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LEPEEUR T (Maize chlorotic motile virus) 2 ¥4 pNTEL G S 2 A FHE - GIEREHR
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ATHBERMERELRLE  FLABLER KRB ERR FHRA B4 LEREAEDHER
‘Honey-236" T & 4 JA M AR Sk 5 BUR AL » S MEAF — 18 5 etk (F55 NFU2) © A AR i 4F R 5] F #3847 R R
& B4R 45 RJE (reverse transcriptase polymerase chain reaction; RT-PCR) » =T 3§18 :E FAH K> (1.4 kb) £ 4h » &4}
K15 5 71 1 E R AR % 58 BUR 35 (Maize chlorotic mottle virus; MCMV) Bl Yunnan3 &4k (Acc. No. JQ982469)
AR L 99% © AF MCMV NFU2 4 #ftk 2 K BB AR - 12 K&K & 4,436 nt > &HE S 7% MCMV 3T 5
B EB AR PEEAR  RIESHRRREGE 2R T @EIE ) SR AB R R EITHE A > AT
HRFZEZ MCMV 2 #tk JE & 0 450 38 3F K& MCMV X kB4R © 4R FT7F MCMV NFU2 2 #tk 2
WEGRT  MEARABLERXERAAEMEL S kil 0 # % Lin bk FRART A O A B L
%,9% 57 % (enzyme-linked immunosorbent assay; ELISA) A& 3#] o sbob » FI A L85 % & 5 70 3% 3 £ — M5 74
MCMV-g3514F/MCMV-g4014R * ¥ ¥A RT-PCR #» % & T X 3] B 420 h MCMV » T4 &% 85 A 5% 5 1% 3%
MCMV &g #5015 22 o # 2014-2015 4 BIA] ) MCMV & H R % 8 9% 3 (Sugarcane mosaic virus; SCMV) 3t
HWAGHERERBIFEAL > A 306 MR A &RET MCMV 4 Fi£ 79.7% * MCMV #1 SCMV #
SR Pt 2 B R EILMAHEM (maize lethal necrosis; MLN) #5% .5 31.7% 5 #ARAT 2Rk #EE K
HFE IR T ERARTHEMERSEETHRE MCMV > 0 EkF 365 2 F% EEBIK 0 1297 60%
FEERERE B R MCMV s F-F3 i 31.6% - A REEH MCMV 5 #thZ AR 2 RARAE - A%
ST BRI BI R AR EREZ B RRE -

RASEER ¢ JORMRSRBERUNT - HEEREUATE « G0 » R - REHEE -

B FHIBACERN 1717 56 MBS TR B B

\ 71 1988 £ 578 ORI =5 22 82,183 ha

AR (Zea mays L) BARFIORBIO—F > ez b+ 25 2012 SERFEER R &AEK
LEARMEY) > RERTRMETES > BHATH A& ig 16,651 ha ; ¥ & FE S Tk
FEERRANRERERMEY) - @BIFORE  BEMEHAENAN > 2015 FERE 2 15,135 ha » &
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FORBSFEBMIE I E 12,616 ha - [EFEEE K
KR ER G FEET TRRLRAURNTE B AL
(Maize dwarf mosaic virus B strain, MDMV-B) »
WA BN H IR EUR B (Sugarcane mosaic
virus; SCMV) fy SCMV-MDB strain (Deng 1985;
Deng et al. 2014b) K TR EEUR T (Maize stripe
virus; MSpV) (Chao et al. 1988) fy & 4= 40 5% >
T 5 T i 5 T R R B B A0 3 3R - F s
B HSHEMEASE - HIRAEKE
TERNABTY o WA AR F KA 1o A P 2 B A 0y
T s A B FORMBARBEELR 3 (Maize chlorotic
mottle virus; MCMV) (Deng et al. 2014a; Chou et
al. 2015) AEFCRTETER TR, » (0 & R
ERGE T -

MCMV & Tombusviridae ¥} Machlomovirus
J& UfE — 1y — {8 f& (Scheets 2002) > MCMV Jg ¢
FoRGHEZ IR E R EIRA AT RREBEEL -
BRBGH2EGAAERE ZHZLEY &
B I B S (U & 7 AR R TR 2 RAR B - Ik
ATRE LI Y - 7N ] Al A e A C AR B R 4 4
IR BRI B - AR BT AN B R » (BT
TR - GG B EE
B EI EARERE - X EEKEEE
RN RIS, 78 H R @ # (Uyemoto
1983) o HLAHE L 1974 FAL B E ML E TR F
EE W E S (Castillo & Hebert 1974) > fi1&
TAERIR FE MM - WNEE] - EFEE - B
Fof R A 55 3 R RS & e 4 A MCMV /Y #8357
#F 2 (Niblett & Claflin 1978; Teyssandier et al.
1982; Uyemoto 1983; Delgadillo Sanchez & Gay-
tan Beltran 1987) » 1990 4F i B g 38 it & 15 20 3%
B MCMV f& & » Il B B 52 88 it ROREZE
IR EE T MCMV & Fe 7~ B e 5 06 1 =] RE 14
(Jensen et al. 1991) - 5 M # & 1Y MCMV & 5
FHEPRE - HEFEHERHER (Klinkong &
Sutabutra 1982) ; & & 2009 - - [ E R & IR
BHREH MCMV - 3774 2011 FIEXEHE (Xie et
al. 2011) - FE1& PG R R4 ~ 678 ~ Hon
B2 - KELE - MR R FLAE - HiEE
iR BT A HEgE %4 (Xie er al. 2011;
Wangai et al. 2012; Adams et al. 2014; Deng et al.
2014a; Lukanda et al. 2014; Mahuku et al. 2015b;
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]

67% H21

Fentahun et al. 2017) » 2016 F A E M T L
i 78 A MCMV iy & X # & (Quito-Avila et al.
2016) -

MCMV g4t R ik B Rl R £oREEHIIR
HIATHEZERRE © (1) BETEERE AT
PR R 4 - B HNE (AR T MR > 491 0.04%
(Jensen et al. 1991) » {H Mahuku et al. (2015a) PAKZ
BEGFEX STiGHEEES JFE (reverse transcriptase polymerase
chain reaction; RT-PCR) 75 ={ f& il #& MCMV
B EoREMRRRG ZE T HEFHHERY
72% » HARIEMNE St B FORFE B A =]
MCMV - H 2010 F5i46 » IR R - 72
B 1 FORTE T HOHIS MCMV - HAHZ 77 7]
F50.33% ~ 0.5% » [ 7~ Z8 [ 4 L1 R R FE 10
ST 5 2% (Gong ef al. 2010; Liu et al.
2011; Lei et al. 2013) ; MCMV #EfE 755
o T A R AR 2 3 A i & B R R - (2)
o7 B Ea 8 25 B B W] AR R MCMV it
RO REE > HAICHBE S ZEEWE ST
& 1°F (Chrysomelidae) H & AJ DLk 4 7Y 75 2
B 4% MCMV (Nault et al. 1978) K £k &l H
(Frankliniella williamsi Hood) (Jiang et al. 1992;
Cabanas et al. 2013) ~ 7§ 751G &i B [F. occiden-
talis (Pergande)] (Zhao et al. 2014) 2 2 f& & &
DL 4 A 77 = {# # MCMV » Mahuku et al.
(2015a) Y2 B » MGHACETE (F. schultzei
Trybom) ~ B & [Thrips tabaci (Linderman)] b,
AMERE MCMV ; (E&EVERE T » &/ &
A Y R i B MCMV 1Y K T R 38 4 -
(3) MCMYV 1] B SCMV % potyviruses & & &l 4%
R TR EGE M EEYE (maize lethal necrosis; MLN
Hf corn lethal necrosis; CLN) » F>[%# MLN f&
= HMCMV 1y 5 85 MCMV B R R4 E
R EFF 1.7 2 11.2 £% - MLN @ E ik MCMV
HERAEEGE S E MEL S % (Goldberg &
Brakke 1987; Scheets 1998) - fF4MN& _F » MLN [,
JuHH X 5 s R B s A A 0 WSS R4S K
HREZAETY - HuliER 90% DL EE ERL
i A R s & s R B @B U2 1B T2 (Niblett &
Claflin 1978; Uyemoto 1983) = H 2011 FLIZK £
R EN BB ES EMIE - BA KIEN MLN
24405k (Xie ef al. 2011; Wangai et al. 2012;
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Adams et al. 2014; Deng et al. 2014a; Mahuku et
al. 2015a; Mahuku et al. 2015b; Quito-Avila et al.
2016) -

