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Phylogenetic characterization of H gene and N gene of canine distemper

virus detected in naturally infected raccoon dogs, foxes and minks
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Abstract: To characterize the variability of recent field isolates of 5 canine distemper virus (CDV) strains from different hosts and
geographical areas, nucleotide sequence analysis of the H gene and the N gene encoding the haemagglutinin and the nucleocapsid
protein were conducted, respectively. Pronounced differences between 5 field isolates were revealed in comparison to the attenuated
vaccine strains vCh, vCon and vOnder. Phylogenetic trees were constructed with H/N gene of 5 CDV isolates, vaccine strain vCh
and 12/11 CDV strains in GenBank. Results: The homology of nucleic acid sequences among the 5 isolates was high (H gene:
97.6%—99.9% and N gene: 94.5% —99.8% ). While the homology of nucleic acid sequences between vCh and 5 isolates was
low (H; 90.5% —91.8% ; N: 90.9% — 93.5% ), but high with foreign vaccines, vCon (H: 96.8% ) and vOnder ( H:
97.2% ). The difference of amino acid homology of H protein among 5 isolates was not high (97. 1% —100% ), but high of the N
protein between 5 isolates (91. 6% —100% ). All the homology of H protein and N protein between vCh and 5-isolates were low,
with H protein 89. 7% —91. 8% and N protein 92. 8% —96. 8% . vCh, vOnder and vCon had high homology of amino acid both H
protein and N protein ( H protein 97. 1% and 95.6% , respectively, N protein of vCh and vOnder 97.3% ). Conclusion: the ca-
nine distemper prevalenced in several provinces of China may be due to the far heredity between vaccine strain and field strains.
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SlAh BRI | KSH, BRI G BB KL, SV IURIBE YT R I RE A A AU IR
POHTIAT Y B AR IR R B T AR B e P S A

CDV JEHK ) 15.7 kb, 3'F] 5K K 3" i il )P 9 Rtk A (N) , B (P) . 3R
B (M), RiEER (F), mEEEMEEN (H) , KEHR (L) WAHSCEERT 5 W5 55, H &
SRR R B AT A KBS E R Z —, % HRIEAS CDV FEkkM B L2862, N &
SRR YRR A RS IR R 1, TR TSR F s R il R R IR E R, 18 B 2 e T 5
SREVPUAR RN, EH B IRATRSE . IERAEIR . FIRAEH CDV #¢ 519 TaqMan SERT 2% RT-PCR £
A, XF2006 4F6 HE 10 A LR EILE A RATH COV BT T2, WhEsE AR 5
AU 7 43 B HRRN B RTZE T ) 2 A A CDV 858 i #Ebk se b /SRR v BEEFIF, F9 CDV # bk
MR GRS, LIS T2k 438 H R RT R B bR S IR T SR Z [ i ] BB 22 5

1 MH57%

1.1 RIasr
1.1.1 Hfr. Fifr E. coli Competent Cell DHSa, pMDI18 —T simple vector, 4[] TaKaRa; pGEM-T Easy
Vector (Amp'), W4 H Promega 23],
1.1.2 F#, @8 Vero 1L EZhY) TAE S5 ATH 7 PO AF, CDV 553 iR vCh 1 A B Y 5
LR SWBER AT, B CDV 55 3R B AR EE R B2 1Y vero 40, 5% CO, 37 CHiFR, Frthilyy
80% CPE I} (#7148 ~72 h) Wik, REHRE3 UG -20 CRAFE
1.1.3 FERF . %% MiniBEST Plasmid Purification Kit Ver. 2. 0, Agarose Gel DNA Purification Kit
Ver.2.0, AMV, HPR-1 | Taq B, Pst I . Neo 1, ¥ TaKaRa 7~ &) )= ; High Pure Viral RNA Kit,
Roche 23 H] 7 i ; Tagman #REFFIZOE PCR 519, hE Y DA 55ATH =P OLRAF, M) Cycler™ Ther-
mal Cycler PCR {¥ . iCyclerTM Optical Module Z¢ 3 & PCR ¥, W4T Bio-RAD AH],
L2 S8Rt 5EmM

Z: M8 GenBank B2 &£ CDV Onderstepoort F:Ak (iR vOnder) 2FEKH4HF 51 ( GenBank J¥ 315 .
AF378705) , JWH] Primer Premier 5.0 4, Bitorilstxs H ZLHH N BEH AR MED 519, s
VTR (KiE) ARARIAN., HFZEKFPIGIY: A, . 5 -taccaagacaaggteggteccttcta-3’; A, : 5'-gagaccartg-
caggcaccatccagg-3' . N FEHBYGIY): B,: 5'-cagacaaagttggctaagg-3'; B,: 5'-ctgagggctitgaggcatt-3',
1.3 fRPEREFMALE

