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The Sequence Analyses of Full-Length Genome of FMDV OHY9 Strain
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Abstract: The full-length genome of Foot-and-Mouth disease virus (FMDV) OH99strain was cloned by
RT-PCR and 3’'RACE, and sequenced. The result shows that the full-length genome of OH99 strain is
8040nt in length, including 5’NCR, Leader protein coding region, Polyprotein coding region, and
3’NCR Their nucleotide sequence is 1026nt, 603nt, 6318nt, and 93nt respectively. Besides, poly (A) tail
was also colned by 3’'RACE, it’s 56nt in length. The full-length genome of OH99 strain was compared
with other reference strains, and its genome characteristic is also analyzed. With the help of some
biological ware, The Phylogenetic tree obtained from the nucleotide sequence of VP1lgene from OH99
strain and ten reference strains shows that OH99 strain could be ranked FMDYV O style. Furthermore,
this strain and OTY TW/97 are in the same genotype, their nucleotide sequence share high homology,
but it shows remarkable divergence with other reference strains, including china99 strain. For example,
two short genome segment was deleted in the function-unknown region and 3A coding region of OTY
TW/97 and OH99 strain. Which would affect the host tropism of virus. The results suggest OH99 and
OTY TW/97 may come from the same ancestor, but the genetic distance between OH99 and other
reference strains is far.
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#®E: XA RT-PCR #ix* FMDV OH99 B%rEHALFF#IT T4 FRESHF. £REY OH thEFM L
ERAFF)K 8040nt, H SNCR  1026nt, FIFHEE (L) 4K K 603nt. ZEHEHWEOSELEHWEOR
BXEZERFFHR 6318nt, 3'NCR K 93nt, H/GR poly (A) BE, HFEREHZEWMELES 56 ™ A.
NS FEDFRY, 5 0H k5 HESEF/HRET THRMLE, FAHERRGME. HSHNEERFHABT T
RS, ERER, EHAHA  OHI9 BRIHET 0 & FMDV, £ OTY TW/O7 REEEMFEYE, W5 Hit
BEEHRPEREEKR, MEEERNADRERMXEHN A REXBARBELHENERFBRFKRIR, Hp
3A I ERK 30nt, 5 OTY TW/97 ¥kl {BIjRERMXBH B AR E OTY TW/9T TR ER. B VPI E
HRF, X OH99 *k5E&ZJ|KHAT T RAEREM T, TS REH OHI9 k5 OTY TW/97 #kfER —EEH &
N, HBEXRRAE, MSHBHRBEXREET.

XH2i7: FMDV; OH99 tf: &+ TkE; EmiBX; £HMEA

hERES: S8526 XEFRIRED: A X EHS: 1003-5125 (2003) 03-0259-06

O & 7 8 ( Foot-and-Mouth disease virus, FMDV) B F#/ RNA &, ODOFERER

W 2002-09-23, EIHHH: 2002-11-14
* ELWH. EXR “973” MAERBE (G1999011901)

fEERAA: LR (1968.), wMMILEE, BIWR4, TEAEHPHRBS TEDEEH TR
** JAIREH . Correspondence author. Fax: 0931-8340977
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(Aphthovirus), X ESRMEMREREORE. X£
—MRtk gy, BiRE&ER (OIC) th—HAEH
FIEE “A RWmEZBE2ZEH”. FMDV 22—/ A
FRETRUNEE, HERNAMNTR LR
REES. BEBHUAPUERNHS L EAZW,
B REROMERIT 2, ELUAHKH—NEER
B. LIRT, % FMDV BRF%, KZRE 4. ¥
FMDV T8, X OBRRREMmARL>, e
EEMAF5%EELD, BRIXEE A M THORE
REAEEAFSN., T A TBAEEM A
—SHiTH FMDV 54, £ FMDV MZER, &
XI55 FMDVOH99 BRitiT T, FEkSEA
4 FMDV 2% B9 R I H AR A5, Xt
HRAHBBRNE, REEMEE2REENENE
Fi, #:F BHK-21 48 il R Ge =4 LAY ) FMDV BAH
MRZE, EME¥EE, %FHKHN O R FMDV., £
Xt OH99 #k 2 REFHAMIT T wESNIF, I
HERNSSETFHRBAT TSR, TR T
EAZ BB X R KPR AR FMDV 3
RYLE . 5727 KENHI LR B4 X FMDV
)3 R B BRI R ¥ BS 58 T )RR