MCMV JEHEEEH 2014 FERHRER
H A = &8 2 BERAIR SR 0 A - AH R
Hyp st T 2R RREE - T MCMV IREE S
B ERAT A R S R BRI R i —2
W9% o ARIFTEH A &84 2 MCMV JrEbk
ZEREFIIERT » 3 BT & &K
#4: 7 MCMV 53 ZABRAME - [EIR MR 5
BEARI R ERG G TREESF
Fl et 2R B EAS FA % o0 9% M0A fe R A - AT
BE OByt & o FRells [+ g
SEFHBARSTIE T o B 22 IS i & ey fe il
A DR BETH# 2 fEmilmng - #EG
B MCMV i K HAE & SCMV EH#EFIE -
I EIE MCMV SRSHEEGEH E 2 B -

M7 E
REDMRZELHRE

2014 42 H 5 =M IR SR 2 H ek -
PREL e bl SR 3 Ry B 2 BOREEA
o ER FEERBHEET R AR HUE
TR TR B DL B 3 (Deng 1985) -
HUEEER > PA1: 10 (W 2 V) BB i sH &k
BB 4% (ENR (0.01 M KHPO,, pH 7.0) JRBFELE
RETRIETTHIE » BRI BRI R A L3
400 H 4l 2 B oK (Zea mays var. rugosa cv.
‘Honey-236") £ » HERBEEIREZ EoRME R
Fi BL10x Z 51 Mg e i & £ oK “Honey-236
To{E PR R BERE 10 BREF £0K - BElER B
SRELO -

ST BRI DL 500 B 4% i B A 4
2 ERRERUTE » BRI R E R
FoKk ‘Honey-236 » {7 H HY R 1% B8 16 Ll
B R PR R - ORI 3 W 2R EIS 20N
B — Btk o REIGEEREE o K E—
PRIEFME YT EOK Honey-236" MBI KR E5
10 #1% > BHBER VIS 0.04 em® A/NEIE
REfmKELES (CaCly) ZHFEILA » 1 4CHzZ
ER4HS - RAHSBSE RERREN KGR

Z 15 mL BREEENFH -

Fyii & MCMV R 8E A5 > $TEEM
B R ot SN fOER R M
E SRR KA LR T S i R RO S TR A
PRI U B A = AE ~ MREREEE R B B2
HEFTRR » FYEMGEREERT - B TR HE T
RS 2 R [ 58 v AT P TR

RNA FHEVR RISk R E bR 8

K01 g SRR HER BT ROREREAR
PR AR S ESE | Bl AR 1% > DL/ E 4 RNA
ali (b 547 40 (total RNA extraction kit/Mini, Vio-
Gene-Biotek Corp., New Taipei City, Taiwan) #E{T
P4 4% RNA ZEHL - DUETS 2 54 4% 2 RNA E
FSTEMT > 1T RT-PCR » 73 il HL 3 H & fF =5+
¥ > @IE Potyvirus J& w3 5 0F 205 [ 1 ¥ HrpS/
Potl (Pappu et al. 1993) ~ Potexvirus &7 57 fis f
5 [ F-%f Potex IRC/Potex5 (van der Vlugt & Ber-
endsen 2002) K B 1T &% =1 2 Tenuivirus & 5 5
5 Bt 20 5| 7 ¥f Tenui-DF1/Tenui-DR1 Eil §75 4H 45
4 RNA #E17 cDNA G5 FREFLT © 6 2H 4%
4 RNA 24 pL ~ 2.5 mM dNTP 1 uL ~ 10 pMﬁ%
HEAGIFIER S 1 ul > fIIA diethyl pyrocar-
bonate (DEPC) FEFHIY/KZE 12 uL » > 65 CEH:
T 5 min > FR K EFFE 1 min DLE - 2870
A F it 3t % 0.1 M DTT 2 uL ~ RNase OUT 1
uL ~ 5x first strand buffer 4 uL - 73 42°CIEA T 5
& 2 min - H1% > LA Super script™ II (Thermo
Fisher Scientific Inc. Waltham, MA, USA) (200
units pL") 1 pL o Y 42°C AR 1E A 50 min D&
[i% cDNA » ZR{& 1Y T0CRe{E TN ER 15 min DL
PrEZZEM: - €4 cDNA 1% - 7r A FHAHIE
S =05 7 % # 17T touchdown polymerase chain
reaction (PCR) » PCR [Z JE4H Bk 40 T : Tag DNA
polymerase 2x master mix with red (Ampliqon) 10
pl > FHFNIE R 5[ F & 1 ul > cDNA 2 uL »
i 7K 2 20 pL » touchdown PCR {6 {4 & 94°C 5
min (94°C 30 s » SOCREIRIEZE 43°C 30s > 72T
2 min) #1735 {EFEIR > 72°C 10 min R EFE T
4C-

By T R0l BoOR &l RS 2 R OR B &k B8 RS 5
HEEF o {#H H Genefisher2 (Giegerich erf al.
1996) (http://bibiserv.techfak.uni-bielefeld.de/
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genefisher2/) 4§ b PCR 5| F-¥f5&5t#2 20 - (kI
K [E MCMV % & 47 Bt £ (Yunnanll, Acc. No.
KF010583; Yunnan2, Acc. No. JQ982468; Sichuan,
Acc. No. JQ982470; Yunnan3, Acc. No. JQ982469;
Kenya, Acc. No. JX286709; Kansas, Acc. No.
NC 003627; Nebraska, Acc. No. EU358605)
B O IR 57 ME & 5O B 3 ET HE 5 MC-
MV-g3514F/MCMV-g4014R {5 MCMV jj 25 5
— P& RT-PCR #g F A& B (5 F Accupower”
RT-PCR PreMix (Bioneer Corp., Seoul, Korea) &5
Pil2H » RT-PCR RZJERRA0T : sEAIIA RNA
1-4 pL &2 10 yM TERZRGS[F 1 pl - Bt 70C
5 min 1% > BRUK E o 2 &G H B EI4H Premix
JEENAH DEPC 7KZ 20 pL < JE&TR - 1 42CHk
fHEA 1 h DL&K cDNA = 28& )% 94CRE(E M E
I 5 min DLAFRBEZENE » 212 HEfT PCR JE -
ST 94°C 5 min (94°C 30's, 55C 30's, 72°C 30 s)
AEAT 35 {E{EER - 72°C 10 min &R E L 4C -
RT-PCR & P DL 1.5% #3288 > 1F 0.5% TAE >