2006 4F6 AZ10 A, RESGERAYHE, AUV KIS CDV ATSEREL 130 43 ff, £ BIT RAPID CDV
KrdiAFR & (#6IE BIOINDIST CO. LTD A425™) 5l CDV B, BRI RTRL B AR MR AR R X
SR (MERR L EIRA) 5 0y, RIVEH HAL A TagMan — B 52 E # RT-PCR 5% (ff K
) kS 5 Gk — AR R, 5 R IR 125 (RFREL) RS LL BTN PBS BIFIE IS VR Rl 3
W, 4°C, 6000r - min"EL.L, BEHEREH,
1.4 RNA #2H5 RT-PCR

FH High Pure Viral RNA Kit M\ L3R BN CDV 55 35 B Ak vCh 40 i 5% 77 9 b $2 BUR 5 19 RNA,
-80 CORFFA ., RH—21: RT-PCR ¥4 5 (i BHYERE S RN CDV 5588 B PRAY H B J2 N B B
1.5 BRERENTESLEE

$4% RT-PCR F=¥ 8 i BERR Bk #1645 B 19 2547, F Agarose Gel DNA Purification Kit Ver. 2. 0 i3 &
AT, 4ifkf5 5 pMD18 — T simple vector #ZEZRME T (16 C, 4 h), FHALEE 100 pg - mL™
Amp, 20% IPTG, 2% X-gal Y LB V-4, #FA7iE/ HBEE; P RAFA A H AR EEM T 5
100 pg - mL™" Amp 1 LB BiFe S rh S EA T BB 3% 5 Femli g O SRIBUTURL . 445 575 2 1Y BF P i 200 9
M Hind Il + Xba 1 XSUBGEISEE , 16 1% BUIRKEBERC IR B SEATAGI ; [WIp, DL Bk s Bk itk 1
FHARTRI RS |00 HBEA T 9735, 938 Wit 1% BN p e e i vk e A T A I
1.6 BWERMNZERFINES ZELBHUK T

Pk FRZWEEYIA PCR %E ¥ A HPE A BORL, XA TR (KiE) ARARNF, M1
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Sk [7] B9, FIH DNAstar #4048 5 4> CDV 22 88k . CDV 5525 1 Bk vCh 11 GenBank 7 AY
CDV ARIEZR . HXACERRAY H AN 3 AR P 51 S HAE S 10 & 518 7 S04 R R e R 2
H ARG I LR, K Totun Hein J5 404 FERk 2 18] H A N 25 (10 22 15,

2 HERE A

2.1 CDV S EBE#MEHFEEK HEREF N EER RT-PCR #18, REMEE

5 3 BEARAE A 28 SE I E 5RO RT-PCR ikl , SRS HRMNZOEES (Ct{E N 18.9 ~23.5),
L5129 CDV BHPE, ¥ 13k 5 By PHERES RNA FIZEE 55558k vCh RNA 43 5ILL CDV A, F1 A, & B,
B, 51 TR SPED 14 23913545 1 093 bp F1 1 857 bp B4 (& 1), ¥ E= 143 55 PGEM T-
Vector 4% . ¥4k, 34 PCR Ml Pst 1 5 Neo 1 XUV %78, T HPE SRR AW (KiE) ARAH
Y,

bp
2000

1 000 1857 bp
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Fig.1 RT-PCR products electrophorogram for H gene (A) and N gene (B) of isolates
1 ~5; PRHFES Test sample; 6; vCh; M; DI2000; P: CDV BH:XFHE Positive control
2.2 ZF5% HEANZFBRURESHISERFSIRFEERE
X H BEFATRRIT I 501 R W, 5 440 B MR Z A% 1R )3 50 [ IR M 2435 81 97. 5% LA |, HTpr 5
THD1 -r )55 RS (99.9% ), —# 5 HD-m, HB-f, LN-m WA 8 & 0 IR T 9 W e, N
98. 1% ~98.8% . [ENFIHERENT vCh BR5 73 B0k 10 4% H B2 17 91 [F1IRPELE 90. 5% ~91. 8% Z ], i 5 =
Hh CDV S5 8EEE H PR vCon Fl vOnder AT IR [ UM R, 35 %1 96. 8% F11 97. 2% , 2 A~ FEIHMEE f ik [m] U5 14
H98.6% (F£1),
#1 CDV HERZEBRNESHESERFTIEREME