1 #MHEF*

1.1 ¥

RIS B K OH99 Bk MWIE 4 2 3 B O s
WE, HZMEEMAFIREEREFRE. 2%
TS B% OIK. OTY TW/97. China99. Al12.
Asial.O1Campos.C1, 5% £HE 5] B GenBank.
12 IR#ESHKE

ABFETAE B XA B IM109. B
H##45 4 pGEM-T Easy (Promega).
13 3IMhgitSEa M

f£F Oligo.4.1 51 IHKM, WIESLH/HK
OIK WEEF5, AWt THEBNEREAFF
1 6 Xt 5147,
S« 5-TTGAAAGGGGGCGCTAGGG-3’
S, 5-GGTGAAAGGCGGGCTTCGGGTGA-3’
L. 5’-AAG TTT TAC CGT CGT TCC C-3’
L, 5-ATGTTTTCTTTTCACCGTTGTAGAG-3’
Cl, 5’-TCG GGA TCT GAG AAG GGG ATT-3’
Cl, 5’-CTG TCT GAG TCC GTA TTC GTG-3’
C2 5’-CCA CCC CGC AAC CTG CTA CCA-3’
C2, 5’-ACT TTG ACC AAA CCG GCC AAC-3’
Dy 5’-ACCGGCCTTGAG ATTCTGGACAG-3’
D, 5-GCGCGAGCTTGGTTTTGCGCATC -3’

E. 5’-CATCGACCCCGAACCACACCAC-3’
E., 5-ACTAGTGCGGCCGCCATATGTT-3’
Err,) 5’-ACTAGTGCGGCCGCCATATGTT5-3’
1.4 &3 RNA BYIZE

¥ F RNaeasy Mini kit {2EUR# RNA, Ri&#
eI B UL T .
1.5 FMDV OH99 #k & E4H £ 5693 14

ER BT 6 XH4e RS 1Y, R E RNA
RAMM DNA &8, #1T RT-PCR )M, 417
Y& HMERE R B. KA 3’RACE 7y 8EH
4 I KmFH, HELSIY) B BITRER, &
cDNA £—4%, DL, £HFIME . ME o,
#4T PCR Y, ¥3¥ 3°Kimfrsl.
1.6 BREEMTEESEE

¥ % B % E PCR P-4k EIUE , 4 5157
T pGEM-TEasy # &+, ¥4k IM109 B2 -S54,
1t LB B P IESR, BRI REURN,
Ll PCR V:FIPR#I4: N VIBERE V) bk S e P E
HF.
1.7 OH99 #kEE AL cDNA FIINRER KR

Pt EH FRNFHTEEY (KiE) TEAF
SERK, HRIE X EEFBRES RS, £/ DNA Club
B FEVERY, BEEE B Y RBHE 2R
HEHEFF.
1.8 OH99 kB FEEFFFIAY L3 B H BB IFEM R

F] DNA star & 437 Y)F5A4F, XF OH99 HEE:
B A K% R 7 5 K 4 F BB B 51T 4 B aH
R, H5SHEBHREFHIBAT LR T
1.9 FMDV OH99 #k R %K &L B 447

¥ OH99 # K] VP1 EEH 55 O RS % #bk.
OTY TW/97.TW/99.RUS/95.SKR/2000.JPN/2000.
OlCampos. Asial. China99. C1 Z &K VP1 &
R BT RS L3, [ DNA star 54241 R4 Kk 4+
B, B F0 45 OH99 #k 5 3 e bR M e b R R .