50 V{5 N H#EITE K  Bef2 DL EtBr 24t 10 min
% » DLB7KRHy » 1 DL Vilber Lourmat 2 24
AN Infinity Capt. #UES (version 14.2, Vilber
Lourmat, Marne la Vallee, France) 788 K 4747 °

mERIRSER RTINS

| Fl pET28b (+) & 3 8k #E £ 48 DL
MCMV MR » {35 E F AT s MCMV 8
HH (Coat protein; CP) =K1 » IREHEH Y
5 i Je 3 Uiy BllEeat s [F-# (Nde-MCMVCP-F/
MCMVCP-Sall-R) DL &5 & H 5] 2 5 Ui
Ndel U] fir 5 3° I Sall I {ir - 75 04 i 2 B #k i
I Z S E E P HIEY) - #BE T&ATM cloning
kit (Yeastern Biotech Co. Ltd., New Taipei City,
Taiwan) HYEE(EDERHE A T&A HASHELS pMCM-
VCP 45 » A EEFERY pET28b (+) SAG & EA
A Escherichia coli strain Rosetta™ (DE3) f{T-4H
i (Novagen, Inc., Madison, W1, USA) -

B EMCMV 8 & 1 R IH &8 ~ E. coli
strain Rosetta™ (DE3) %% A M9 £2 %% (Li et
al. 1998) » A L 1 mg mL™ 22 575 H-p-D- i ft
7. BB £ (isopropyl B-D-thiogalactoside; IPTG)
FHEFEIFFEE H (Chen et al. 2002) - HY 15
uL MCMV 8 & H £ B & 5 & MCMV 24
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67% H21

GH&% ~ (RERAHAR KRS Y Rosetta E. coli 4
> 150 VAELT - e B0 I S 5% 7R 0 i e B B
Bk (sodium dodecyl sulfate polyacrylamide gel
electrophoresis; SDS-PAGE) 43174 80 min % >

LA Coomassie Brilliant Blue ZLfaiiZ245 5 - Fufife
. MCMV BE A K/ - BoamEA e Sk
PR ERMEH F - BHRERZ 2 SDS-PAGE
ELMEEZ MCMV i Ek & H G (immunoglobulin
G; IgG) #1777 £ EEUE AR - REFE
MCMV 8548 HFRIREEE ~ Rosetta E. coli KEES
Bk > BEE LACPBEG KRR MCMV
EA > MR Ao WOCHEWHESE] | mg mL?!
BRI EHERER - FHER 2R MCMV 84
EABK > Zr2BERAFE RS AR
W EE EHLUIMIR -

B AR ERE R DT (indirect enzyme-
linked immunosorbent assay; indirect
ELISA) Rz &8I

A I MCMV 88 0 7 RE E O3
PLILE » KALIUE(RTE Clark &Adams (1977) 5
F 2 JEAE 1gG & > DI —MEEE MCMV K
SN 2 MCMV IgG #E 17 indirect ELISA 43 7 >
Bkl 2 indirect ELISA & B 20 BR 41 Fif A Fft ikt
(Clark & Adams 1977; Lommel et al. 1982) ; H %!
2~ SCMV $ilfl;% (Deng & Huang 1986) » DA[E|EE
T3 5404k 1gG & 41T indirect ELISA 434fT ©

BipHERMEAETESATE KA
Chiang et al. (2007) Fit % 3% 2 fé + BF HG 5 7
% BeEETRS®RS 13510 ki f#
T HUEE 10 fEFEA - 100 Frfd+Huk 5 (@A
7 B 7 B % DA AR B i R S L 1 (R A -
A1 mLEK) BHEE » iR OB 1% #E7T indirect
ELISA 737 © fgHl &5 S BT “Seed health” J772
g A R #UEE (R Core Team 2013) 1% » B 5:H,
MCMV HYfE - 358 R A5 L #ilE] -

dsRNA ZEIRIREERFYIEER DT

Z& 1 MCMV dsRNA 25 BE (£ 5 (Valverde
et al. 1986) » B4 15 ¢ MCMV Jife o
F I -80°C/2 MR R L, » A TR 2 Wik BT
B R ER R R R 4H 8 R B A
& dsRNA ZEHUSE DR (B1 & 45 mL 2x STE %;{#]
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W& [0.1 M NaCl ~ 0.02 M Tris-HCI (pH7.5) ~ 0.01
M EDTA] ~ 20 mL 10 % SDS ~ 0.1 mL NH,OH -~
0.8 mL 7H 4 2 4 % i B + ~ | mL 2-B-mercap-
toethanol) MYEE.LE N © F4 3-5 min 1% > 1A
25 mL A7) (pH 6.8) E£EELEN © T4 3-5
min % - HAIA 25 mL &1 » ZERENEES
=R % 45 min o 2 1% DL 8,000% g B s 15
min - H{_EVERE A LE N 0 BL1x STE 4%
{ER M2 100 mL - SGHIA 100% B B 25
FERRIE By 17% > FEIIA 2 g CF-11 G 2k 70k
ODEN - RRES EEIRESR 45 min - 1B
LA 2R S ERE IR E AEEN - % CF-11
B IURRE > BARITH - FOERSE
A& 16.5% j¥5k5 >~ STE 45 & » /% CF-11
B IURR > AR - EERENER
FIEGAERHIRER > JOA 10 mL 1x STE 4
MR 0 EEL 30 mL LB USCERT LR o IR AT HY
S HI A 20-25 mL 100 % JH#5 K2 0.1x BafE > 3
M NaOAC (pH 5.2) &84 > B -80C 1 h» H
PL12,000x g BECr 30 min 1% > Il A 200-400 pL
(Y 1x STE &N - KUYV ERGT - 2%
10,000x g .0y 5 min > DLEFRGEAEZ ) - U
OB 2.5% #GfE 100% kS K 0.1x #81%
2~ 3 M NaOAC (pH 5.2) J&%4) » Ei*-80C 2 h >
Z1&LL12,000% g it 4 CRMA T HEEC 15 min 5 Ky
EERE - FI0A 2.5¢ #8TEZ 80% i - M2
6,000x g /0y 3 min < & FIERAFRILE T IUE
Y& - BN 60CHEMILEZ » B (& DL 20 nL DEPC
R A /K [E]7 o

BHERS > dsRNA DL poly(A) tailing kit (Ther-
mo Fisher Scientific Inc., Waltham, MA, USA) #
172 BR R {1 (polyadenylation) » 7734k IEH
SBHE ST o BFERAY dsSRNA EL DEPC JR Y
AKOREE 13.5 ub > A FY 100°CEZ48 5 min 1% >
B K E 5 min > DL dsSRNA & (denature) o
BN 5% 4E{E 4 uL ~ poly(A) polymerase 1
uL K 25 mM ATP 2 uL 73 dsRNA &0 - 244
BETE 20 pL > JRARE R 37CHRAE T 30 min -
i dsRNA TF [Z B 2 3° Uity £ 74 11T poly(A) tail -
& B 1 65C > 10 min 1% 4% (- 7 JfE - HL 5 uL
% A poly(A) tail Y dsRNA - i 47 B i1 A Xhol
oligod (T) V 5]+ 1 puL K 10 mM dNTP 1 uL &