Table 1 Nucleotide and deduced amino acid sequence identities of CDV H gene fragments Y%
FEER BB Tsolates FEHIBR Vaccine
Strains HD-m HB-f HTp-r LN-m THDI -r vCon vOnder vCh
HD-m 97.9 99. 1 97. 4 99.1 90.0 91.5 91.8
HB-f 98.0 98.2 97. 1 98.2 88.8 90.3 90. 6
HTp-r 98.8 98.2 97.6 100 89.7 91.2 91.5
LN-m 98.0 97.6 98.2 97.6 87.9 89.4 89.7
THD1-r 98.7 98. 1 99.9 98. 1 89.7 91.2 91.5
vCon 91.4 90. 4 91.0 90. 1 90.9 97.9 95.6
vOnder 92.0 91.0 91.6 90.7 91.5 98.6 97.1
vCh 91.8 90. 8 91.4 90. 5 91.3 96. 8 97.2

e 1) BN 8 ANEEMRZ IR T A IR P S R 288 AT R )P 4 RS . Upper is the amino acid aequence homolo-
gy deduced from 8 strains. Under is their nuclear homology.

2) HD-m 73§ H/K3H, HTp-r, THD1-r 7385 HA&HRF, vCh Jy HETTE R N T35 2 (S5 3R 2 itk . vCon. vOnder y [H4ME

Pitk, HD-m is isolated from mink. HTp-r, THDI-r isolated from raccoon dogs. vCh is attenuated vaccine strain used broadly in fur-

bearing animal populations in China. Both vCon and vOnder are foreign vaccine strains.
MWEERRITHNE, sy Bk Z 0 H B A& R T R R, 05 3 A% ik 0y R IR PEAR
HTp-r 5 THD1-r () H & & 505 91 [ PR A 100% , 1 45 H At 25 A 6] [5] 9500k 22 51 K (87.9% ~
99.1% ), 51 CDV 73 Btk 5 vCh PRIA IS8 4K, 4 89.7% ~91.8% , vCh ¥k vOnder, vCon A&
R, 29N 97.1% | 95.6% (1),
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M2 ATLUE H, ST R 70 B bk H AR R AE ) N —IBOBEEAE A7 5500 3 A, Hi 1 M5 vOnder,
vCon 1 vCh S9ERSE RS2 2AHA, B4 2 42 vOnder BEFTIRA 1Y, vCh BEER 294 7 19 N BB B4k 437 8
SBmARSN, Hax 2 A5 BEkkos 2, 5 A5 B 3 MBERLAL A S 2R, TS vCh 22
BA 1A,

Majority ARANSSKLSLYTEEQGGRRPPYLLFVLLILLIGILALLATTGYRFHQVSTSNMEFSRLLKEDMEKSEAVHHQY I DVLTPLFKI IGDELG

vCh
vOnder
vCon
LN-m
HB-f
HO-m
HTp-r
THD1-r

Majority LRLPQKLNEIKQFILQKTNFFNPNREFDFRDL}MCINPPSKlKVNFfNYCDT?GVKKSIASﬁAhPIILSAlSUnRGDIFPPYRCSGﬂTT

L Vo.ieoo . .ELIR.......... | PR GoSooviis, 178
vOnder : .E . 178
vCon T Vooieoo ESLLIRA........L....P.G.S.....H...... 178
-m N S, YA. 178
HB-f 178
HD-m
HTp-r
THD1-r

Majority SVGRVFPLSVSLSMSLISRTSETINMLTAISDGYYGKTYLLYPDY I EGEFDSQKIRVFEIGF IKRWLNDMPLLQTTNYMVLPETSKAKY

vCh B P R No.o... 267
vOnder A T L R Noooas 267
vCon K ADR..TE ......oooa... S No.... 267
LN-m
HB-f
HD-m
HTp-r
THDI-r

Majority
vCh
vOnder
vCon
LN-m

2 BHBH%ESKH CDV H EZEANSSSERFT
Fig.2 Part amino acid sequence for H protein deduced from CDV isolates
E R 5 REBMEEMITF IR ME IR, N -BRIILAL A (N-X-S/T), VUIBIRE/R, Here displays the amino acid which are

different from the amount of amino acid sequence only. N-X-S/T are displayed by hatching.

