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Abstract: In order to find the proteins related to root maldevelopment caused by Rice grassy stunt virus (RGSV),
elucidate the mechanism of root maldevelopment and better understand the molecular basis of interaction between
RGSV and host rice, 2D-DIGE coupled with MALDI-TOF-MS was used to screen and identify differentially expressed
proteins between RGSV-infected and RGSV-uninfected rice roots. The acquired proteins were further analyzed using
GoMiner programs and KEGG pathway database. The results showed that 56 protein spots (differential ratio=>2) were
differentially expressed, including 34 up-regulated and 22 down-regulated protein spots. Among them, 27 differentially
expressed protein spots which belonged to 25 proteins were identified, and these proteins were mainly involved in 14
biological processes, 10 molecular functions and 12 KEGG pathways.
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L) 52906 B AR e I AN Al B 90 2 3% B A% M AE
MM H FRA KT U SZ BN E 0, ke
FHMARLE T EE R AR AR 5 AR08 A
FRUB > AR BTN B R AR 2 R 5 SO SRR IR . IR
7 K FE B A 0B A6 R 7 (Southern rice black-streaked
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S B A T AL B S D ML BB AN TE . £
J A5 WE 5 3 W1 B AE 1T 75 (CMV-Fny-satT1)
A AZEEE (TAV-BD R G %51 & 5 R R &
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i WY W PR AR e 4 T B AR AR KR

KR 0 95 75 5 SUPR K i BRI 1B 7 (Rice
grassy stunt virus , RGSV), J& T4 M5 5 )& (Te-
nuivirus) . % B 1= 44 51 & B K B B (Rice
grassy stunt) 35 & A 7 Pl R $0HF F X, e
T 1964 AEFE AR R E e il B E L H AR
RIS E RIS P e E SRS N A
HRJTVE R A R S A R AR R RGE
RGSV {2 YL 58 1 51 7K A A bk ™ 5 0% b R0 43 BERY 2
S FAEARSN B EH TR RN AT RIA R AR
AR ARAC AR J AR BT R AN R TR AR AR
T ET G & B, RGSV 2 YL /K 6 J5 nl 5] AR
RREAMKIEH OsPHR2 Fl Cri-5 S TR X,

PO 1 BT 20 2 R & N A i B A s )
AT B AT LA I 2 5 RGSV 37 3 K i
HAEWZAE AR, SR I 98O0 2 5 BE K
HL Pk (2D-DIGE) 45 43 & 5t 4l B O i A A 16 AT i
[E] B 3% £ A (MALDI-TOF-MS) 4 RGSV {2 44 17k
R R AL H R B K AR #E 4T T i B AE
YEH RGSV R 5 EKER AKX E AR B
B AW A B T AT IR R KB A RAEAR 1B
HLER o Ry ik — 2 Bl RGSV 5 7K 8 B5AE (1) 40 F AL
Hl Rt & .

L MRS

1.1 &

RGSV #EME B AR T 5 KAl (Nilapar-
vata lugens) Y5 HH AR HE AR PR K 24 A8 9 9 35 F 9 T £
12 . HKFE oy 28 K AU 63, DIGE i 1 & .
IPG i 4 (24 cm,pH 4~pH D ¥ A EE GE 2
Al s AT R 458 ML I B 32 B Thermo Fish-
er A ) ; AZBK R £ ik i B B (PVPP) I H 358 F
BBI A ],

1.2 FHi&
1.2.1 BH

W B A R R EE RGSV i bk 1R 72 h,
I 1) T K R Ak b B S 496 [l 1, Bl S 422 A 4R 63
I AEEE 72 hoEEMT 30 d lUKE, £ EER KA
BB JE UG 63 AR AE X IR, 8~ 10 #RK Fi M
FIRATUE ,RGSV AbFEAIX B 3 IRE & . #F
i FE R A RS RAET —80°C R,

