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Wheat streak mosaic virus (WSMYV), a member of the genus Tritimovirus in Potyviridae, severely impacts wheat and
com seed worddwide, but has yet to be detected in Korea, and hence, every effort should be made to prevent its
introduction. To prevent WSMYV from entering the country, it is necessary to prepare a specific, sensitive, simple,
and fast detection method for routine application to plant quarantine procedures. For this reason, a two-step
diagnosis system consisting of RI-PCR and nested PCR is being used for WSMYV detection. In addition, a novel
positive control was developed for use with the system. WSMYV has been detected in seed sweet com from Japan and
seed wheat from USA by a two-step diagnosis system, the details of which are described in this study. After
sequence analysis, similarities of 80.6 and 100.0% with other isolates were determined by BLAST. They showed the
same topology, which was classified as 4 genotypes by various phylogenetic trees, using a poly protein encoding
sequence amplification. In this analysis, WSMV-JSweet-com2868 (JX845574) is classified as clade B, while
WSMYV-Uwheat1944-1 (KC754959) and WSMV-Uwheat1944-2 (KC754960) belong to clade D.
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SR, AAQTE] F71, 7150 D Aol 5o
Zusio] whet R0 HO R WeET b FANY L

|2 =

B3t gk Wetd 7152 $3) FUE S99 A2hY F4
U AgulolARe §F U AL Batel Fue) A 4

I YEHE 5 FHT T Eo] T, YEOE A 7t 4
AEE 22 Yo, Bedl 7|22 Het Aol ohiet 7
7150] Hajxl stoldH| 2 FEL 2 HItstal glom FYgite]
293 982 2}X]3}2L 9JthRural Development Administration,
2012). FAH vhol A0} Al 5 A=A WYA} Wot Tk
ARl s FA} ojelg) o] AA7I%o] aFEH,
AN ZHE Wo] 2@ ETh(Min, 2009). EFF 429172 FUAHAL E
= AR AEAE AN BT QI BT} 7 S T, 5
AR 4907 BRAAS AP HBAS) BH olRE 2
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EA o o2 AgEo] gzt FAE g 4 ¢ =
545 7HA 2 9Aek(Shin, 2009). o]F % FAE= +=E2UY 75
A, ARG B2 HYY kA SR of gt

W, 944, 713 9 AT SRl R AR 5 shie,
A Al 7 2 A} S e vol Aol Wheat streak
mosaic virus (WSMV)= 0|2t 7|28 7H9A1Z 4 Q= wfo]
22 0]w(French and Stenger, 2003), =] u]7]| & £<l #2F
ZAHulo|# A 0|t Animal, Plant and Fisheries Quarantine and
Inspection Agency, 2013). WSMV= H}o| 2|4 group IV positive
sense single stranded RNA|| &3}31, PoryviridaeZ} Tritimivirus
2:0|th(Stenger ef al., 1998). AR} 27])+= 2F 9.4 kb, G+C F
FHFL 44.6%0]0, 131-9,202 FEJA poly-proteins ¢33}
3t} o] vlo]#] AL 1920t u|=2] Central Great Plainsoj|A]



2 zZ H1EQ T (McKinney, 1937), LAEF Ug|olof| A= B
1EE= S 7} Zoj| A ekt isolates7} E.al &1 QITH(Ellis et
al., 2003). WSMV+= 379] okgA]7]of = o] ZHE7Fo] L
of AT £ 2ol FH Ao 43 AAH
&S do7])7] 97] W&ol (French and Robertson, 1994), -
Z, A, 247, 715, AL WE 2 |74 F) v Sl
& @2 AE0] AAAH LR o] Fo]x 1 ¢l ¥t oh gt
(Stenger et al., 1998; Parker et al., 2005; Stenger and French,
2009; Tatineni et al., 2009, 2011), X} RYE5HA HFH-S ARE-SH
ZlkEokel A7 A E o thofd ol izt A7ER A&H R o]F
6]Z|2L QJtHFrench and Robertson, 1994; Stenger et al., 1998;
Ellis et al., 2004; Price et al., 2010).