AKZE 12 L > BER 65CHEAFET 5 min B E T
JK b e FEAYBIAIA S FS 4B &% 4 uL ~ 0.1 M
DTT 1 uL J RNase OUT 1 uL » 2 42°C {4 T
JE 3 2 min 7% > il A 1 pL SuperScriptll 57 82 5%
B AR 42°CHEH 50 min 1% » B T0CHR4F
T 15 min &% 1F K2 FE - 15 2 ¢cDNA EY) > DUk
MCMV 5 i35 5157 MCMV 5° RACEA K2
FIFE %40 MCMV 857 (55 F MCMV-g3514F 4%
7l B Xhol oligod (T) V 5[ ¥~ #£ 1T 5° Ui Jz 3 Iy
Fr 511 18 i » PCR [ € 4H 5 41 * 2x Taq DNA
Polymerase Master Mix RED 10 uM » 1F 7 f% 5]
F#% 1 uL > cDNA 1-2 uL » %7K 20 uL - PCR
ANE {6 5 94°C 5 min £ 3#E1T (94°C 30 s, 50°C 30
s, 72°C 1 min) 35 {f{§¥% » 72°C 10 min BEFE N
4°C ; ¥ PCR MR EYILL 1.5% 5B 1F 0.5%
TAE > 50 V {i{ N #E{TEE K » Bu{& DL EtBr 34 th
10 min 1% » DUBKIRZE o BH A NEY YT
% > DUEEBEY) N E UG I4E (Gel Advanced
Gel Extraction Miniprep, VioGene-Biotek Corp.,
New Taipei City, Taiwan) #E1T[EIUL > ZE PTG
T&A #5854 7 45 (T&A™ Cloning Kit, Yeastern
Biotech, New Taipei City, Taiwan) #{E i f2#E1T
RS (ligation) » Z &R & E VIR TEIRF IR AR
8 A5 (T 41 B2 (ECOS™ Competent Cells, E.coli
DHS5a strain, Yeastern Biotech, New Taipei City,
Taiwan) 1% > # B & 28 i i LB-agar (Amp100/
IPTG/X-gal) » &2 37TCIRIR © FEIEIPRIR »
HUH B 4ChRTR > TR A28 - RoREaye
VER & ERERLE » BFEEE & L MI3F/MI3R 5
THHEFTE % PCR (Colony PCR) HEMEHERD % -
& AT IR A IRRGE e -
EEA D

LA G =5 [0 A Y A B T AR PP 1%
LI NCBI 48115 (National Center for Biotechnology
information, http://www.ncbi.nlm.nih.gov/) Y
Blastn &8 [ #1HS #E 7T EE ¥ - $1 % MCMV 85 &
H 51 k2 & 7 51 DLE S5 #1038 Lasergene 13
(DNAStar, Inc., Madison, WI, USA) » #{THf
B B 577 B EA Clustal Q EE¥ 775
(Sievers et al. 2011) #FTZEFYELES (multiple
sequence alignment) < K EE ¥R YL BE FP 71 > 5
¥ MEGA 7.0 #(f8 (Kumar ef al. 2016) L) neigh-
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bor-joining iy 75 74 2 i phylogenetic tree - H
B 20 S K HPCHE (bootstrap) 7774 #E
17 1,000 KEF[MHFE -

e S

mEoMERHRINRE
BRI E G E

2014 FEEELMER LR HHEE TR R
& ZEERABE - #E0 R EAL -
HEEY & EEEREERL (B 1A - 1B) - #H5
BB E N R H AT Z #R AR IR -
EZRERER BERL (E 1C- 1D) - FHE

S8R fE R M

fi 1.

MR SRR AR Z BEILUR B v ToRER I
IR EE S RE R Y B E0K (Zea mays var. rugosa
cv. ‘Honey-236") » 7UH#E1% 1] R R HIEER AV
#B%k ~ BERUAE (8 1E ~ 1F) - MRS E 2 B
BEEFE o L AR IR R A B 55 - %
PEREIR B TORTERREE R DA 2% 2JIFEE
20,000% 73 IFERERE ToK ‘Honey-236 » fHfifE
TR PERE 10 BREFEOK ‘Honey-2367 > J#ff{% 3%
IR RR AL B By 200 © 2000 FIJ 4 32 B Fl| B2 7 -
DRI IE BL 500 7 8 fi% < 32 7 3 ZCEH £ 0K “Hon-
ey-236' (RIERG— 4l %R EE (TR - NFU2) - L
H 2 SCMV Jiifi’F (Deng 1985) HE{T Ml £
B2 VERE - R AETT3G TS S Tenuivirus 5

AR E & R AR B R ~ AL - SEHEMIETER ¢ (C) FkisiiR o E R
I MR AT B B EER S TV IGRIR BT (D) FoKPRARBE RS 35 B H I i AUR s E & B E F st e &
SRR B E AT A LA (B) AR R R R A Y B 0K ‘Honey-236" 5 wk & 1] L5 2 IRk - =
(BIBEL + (F) BEFEECAY EoRMERREE R 404 A REUH =L -

Fig. 1. (A) Field symptoms of severe mottle, chlorosis and necrosis caused by Maize chlorotic mottle virus (MCMV)
infection; (B) Plants with severe stunting, rosetting, yellowing and even death caused by MCMV coinfection with
Sugarcane mosaic virus (SCMV) in the field; (C) Leaf with chlorotic mottle streaks parallel to leaf veins, typical of
MCMV simplex infection; (D) Streaks coalesce to create severe yellowing symptom caused by MCMV coinfected
with SCMV; (E) Chlorotic mottle symptom appeared after 5 wk post inoculation with MCMYV on sweet corn cv.
‘Honey-236’; and (F) Infected leaf tissue with clear mottle symptoms caused by MCMYV inoculation.
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1. AWIFRFRERZS T -
Table 1. List of primers in this study.

Product size

Primer pair Sequence (5-3) Target or purpose (bp) Ref.

Hrp5 F-ATGATHGARKCNTGGGG Potyvirus genus universal 750 Colinet & Kummert

Potl R-GACTGGATCCATTBTCDATRCACCA primers (1993); Pappu et al.
(1998)

Tenui-DF1 F-AAGAARAADWKAGDCCGTA Tenuivirus genus universal 1,400—1,800 This study

Tenui-DR1 R-ACACAAAGTCCTGGGTAWAA primers

Potex2RC F-TCAGTRTTDGCRTCRAARGT Potexvirus genus universal 750 van der Vlugt &

Potex5 R-CAYCARCARGCMAARGAYGA primers Brenedsen (2002)

MCMVg3514F F-GGGAACAACCTGCTCCA MCMV coat protein specif- 500 This study

MCMVg4014R R-GGACACGGAGTACGAGA ic primer which can be used

to detect MCMYV in vectors,
seeds and plants

Nde-MCMVCP-F F-ATCATATGGCGGCAAGTAGCC MCMV coat protein expres- 820 This study
MCMVCP-Sall-R  R-ATGTCGACTCAATGATTTGCCAG sion vector construction

MCMV-CPF F-TGGGAATTCCAGCCAGATTA MCMV full coat protein 2,000 This study
MCMV-CPR R-TGAGTTCAGAAACCCTCGTG sequence amplification

MCMV-g3514F F-GGGAACAACCTGCTCCA MCMV 3’ region sequence 947 This study
XholOligod(T)V ~ R-CTCGAGTTTTTTTTTTTTTTTTTTV  amplification

XholOligod(T)V  F-CTCGAGTTTTTTTTTTTTTITTTITV  MCMV 5’ region sequence 703 This study
MCMV5’RACEA R-GGTGTCTGGTACACCCAACC amplification

= 1Y 8 F =, 5] F ¥ Tenui-DF1/Teuni-DR1 ~ Po- RT-PCR R g (& 11 0] B Y95 B2 g kE o RT-PCR 1
texvirus [& ¥ % & ff 05| 7 ¥ Potex IRC/Potex5 TE45SREUR » (ERENFIA Tenuivirus BHH RS 0F
Je Potyvirus & # &5 5 205 [ ¥ Hrp5/Potl (% 25 [ FEHEH TSI AN 1.4-1.8 kb Z {57
D) 3Rl EEREEHV R A AL 2 & RNA 1T ([ 2) » Potexvirus J& ¥ % & Potyvirus J& 5]+