1.2.2 ZamWRRE 4L
KAEM R A4 LS 4l fk 2 ] Carpentier

G B, B3 g IR EW A PR,
Wy HE B (0.1 ¢ PVPP.10 mL By 42 B A1 10 mL-
Tris {8 A B il #25 7K 1 30 min J5 & L (5000 r/
min, 30 min) ; §C_E )2 By AR, B T 45 AR BR Y 8 42 O
A A 5 A% KRR Y T R Bk T ORE M, VK B30
min f&,—20°C T &% ; 0 (5000 r/min, 30 min),
TOVE FH P RN DY A 5 5 % A% P R DO 9 A S B0
(12 000 r/min, 20 min) . ¥ 3K 15 19 DT 0E = 87 T4,
B AT 45 3 2 (B A B —80°C N AR A7 45 H .
1.2.3 — &% %% &4 =% SDS-PAGE

FETERENEARASSImA 200 oL AIK ly-
sis ZB M (20 mmol/L Tris,2 mol/L Bifl&,7 mol/
L JREF 20 CHAP) %t (pH 8.5), Cy3 YLl
Cy5 G4kl 43 50 T broic fil bk A pR AR R 09 82 11
Cy2 JeBbric bR A AR RERIR G G M EPME
FNFR . A AN [ JeoRH bR id 19 & H 7R R — R IPG
Jie 2% A ] — gk g B #E AT B UKL IPG S HL R fE R &5
(GE 22 "D #F 47 Xl R LUK 56 1 1], S5 e SR AR 2
FWF:S1, 0.5 h A& 300 V;S2, 0.5 h F = 700
V;S3, 1.5 h JF & 1500 V;S4,3 h iz 475] 9000 V;
S5, 9000 V FR4F 4 h, BARAE TR EHE R 52
kV e h, # 7 i 47 09 I 5% % # 3 12.5% SDS-
PAGE #t ¢ |, T ETTAN DALTsix H ik & 4t
(GE), M HL KBTSk 2 W/ &84T 45
min; SR G UL 17 W/ 5581729 4.5 h, H 2 i
HLF I .
1.2.4 235 B%5H

2298 6 bR e 1Y B 1 OB 5 4 Typhoon
9400(GE 2 &) H i 3515 2D-DIGE )2 1 £ 5 K
15, R FHIEMG 43 BT 4k 14 R B8 Image Master 2D plati-
num 7.0(GE) X /G 47 0871, LB 7 2 R Rk K
T 1.5 AR B,
1.2.5 MALDI-TOF-MS % % B %k & i & i)

TEICAY & T & W )5 . B AR MR £ YR
A B2 ] 2R FH 5 o B8O i W L B8 KA T I i) BT
A (Autoflex speed™MALDI-TOF-TOF, Bruker
Dalton, {8 ED #EA7 BTk 43 7 . 52 50 4F i (19 BT 15 P 2
PLBRIABE X R 15 . F H #F BioTools (Bruker Dal-
ton) 7 NCBI £4J [ rf - $0AH VT BE 14 85 A BOf i 47
TIReArif] .
1.2.6 AW 8FoH

K GOminer B4 X} 22 57 85 A #4173 A A4k
(Gene ontology , GO) A , £ 5L AR KL A 15 3 [
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rH4 « > pH7

:
. . ’ D
A—Cy3 fric /K FE AR M 8 1 . Cy5 bRic RGSV KRR HRAR A& 115 B—Cy3 bic RGSV K FEMHRAR B . Cyd frid KRR HERAR B2 1 5
C—RGSV Wbk 22 57 8 R IL T s D— R A2 R B Rk T &
A, Cy3-labeled proteins of RGSV-uninfected rice roots. Cy5-labeled proteins of RGSV-infected rice roots. B, Cy3-labeled proteins of RGSV-in-

fected rice roots; Cyb5-labeled proteins of RGSV-uninfected rice roots. C, Up-regulated proteins in RGSV-infected rice roots. D, Up-regulated

proteins in uninfected rice roots.
1 KEFRBEKRBEANEDERKRBEARERREEAMSA
Fig. 1. 2-DE maps of proteins in rice roots infected with RGSV,

HHF4 4 (Kyoto Encyclopedia of Genes and Ge-
nomes , KEGG) $04# & v i 47 A= 40 38 B 53 7 .