2 #X

2.1 FMDV OH99 # & E 0 £ %! PCR 3/ 1#

R BT 6 3T4e R 59, @it %t RT-PCR
AR IERE, AP EEE BRERAR, H
P K /NG Jil A 376bp. 800bp. 1662bp. 1840bp.
2500bp 1 1500bp, STAHAG FEHF. ] 3’'RACE
FiEhy 8 H OH99 #RIY 3’ K /F51H1 poly (A)
K. :

22 PHMEHAFRILE
EL PCR AR HIt: A ) GRS D) 43 bk 4 & B
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HEHAT, FRIEHBIENVEEY).
23 RFIIMER 21 cDNA FFIAE
HIESERABRNELFY, 48 DNA star

OH99 ¥R HEEHLFF (K 1. FHREERER,
OH99 £k 3t K| £ 41 8040bp,HH 5'NCR K 1026bp,
L X 2K 6921nt, F£4%15 2307aa, 3’NCR K 93bp,

ENTFAMERY, BEEERARYERHESER  HER polyAFEHEDLEH 56 1 A.

F 1 OH99 Bk FAH KA AL
Table 1 The constitutes of the OH99 strain genome

Genome 5 NCR L P1 P2 P3 3’NCR
Segments . .
S  Function unknow Region IRES VPl VP2 VP3 VP4 1A 2B 2C 3A 3B 3C 3D
Nucleotide 375 213 438 603 639 660 654 207 48 462 954 429 213 639 1413 95
Amino acid 201 213 220 218 69 16 154 318 143 71 213 471

#2 OHY B 5ZEHBHNBLETRNEERFTI| (RHE) FIRIEHER

Table 2 Comparison of the percentage of the identity nucleotides (or amino acids in italics) of the RNA genome between OH99

strain and reference strains

Reference strain OTY TW97 CHINA99 OIK Al2 Cl1
S 86.8 79.1 67.3 76.9 74.9
5’ NCR IRES 94.3 90.4 87.2 86.6 ?

L 92.0 93.0 81.1 87.1 78.9 86.1 76.3 81.1 76.9 82.1
P1 91.2 95.5 82.5 95.5 79.1 90.5 66.3 78.4 68.6 ?
P2 93.1 98.2 87.5 96.5 87.8 96.1 87.5 96.3 87.2 95.7
P3 94.2 98.2 86.0 92.9 853 94.1 85.1 92.1 84.7 93.5

3’ NCR 91.0 74.2 66.3 73.0 65.2

24 FMDV £ERFREARFT| SR HEERSE
2.4.1 S5’NCR HIIFF9#7

S’NCR fi FREBREEAM 5w, HFEHH
1026nt. ZXH —BEFHEN poly (C) F5l, Lhlix
3R SR S’NCR 434 S Bt (small fragment)
1 L B (long fragment). S BfiF 5'NCR i 5K
W, UL USRS, HZERFSK 3750t 551
B4 RER\ZX BRERTFIINEFELEK,
OH99 HEHMFFE Al12. Cl. Asial. OIK.
OlCampos ¥FFIKIZERERENHA 19.1%.
20.3%. 20.1%. 233%F 19.8%. HREL OTY

