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Pathogenic Identification and Evolutionary Analysis of
Barley Yellow Dwarf Virus Strainson Wheat in Jiangsu
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Abstract: An investigation on wheat disease in Jiangsu Province was carried out and the samples
showed that the tip of the flag leaf expanded to the leaf base and became yellow, and the yellowing ac-
counted for about 1/3 to 1/2 of the whole leaf, which was very similar with the symptoms induced by
barley yellow dwarf viruses(BYDV). In order to detect and identify the possible virus associated with
the disease, the samples were collected from eight locations in Jiangsu province. A total of 261 sam-
ples were detected with various wheat viruses using RT-PCR and 182 samples were found positive
when a pair of degenerate primers for BYDV was used. The result of sequence analysis revealed that
the virus shared the highest sequence identities with BYDV-PAV. The positive samples were further
detected using specific primers for BYDV-PAYV coat protein gene(CP) and the results showed that all
samples were positive. Further phylogenetic analysis based on the sequence of BYDV-PAV CP gene
revealed that the virus detected shared the highest sequence identities with the isolates from Korea.
This is the first report of barley yellow dwarf virus-PAV in Wheat grown in Jiangsu province, China.
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WAL RAE T — 80 “CUKFHARAF, T 5 &
oAU
1.2 FERA

RNAiso Plus. JZ % 5% 15 & PrimerScript™
RT Master Mix,EX Taq fff il 75 B 28 f& pMD18-
TS FEAY LB CRE ARAA;2X Taq
master Mix I & pg 5015 MEBE A W B A |l s K
FFE TOP 10 B2 540 0 A m st IR A A
Al o AT 3 Sk [ R b gl 51 B R E
WA R E A .
1.3 RNA REFK R

BRAET —80 “CUKAH i /NZZ 5 100 mg
F 2.0 mL &35 4 . ARG 3R MRS VR R 5 L
AR R Trizol L $2 S RNA L 2 IS B £
F i sl T — 80 C UKARRAE 45 .

PIR FE B RNA b H, f PrimeScript™
RT Master Mix il & & 5% 5 & M cDNALTE 10
pl JCHE SER & B A 5 X PrimeScript™ RT
Master Mix & #1¥ 2 pL. F1 500 ng RNA, HTEH#%
it ddH, O M E 2] 10 11,37 °C 15 min,85 C 5 s,
R R BT —20 C kA PR H
1.4 KZHEBERSKEN

MR I8 1 K A2 B8 75 )7 41 11 il 5
) Lu-1 il Lu-4 (R 1), DUREE SRR cDNA K
M ¥k 47 PCR §7 3, PCR X W& £ : 2 X Taq
Master Mix 10 pl.,ddH,O 7 ;LL,J:T?)‘J?ﬁ%% 1
pL.cDNA 1 pL, 8RR 20 pls R F:95 C
A5 3 min; 95 °C 15 s,47 °C 155,72 °C 30 s,34
AR ;72 ‘CHEM 10 min, 4 CIEFE. PCR 724
28 120 BRNRWE BE I HL UK 43 S L A R GE T 8 T B
PE PCR 7= ¥ 2% 38 F A W) 2R 48 CEBO A B2 A
T
1.5 BYDV CP EFE=E[E

W 45 5 O 2 BB B YL VTR /N 22 0 2
Zh BYDV-PAV R4 M 1 22T [ P DL K
ShE) BYDV-PAV #R R ) CP R R BT K4 #
BR RS e AR 2K 519 PAV-CP-F #l PAV-
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*1 HERSBERASIYMIZED(CP)EEHRY
Table 1 Universal primer of lute virus and

specific primers of coat protein gene

5194 Fr 1750 (5" —3") S BRI
Name Sequence Length/bp
Lu-1 CCAGTGGTTRTGGTC .
Lu-4 GTCTACCTATTTGG o9
PAV-CP-F ATGAATTCAGTAGGCCGTAG 500