SEUtel e WSMVY ZAE = Sl= Y, S5, 71 3
A TR FEHAAE AARE] fl8) 2205 <t enzyme-linked
immunosorbent assay (ELISA) HAMH-S& AR89ttt ELISA A
AP 1977 AlgHtolg|A Ao AF ARSEO] AF7HA] AR
Sl QItk(Stein et al., 1979). SFA|RE TR B34 Y] A
FAloll Tatel 24-0] FHAEA ol Fo] ]k RESP= Hlola)
25 HEstojop stu R v FEA =T 2 WY Aide] 2
831, ELISAS] ARF/IRES 5o 2 Q13 AUt Ada} Y
Z|Eof| o]&]-2-0] EHSHCHCaruso et al., 2003; Priou et al., 2006).

a2 AR polymerase chain reaction, PCR)-2, ELISA
ALl vl W& Hlo]Z A RN T RIFAo] ol HE T
A7} &, ATHE BET 5 9lo], FE AT tfRE-S 2|5t
1 = SHAA =2 HAPPH o]t (Kim et al., 2000, 2005; Park
and Kim, 2004; Lee et al., 2011a, 2011b). 121}, PCR AAMH
< W] st AESE 5 ohad 22 2 7k st &
ARo] A= ZA, A= A= <&l /id= PCR A
At AG2= 270] A2 Aolste] o HAAE FAl
APl AG@RolA 9 &go] BHsIHL ERE, Y TA
olAl 2% o|ike HpolEAE FARE A, oW HiolHAE=
ELISAZ oj® ujo|g| A= PCRE AR o] o]dstE o] g 7
o thst o]F o2 HAlHA o g, Bt =58i 7Y
oA Q] ST QIS Aol Ul = Stk AR A
257 SR E o] 3] o, PCR AAFAIY A eat 9 S

& Ags| B457] o8 4= vk Ayt FE g2
Age HgHlolgie ZEHE AlRo|BR, I £t =A%
A7L o2& = ok HFo 2 sks Al e FFAA
o) A2 A ), W, A& E Bol S 7HA o o,
ArpH o] 223} B Ao i Sas)th B3 AAE o] o
3t LG Het ARG AT 5 e ol AdEY, ¢t
1} T Kot skl H & A Wfjof §itt.

olgigt HAA% gl F-gst= AL M st Yot
o, AEAE7t 11 T2 AFE A 0] Hold 274 PCR
(RT-PCR, nested PCR)S AAFIH o 2 Aes}Sth(Lee et al.,
2013). E3F = =g Abel vtEA] Qg A 2] &
B, FYU%PCR 2271, B FAH R 9| A, primer A&7
77 9 PCR H| 504 ¥-3-2] /|A 5 YA AFEF A9 vt
A Qg BEE 138ttt T<es| primer SRS A

AEHY FAIE WSMVE| PCR HAK 28] 113

ol

1 0] ofujz), PCR A 2%, 2hge] oy, Ao A2
HE 5 AEHA AS Y A & A2 A-A3 55 TS
AR TA AA] 8 7 AGAA AT AA
25 =x02 3t

webA 2 QoA Wk 84 5] 4315704 RT-PCR
3} nested PCR H{ o2 WSMVE Al&35H gk 8 4= Q=
PCR ZAAI AT Apstglon], 2 o2 gt AR B
& 4 Qe A 2E A P2 (positive control) plasmidS- A
Zstgiet. £ o Ao A] et PCR HAX AR C 2 4
Y TAAEE HARSIY WSMVE A&, H9AE o1t