TW/97 BRI R H LB, M 86.8%. {75

EEME, ZKK G+C FEHES (A60%), T
B e84 oA — 8 FIREE, BlandE S H B
# 1~6. 143~159. 200~211, 224~236 RIBE&H
A. T, TIEE 7~19 1 G KEERE 75%, F
361~373C KIS BN 75%, AEHEXE G XM
RER—CHE— GEEHFHME. poly (O
FFBI T SNCR #fA4 L KB, BHE—AIThREXR
50 DX 3 AT N B AR AR AL S (Internal ribosome

entry site, IRES), WFRFZXEK 651nt. H
DhReAR MK K 213nt, IRES XiHK 438nt. FF5
bR ER, hEERMXIEE 24~44 FIE 47~68
KSARAERANE (B 1), IRES NRLERT
FIX B, 5&%SZ BTN ERESE 85%L L
(£ 3), 5 0TYTW /97 BRI RI¥R I M EX 94.3%.
EZXGFESMRTEERF, 23005 23~28,
39~67. 74~83, 89~99, 101~106. 112~120. 135~149,
152~162. 165~173. 183~193. 219~241. 266~274.
279~289. 293~338. 342~365. 266~274. 392~405.
409~417. 419~432 FRX K, HH—ERKE, OHY
¥R5 OTYTWO7 BE—#H¥. 7E2E 245. 439 R HIF
—AMEIEAN . IRES XBEK I AW ERRFMEL,
1E%% 10~21. 28~38. 373~382, 391~405 XIKE &
AT BRE, T4 39~48. 152~160- 183~193.419~435
X G. CHEERE.
242 L WEXKFFSHT
OH99 #k L EH X K 603nt, 4wF3 201aa.

FFFI L 45 R B 7Rk OH99 £k 5 TW / 97 BR K R ¥R+
B, HEBREFIMEERFS G ERES B A

RE



http://www.cqvip.com

D000 http://iwww.cqvip.com|

262 th B K & E %18%

CCGGCGTTAACGGGAT GCAACCGCAAGAT GAACCTT CACCCGGAAGTAAAACGGCAACTT Majority

Bl1 OH99 th52% HHRIN BRI K IKAIEL 5771 LL B
HARTRKOBE, THITENBER SEENZR
Fig.1 Sequence comparison of function-unknown region of between OH99 strain and reference strains

Dashes represent deletion, Boxes represent variance

2% 93%, 5 A12 tRIFIREMERE, HEBRF3|
M RT3 0 FEES B8 76.3%. 81.1%. L 44
BXEFRANREEL T . ATG, 6 8lnt, K%
X AT RS, w5514 Lab Ml 1b
MM EA. EFNEEBRFIE 41~54. 57~64,
90~103. 113~142. 148~172. 177~189 X HE 3t
BRAHM4LRF. 7E58 9. 28, 40, 67. 175, 198, 202.
282. 291, 334. 390 %A OH99 #k5 OTYTW/97
B 5 R EARRIRERE, ML TSEH/HRNS
A AAFERE R BRE

243 Pl REIFH| 547

OH99 # Pl X#ZxHMFFIK 2160nt, 4%

720aa, ISR &H WA/ NEHEH (VP4, VP2,
VP3. VP1) S, HZEERT54 72 2070t
654nt. 660nt 1 639nt, HFHIEILRTFFIN 55K
69aa. 218aa. 220aa 1 213aa. RLHFEAZINN
EEEAREBRS NN Ala/Asp (VP4/VP2). Glu/Gly
(VP2/VP3) # GIn/Thr (VP3/VP1), 5T#RHEK
BEHARF AT, VP1 R 145~147 M ERRRAELEN
M2 k25647 2 RGD 27 FHI L 5 R R (R
3), OH99 #5 OTY TW/97 ¥R B RN 5%
EEREREME D R 91.2%. 95.5%, 1B 5HAb & FHk
B FIE A, #linE S CHINA99, O1K ##%
HFRRFFIRIIEM 2 90 82.5%. 79.2% . {HBX &K
& OH99 BR A L AR E S OTY TW/97 &
W—8, FLRTRIENS OTY TW/IT7 RA—F,
M5 China99 2% Asia I —2(. BHISkiE, PURPLEH
FAREXERMTEREEZRIBKA, HPLL VPl
R REBEK, VPIIRZ, VP2 H/N, VP4 B/,

