog,12 2 ,8.0%) I F] ¥ H 4% K (Siberian Husky,8
H,5.3%) J& K (Hound, 6 R ,4.0%) /N K (Beagle,
4 H,2.7%) FEE I K (Doberman,3 R ,2.0% ) FIAE
K (Terrier,2 2 ,1.3%)8 ™. 1 SR RMER (=
1.464, P=0.859) 54 #& (F=1.427, P=0.198) lL &
KER, Ja3RREREE/N, RIETLITHENR

2. RNA £ BUs 2 f7FM  BEPLIE SR 10 R R W
RNA HEZR, 48 404 66 B 11 =2 A260 nm/A280 nm
{8, {85304 1.93,1.82.1.81,1.84,1.94.1.87.1.82,
1.91,1.89 F1 1.92; 3% By i ¥k vk Ji5¢ ¥ 3k 7T WL BB 8. 1
288,188 I 5SS =47, H 28S 5 18S A4y K 2:
1, RIHPHRELA RNA B AR, E M B i,

3. A< BDV p24 BRI - I B0 9 nRT-PCR &)
150 ARFEABDV p24 I H B, SR Ban{UFE
91 HKT R H 10 R R A BDV p24 B K F B, FHE
R 11.0%(10/91) , FHABR I A BIE(E 1),

4, %l BDV p40 $F p24 . RT-PCR &l 150 R
REAK BDV pd0 BN A B, 4R BR 10 KRB
BDV p40 H Bk R4, 5 BDV p24 FETER 45 B —3K,
BI7E 3% AR RIS LUK 154 bp B —TEMT RO R,

M ] 2 i 4 5 6

7 8

250 bp|

100 bp

9 10 11 12

Fe
=
&0}
5 -
| e e s n N N
5 10 15 20 25 30 3s 40
328
1 KT BPMCs BDV p24 }i Bio i £k
HARRAL I (E2),

5. K Bl & AL PMDI9 475 #E af % {iE BDV p24:
RT-PCR K1l 150 R R #E A FRARHE o G5 R Bn
7 10 R 9 BDV p24 Hl pd0 35 R FHME B REA T, R
Kt BORLAR o & , 7E 3% 3 iR BEEE S FLIK 480 bp &b K
R (FE3),

6. BDV p24 2[R B B e 41 R R 2 /6 7 5|
43 ¥ : B 5% GenBank £2 % 5 KT BDV p24 # X /5%
F B, 10 HKT K p24 FF515 He/80 1 S6 [ S5 AH 1
&7 5K 99.29%F1 95.7% , ¥ F ik £ 7 B n=0.008
0.004 M7 =0.043 £ 0.021, B 3 5 Ho/8i B i & R (B
(I FAE K 2.0) 0 1.4 F0113.3, BB 7 5 ARBLUE 4
2114 100.0% (— B 98.8% ) #189.3%, He/80 51
1673 £7 BB AL T B KTO78 il by A, EHERRIFF 52
HR(L)-HHZEM(M);S6 751 1659.1668 F1 1674
{7 BB C.G.CH R KT012 ~KT077 BH N T A,
T, ZXERFHAHER(T)-REEARD . HER
(G)>BEM(E) LA™ (S)>FHAM(L);S6 /75
1659, 1668, 1673 1 1674 ff S W% C.G. T.C #
KTO78 B#: A T.A AT, RERTHIHER(T)—
BREER(0) HEMG) ~BEME) . LEM

13 14

15 16 17 18 19 20 21 22 23 24

154 bp

T 1~ 10:p40 FAYEREAR s 11 ~ 20 BEHLBAYEREA ; 21 ~ 23 : FAYERTHE ; 24 FAYERT R
H2 BDV pd0 K Bt SilE M s Tk

M 1 2 3 4 5 6 7 8 9 10 11 12

300 bp
250 bp

100 bp

3 14 15 16 17

I8 19 20 21 22 23 24

480 bp

tE:1~10:BDV p24 Hpa0 ¥y FEEREAR ; 11 ~ 20: BADLBIYEREDS ; 21 ~ 23 itk 3t B 24 BATERT R
H3 ok PMDI19 AR S B HE MR I B Uk
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()W EM (M), S6 ¥ 5 1659, 1668, 1673 F
1674 S EC.G. T.CHEKTO79BH AT .A.C,
T, EEMFEIIHAER(T)FREEAR(D . HER
(G)—BEM(E) LER(S)>REAR(L), LEL