2.3 CDV &tk H ZEERFR B UK

M CDV RGeift (E3) FILUE, 12 DB RERIKRR S T 7 o032, SRR C R
EE—50Y 5 BT, THDL-r Al HTp-r R0 F—A/Nr 3, =35 HD-m XA R —IRE 52,
SRIG 5 HB-f Al LN-m B4 B0 /N 32 LA S 1% raccoon dog Japan L[R]3 A HE— RS2, 5 4493
BEERAEZS LR T, FIZ %R raccoon dog Japan | giant panda China 3515 ¢ 5 fieilt
ZZ KR mink Danish . 01 —2690 raccoon USA . ferrst German A & 111 03BH Ttaly ;j\ilﬁl*@m%gﬂfgﬁ“fi,
553 BRI 43 S BA M BOE B 55 R o 1 vCh 55 vOnder . vCon VLM 55 B 1 #k vaccine dog Japan 3
[FIRE 5 — BRI 40 3, B8R 4 D RER MR Z A B AR R IR L LR,
2.4 ZEHRNEEANZERURESHEERFJIRIRMEILR

CDV N EEHZ T MRITH R M, 5 A5 Bk Z AL AT IR 7 9 [FIURPE 388 94. 5% DL I, 5 H X
RIZEMl, HTp-r 5 THD1-r N JEPH (A% 1 B 7 40 [l fe i, 34 99. 8% . — 3% 5 HD-m Al LN-m (A %K
IR E, UARH CDV BFEE PRI P ZEAR [] DXCIAE & 403 . HD-m A1 LN-m &9 X 3R BE A i (0 AT 8
FIREIEYE, (A5 HB-f HAAMXTEARR P RIEME, SR B ik e 5 Bl Lol Re A e Mg 22 5%, vCh
55 ANIrERRAY N JE RAZ Y IR Py 51 ) P51 2 AR (90.9% ~93.5% ), 15 E A CDV 555 % itk
vOnder BY[RVEPE R, 1551 97. 1% , N HARZERFINE, 2 EHKZERE HTp-r, THDI-r 5 HD-m ZJ&
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THD1-r
HTp-r
HD-m
N HB-f
LN-m
raccoon dog, Japan—1998 ( ABO16776 )
giant panda, China-1999 { AF178038 )
01-2690 raceoon, USA-2004 ( AY4635925 )
mink, Danish-1997 ( Z47759 )
ferret, German—1996 ( X84999 )

111 03BH, ltaly-2006 ( DQ)494319 ) cl
. vih
Jilin, China=2006 { DQ)778941 }
98-2645, USA-2004 ( AY445077 )
vOnder, USA-2002 ( AF378705 )
vaccine dog, Japan-2006 ( AB212966 )

Con, Denmark-1994 ( 235493 )
Changehun—dog, China=1999 ( AF172411) " o men
T Ll L]

166.0 T T T T T
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HERE R Nucleotide substitutions (% 100)

3 CDV H ERHRSZRER
Fig. 3 Phylogenetic tree for part H gene sequences of CDV

R FHI IR E R R (99.0% L b)) Ab, HoAts) B wk Z 18] S B R 7 51 [m] R PR A (91.6% ~96.4% )
HTp-r, THDI-r #1 HD-m 5 vCh, vOnder Z [H], kK 2 A% v Bk ] 20 JE 02 )7 91 Al A 46 o 19 [) D
(96.8% ~97.7% ), WiFi5h2 AorEtRS Lik 3 A0 Bbk S B bR o] Rl PEEAIR (92.8% ~95.8% )
2.5 CDV Htk N EERGE EHUB

M CDV N EEEW ARG kTN (Bl 4) "TLLAEWH, 5 A48T, THD1-r, HB-f Fl HTp-r [F{ F
—AINr 32, LN-m 5 HD-m #9855 —/N3 3005, S8 s Ak Xin) - 2003 [ T —/hps2 b, RES
93 3 A~53 B4k THDL-r . HB-f il HTp-r F#E— K5, {H5 vCh [ vOnder fAERBGE RS R R
vCh 5 vOnder 83, SHAWSHMRIEEHGE, WHZEAIEFIENBELR,

HTp-r

HB-f

"""""""""""" THD1-r
------------------------------------ 2030, Taiwan-2006 ( DQ522030)

LN-m

HD-m

XinJ, Chn-2003 ( AY390348 )

5615, Taiwan-2006 ( DQ435615)

MSO01, Chn-2006 ( DQB87066 )
2544-Han95, Germany-1998 { AJO09656 )
98-2645, USA -2003 ( AY445077)
—————————— A75-17, Switzerland -1999 ( AF164967 )
L 01-2689, USA-2004 ( AY649446)

vOnder

. 4|—| 1921-1993, USA ( NC-001921)
vCh

CIESAJSMC 01-06, Mexico ( DQB87333 )

945.0 T T T T T T T T T 1
500 200 100 50 20 10 5 2 1 0
£ ER BT Nucleotide substitutions ( x 100 )

4 CDV N EFEHRFGRERN
Fig. 4 Phylogenetic tree for complete N gene sequences of CDV

3 itit

ARG KI5 B R HTp-r Al THD1-r R X R, {UAES 203 (A 1 AMEEARTR], HTp-r 4 C,
I THD1-r 4 T, H¥KJE HD-m, HB-f, LN-m, X} H Z:HNW ARG AT W oNr R, 540 8tkS i
N FRFE 3738 8 (F FH 0 59 820k vCh M [E AMZE T AR vOnder . vCon SEZE 6 R EE .