N1 2 3 4 5 6 7 8 910 11 M kbp

&r

2. M Tenuivirus [&ip 55 R HF 205 [T B ENEREE B EMREECUR T F E TOREA Z RO Sl
NIEEE: > TFETHRZY 1.4 kb K/ N iE % BX AT $H [ (reverse transcriptase polymerase chain reaction; RT-
PCR) EVJAETEAFT/R » 17 N SRR E S 10 [diethy] pyrocarbonate (DEPC) i BH/K] + 17 1-11  BELUR S
PR FOREEA RNA © 1T M : #4857 TR (Bio-100™ Mass DNA Ladder) ©

Fig. 2. Detection of virus like symptom of maize samples from Yunlin County by reverse transcription polymerase
chain reaction (RT-PCR) using Tenuivirus genus degenerate primers. The RT-PCR products with predicted size (1.4
kb) identified by 1.5% agarose gel electrophoresis are indicated by arrow. Lane N: No template control [diethyl pyro-
carbonate (DEPC) treated water]; Lanes 1—11: Suspected virus infected maize sample RNA; and Lane M: Bio-100™
Mass DNA Ladder.
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AR IS TREIR /N Z RS © R & TRHAR /N
1.4 kb FEY) » SEBETEAR PP 1% ] 3 IS 2] —FL 1,367
bp Jz—F% 1,488 bp (Y cDNA F B2 ([& 3A) > FiR
FZ 5 101 bp HYE/EBFPHI > AR A R4 & R —
{i& 2,703 bp HYEL— 3l EEEE (contig) ([& 3B) -

RS L3 NCBLETTEL Y » S5RBURIELF51 8l
RS 2012 FE8832 2 MCMV Yunnan3 7Bk
51 (Ace. No. JQ982469) i iHAT » #% 8 Fr 3 IAH[E
£ 99% - H L3I & MCMV #5735 I &
& P51 - P32 5 5 . RNA {REEME RNA
&1 (RNA dependent RNA polymerase; RdRp) 52
BRI o 5550 BEHENE o8 RIEZER 2012
2013 F&FR 7 MCMV 73 EERAZEE 75 14 (DR E
99% > I B2 Bt 2007 £ 3¢ R Z MCMV 57 B

Tk “Nebraska” fH[E &2 97% o 1989 FHAERFTE
EHTINEE BT 2 MCMV 43 Bk KS1 1% e [F
IV 96% (3 2) » S B I —Hrd 4 IR Rt
FRP IR Z MCMV -

TRIRERIAR TS NFU2 DEERERE
EREEEBER DT

Ry oy Mt — BB B AR E 2 -~ $H¥
B E A PPy B St [T R RIS
& &% MCMV NFU2 73 Btk 2 &= & & 2 R A
FroIETTEFE - B 5% > S 3 MCMV Ji 3 2 8
EHFPIETRE  fIZE X Z MCMV NFU2

5y i bk 2 RdRp 7 51 }z GenBank . MCMV 5
# 3’ I UTR fF 41 3% 2} 2] F MCMV-CPF/MC-

Primername Tenui-DR1

(A)

A
. G GAG T
Primer sequence 5>-AAGAAAAATTTAGACCGTA-3’
CONSENnsUS % sksksksk sk ok ok ok sk sk sk sk sk sk sk sk ok ok
Amplified 1,367bp contig

AAGAAAAATTTAGACCGTAGGGTAATCTG - ** AGAGACACCCCTACGGTCTCAATTTTTCTT

Tenui-DR1

G A

T TAG G
3’-ATGCCAGAGTTAAAAAGAA-5’
3 3K ok o ok oK ok sk sk e s o ok sk ok o ok

L

Primer name Tenui-DR1

i A GAT T
Primer sequence 5°. AAGAAGAAATGAGGCCGTA-3’

1,367 bp :

Tenui-DR1

A A
T GAG A
3"-ATGCCGGATTTAAGAAGAA-5’

CONSENSUS  sfesieshe e e o e ok e o o e s e e ok e ok e 34 34k ok sk sk Sk ok ok ko ok ok ok ok sk ok R
Amplified 1,488bp contig AAGAAGAAATGAGGCCGTACTGATGTTGG ¢+ GCAGTTGGGGAATACGGCCTAAATTCTTCTT
: 1,488 bp 4
(B) Ruler 250 500 750 1000 1250 1500 1750 2000 2250 2800 2750
2.7kb contig
1.3kb contig >
Ruler ' ‘ 1 2‘40 ' 1 2'50 ' 1,2'60 1 2'70 ' 1 2‘30 ' 1 2‘90 ' 1,3'00

GACCTGCCATATGTGTTTATGCCGTGCCGTACTGATGTTGGAAGAGCTTCAATTCCACTGCGTGATGAATCCATTGAGAT
GACCTGCCATATGTGTTTATGCCGTGCCGTACTGATGTTGGAAGAGCTTCAATTCCACTGCGTGATGAATCCATTGAGAT

Consensus

27kbp contig

1.3kbp contig GACCTGCCATATGTGTTTATGCCGTGCCGTACTGATGT TGGAAGAGCTTCAATTCCACTGCGTGATGAAT CCATTGAGAT
ldakbpcontig | emeeeeeeeee- AAGAAGAAATGAGGCCGTACTGATGTTGGAAGAGCTTCAATTCCACTGCGTGATGAATCCATTGAGAT
Rul T T T T T T T T T
Sl 1,320 1,330 1,340 1,350 1,360 1,370 1,380
Consensus CTGTCGCCAATATCGCGCACAATTTGTGGAAGAGACACCCCTACGGCGAGTATTCAACAACCCACTGAGCGGAAAAGCAT
2.7kbp contig CTGTCGCCAATATCGCGCACAATTTGTGGAAGAGACACCCCTACGGCGAGTATTCAACAACCCACTGAGCGGAAAAGCAT
1.3kbp contig CTGTCGCCAATATCGCGCACAATTTGTGGAAGAGACACCCCTACGGTCTCAATTTTTCTT - - - - - - - - ------------
1.4kbp contig CTGTCGCCAATATCGCGCACAATTTGTGGAAGAGACACCCCTACGGCGAGTATTCAACAACCCACTGAGCGGAAAAGCAT
= %7 .. e A . . RN ey .
3. (A) It Tenuivirus [Bi7595] 7 (TenuiDF 1/ TenuiDR 1) SIRIL BT PSR A pFAS | ~HEEES 5 (B)

FA4H i B — Y| EEAB ¥ (contig) fHIELAA 101 bp HYEEABFFSI] > mIH &R —( 2.7 kbp Bi— Y| EHEBES -

Fig. 3. Alignment of two cloned sequences which are amplified from using TenuiDF1/TenuiDR1 primer pairs with
its own primer pairs. Degenerate primer pairs were presented on the top of each alignment. The arrows indicate the
direction of 5” to 3’ in each primer. The asterisks indicate the conserved nucleotides among all aligned DNA sequenc-
es. Underlined sequences are identical to Maize chlorotic mottle virus (MCMV) sequences. (B) These two amplified
contig could combine into a 2.7 kbp contig with 101 bp overlapping sequence.
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2. & Maize chlorotic mottle virus (MCMV)-NFU2 SyEERE 2 B G B HHSHT EE Y P3| PH g~ B — B E R
B 22 2 MCMV 551 [E REELES o

Table 2. Comparison of nucleotide identities of 2.7 kbp assembled contig from degenerated reverse transcriptase
polymerase chain reaction (RT-PCR) products of Maize chlorotic mottle virus (MCMV)-NFU2 with isolates of
MCMYV from other countries.