7. BDV p24 FH¥E F BF 3 R G0 & AW 4B : KT
Bl 751 5 GenBank K RIKBR A EMBHRF
FIEEEHIBDV p4 RENI RE R AW, R K
BLKTO78 MIKTO7TOILRIE B— ML X &, B 5HAh
KTfHe/R0 KA, BFREEAER G, LA He/80
k518 (outgroup) , KT WiATHE 5 S6 #AE X i fL 2 R
r X5 (@=1.00~3.00,P=0.08 ~0.32), L& 4,

Wi

HHTBDV B ARERG I3 i Fl (2 1% B L S
URFEMAEEANEMN " BREEFERD

#C- KT078.dog(PBMCs), I1i, Xinjiang.2007
S KT079.dog(PBMCs). 111, Xinjiang. 2007
® KT064.dog(PBMCs).1li, Xinjiang,2007
® KT039,dog(PBMCs).11i. Xinjiang,2007
® KT046.dog(PBMCs), I1i Xinjiang.2007
® KT049,dog(PBMCs). I1i. Xinjiang.2007
8 KT077.dog(PBMCs), I1i.Xinjiang,2007
0 L27077(He/80).horse,Baden Wurtt.(Germany,1980
® KT043.dog(PBMCs), 11i, Xinjiang.2007
8 KT012.dog(PBMCs), 1ti, Xinjiang.2007
37 B KT048,dog(PBMCs), 11i. Xinjiang.2007
| 64— ABO1472(PBMCs).sheep.Japan, 1997
ABO01473 sheep (PBMCs).Japan.1997
—— AJ277119,sheep(brain).Switzerland.1999
35| DQ116031,dog(brain).Vorarlberg.Austria, 1994
79

o0
=l

60l AJ277120,sheep(brain).Switzerland, 1999
AY374546,sheep(brain),Licchtenstein, 1991

AY374542.sheep(brain),Liechtenstein, 1991
- U94880.dog(brain),Saxony Anhalt,Germany.1994

® U94885(S6).sheep(brain),Saxony Anhalt,Germany,1994
608 AY066023,sheep(brain).Bavaria.Germany,1999
AB001471,sheep,Japan, 1997

U04608(Strain V),horse,Lower Saxony,Germany, 1929

—
0.005
T BG4 KRB R 433 1000 3K bootstrap AL RS B (51
4 FEMKTBDV p24 HtE H BEFPFI R E R 5k 4

AY37459.sheep(brain),Graubuenden.Switzerland, 1998
AY374543,sheep(brain).Sankt Gallen,Switzerland, 1991