2 RS0

2.1 RGSV BH/KBERIV|ERRZZEAREASH
RGSV 7K F8 o3 o 1 4g ik R 38 85 71 0 AL Jm) 28 0 22

SEEERSHL IR B E WL 1-A Al 1-B. DIGE 4 #r &
/N RGSV R YK FF J5 AR B 22 RS BUR T 1.5 22 5
EEF A 141 A8 D, Hod ik F 5 T w8
F 60 AN (E 1-C) . Rk F N REMSA 81 A (&l 1-
D) ;M2 FRAERT 2 MEA R AA 56 4, Hr,
RIEEEFSHEAMAN . REFETHENSA
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Fig. 2. The'spot view’ of proteins identified by MS.
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22 4~
2.2 ERRIZEH MALDI-TOF-MS £%E
EERMGEHRT 2 ME A A PR 42 4> 22
5308 AW WA B A S AT MALDI-TOF-MS
SIAT S 27 AR T L A5 AR TR R UK BRE R
TR LI 2, LM mE AT RS LENA
154, FIEMA 12 4, B50 1 B51 % 2 [ h
RGSV 1y P5 % . B53 Ml B57 &% & W N RGSV
1) 20.6 kD EZ5 M B 1. 80T 5 NCBI 204 4 LX)
RS R - DN iR S W g - & i (B
FRA TR BERS EARGSMEREAL
HGR D,
23 EREANEVEERESN
O ZERE AT GO IReER. &Y
SRR R R 25 e 8 W KA WA G AR L K
A A AR AR | A0 i R AR e R LB L N Ay
FAR R Ao i AR AR X 3 R L e
A5 W1 A3 il R L A0 M Ak S AR AR R A
U BRI RE B 10 7 A S 2 AW e R . B4
Tifie bar)eE 10 28, G 46 B 7 /E L BRE 15 % L ATP

.

@ J0ikk Infected plants

TG 1 B TP o 5 P L R A D T T L R
PE\RNA 454 DNA 2545 (255 MY % % IR 1 1
UK e B . A0 A PR 20 BT S 22 5 B e L
TN B A A M N OB AR A
K B0 T 240 Y B 4 27

KEGG # % rHr Bs .3 M EAZS S 7RG
B2 ANEASE T RGBT W EY S R HAl
L0ANEADHNSE T LR IRIRACH N K
R BN T A P A R A A R R A B R
PR G A A2 W 8] B S L L AE 40 55 0 DR )
P R AR AL L i A 0 D6 OR TN e 5 45 AR ) T
B

3 e

AW A H 2D-DIGE £ R #7 T RGSV 7 4
IKFEAR FR A 22 5 3R 36 26 1 L O R T 35 4 R %5 e
THAESEN., AREET 25 MEREAH
FLFE 2 4~ RGSV g fith (155 8 28 (1 1 23 475 2K
TR EE . 7K e R 08 5 bR AR & OsPHR2 il Cri-5
SEP 3B T AW oY R % B AN L X
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Table 1. Differentially expressed proteins identified by MS.

1 @ K FEFF 2 (Chin ] Rice Sci) 55 30 4545 4 W (2016 4E 7 A)