MCMV isolate (accession No.) Country Nucleotide identity (%) Submitted year
Yunnan3 (JQ982469) China 99 2012
Sichuan (JQ982470) China 99 2012
Yunnan2 (JQ982468) China 99 2012
Kenya (JX286709) Kenya 99 2012
R4 (KF744396) Rwanda 99 2013
R1 (KF744395) Rwanda 99 2013
Nebraska (EU358605) USA 97 2007
KS1 (X14736) USA 96 1989

MV-CPR > % RT-PCR WIE R AL - o] f&15—2 70 B 2 (EIREE (1 4) - 53 A R 2 B0 oy BERREE &
kb FEY) o SCEETER TR EL Y - HESUER MCMV AR R RN I 88 A 2 Sy BERREE © 5990 0 H
HHETEEHEAORKEFY > WG MERE R MCMV BREHERRER (Tombusviridae)
N MCMV itk 2 @ EAKEEFPYIATE  FORBEIERURNEIB (Machlomovirus) > 3% & %

YN8 (JQ943672.1, China, 2012)
86| YN2 (JQ943666.1, China, 2012)
YN7 (JQ943671.1, China, 2012)
Yunnan2 (JQ982468.1, China, 2012)

YN6 (JQ943670.1, China, 2012)
YN9 (JQ943673.1, China, 2012)
YN10 (JQ943674.1, China, 2012)
MC3/1-2 (AM490791.1, Thailand, 2007)
MC14-2 (AM490793.1, Thailand, 2007)
MC3/1-15 (AM490792.1, Thailand, 2007)
95/ Yunnan3 (JQ982469.1, China, 2012)

YN3 (JQ943667.1, China, 2012)
50/ MCMV-us (GU594293.1, China, 2010)

Yunnan1 (GU138674.1, China, 2009)

6/~ YN5 (JQ943669.1, China, 2012)
YJ (JF422772.1, China, 2012)
SCH1 (JQ943675.1, China, 2012)

YN4 (JQ943668.1, China, 2012) ; ;
Sichunan (JQ982470.1, China, 2012) As'an Il
CP (AY587605.1, Thailand, 2004) isolates
Yuanjiang 2 (KJ873134.1, China, 2014)

R1 (KF744395.1, Rwanda, 2013)

R2 (KF744394.1, Rwanda, 2013)

R3 (KF744393.1, Rwanda, 2013)

M1 (KP772217.1, Ethiopia, 2015)
LETF2S1 (KP798455.1, Ethiopia, 2015)
98| R4 (KF744396.1, Rwanda, 2013)

1 (KP851970.3, Rwanda, 2015)
ANETF1S2 (KP798452.1, Ethiopia, 2015)
ANETF2S1 (KP798453.1, Ethiopia, 2015)

Kenya (JX286709.1, Kenya, 2012)

ANETF3S2 (KP798454.1, Ethiopia, 2015)

—NFU2 (KJ782300.1, Taiwan, 2014)
Yunnan11 (KF010583.1, China, 2013)

- KS1 (NC 003627.1, USA, 1989) )

100-——— Nebraska (EU358605.1, USA, 2007) | American

isolates

44

ey
0.005

4. TORMBLKBEEHSE NFU2 Sy BRI 8 O IR Y1I L MEGA 7.0 SETTHIGERR (0 ZAehiRE

Fig. 4. The phylogenetic tree of coat protein nucleotide sequences of Maize chlorotic mottle virus (MCMV) NFU2
isolate and other MCMYV isolates available in GenBank. The neighbor-joining tree was constructed with MEGA 7.0
and bootstrapped with 1,000 replicates. Scale bar indicates 0.005 changes per nucleic acid. The accession number of
coat protein nucleotide sequence, isolation country and first GenBank submission year of each MCMYV isolates are
indicated following the isolate name.
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FAE R AGAHRCIE S Ui cap f2 3” Ui poly(A) tail -

IRl 2 2 U A% 55 2 dsRNA > 22 1% D poly(A)
tailing kit 157785 dsRNA RI 254 R 7R 011 poly(A)
tail » FHIRIBE A Z MCMVS’ g FIlaET5 |
F MCMV5'RACEA J& F I CL41 MCMV 57 (5
5[ MCMV-g3514F 47 {l]E2 Xhol oligod (T) V 5]
THETT 5 Ui J 3" Ui BB E o SCETER T IRLE
¥ MRS MCMV 535 5° Ik 3° Uinfr3 (45
RERHR) « FELLSESZ MCMV NFU2 4Bk
55 UTR ~P32#E H ~RdRp ~ P31 & H ~ &
H & 3’UTR [F3IPHHE% > 1]45 MCMV NFU2 57
HERRTEE P 2Ry 4,436 nt - & NFU2 73 ff
RPN & DIREE A e 5 U J 3 U UTR Fp3] » B
ELSEEARF 2 MCMV 7 BERA% R Fr 51 1 T EL
(5% 3) » &5REIUREL MCMV “NFU2” 73 fiEfk S Ui
UTR #x FH 3T & (98.5%) K5 Yunnan3 Kz M1 43 B
MR ERERAE (94.1%) 5 Nebraska 7 KS1
SYEERR 5 P32 EEH B AHITE (98.9%) £y Yunnan3
Fe M1 73 BiERE 72 B A K (97.5%) £ Ne-
braka 77 ik  RARp 25 H & fHAT 7 (98.9%) F
Yunnan3 78RR © R A (96.4%) B KS1
STEERE P31 EEE AT (99.3%) £y Yunnan3
TYHEERR » AR A KT (97.1%) Ky Nebraska 73
HEPR - BIEEEHATE (98.3%) Fy M1~ Yunnan ¢
R1 J3EERE » Z R A (96.3%) A Nebraska
STEERR 5 sgRNA2 F:AHHT 3 (99.4%) /& Yunnan3
TYEERE 0 AR A R Ry R1 oy HERE - RIECBR

rere

]

67% H21

Z 3 Imfps o HAHEEER 86.6% 5 £ MCMV
NFU2 77 @ik 2 R S 751 817> GenBank &5 #% 2
MCMV & &R RN 7y HE T & 0 0 e
5 51 MCMV BT 73 Ry RIE T BERREE ~ &80
BERR ~ R By BERREE R BB S BEREE 0 2012 £F
%# 4 MCMV 73 BiERR 51 AE [E 5 B Ky 99% »
A HAERE o l& 7y R IRl ik ~ &8y Bk
Je R oy R B[R] — B T3S E  BEAR R R 55
— B GRS E AT 5
ﬁ o
FARIBIFAR R SRR RIRH BRI
BT 51 A A

ENC&fEF 2 MCMV NFU2 7 BEPR B 2
HZEEF Y 5] DA% 85 8 1 P51 LA Ndel-MC-
MVCP-F/MCMVCP-Sall-R 5| F ¥f 1% g 1% £ 2%
> pET28b (+) R IAHE G L > W #E A 2 E. coli
strain Rosetta (DE3) A 5 1 G 4 Afg o - 31 2858
FHEY MCMV-NFU2 CP F 3 & #& 4% PCR (g 15
VEMERS PO IEHE - 2 1% DL IPTG 5% 4 2 4 MC-
MV-NFU2 CP R & [{ R A & 7 IR 7
Hl > YR /INE 28 kDa > B K> MCMV gl 44
FoREER Z CP A/ (4925 kDa) ([ 6A) » P57
R AT &S R BUR - MCMV-NFU2 £ ZE H
H Bl H AC Diagnostics 2 MCMV i[5 A &
— M IE (18 6B) - R EAE O REEE
HH1% A 84085 > PiinE F s ELISA BB Rl HH

2% 3. Maize chlorotic mottle virus (MCMV)-NFU2 43 B #F B EL fit MCMV 43 B #k 2 5° I UTR ~ P32 &2 [ ~
RdRp - P31 & ~ S48 11 K sgRNA2 % /7548 [E] & L -

Table 3. Comparison of nucleotide identities of 5’UTR, P32, RdRp, P31 and subgenomic RNA 2 of Maize chlorotic
mottle virus (MCMV)-NFU2 with isolates of MCMYV from other countries.