AY374540,sheep(brain).Sankt Gallen,Switzerland, 1993

AJ311523(H1766).horse,Lower Saxony.Germany, 1994

M4gE, R AEWLE 4%, PET200244
H B R I8 L RHE X SO 45 #it 43 S4AE |17 IR A A
5 BETE IR 4% S22 PBMCs 4 i BDV p24 J B, HFH
PR H 11.8% .7.7%M1 5.0%", 7R EREHE
A5 BDV B A &, WEXARFMXEFTE
FAHGR AT TR, FPRER AR, 20034 11414
TiT 61 98 14 35 57 45 & 1iF 5 2 B9 i W PE M 2
11.48%'"* ;2004 £ B 7. 7T 4 (X 76 B IE % A #0134 L
T, PBMCs 43511 207 9.29% 1 23.5%"™ ; FAE B R #B X 15
il ¥ Ak - 2 F| 25 B i 28 & PBMCs 4 6.67%"*! ;2006
SR B R H T 7 M X 8 3 52 115 B i 42 Ao VR
P R 53 451 4 R AE A0 360 H 48 2 PBMCs 4 %) K
11.54% .11.32%17.78%"" ; FI4EE K # X 60 R 1L
PBMCs FIfZE 453 3 K 8.3%F110.0%""" ; 2008 4 %
S AL M X 120 DU 4R &Y I PBMCs FI i H A A
2.5%"*;2009 4F 5t M 44 8 LHLIX 300 K1l
FPBMCs 70.67%", &4 N1k, AT
REBDVRYRFEHA TERXK BEL.T
E FEAANSE X , HRfTHREE
He/80, H1766. strain V., H544, # K ] £
$88.C6BV.BDV/MDCK %, Fli# H1TH
HRBENAKBEA, Ko AtHEZHYT
K.IEERREHRM LB UL,
YU B nRT-PCR F - EEE N 4
B ER . LR UREBREANER RS
¥25, BB T BDV ™, ABFFEAT %
T HE K 6 FH 4 45 532 47 BDV p40 I
BIARE & B E— 25 BIE , B IR G R
R IX 5 KL RCEBE EE N 1963
£ 5] H % E Saxony ) £ Fl WA ¥
(German merino sheep) R H g R (H
EEH W - A ) 2 B R AT

1 BDV p24 ¥ 1 H B 5 He/80 I S6 N R bRk M AR FE S [ 3

FARS 1610 1620 1630 1640

1650 1660 1670 1680 1690-5

He/80 OCCTOCAAGT GGAAACCATC CAGACAGCTC AGOGGTGCGA CCACTCOGAT AGCATCAGAA TOCTTGGCGA GAACATCAAG ATACTG

..............................................

..............................................

..............................................

..............................................

..............................................

..............................................

----------------------------------------------

..............................................
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MR, B S RIE A LT KTHAR,

1929 4£ F1 1994 4 43 /| £ 7% € Lower Saxony )
T, PG 43 83 4 Strain V (Access Number: U04608 ) 1
H1766 ( Access Number: AJ311523) ; 1994 4 X £ &
[ Saxony Anhult # 3£ A (Access Number: U94880)
143 % (Access Number: U94885 ) i i £H £ 43 25
BDV'", BfiF{f K S FEFIQAENS H,BDV ]
REREZ AR . 2B 5T 1 % XA [
R AT BEH B SRS RBLFIFP R IR, XF 84N 150
HARSMA M AT, 255887 . OKTRR AT fE kK
BTN ED, KTBDV p24 H A B 578
T He/80 775 & BE [|] Wi AR 8L BE (99.2% ) , 5 He/80
EEXRREBOL, PR SRR EEBRIR N He/80",
QKT RS AT RER IR FiZ X 5| M EFWEE, 8
A R R H U KT K i BDV p24 J B, e %
(11.0%) 58 E 4 F A (11.5%) , 7RV S5 E 4
FSOHRFTER EHMIE(95.7%) , F5% K25 S6 5
Ko FTHBA R : KT 520 X FF 4R 2 48 Al
EOERTREMNES  ERSMHRUFBERBER
ENARYR, SHAMSh YT B L% X 45
FEEMAAN B, BBCEERFERRIE AT REK B i
3 I He/80 93T X/ e A5 | 1478 ¥ Saxony F F U4
¥ SOMBRAVMARY, B TABRBDV p24 9
BWEFINAR, RIS R Ti#—LIEE,

BDV 22— A& L BRME, M EHaESR
Bn, WX @R AT BDV AHRE ES THTE
R, B/8 BDV o] §Ei# i sh /K FAL 4B A K™, {7
MWK HRE =KX Z— HEEMREL, 5A
KA AFY, 5 B4l 1885 4E 7% [H Saxony Borna
ST R A TR 2R 18 RV AR AT
KT R EEH5 | REAREEREEERFI T
b, %A T BDV Y2470, Al R h A BRI Y
RN B T KURS: , B 5 | s B A A
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