PAV-CP-R CTATTTGGCAGTCATTAGATG

CP-R(ZR 1), Fl FH iz 51 #y %) BH PR A% & 347 RT-
PCR Kz, s iR R W b, 9B )F. 94 C 5
min;94 ‘C 45 s,47 ‘C 45 s,72 °C 55 s, fH ¥ 34
W72 C AR 10 min, 4 C 4 4F., PCR =¥ &
126 Byt R W 6 e i vk R I, A9 R B e gtk s
5 pMDI18-T #ifk 16 “C it 5% 4 , i 72 ) 4 4
WO AL K T B TOP10 J&% 32 25 40 Mo, 794 A
FEAANEFERN LB Pk b, 37 Cal &8
I, PR HCE M b Y B 5 B TR Y 4T PCR ORI D)
BE, M R E ARG (ZBOARA
A AT .
1.6 F3aH

7510 5E 56 15 AR P55 3G 51 9 25 BR P i T0 AR
FE5 ¥ 3K 45 1Y 5 51 76 NCBI M 3% £ 17 BLAST [
XF Chttp://www. nchi. nlm. nih. gov/BLAST/), Bf
BAR G HIME B . T8 51 22 31 be X 0 [m] 5 3 A fel

JH ClustalX.BioEdit 1 DNAstar #1452 % , 28 2%
A3 AT S Ak B R SR MEGAG6 14 119 40 3T 75
(neighbor-joining) 5¢ B » #f b B By 7] {7 B2 ff
1000 % H 5 & il (bootstrap) #EAT K TIE

2 HREAMN

2.1 HBEREER

2022 4F 35 22 XV I 4% /N 22 9 B o R A R
B, /NEE BB U B R Y . RN EE I B AR
B, WEARAE R AT I i R ) R L B AR
di At 1/3~1/2, FHBEAR WL B &4k (B 1, 78
FEI i) ) A5 o 2 s R B 2L R NG 00 FE T O 2 A
INZE R XA R A, e R 6 TiT 8 ML R e HH e st
11 RHE B RAEREM 261 1 (F 2.
2.2 KEZEBBSHEN

XL IR M X 6 Tl 8 b 2R 48 %) FF i 42 B
RNA, Rl FH R 22 8 %% 7 38 H 51 ) #5147 RT-PCR
R, 8 A b i A RE AT S U E
Zty R/N (531 bp) AT Y 45 (L 2) 9 20 & B
FH () SR 4R (R /N2 R S T BE R B BYDV &g,
¥ 182 3 FHYE PCR P= #4700 Y . )3 41 LE X 45
WIR £ W FEY 1S 7 51 A — 3, 5 BYDV-PAV
GI1 43 B4 (Genbank %5 3¢5 . LC550014) H 1% 1F IR
FE AR 25 5 1 98 %0, B B SR 4 [ V195 45 b /)N
2P e A I B 9 75 2 BYDV-PAV

1 MEZFEER

Fig. 1 Symptoms of the virus-infected wheat
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Fig.2 RT-PCR detection of BYDV in 20 diseased wheat plants in Hongze of Huai’an
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BN EE 3 B MR e m ¥ 95 % UL L,
FEAA HURE AL B3 30 %6~ 80 % (55 2) B WV
T4 /N F R BYDV-PAV # 2 3% 3 , BYDV-
PAV 2 VL35 1l X R 22 B0 03 75 (4 DL 3R B
2.3 KEHERECP EEANEEMET S

R T HE— A i K T E ) # o BYDV-

PAV I 47 )5 51 43 # , Bl JH £ X5 BYDV-PAV 4}
SR BRI MR R S, B b SR 4
A BE AR P AR L 32 G T B AR 35 ) 448 3] 5
H 1% 4571 K /N (600 bp) A 3T 1 F5 4t (I 3) 5 TiE B
R EE LR BYDV-PAV,
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Table 2 Statistics of detection results of barley yellow dwarf virus in wheat

B sy R EICID i 38 MR A W
. Sampling time . . Positive sample L m
Location Isolate Variety Sample number Positive rate/ %
(month-day) number
74 5 Nanjing NJ 4-25 — 56 30 53.6
EZEA A . ) B # 23 / )
Baoying. Yangzhou YZBY 4-26 Yangmai 23 65 64 98.5
FMIGIT 5 13
Jingjiang, Taizhou 12 4-26 Ningmai 13 30 12 40.0
e L . P W% 25 . -
Hongze, Huai’an HAHZ 2t Yangmai 25 20 19 95.0
W 2 12 . ) K 9023
Caoyun, Huai’an HACY 28 Zhengmai 9023 10 8 80.0
Ay XZFX 4-28 Hk 6 5 30 29 96. 7
Fengxian, Xuzhou Gaomai 6 ? o
B s
BB . W& 11
Xinjie, Yixing YXX] 4-30 Yangfumai 11 30 9 30.0
R ) 5% 13 )
Xushe, Yixing YXXS 4-30 Ningmai 13 20 15 75.0
AT Total 261 182