1A

N [t

&

Mz Wy
HEMNR
FAE $YU37HE B3 WSMV 7 AR $9lstglon
(Adgen, England), & 5°]%] primer A% A3l FHAAA
sed as the country flux AMS-E F-ARFo]E A8} 7|5 BolZ] v}
o]2]29] cDNA A|&+= =W 7] (Plutos, Korea)of| 4] SLufjste]
Argatedct,

SolGent RNA mini prep kit (Solgent, Korea)S AME-3}o] 7+
A ZA] total RNAS F&3}91, Neasy®Plant mini kit
(Qiagen, Netherlands)E AME5to] 7]52] DNAE &394,
SAE Ao 217te] viralo] wreh st Wad )
Apiboll A28 W3 A A4S F7kso] TR, 1% 0.1
g9 A 2E A|Fo 2 FEH OS2 nucleic acid free water 20 pl
o] =56 RT-PCR % DNA 2 A3} tH(Lee et al., 2013).

RT-PCR

WSMV 9] Zeh-g- primerE AA|517] $I8te] vl= 1 HYES
B AE|(National Center for Biotechnology Information, NCBI)
ZHE WSMVY isolates 10%(Sidney81, El Batan3, Czech,
Turkeyl, ID99, MON96, Naghadeh, Saadat-Shahr, WA94 %
Arg2)d} 2R3HHos {fARE ZEH|U|(Potyviridae) 4%
(Agropyron mosaic virus, Brome streak mosaic virus, Oat
necrotic mottle virus Y Ryegrass mosaic virus)®] G714 8&
2 E sttt 242t th2EE 3 §7]4 €52 DNAMAN
DNA analysis software package (DNAMAN version 6.0; Lynnon
Biosoft, Canada)E A3} multiple sequence alignmentd}S}
O, annealing 2= 51-59C, G+C = 45-55%5 =4S
A71XE-S T3t (Pan er al., 2000), F E©|Z] primerE A%
3tk AE primer set= FH3F 5-TGGCGATGAAGATG
TCAG-3'1}, 993F 5-CCATTTCTGTGAAGGCTTT-3'£ 1
A} RT-PCR AHE9] =7]+= 834 bpolth. @74 E frAL Hbo| &
o 713 Bold Hiolg|io)xe] H|Eo]H WgE Cereal
chlorotic mottle virus (CCMV)&} Cucumber mosaic virus
(CMV)9] cDNAZ Al33}9ch T3 WSMV £ Eo]F<¢l
primer9] WHEE 2AVE}7] 9151] 225 total RNAZ 10°7}H
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A g Aste] 1 ulE F3 22 9h3-st5ith RNAo| A cDNA §H/d
2 ZEARS QoA FE3 total RNA 2 plE FFo=2
incubation Buffer (Roche, Switzerland) 4 pl, N25 primer (50
pmol, NNN NNN NNN NNN NNN NNN NNN NNN N) (N-=Z
Zho|HE o]-83 #Ake] T W, S| 53] 10-2006-0121442)
3 ul, 2 mM dNTP (Enzynomics, Korea) 2 pl, RNasin® (Promega,
USA) 0.7 pul, M-MuLV reverse transcriptase (Roche, Switzerland)
1.6 ul ¥ deionized distilled water 6.7 pl2 & 85 20 ul2 4
35ttt o]& A= ¢cDNAE 53 © 2 Fast PCR PreMixture
(Plutos) 10 plE EJst] F EF 20 plofl 23] A8t
PCRL 7|52l Wi} 2=4=9] genomic DNA 1 pl& FFo=2
242t eagebglond, uraEnt S primer (25 pmolE 1 pl,
deionized distilled water 7 pl & Fast PCR PreMixture 10 pl, 2
Al 20 pl2 HASFHTE RT-PCR-2 42°C, 6052 FHAF ¥H-g-31}
95C, 10£-9] denaturation 3 95 C ol 4] 452, 55 C oA 18, 72°C
oA 18 Y-S 353 ¥k 7, vpRjeko 2 72C oA SEhuke
AlZth RNAES 3 0 2 cDNA 31442 42C oA 608 3 60T
oA 105 WFEAR o1, ARE-2 ethidium bromide (Sigma-Aldrich,
USA)E EZ33t 1.2% agarose gelof|A] 801 A7|9% 31,
UV stollA] 232 selstsict