Twatsuki 55 AN N —HBEIEALA7 2 AT RESE M H AR A DURME, Al E P59 28 1 6R 645 A28 1 R e
B I PR Y 0T B SRR N ORI s R TRIA 2&, vOnder B2 M 30 AR ALIEME & CD 1Y
PR 4> BB R R TS 1 . 250 . shad by DA AR S SR K IE T, CDV BFadk 1 HT I i
AR RAE TR R, HIt, HHETFTHIR CDV ZEE R BEC 2R REXT T A 1Y CDV AT Mk ™ A= A 2 £
o HARARGHIX 2 AP BEBE AR R, B2k CD R T, A 2/3 MR EERER, FHTEMN
H Z 5000 vOnder BRAEGR BY HORIBTIAIE BE , MiXTEFRERRIARAG, SRVIEFEEMRAISE B R vOnder Z [0 5
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ORI B G BE AR ER (1 A R PR ERTE], R H AR 74 B e T, 9 FL7E Seie e
TEOTREAR S, HHHIRE IR BRE H A PR RAE, AR A Bk H B H LR S
vOnder & P MRBSEAFAE 2200 . BEIRALAL AT A 25 57 n RE S fl P ik | 86 (1 A S b & A le s, X bk
AR A BE 1 i H T CDV S I IR R 22—

CDV N 2 FURPRSFEm i fos R a1, A B ER e i vl 5 | s ZU bk e v, ek, N 2R
H L&A T AIEN, RS sere I 7 1 k& mEEH Y, CDV &5 N A% DIHE,
TEHAR N2 R G R e th RAE B T EAE M. Yoshida 25V BFS¥IESE CDV N 2 [A1E 160 ~ 407 o 2 3
MR e BE RS, INTAE 408 ~519 &SRR BEvT A8, 28 B S e LA T LR CDV N & H I AR IR 5
R, 17N EAKILAD FEEINREX S L AR, JUH T AR AL AR ST, EFHLEX LA B bk
TIPE AR 0 R B IR T HI0EAT HOB T B & I LA B O AE X 2 LB <P Y, {HJ2, LN-m Ml HB-f 5 HAth
JUA BSHRA LU AR R 2 W S R 22 5, ik 22 S R 0 8 1 7 AR g i ol ™ AE 2 G 5 1Tk — 20
%% Beauverger 25 YR LB TG HE— L UESE, 7E CDV N & 1Y 281 ~289 {23 JL MR = JEAR ST, 7E40f
Gag R AR EAE AR T AR, ARG R FE A BE CDV N 2 (S AR SFIY T A1,

FZ AT COV HUREMARSE, Ry RAZS, HAR—MER, HIEEkR, CDV REEHRIERE R
RIS PEARIE " 30 CDV Al REAFAE AR IS AL, ABFISRAEsE 7 A [ i A A v BB AE . H K
)RG5 5T RIAAIIZE 1) 5 A Bk S5 I E &k ( Changchun-dog AT Jilin)  FIRKH . S
Y ESMRTEIR L R L BRE, TS HARGRATH /> CDV SRR A RN EL LR, 5 Mostkhik
H—N5HuiEN ., B ME 05 MR R A TSRS R R, N FEK A & W R H § 52 0 B
FER S RE MR Z R R4 O R B0, 1T [ P 1 AR5 L Ak £ P A P MR AR AR WL B SR R G BR, Ui
] PR AR AT REATISRAEIE T 20 142 30 ARARIL 6 & CD RO R) R 23 B 255 1Y Onderstepoort £, 1 H
AU FBEA T RAA R IR PR PRS2, AR, BEERFRE MR K, CDV il i &
Tt R, A RS RIS, CDV [ RERAE S I & A, Ik, &F%F H TR R R TR bR,
T BNSRE I TARHARBHIBTRIRE T,  DAXT A R BRI TRIGH B S B B A ST AT 24 55 2 2

(Rl fla B A M AHHO RN S TR AT, Adh . AP AT 8D R K B, FFHRANIERTH)
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