750 bp —
500 bp —

M: Marker; 1~8 435 5 g 50 47 M 52 B L 28 M3 U0 Ui 22 b %
WIS IR EE RGBT R R & A 1 MR,

M. Marker; 1-—38 refer to the representative samples from
Nanjing, Baoying of Yangzhou, Jingjiang of Taizhou, Hongze of
Huaian, Caoyun of Huaian, Fengxian of Xuzhou, Xinjie of Yix-
ing and Xushe of Yixing, respectively.

3 KEHBUEMKESE CP ERMRIE
Fig.3 Cloning of BYDV-CP gene

IR R L8 AN LA CP S T4 &K 3
S} 600 bp s i i — A H1 199 A28 FE R 4H B A T 43
TN 22 kD WEHA. P X BR8N
FH BYDV-PAV 43 B Y ¥ 1 12 1y 51 Z 18] [] J5 7
ik 99.52% . Rk — 2B A A oy A Hh Ay, o
Clustal X B FK AW 5T RAF 19 8 A Hb 211 43 55 )

CP I FHIFE A K BYDV AE K R 55
Y CP JEH P HEAT X L, KB 8 A Hb o5 43 B
Y55 E K BYDV-PAV 2 B ¥ (F145 SW1.GJ1,
Sacheon 1 21182) [FJE M fe =, 0 99. 33% ~100%
(£ 3),

FH MEGAG6 8 A4 # 8 4> Hb 52 19 BYDV-
PAV s &%) CP N F 58 A BYDV
CP RPN #1T RG#Ab 3 b, 45 R (8 DK
M.BYDV EHE T CP KW F 90 & g ik b i rh
Sk =45 — 41 45 BYDV-PAV Ml BYDV-
PAS.% #4135 BYDV-Ker Il .BYDV-Ker I .
BYDV-MAV.BYDV-GAV #il BYDV-SGV, % =
445 BYDV-RMV ,BYDV-GPV,BYDV-RPV #i
BYDV-RPS, A58 3450 8 A~ Hi 5 (1953 85 4 4
TR AR —H N BYDV-PAV ¥ /N3 32
i — 2P Ul B R BOIE 5 /N 22 8 0 1 0 R
BYDV-PAV., 7S —HN 8 NS EY S
s [ 0 e [T R 4 B ) v B S L A 1A S
M5 38 1 RRSE VYA PAV 43 B WA X i 4, 5
HYH PAS SRR 1 5032
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Table 3 Homology between CP gene sequence of eight samples and published CP gene sequence of BYDV

FLH [EJE Y Gene homology/ %

K Ea E 4 Sz ) = b o B e oA O e e v = 4 L W 4
R ol e N Y ETE VL T o s (T VIR R
-ne solate source N: ~"  Baoying. Jingjiang. Hongze., Caoyun., Fengxian. Xinjie, Xushe,
anjing Yangzhou Taizhou Huai’'an Huai’an Xuzhou  Yixing  Yixing
LC637417.1 PAV 211S2 s 99. 17 99. 67 99. 33 99. 33 99. 67 99. 50 99. 33 99. 67
South Korea
MF693133.1 PAV Sacheon < il 99. 00 99. 50 98. 83 99. 50 99. 17 99. 00 98. 83 99.17
South Korea

LC637415.1 PAV 21HN2 99. 00 99. 83 99.17 99.50 99. 50 99.33 99.17 99. 50

South Korea

LC567417.1 PAV SW1 i 99. 83 98.67 98.67 99. 00 99. 00 99. 83 98.67 98.67
South Korea