Nested PCR

12} PCR A=) T3} nested PCR primer set= A5}3F 5'-GC
GTGGTAACGAATACACATACTA-3' 1+ &8}k 5'-CCATTTCT
GTGAAGGCTTT-3' 2 & PCR AHE-9] Z7]%&= 299 bpo|], 1X}
PCR AH=2 1004 3]43ke] 1 ulg F3 o2 AR5 PCR
272 RT-PCRY] GAAL 78-S A3t Y™ 2] §1-3-3} Y3}k
A MFS A B PCR Ao et 67148 BAE oj2jstelon
(Bioneer, Korea), H£3 o2 BAE ¥7|4<47 tf=2 WSMV
S3H9] F-AMdS NCBI BLASTO| A 1515t

oM THET it

ARA SoiRE TR 4 Gl W TET AL Fele]
AHE] primer set 77h& FFBH= PCR AHE-S ZE5}5.00, 0|
Ane pGEM®-T easy vectors AR5} cloningdFH tHPromega).
5709 E25 G714F A8}, primer set B 925}
L shte) 222 ARSIt AUE 222 O, nested
primer sot B39 B2 kAL Sallo] WS 5 Gl
&H7]14 €2l GTCGAC (6 bp)E Site-Directed Mutagenesis KitS
o} g:51e] ARaH%.0. 1 (Nelson and McClelland, 1992), A+9] of 2
£ 5 520 2 A¥3} tH(Supplementary data Fig. S1).

wsMv HE

FYAEY] 2AEZT U FA= 47 10 g 2EE 29HE
o2 QAU AFE A= 10 g A APl A A Z 4
£ A71sto] 5A vifstaL, o] 5 1 g& 9] total RNA S| &9
AR5kt o] & RNA-spin™ IIp RNA Extraction kit-maxi
prep NIRON, Korea)& A3t} A &o] ALg o] ket 4=
gPatgict. 2 AtollA L primer set®2 24 PCR HAE

gstglom, A7|gsol ARSE AR = st A7 G
HT DNA LabChip® Kit Version 2 (Caliper Life Sciences,
USA)E AME3ISITE B714E B4 24134} Bioneerd]| 2|=]5}d
$o51%1 0, BLASTS} phydit version 3.1 (http://plaza.snu.ac.kr/
~jchun/phydit/) Z2 THE Ag-5to] EAH G7) A4 G} reference
isolates 7H9] F-AMI& ERlsHS T

HS

4" G7INEE 712E AsrE AskR e, & dtel
A S35t H 23} o] A o] HAE(Stenger et al., 1998, 2002, 2006;
French and Stenger, 2003;)-2 B 23} c}. thakst WSMV isolate
9] H7INEELS vl THABEA RAE ol 25 513, bioedit
I 23S X835} multiple-alignment 3} THHall, 1999). MEGA
version 5.05, Mrbayes version 3.1.2 (Holder and Lewis, 2003)
2 Network version 4610 (Bandelt et al., 1999)2 AF8-514 2
tree making methods® maximum likelihood (ML), neighbor-
joining (NJ), Bayesian interference (BI) & median-joining (MJ)
2 AFE3}9 A, distance model2 Jukes-Cantor @ Tamura-Nei
model-S ARE-3}9ITE TS HEE 3F WSMV isolates2] NCBI
accession number 522 9]} sequind AL TH