; ; BERROR pom xsmn
Gt AR Ry (C¥ix g3 F it o Wt
Spot No. Protein name Accession No. Protein Protein o .
ceore MW /Da Protein PI Ratio
A09 5 & 11 OsI_11950 CHliH gi|125544232 186 93378 5.94 —2.56
Hypothetical protein OsI_11950 (indica)
Al3 5- FY 2 110 M 1 = A I i e 2 PR Y S e RS Tl (I AR 4D 120 85089 6.10 —2.09
5-methyltetrahydropteroyltriglutamate-homocysteine
methyltransfer (Catharanthus roseus)
A23 Alpha-L-B-H A7 WE 8 1 5 C o 0% 8 1 CEERD gi] 108707861 143 74479 4.91 —3.34
Alpha-L-arabinofuranosidase C-terminus family protein
(japonica)
A37 0s04g0670800 CEEAE) Os04g0670800 (japonica) gi| 115461232 73 37818 5.29 —2.31
A39 BEEH Os]_19476 CHERE) gil222632492 294 55389 6.00 —2.05
Hypothetical protein Os]_19476 (japonica)
A42 0s01g0615300 CEEAE) Os01g0615300 (japonica) gi| 115438576 77 46133 5.13 —2.26
A46 SR H R & R A L 2 S-adenosylmethionine synthase 2 gi| 3024122 185 43330 5.68 —2.49
A54 B B4 K AS) Adenosine kinase (Oryza sativa) gil21698922 164 32573 5.29 —3.04
A59 0s10g0478200 CKEAE) Os10g0478200 (japonica) gil 115482534 184 35888 5.75 —2.06
A67 0s05g0247100 B RE) 0s05g0247100 (japonica) @il 297604125 270 32757 6.08 —3.22
AT75 R R R fift Z il CRE ) Phenylalanine ammonia-lyase(japonica) PAL1_ORYS]J 372 76021 6.07 —3.25
AT78 0s04g0659300 CEEAE) Os04g0659300 (japonica) gi| 115461070 148 27916 5.01 —3.20
B07 HA CCCH S4B &5 H 3 & A R 32 O AR C3H32_ORYS] 25 80795 5.33 +2.41
Zinc finger CCCH domain-containing protein 32 (japonica)
B09 A RE MR T RNA B RNA B4 05 4 RS RDR4_ORYS] 23 133512 6.65 +2.59
Probable RNA-dependent RNA polymerase 4 (japonica)
B12 tRNA wybutosine & W A VR & H 1 OB AS) TYWI1_ORYS] 24 72062 5.90 +2.04
tRNA wybutosine-synthesizing protein 1 homolog (japonica)
B15 PR M 90CKEFT) Heat shock protein 90 (japonica) gi|39104468 99 80449 4.98 +11.05
B38 050120940800 CHIARE) 050120940800 (ja ponica) gil 115442155 98 34833 1.65 +2.81
B41 HEM-2(EK) Glutelin-2(Zea mays) GLU2_MAIZE 26 24528 8.40 +2.29
B47 BEH A Os1_34134CHIFS) gi| 125532460 177 24741 5.50 F2.25
Hypothetical protein OsI_34134 (indica)
B18 o P AR S R TR 1 ORAD gil 2062387 199 20024 4.52 +2.10
Pathogenesis-related thaumatin-like protein (Oryza sativa)
B50 P5 1 OK R #E %) P5 protein (Rice grassy stunt virus) gi| 483926501 204 21932 6.89 +10.59
B51 P5 # 1 OK R #E %) P5 protein (Rice grassy stunt virus) gi| 483926501 387 21932 6.89 +10.09
B53 20.6 kD JE45 44 8 (1 OGRS R0 2 gi| 9635244 264 20740 5.18 +20.61
20.6 kD nonstructural protein (Rice grassy stunt virus)
B57 20.6 kD HE 45 1 8 11 OK RS 588 ) gi| 9635244 264 20740 5.18 +344.16
20.6 kD nonstructural protein (Rice grassy stunt virus)
B58 85 8 1 OsI_28286 CHlfE) gi|125560596 168 38650 5.85 +3.57
Hypothetical protein OsI_28286 (indica)
B59 05120555000 CREAE) Os12g0555000(japonica) gi| 115489014 78 17004 4.88 +2.13
B60 050120348900 CFEAH) Os01g0348900(japonica) gi| 115436436 216 15163 5.00 +2.70
+, B —, N,
+, Up-regulated; —, Down-regulated.
2 MEARB BT I — L LR . TH ZNGIE

1B 55 R KRS BRI SR T SEE T 24 N EH L
B 2ARREE EN 22 A EE A AR R
RIS T - 0 68 R 8 1) 5 7 4 20 PSS R 20.6
kD AR Z5 A9 1 5 T 4 E B A R L 1 A