MN648440.1 PAV HNYY19 T 99. 50 98.33 98.33 99. 00 98. 67 98.50 98. 33 98. 67

Henan,China

LC550014.1 PAV GJ1 i 1 99.17 99.93 99. 33 99. 00 100. 00 99. 83 99. 33 99. 33
South Korea

AY855920.1 PAV China LPE]:”:‘/?\ 96. 33 95. 83 96.17 96. 17 96. 17 96. 00 96. 17 96. 17
Beijing, China

EU332315.1 PAV 05WN1 T 91. 33 91.50 92.00 91.17 91. 83 91.67 92.00 91.17

Weinan, China

MZ612011.1 PAS TR60-S51 + HH Turkey 82.09 81.59 81.76 81.76 81.76 81.92 81.76 81.76

MN128939.1 PAS Olustvere2-W * Elﬁk%ﬁkd‘l‘l 80. 60 80.43 80. 27 80. 43 80.43 80. 27 80.43 80. 27
Ohio, USA
EU332332.1 PAV 06KM14 i FIEH)? . 80. 43 80. 10 79.93 80. 43 80. 10 79.93 79.93 80. 10
Kunming, China
EU332313.1 PAV 06KM14 i Eljcﬂ} . 80.43 80. 10 79.93 80. 43 80. 10 79.93 79.93 80. 10
Tianshui, China
EF521841.1 PAV 052 Hij . Sweden 80.43 80. 43 80. 27 80.76 80.43 80. 27 80. 27 80.43
1
MK962883.1 PAV Australia ?%jt?ﬂj[ 80. 27 79.93 79.77 80. 27 79.93 79.77 79.77 79.93
ustralia
MT345894.1 PAV BR L P§ Brazil 81.09 80.76 80. 60 81.09 80.76 80. 60 80. 60 80.76
MW916321.1 PAV TR19 + B H Turkey 81.09 80. 76 80. 60 81.09 80.76 80. 60 80. 60 80.76
KT252978.1 PAV Mz47 Eg‘;%ﬁlﬂ 80.93 80. 60 80. 43 80. 93 80. 60 80. 43 80.43 80. 60
Pakistan
D85783.1 PAV JPN H A Japan 80.43 80. 10 79.93 80. 43 80. 10 79.93 79.93 80. 10
==X
EU332328.1 PAV 06GY1 N EP I 5t lfﬂ‘ 79.77 79.17 79. 60 80. 10 79.77 79. 60 79. 60 79.77
Guiyang, China
2 Ul ;
MKO012661.1 PAV Olustverel-B %g;ﬁiﬁ 79.93 79.93 79.77 80. 27 79.93 79.77 79.77 79.93
EF521849.1 PAV 0120 . X Aj]ﬂ‘“‘l 80. 27 79.93 79.77 80. 27 79.93 79.77 79.77 79.93
California, USA
KP771878.1 PAV Kerman B Tran 79.93 79. 60 79. 44 79.93 79. 60 79. 44 79. 44 79. 60
AY541039.1 SGV % [E USA 59.17 58.67 60. 33 59.67 60. 00 59. 83 60. 33 59.67
KC559092. 1 Ker-111 K460 ¥ 1# France 71.69 71.52 71.52 71.52 71. 36 71.19 71.52 71.36
KC571999.1 Ker-1I K439 7% [# France 72.83 72.50 72.50 72.67 72.50 72.33 72.50 72.67
- . 2 = m M
DQI115528.1 MAV CA California, USA 74.00 74.00 74.17 74.17 74.00 73.83 74.17 73.83
GU002360.1 MAV O1LU HiPa = 63. 00 62.67 63. 00 62. 83 63. 00 63. 00 63. 00 62. 50
New Zealand
KF523382.1 GAV TSI . i Iil%]k . 74.00 74.00 74.00 74.17 74.00 73.83 74.00 73.83
Tianshui, China
57 s
MKO012662.1 GAV Jogeva3 %ﬁﬁ‘? 73.83 73.50 77.83 73.67 73.83 73.67 77.83 73.33
AJ563417.1 MAV  Storvreta2 Hi . Sweden 63. 00 62.67 63. 00 62. 83 63. 00 63. 00 63. 00 62. 50
K(C921392.1 RMV MTFE87 % [E USA 51.58 51.74 51.58 51.74 51.58 51.74 51.58 51.58
NC_021484.1 RMV MTFES87 % [F USA 51.58 52.07 51.58 51.74 51.58 51.74 51.58 51.58
FM865413.1 GPV Trit'icum EPEHEJ‘[J*]: 54.58 54,08 54,41 54,41 54. 25 54,41 54,41 54.48
aestivum Henan, China
L.C590227.1 RPV JE il 50. 00 50. 32 50. 16 50. 32 49, 84 50. 00 50. 16 50. 16
South Korea
2 g
MKO012664.1 RPS Olustverel-O %g;‘:iﬁ 51.61 51.93 52.09 51.61 52.09 52.25 52.09 51.77
MN241034.1 RPV OH1 %lﬂﬁtiﬁkd‘l‘l 52.37 52.33 52.01 52.01 52.33 52.50 52.01 52.01
Ohio, USA
GU002338.1 RPV RL1 HiPa = 46. 00 46,17 46. 33 45. 83 46.33 46.33 46.33 46,17