MCMYV genome sequence identity (%)

Country Isolate 5S’UTR P32 RdRp P31 Cp sgRNA2
Taiwan NFU2 100.0 100.0 100.0 100.0 100.0 100.0
Ethiopia M1 98.5 98.9 98.8 98.9 98.3 92.6"
China Yunnan3 98.5 98.9 98.9 99.3 98.2 99.4
China Yunnan 97.1 98.6 98.8 98.3 98.3 96.7
Kenya Kenya 96.3 98.7 98.8 98.8 98.2 99.7
Rwanda R1 94.1 98.6 98.8 98.9 98.3 86.6
USA Nebraska 94.1 97.5 96.7 97.1 96.3 98.2
USA KS1 94.1 98.6 96.4 97.6 96.6 98.2

“ Ethiopian isolate M1 and Rwandian isolate R1 have lack of partial sgRNA2 sequence at the end.
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90| R4 (KF744396.1, 97.6%, Rwanda, 2013)

64| R1 (KF744395.1, 97.6%, Rwanda, 2013)
R2 (KF744394.1, 98.0%, Rwanda, 2013)
R3 (KF744393.1, 98.6%, Rwanda, 2013)

26— LETF2S1 (KP798455.1, 98.7%, Ethiopia, 2015)
ANETF3S2 (KP798454.1, 98.0%, Ethiopia, 2015)

40l 1 (KP851970.3, 98.5%, Ethiopia, 2015)

61— ANETF1S2 (KP798452.1, 98.4%, Ethiopia, 2015)

M1 (KP772217.1, 98.3%, Ethiopia, 2015)

Kenya (JX286709.1, 98.6%, Kenya, 2012)
ANETF2S1 (KP798453.1, 98.4%, Ethiopia, 2015)
NFU2 (KJ782300.1, 100%, Taiwan, 2014) | Taiwaneseisolate
Yunnan2 (JQ982468.1, 98.9%, China, 2012)

— Yunnant1 (KF010583.1, 99%, China, 2013)
Sichuan (JQ982470.1, 98.9%, China, 2012)
Yunnan3 (JQ982469.1, 98.9%, China, 2012)
Yunnan (GU138674.1, 98.4%, China, 2009)
— KS1 (NC 003627.1, 96.6%, USA, 1989) | American isolates
100! Nebraska (EU358605.1, 96.7%, USA, 2007)

African isolates

100

68 Chinese isolates

69

0.0050

5. FORBREGRBERURFEAARS NFU2 73tk & REEE Y LA MEGA 7.0 B THIER 40t 2 t8HiRE -

Fig. 5. The phylogenetic tree of complete genome sequences of Maize chlorotic mottle virus (MCMV) NFU2 iso-
late and other MCMYV isolates available in GenBank. The neighbor-joining tree was constructed with MEGA 7.0 and
bootstrapped with 1,000 replicates. Scale bar indicate 0.005 changes per nucleotide. The accession number of com-
plete nucleotide sequence, sequence identity, isolation country and first GenBank submission year of each MCMV

isolates are indicated following the isolate name.
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6. BEHRIANET AR B % RS Maize chlorotic mottle virus (MCMV)-NFU2 8525 1 7 2 |7 85k B 75 77

WL

SEHT o (A) e R Be SN B PN WG I B e R EE 7k (sodium dodecyl sulfate polyacrylamide gel electrophoresis;

SDS-PAGE) 7341 + (B) PHITHEIRE T -

Fig. 6. Expression of Maize chlorotic mottle virus (MCMV)-NFU2 coat protein in E. coli strain Rosetta (DE3)
demonstrated after protein induction by isopropyl p-D-thiogalactoside (IPTG). (A) Sodium dodecyl sulfate polyacryl-
amide gel electrophoresis (SDS-PAGE) with coomassie blue staining of the 28 KDa bacterial expressed recombinant
MCMV-NFU2 coat protein which indicated by arrow; and (B) Western blot assay of the recombinant MCMV-NFU2
coat protein was reacted with the 500x diluted antiserum against MCMYV which purchased from AC Diagnostics, Inc.
Lane M, protein marker; Lane 1, pET28b (+) without insert; Lane 2, pET28b (+) with MCMV-NFU2 CP insert; Lane 3,
purified bacterial expressed recombinant MCMV-NFU?2 coat protein; and Lane 4, MCM V-infected maize leaf. Sam-
ple of each number of lanes were the same in SDS-PAGE and western blotting results.
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BA > @ERBUREH Y MCMV HiifE nl i EH
AR MCMV 2 FORBEAR (R 4) > SRR
11 {EFHREEEI MCMV BebEA > & mTIEAHIS:
MCMV 5P 52E » if fRR  IR A fEey SRE A -

A
D3 A5 IR RIER

H 7> MCMV By — m] 56 i &l 6 25 8 55 2
Y - Rie &S 2 S 8 /58 MCMV

/=

4.
Maize chlorotic mottle virus (MCMV) 27 3R ER i -

5

67% H21

HE I B APTFEA A FE MCMV
DR E S Ry EEt —H sl T
MCMV-g3514F/MCMV-g4014R > 3fi B DL & M
MCMV A4 2 HEfEEIE - ek - &
RIS R TORANE > WEAHE M55l > &
REURILS T30 R e RS Z B TOK &
RN In ([ 7) - Bhoh > KOMEIL E— 1
5IF% > AR I R 2 S EE MCMV

B BB g F P ae P A B 2 = 5317777 (enzyme-linked immunosorbent assay; ELISA) #5 H & A A gy

Table 4. Comparative results of enzyme-linked immunosorbent assay (ELISA) using homemade and commercial-
ized antibodies to detect Maize chlorotic mottle virus (MCMV) on maize.

MCMYV antibody

Maize sample Homemade” AC Diagnostics”
1 1.92% 214"
2 2.59 2.28
3 0.19 0.75
4 3.19 222
5 1.78 2.39
6 0.21 0.98
7 1.94 1.60
8 0.59 1.40
9 0.38 1.46
10 0.46 0.97
11 0.56 2.28
Diseased positive control 3.29 3.03
Healthy control threshold 0.13 0.11

* Purified immunoglobulin G (1 mg mL™") of antiserum against MCMV-NFU2 with 250x dilution.
¥ Immunoglobulin G against MCMYV purchased from AC Diagnostics Inc. with suggested 1000x dilution.
* Enzyme-linked immunosorbent assay (ELISA) values (Absorbance at 405 nm, A ;).

No. of thrips

H

11 5 5

& 7.