R

Arr - Sl =3E A BAI =l A total RNAE 174.2
ng/ul7t FE2EYeH, 7|54 &3 total DNA= 111.9
ng/ul7} FEEch 2 dAtoll A 7fdgt RT-PCR primer set=
WSMV 2] poly proteing 43 3}3H= 4,938-5,771 FEof A
PCR AFE0] ZEX|9) 0 1, nested primer set:= 5,473-5,771 £
Rol i ZEH9Ir}. 2}2he] ZEF RT-PCR AHE 3} nested PCR
AHE-2 834 bp<} 299 bpell HEF P45+ L (Fig. 1A), CCMV
ot CMV 9] oA ¥H-3akA] FgteH(Fig. 1B), 71521 &
3} £4=4=9] genomic DNAO||= H| HolZl MEE F451A|

M1234567289

1.0 Kb-> 1.0 Kb->|

0.5 Kb-> 0.5 Kb->/

Fig. 1. The results of PCR for species specific primer set to detect
Wheat streak mosaic virus (WSMV). (A) Results of RT-PCR and
nested-PCR. Lanes: 1, RT-PCR product (834 bp); 2, nested PCR
product (299 bp). (B) Reference viruses. Lanes: 1, WSMV; 2,
Cereal chlorotic mottle virus (CCMV); 3, Cucumber mosaic virus
(CMV); 4, corn genomic DNA. (C) PCR sensitivity test for the
primer set. Lanes: 1-9, total RNA 10°-10°%; M, 100 bp step DNA
Ladder maker.
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Table 1. The pairwise similarity and different per total nucleotides of poly protein partial gene among WSMV-JSweet-corn2868 (JX845574; 299
bp), WSMV-Uwheat1944-1 (KC754959) and WSMV-Uwheat1944-2 (KC754960) using Phydit program version 3.1.
1, JSweet-corn2868 (JX845574); 2, Uwheat1944-1 (KC754959); 3, Uwheat1944-2 (KC754960); 5, Czech (AF454454); 6, Saadat-Shahr
(EU914918); 7, Sidney 81 (AF057533); 8, WA94 (FJ348358); 9, WA99 (AF511643); 10, ID99 (AF511619); 11, ID96 (AF511618); 12, H98
(AF511615); 13, Turkey 1 (AF454455); 14, Type strain (AF285169); 15, MON96 (AF511630); 16, HO5S (AF511614); 17, El Batan (AF285170).

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 JSweet-corn2868 (JX845574) 100 38/256 37/256 3/299 9/299 38/299 39/299 39/299 39/299 39/299 39/299 40/299 40/299 41/299 41/299 58/299
2 Uwheat1944-1 (KC754959) 85.16 100 6/256 36/256 38/256 4/256 9/256 9/256 5/256 6/256 8/256 6/256 8/256 8/256 4/256 48/256
3 Uwheat1944-2 (KC754960) 85.55 97.66 100 35/256 37/256 6/256 7/256 7/256 5/256 4/256 8/256 10/256 6/256 6/256 4/256 47/256
4 Czech (AF454454) 99.00 85.94 86.33 100 6/299 37/299 40/299 40/299 38/299 38/299 36/299 39/299 39/299 40/299 40/299 55/299
5 Saadat-Shahr (EU914918) 96.99 85.16 85.55 97.99 100 40/299 43/299 43/299 41/299 41/299 39/299 42/299 42/299 43/299 43/299 55/299
6 Sidney 81 (AF057533) 87.29 98.44 97.66 87.63 86.62 100 11/299 11/299 3/299 7/299 11/299 7/299 10/299 11/299 7/299 54/299
7  WA94 (FJ348358) 86.99 96.48 97.27 86.62 85.62 96.32 100 0/299 12/299 4/299 12/299 16/299 7/299 4/299 8/299 56/299
8  WA99 (AF511643) 87.29 96.48 97.27 86.62 85.62 96.32 100.0 100 12/299 4/299 12/299 16/299 7/299 4/299 8/299 56/299
9 ID99 (AF511619) 86.96 98.05 98.05 87.29 86.29 99.00 9599 9599 100 8299 12/299 6/299 11/299 12/299 6/299 53/299
10 ID96 (AF511618) 86.96 97.66 98.44 8729 86.29 97.66 98.66 98.66 97.32 100 10/299 12/299 5/299 4/299 6/299 54/299
11 H98 (AF511615) 86.96 96.88 96.88 87.96 86.96 96.32 9599 9599 95.99 96.66 100 14/299 9/299 12/299 8/299 51/299
12 Turkey 1 (AF454455) 86.62 97.66 96.09 86.96 8595 97.66 94.65 94.65 97.99 95.99 9532 100 15/299 16/299 10/299 54/299
13 Type strain (AF285169) 86.62 96.88 97.66 86.96 8595 96.66 97.66 97.66 96.32 9833 96.99 94.98 100 7/299 7/299 54/299
14 MONY96 (AF511630) 86.29 96.88 97.66 86.62 85.62 96.32 98.66 98.66 95.99 98.66 9544 94.65 97.66 100 8299 54/299
15 HO9SS (AF511614) 86.29 89.44 98.44 86.62 85.62 97.66 97.32 97.32 97.99 97.99 9732 96.66 97.66 97.32 100 54/299
16 El Batan (AF285170) 80.60 81.25 81.64 81.61 81.61 81.94 81.27 8127 8227 81.94 8294 8194 8194 81.94 81.94 100