VP1 KA RNEERIEE LS 41, 44, 66. 134,
155. 156 L &8 . 7£ OH99 £k VP1 REHEH, G-A
(90). C—-T (111). A—G (141). A—G (330).
G—A (351), C—A (387). G—A (597) %A1 4
KRERHLEBEHRIBER.
244 P2 XEIFEHISHT

OH99 #k P2 KHIEHRRTFK 1494nt, Fifg
498aa. FHX=IEEMEHD (2A. 2B. 20) KI5
BX, HEFHEERFHISHA 16aa. 154aa.
318aa. FAILLELE R (R 3) KA ZRX ELLBART
HIX IR, JEHR 2A $wiDX, BR5 A12 %% 15 AL
KIEERAFSN, HRNEAEBRREESEE 100%.
OH99 # P2 X5 OTY TW/97 HIRIVRHEB &S, H
HRRAMERERR FRMEDFH 93.1%. 96.5%, S5H Ah
SR P2 XAREL, HFEWEMHEHELE 85%LL L, &
2B. 2C #wiEX, ZH{HKEHEHEE/RIERI
EUTMARER: $25 (S—-A). 28 (S -T).
137C V—A).159(R—Q).182(1—V).231(S—G).
418 (I-V), {H5 0TY TW/97 #HH .
245 P3 XHKIFFIHHT

OH99 # P3 XMEZFHRRTFIK 3694nt, 4wiL
898aa, iE 4 MIELHMEAEA (3A. 3B, 3CHI
3D) GG X I, HE S HE RS KE D50,
143aa. 71aa. 213aa £l 471aa, 7F 3D HIZX KifH
¥4~ ORF M IEFILF TAA. AL TR
3A HASX AR BAFMETE4b: 58 92~101 Ik 5K 10aa
Kb Fr%, BN R F5 AR RE R LR
AE (B 2>, 3B. 3C. 3D w5 X A Xt L BHR <F,
HFEMNREERRERT R, FEARFEYE. A3t
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F FMDV R RAHAX Sk, P3 KERTHE
AR, TR —EREE AERARZEERE

Kk, HEHRERMEAE 85% U £, RERF
M NZE 90% LA £ (& 2).

B2 OH99 & 3A A RE S5 X TN FFIE

Fig.2 Sequence comparison of OH99 and reference strains in3A coding region

Dashes represent deletion, Boxes represent variance

2.4.6 3'NCR {IFFFI3H7

ABFFEF 3'RACE 7 pIh 5 BE 2 OH99 1%
) 3 KEFEFIR poly (A) Gity. MFFLEREH
3’NCR L FA&IEFWF2Z 5, K 93nt, BESH poly

(A) BEZE/AK 56nt. FFIHhEREY, OHI9

FEf) 3°NCR 5 OTY TW/97 R RN B,
H 91.0%, 5 HALEEEK ) RIVEME N LMK (& 2).
ZREHFRITAERK, FEET THE 23~30.
64~68 NI E B, H 5 65 (Ll Bk —A> CIT Wi .
{8 3°NCR {37 — R T E/F: TCCCTCAGA.
CTGAGGCG. AGGAGTG. TTTTCCCGCTTCCT.
CTTAATCC % .
25 BRERLEWIH

# OH99 £ ¥ VP1 X#H 5 OTY TW/97 & 10
HSEHHEN VP1 EEFFIHT T FFI Lo
7, 3% FH DNA star S22 T RERER(E 3.

™%

OTY TW®?
OH99

ROS9S
Chisa¥9
4}_‘ PES9
JPN2000
|

SER2000

O1Kampos
b Asial
e e . . Q1
M
T T T T T T 1
k | % x # v 5 ]