10

10 30 M  Kbp

0.5

JEFT Maize chlorotic mottle virus (MCMV) B— k5 [ T- 5000 HH RS Bk & EAF =BT -

Fig. 7. Agarose gel electrophoresis analysis of amplified Maize chlorotic mottle virus (MCMV) cDNA products
from field collected maize thrips by reverse transcriptase polymerase chain reaction (RT-PCR) with MCMYV specific
primers MCMV-g3514F/MCMV-g4014R. Numbers of maize thrips were indicated above each lane: Lane H, Healthy
maize leaf was used as negative control; and Lane M, Bio-100TM Mass DNA Ladder.
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AT REA SR TRB ) SR
EHHS MCMV FsRIE R (ERRUT) -

TR RSB RE R EHE

FORMBRER DR 35 Ry T SR AGHT 54 28 H i
EEIORZRE - BN EEREREG R E
EHEARZELEBY  NEMKR - BZEET
W S BRI e 248K
foiEf - B EERERIFEREER
FI EORBEA L 306 {1 - Hfh MCMV R K Ky
79.7% (3t 244 {E B A 23 MCMV (514 K FE) -
MCMV i SCMV & L% B 31.7% (3£ 97

{EkEA 23 MCMV K SCMV [5G E) (& 5) -
Ho ZHE MCMV FEiE 21 1 68.4-87.1%
Z[E > MCMV kz SCMV 18 & B % B R RIS (G
WK - BRI T Ry 0% 0 = MR B A By
1% 5 5382 MCMV g TR 45 SR B R4
6 A LERZEMAmELE 0 eE
F/EQ‘%%J A F;F'Zf?ﬂ N rg%ﬁj N FEE/Z\J =
HEE, ~ "EEZE, - ‘Devotion’ ~ "B 2255, K
"EFEE FinllE MCMV R B 80% DLE -
B FORERAEE O Ok - HEFEK
HEs ROk » B ER MG E RS TR - 1
FHEIEK R IS 3 5%, gk E R & A 22 [

5. 2014 2 2015 F G & HEKk## 4 Maize chlorotic mottle virus (MCMV) Kz Sugarcane mosaic virus

(SCMV) FHEEER

Table 5. Occurrence of Maize chlorotic mottle virus (MCMV) and Sugarcane mosaic virus (SCMV) on symptomat-

ic maize plants collected in Taiwan from 2014 to 2015.

No. of plants

Number and percentage of maize

Number and percentage of maize

Location assayed infected with MCMV* coinfected with MCMV and SCMV*
Yunlin County 86 74 (86.0%) 0 (0%)

Chiayi County 60 49 (81.6%) 14 (23.3%)

Yanchao Dist., Kaohsiung City 62 54 (87.1%) 44 (71.0%)

Other places 98 67 (68.4%) 39 (39.8%)

Total 306 244 (79.7%) 97 (31.7%)

“ Enzyme-linked immunosorbent assay (ELISA) tests with antiserum against Maize chlorotic mottle virus (MCMYV) were performed.
Y ELISA tests with antiserum against MCMYV and Sugarcane mosaic virus (SCMV) were performed.

# 6. 2014 5EZ 2015 LR EEAR [E L F ok 2 Maize chlorotic mottle (MCMV) iy 45 5 -

Table 6.

Incidence of Maize chlorotic mottle (MCMV) in different maize cultivars in Taiwan from 2014 to 2015.

Number and percentage of maize infected with

Maize cultivar Type No. of plant assayed MCMYV (Percentage)”
‘Chen-tzu-mi’ "% Bicolor sweet corn 15 15 (100%)
‘SC2015° Mgt Bicolor sweet corn 55 49 (89.1%)
‘Sweet Jean” EE Bicolor sweet corn 16 16 (100%)
‘Devotion’ White sweet corn 9 9 (100%)
‘White Dragon King” "H#EF.,  White sweet corn 42 36 (85.7%)
‘SC-34" 4% Yellow sweet corn 15 15 (100%)
‘Chia-Chiang’ B8 Yellow sweet corn 5 4 (80.0%)
‘Bright Jean® "#E¥ Yellow sweet corn 25 15 (60.0%)
‘Tainan No. 22> "&Fg 22 5% White corn 30 25 (83.3%)
‘White pearl’ "EZER, Waxy corn 73 62 (84.9%)
Unknown Forage corn 22 7 (31.8%)
‘Ming-Feng No. 3> 'A% 3 58, Feed corn 117 37 (31.6%)

* Enzyme-linked immunosorbent assay (ELISA) tests with antiserum against Maize chlorotic mottle (MCMV) were performed.
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Fe 17 {EBEA » MCMV R i 2297 il By 31.8% &
316% - FPEEHE RIS L, kS
PRI » (] 60% -

HE:

£ 68 F R AE YR E € S0
2014 £ LLFi{E7H MDMV-B (3} & SCMV > Poty-
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PE 0 BN 2014 FHERNEMBFEEERE
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J& 97 7 i OF =X 5 [ 3 ] 4 355 30 70 B m b i o 7R
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KNG 1.4 kb > 53 BIALFY MCMV #J RdRp 5 I
Ko 3 U o BRI Al T HF e (R dH G R — B
— P AIEERT - W LEEHERL B MCMV -« fiE—
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Phylogenetic Analysis and Occurrence of
Maize chlorotic mottle virus Infecting Maize in Taiwan

Chien-Ming Chou', Chun-Tao Chen’, Yi-Hsuan Chien’, Chin-Hui Tsai’, Chin-Chih Chen',
Feng-Chyi Lin*, Yi-Ju Chen’, and Ting-Ching Deng®’

Abstract

Chou, C. M., C. T. Chen, Y. H. Chien, C. H. Tsai, C. C. Chen, F. C. Lin, Y. J. Chen, and T. C.
Deng. 2018. Phylogenetic analysis and occurrence of Maize chlorotic mottle virus infecting
maize in Taiwan. J. Taiwan Agric. Res. 67(2):191-208.

Maize samples showing chlorotic, yellowing and leaf necrosis symptoms were collected in
Huwei Township, Yunlin County in February 2014. After inoculation by leaf sap, the similar chlo-
rotic mottle symptom was developed on sweet corn cv. ‘Honey-236 and a pure virus isolate “NFU2”
was obtained from infected sweet corn by a serial inoculation. The total RNA of “NFU2” isolate was
extracted to conduct a reverse transcriptase polymerase chain reaction (RT-PCR) with the degenerate
primer (Tenui-DF1/Tenui-DR1) and that yields a 1.4 kb product. The product could combine into one
single contig, and this contig shared 99% sequence identities with Chinese Maize chlorotic mottle
virus (MCMV) “Yunnan3” (Acc. No. JQ982469). The complete sequence of MCMV “NFU2” was as
4,436 nucleotides. Through whole genome sequence alignment and phylogenetic analysis revealed
that MCMV could be divided into four groups, including American isolates, Chinese isolates, East
African isolates and Taiwanese isolate. Phylogenetic analysis with nucleotide sequences of MCMV
coat protein showed that MCMYV isolates which were prevalent in Asia and Africa in recent years
could possibly share the common ancestor of MCMV from Thailand. MCMV coat protein sequence
was constructed into expression system of Escherichia coli Rosetta strain and the expressed viral
coat protein was purified for antiserum production. Homemade MCMYV antiserum could be used
in enzyme-linked immunosorbent assay (ELISA) for MCMYV detection in field samples. Further-
more, based on MCMV coat protein gene, a specific primer pair (MCMV-g3514F/ MCMV-g4014R)
for RT-PCR was developed, and by which the MCMYV could be detected from a single maize thrip
(Frankliniella williamsi Hood). These detection tools are available for further study of insect trans-
mission mechanism of MCMV. Survey of 306 maize samples in Taiwan from 2014 to 2015 by indirect
ELISA using antibodies against MCMYV and/or Sugarcane mosaic virus (SCMV). The results indicat-
ed that incidence of MCMYV reached 79.7% and maize lethal necrosis (MLN) caused by MCMV and
SCMV reached 31.7%. Maize samples including sweet corns, white corns, waxy corns, forage corns
and dent corns were all MCM V-infected. Sweet corn cv. ‘Bright Jean’ has the lower incidence (60%)
among the green corn and comparing with incidence 31.6% of forage corn and dent corn. This is the
first report about complete genome sequence, phylogenetic analysis, detection reagent development
and field survey of MCMYV infecting maize in Taiwan.

Key words: Maize chlorotic mottle virus, Sugarcane mosaic virus, Phylogenetic analysis, Detection
reagent, Field survey.
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