AUHAR mAA]). ES YT primer set= FE3 total
RNAE 1077}17] 3|42 33 RNAZRE 834 bpol A HES
FAshe Ao Hol, A RE ThEX|T 107107 & 55
o)A E thE HHGulo]H A 9] primer sets (Lee et al., 2013) R}
=2 UAEE 7= Ao = d4) HSltt(Fig. 10).

&/ =+ A2-E 8l primer set7} A|2HE FE-2 236t
+=2,013 bpE FEx| 9] 2 1(Supplementary data Fig. $3), o] 7
< insert DNA 2 cloningd}e] plasmidZ DNA7} THEo] Hth(&}

Sweet-corn Wheat
M1 2 3 4 M 5 6 7 8

g -8
- 1100 - 1100
=700 =700
=500 =11]

— — — 2 —— — 200
=100 =100

s - 33— &I

Fig. 2. Nested PCR detection of WSMV in sweet-corn and wheat
seeds using HT DNA LabChip® Kit version 2. Lanes: 14,
Sweet-corn; 5-8, wheat samples. Lanes: M, HT DNA 5K maker
(Caliper Co.); 1, WSMV nested-PCR positive control (305 bp); 2,
negative control; 3, Yeongnam 2868 sweet-corn LOT 502247-1; 4,
Yeongnam 2868 sweet-corn LOT 502247-2; 5, WSMV nested-PCR
positive control (305 bp); 6, negative control; 7, Yangsan sample
LOT 1944-1; 8, Yangsan sample LOT 1944-2.

F A A). o] F, AF T Sall& A 2]ste] 216 bp2} 89 bp F
7He) W7t A= o], 670 B71 4 B(GTCGAC) | 4h¢do] 2 o]
Z ]RS-S 215l tH(Supplementary data Fig. S4).