New Zealand
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Fig. 4 Phylogenetic tree of CP gene of BYDV based on nucleotide sequence consistency
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2022 FHEE LG ZH/NE BT i AR
BAF BE AL/ BB IR . AS AR R VLIRS
IR SR AR ) /N2 HEAT T SR AE B0 I 4 A N
YSE, R OR B, 45 M RE b Xy ar DL
BYDV. 4 % 30. 0% ~98. 5% . & ¥ 43 #r
Kt BYDV #2638 BYDV-PAV., i3 B VT 95
&4 /N Y BYDV-PAV %k ¥ 3, BYDV-
PAV EVLI8 b X R 22 8B F L 5 B, &R
Gk AL 2y M1 R, 8 > BYDV-PAV VL754r B 1)
HwEK 5 N0 8% (GJ1, 21182, 21HN2, Sa-
cheon Fl SW1) A K 1 [ o] 5 43 B 4 (HNY'Y19) i
FERUR . 5K A RKSE RN PE /Y PAV 43 589 5% 2k 1%
X, BT BYDV-PAV , {E# SC 16 %8 ik 7 %%
S VLA o G D A A o S 1 SR
F7 # AL 7 (beet western yellow virus)™, # 4 &
B LB I5 /N2 b 3 A7 78 At WF A% 995 45 114 IR
e HR R FE BRI,

/NFE R B B I BB R BYDV Bl . b
W AOE T ENE REE R —, EERAI L
RGN R GE M E ALK
WF A O R A B i £ fE S B AN LUK
L IE g Ryl S S IRV e E AN S
B L LUE ARG /N 22 S R fe R RPY .
E BYDVs E2A 4 FiEAL, 43518 GAV.GPV,
PAV Fl RMV, BEATE /N Mtk E 5] 0 18 % 5iE
RFEA— B, 32T 25 53 IR B 7E AL 36 2 00 A R
M) M, BYDV-GAV Hy & = Xl f1 2 K 4 F 1%
& .BYDV-GPV H & — X W il R 45 45 45 WF 15 3%
BYDV-PAV W] iy R 4% 45 8 0 2 KA A — X
IFf£4% , 1 BYDV-RMV M| i TR BF AL 5020, w]
UL, BYDV-PAV 8 dt - KR K i 981z .

1999 4F /N2 ¥ 58 9 §5 76 YL I8 1 K i it i
K AHY I EA B E BYDV RS (k&R L W
I AHIE 5T 2 1 ARG BYDV-PAV 7EYT 95 & 2E
BYDV-PAV & BYDV ZJ% & int 47 Al e 2 i 3R
PR — R0 LT AR YT R BHE ) 18 7 I
YL JFiER I 150 AU, AHESE 0 45 SR 4R % BYDV-
PAV BL7ETL 5 2 Mgk H R 48 56 B2 347, 2 H
VLR /N A e b e A 7 . AR I ARk
LA RIEY EBR R FEREGS, —FRRE
/N W UFE R A R AR S AR ARl 3 9L AR
AT AT 133, 33 J7 hm™™, JNFE I B K

T AR & AR S /N A2 BB AT I B R A AR AR
R X sk 2 A S R /NS I R AR R YOG
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