B3 1R VP ZEX OH Bk 52 X /KL H RS R LM

Fig.3 Phylogenetic tree obtained from the nucleotide sequen-

ce of VPlgene from OH99 strain and ten reference

strains

RERKEMBR OH99 5 TW/99. OTY TW/97
Rt R REIR, HEETRENENE 90%U L,

5 CHINA99 KH T E|HKNFEFEERMK, #7 85%
LR, RHBEXREIR. RIEEERFSFEE
HERT 85%A4 —DNEEB, KT 90% - — TR

FE 4R E P, ) OH99 £ OTY TW/97. TW/99.,
RUS/5 KR —EEHE!, 11 OH99 5 OTY TW/I7.
TW/99 £ F A —HE LA,
3 i
AB R HEMNFOEH A R R EUREE RNA, N

E{RE RNA E&HBH RNA BE&8, 3HT RT-PCR
R, KRR MR T PCR RS R A RE =4
K ERTR, MEEEHELKN RNA HFHEERS
K FIEFES REAAEENERER, FitAmH
AR REERARFS &SR BREKN
HEEAK. HERNEZEHTE L FMDV fHK poly

(C) 75, HIRHEAIRER: 1) IH MR KE M
DNA E&EHLUEERE XA 2) f8E
MEAREREMERFEEKEESY dCdG FFIH
DNA JFi¥i. 124, ENSEFXTRES poly

(C) BRFFINMMIE. BIEENRBRY cDNA
i, HRE A T &7 kel A K s B R
tbiEtE, ZEH M DNA F BRI B dCdG B
BHFS, URSERENRREL.

5’NCR HIHZ$E4E3E AL 55 (IRES) 2&—FpIi

KAER T, ERAEAET (0 elF2) KIFHEIT,
A A 5 FMDV 205 4 P9 S8R B9 T e 218 oM
AT ERAMREERRET —eRe M - RsE
IR SL¥E, FILZE IRES X FZEARZ KR THER,
HEBUBRRBEN -REW. FIILREREE
7w, {E OH99 kG ThRE AR S0 X I8 F B B R,
53 ZR/HHEEARE. THMEM, 7 3A KBRE
BAETKIE 30 MRENSRE. ETHEYERXL
Beard B STAE B IX AP AL AT B2 S BUR B E S
FIoAE, B mR S K. OH99
EEMEARBR WRRT, XE5RHEYWHE
VI ThEeE — X R . HP P3 X 3D HmiSHEN
S HIRE, ZX I EBERTH, X T 4R FMDV KIE
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#FRE+HEE®, FMDV 4#%&EH (VP1. VP2,
VP3. VP4) GiGX N AF R RHHEFAZRE, H
F VPI X 2R RBE KX, BRI RE R
EHTE—R.

M 3'RACE i, 148317 3’NCR I E L
F5, HFEFIEAK, EEERBHEEIEESH
AHEARTERMINEE, —SEFHNRFNEFEET
SRR MIEE A B EEERY,
EEf, BADBESZ T FMDV REAK poly (A) 4%
¥, #EIIE FMDV BRBHERAN poly (A) B
Bk 35~100nt 'Y, BAIWE R SHAMALL, X 56
A~ A. I RT-PCR 7518 Bl 0t ) FMDV poly(A)
&K, BEncRE LRE.

g VP1 ERHFFF, A OH99 %5 10 #
SEBHRIT T REREN I, ERERTERH
ff1 10 ¥ O & FMDV ZX & Hkn] 430 4 MR,
H:eh OH99 £ OTY TW/97. TW97. RUS95 k4 [F]
—HRERY, RPEMNEEBRIENFEXER, M5H
= = 277 inpui S Y IL5E

AR FFN SRR, OHI9 HRE—FE
JCEAR 6B ) O B ROW B, AT REYR FMDV 14
% FMDV Rt X BZNAEY R RRARE
EEX. KHAASMTHFHE FMDV FIZHIhEE.
BURILEE ., RERERITVEIFRME T YRR,
B A8 HI%8r 8% FMD 2R TR W s B E i 2
E T BRI EER.
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