2 Aol A gt PCR HA AR 2 YEoA Mute g
49 29EZ FX 24T vl=o A A" U T 1A
nested PCR A1} WSMVE FAJHEHS-& dHolslg th(Fig. 2). 2
AEZ TAE= 2709 ZEA, E A= 171 2EqA RJH
H A|&E0] PCR FWHES HA=H 4, 271 Alket 44
fz12HE 24 glo] FEE AL A THSupplementary
data Figs. S2 and S3). Z}Z}9] G714 E £4 Ax}l, dEAF A9
EZ ZANA AEE 2712 G714 E0] 100% dA|eoH,
WSMYV isolate WSMV-JSweet-corn2868 (JX845574)2 2
Shgch BlRAE W FAolN AR 14 AR O 279
isolates2 JLEE|9 0w, WSMV-Uwheat1944-1 (KC754959)
I WSMV-Uwheat1944-1 (KC754960)2 &3ttt ]SS
BLAST 3t A3}, WSMV-JSweet-corn2868-2 Czech (99.0%
nucleotide sequence similarity), Saadat-Shahr (96.99%) ¥ Sidney
81 (87.29%)9] GAMES EP o WSMV Y t}E isolates=
80.60-87.29% 0] GAMI-S BT} 2] WSMV-Uwheat1944-1
(KC754959)2 Sidney 81 (98.44%), WSMV-Uwheat1944-2
(KC754960)= ID96 (98.44%) X HI5S (98.44%)%} 713 =2
FAMEE B o, ThE isolates?} 81.25-98.44% 2] SAIAS
H A H(Table 1).

TSt WSMVE £ Holr} @& slo]g|AZ(French and
Stenger, 2003), A71A Q2| thekdel HiEt A50] o]FoA
Skch(Stenger et al., 2002; Stenger and French, 2009). Z}=-of| A]
218 WSMV Y] isolates= |71 A ol 7123 gzt AlgE
2 53] A, B,C ¥ D, 2% 479] clade 2 E-7F3}% 3. (Rabenstein
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et al., 2002; Stenger et al., 2002), o}2 N E|L}e} n|ZFEA E]H
ot e AEF A ofol| A B2 H isolatesEX DS BAF =
A& 7+H(Stenger and French, 2009) 37| = 3= 5, WSMV
isolatesE genotype 2.2 IFII5I Q= FAolth 7|& AT
of| A tFEE L] WSMV isolates= clade D2 EF5 %) 3 (Stenger
et al., 1998, 2002), o]& & Ao A% E15}FtH Supplementary
data Fig. S5). WSMV clade C2 EFE+& isolate Iran
(AF454458)0)| A= F5-Z35F 917} alignment =] ] o} A g<=0]]
A @A BAE = gl 2 U(Fig. 3A), ML, NI, BI 2 MJ treeo]]
A B 2R topology 7| B1 = I TH(Supplementary data Fig. S5
and Fig. 3A). &% WSMV-JSweet-corn2868 (JX845574)
BE AFgolA, AZA 2= H isolate Czeche} o]
A B8] =99 isolate Saadat-Shahre} §H74| Clade B2 E557X|3
O, Czech?} 7F 2 F-AAE B thFigs. 3A and 3B). &
3t isolate WSMV-Uwheat1944-1 (KC754959)2 @ AEH YU
o} isolateQl Sidney 81, ©|=F isolate?l ID99 X E|7] isolate?l
Turkey 13} -FA3HAIE B3, WSMV-Uwheat1944-2 (KC754960)
+ b]= isolate Q] WA94, WA96, MON96, ID96, type strain I
HI95S¢} FATAE Yo, 0|52 Clade DZ EHE|Ut}(Figs.
3A and 3B). 2|7} A&3%F WSMV-Uwheat1944-1 (KC754959)
I} WSMV-Uwheat1944-2 (KC754960)= Clade DA = &4
BAZEHoH= S sk

FTEFAHGER Y e HoF7F HA| 2 H (http://10.
110.128.100)] ©5}%, WSMV 1996 19EE 20114 12
Y712 1617 3 1,762,49670 AAFE|SIAL, o] 5 #|7] A& A}
g v o2 RE T S5 T2 27, 4,740 kgoll IHW
ghd, 2 AollA ZRdE 29 A PCR Aek A A8 ARSSE &

= 19 ghofl 37, 1,836 kg #7]5t= A A& SHTHAE 1]
AAD. & Aol A 7dE PCR AAA| 2RI A &H 07 AlE

(A) ————  WSMV strain El Batan 3, complete genome (AF285170)

79| | wsmv isolate WA99, complete genome (AF511643)

78 [l wsmV isolate MONSB, complete genome (AF511630)

WSMV isolate ID96, complete genome (AF511618)
WSMV type strain, complete genome (AF285169)
Uwheat1944-1(KC754959)

WSMV isolate H95S, complete genome (AF511614)
Uwheat1944-2(KC754960)

WSMV isolate Turkey1, complete genome (AF454455)

WSMV strain Sidney81, complete genome (AF057533)
68 WSMV isolate ID99, complete genome (AF511619)

WSMV isolate H98, complete genome (AF511615)

Brome streak mosaic virus polyprotein RNA (248506)

—
0.02

99190196, [— "VSMV isolate Saadat Shaf, complete genome (EU914918)
JSweet-corn2868 (JX845574)
871 wsMV isolate Czech, complete genome (AF454454)

87| WSMV isolate WA94 polyprotein gene, complete cds (FJ348358)

Aol &82 Aolm, F3AYel 71T AL 2 7|ddrh. E

gt & Aol A= WSMVEL o] §lo]7} A8 A L = BLAST

A3} o2 Hpo| g Ago] B 2B ZFEGH A5 EHS £

FoF Ao 288 AL & dFolA e At B S H

et Al Aol A& o2 e, BmE AEH

o F GRSl Nt A, A3st JAL o] FojAof & A o]t}
)

Wheat streak mosaic virus (WSMV)= Potyviridae I} Tritimovirus
402 BREE AEHYA vlolg|A2 U1} 44 F2} 5o
@2 gaE F1 Uk £ dFoAE TEE AERY A
guatolZ A1 WSMVE Al&stal FEstA Adsr] gk 20
A PCR A AH1E Adstg on, ARHA @ Qo] 7S gl &
T Q= MEE Y A2TE ARSI 2 AollA JidE
PCR AJARI 02 o] =05t AN EF FALe} w|=of A 4=
3 4 219 Ay} oA WSMV-ISweet-corn2868, WSMV-
Uwheat1944-1 @ WSMV-Uwheat1944-25 AZ3s19ch A=
T ZZ AE-L thE WSMV Y] isolates2} 80.60-100.00% 2] -S-AF
& Btk WSMV+= Al55=0)4] 4714] genotypeo] ER1=]m,
o Lol A HE3t isolate WSMV-ISweet-corn2868 (JX845574)
2 (Clade B2 EFE%3, isolate WSMV-Uwheat1944-1
(KC754959)7F WSMV-Uwheat1944-2 (KC754960)+= Clade D
2 ERE

2ol g

B ATE 200920114 SAHAE S EY A2 o7| &
Aele] Au) Qo2 SaE g

| CladeA (B) e

ISMV
Clade B

wsmv

Clade B 25 Clade A

10 substitutions

Clade D

wersasor  WSMV
Clade D

Fig. 3. Phylogenetic tree showing the phylogenetic position of WSMV isolates based on poly-protein coding partial sequences. (A)
Neighbor-joining tree showing the phylogenetic position of our detection WSMV-JSweet-corn2868 (JX845574), WSMV-Uwheat1944-1
(KC754959), and WSMV-Uwheat1944-2 (KC754960) based on poly-protein coding partial sequences. Evolutionary distances were computed
using the Kimura 2-parameter model. Open circle means that the corresponding branches were also recovered in the NJ which is Kimura
2-parameter distance model, maximum likelihood and Bayesian interference. Bootstrap values (>50%) based on 1,000 replications are shown.
Bar, 0.02 substitutions per nucleotide position. (B) Median-joining network of WSMYV-JSweet-corn2868 (JX845574), WSMV-Uwheat1944-1
(KC754959) and WSMV-Uwheat1944-2 (KC754960) and closely related WSMYV isolates. The length of the lines corresponds to the number of
substitutions. Bar, ten substitutions. Ryegrass mosaic virus strain AV (AF035818) was used as an out-group; the broken line means that the length of

the branch is not to scale.
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