TEKFEG bR AR & o 4558 31 2 4> RGSV 4 it 45
M:22 kD P5 1 20.6 kD dE45f & H . RGSV 22kD
P5 & vRNAS Zafi (1) 35 25 44 85 (1 » 1T 78 7K A5 98 ik i
F A R TR R R R AR AT RE R R
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et ¥y Fn B AR R VERT . 20.6 kD AEZ5 M & A
i vVRNAG6 % i, o] 76 K F 9 it v o AR HL
O AR AR SRR IR A R R VDA O L e R
7 4 (Specific-disease protein, SPYMH | A A58 %
B, P5 M 20.6 kD EL5 /B AT 7E RGSV 7
Py KRR R P A E,20.6 kD JELE M E LB &
W2, P5 M 20.6 kD AEZ5 #3511 v BB 72 RGSV 1=
PO BOKFERRLE TS H N CHEEN.

ERENRKBEEAT. A5 M EAS5hiE
JNE AL FE SR H OB R G L 2 BV 90,
g B O & K El BB H. Os10g0478200, FI
Os12g0555000, &[4 A46 % E N S-ARHF H &
6 T 2, fE AL A B SRR A 2R L 2 A R
FEA BRI H Y P AL %l 5-H
B DU S — A R e P R TP R A, X 2
PS5 T 5 W SR A0 C 0 R, JE R Rk
BIFUE . d e nr eI S L B A DG i R,
DNA () 1 34625, 76 RGSV FllK #8 B 45 rh e i 45
EM . B E A B15 %8 M 1 90 (Heat shock
protein 90, HSP90) , HSP9O 7E#H ¥ 4= K & & . Xk
AL 7)) IR N A oS R - VAL A < R
FHE . MHE HSP90 5 RARI1 Ml TIR-NB-LRR %
FEAE S 35 T AR RR X R A R B (Tobacco mo-
saic virus , TMV) BIHLPE"Y . FE /N2 A #R poad 6 3k
TaHsp90.2 Fl TaHsp90.3 F& [, o] i 2 #2552 %%
Byt . RGSV RY 55T HSPIO L%
ik, KEGG #5347 s H 2 50 50 IR B4R
. RGSV ZY1IiF T HSPIO /KRR P 3Rk,
HSP90 Al RE7E K R X RGSV 4 95 S 17 Hh i 2 %
YEH . A5 AR B4 %5 N R AH C R I (thau-
matin-like protein, TLP),%ZE H & T/ R H K E
FIH) PRS Z 06, 7 R 4 ol % 5 k35, S W4t
WA . TLPs 125 Z R )0 I B = e 2
J5 Y = 3 B A8 S N, A0 7K R SURE % T (Rhizocotoni-
asolani YL /K FE 5% TLPs RN FIL 5 T K
X200 B B LT . RGSV IR YA S TLP
FHFRIL LML, TLP AIGEZ2 5 T RGSV R4 )5 /K F
1) = 2 B 18 5 1 3

A A B09 %5 b FIRE M9 K B T RNA 1
RNA B4R 4, #Y RNA K#H RNA B 5
(RNA-dependant RNA polymerase, RDR) E &%
5T 55 E TR A G /N RNA 774 il o &
PRLUT BR8N R AR DU R R K & B i b
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28 DL B %t 9 75 1 By 18 45 AR W 2 ol RS R
NtRDR1 # B IF AtRDR1 32 5 75 B Y 1917 5
Fk I HLEE KA B 2R 52 0 o5 A 0 % 0 2 1Y) B A g
F10 0 RNA RHPE RNA R4 OsRDR6 7 7K
e HAE 2% 20 v A o 5 1 0k AR P R 4 AR Y
A REAAHE T RNA ) RNA B4 4 52 RGSV 1)
HERRE LTSS T KR RGSV it
o

R ATS B8 N AR N AR % 2 W (Phenylal-
anine ammonia-lyase, PAL), PAL JEM Y 7K N &
1R A A Aot A v G B IR ok g, 7 ) K B 3R T A
iy 25 W) G 5 0 A DGR M R K g R
(Salicylic Acid,SA) J& 8 ¥ bt [z b A5 5 7 F
PAL b J& SA & Wik 2 iy ¢ il 2 —
Tonnessen 2 9T £ B OsPAL4 25 /KW
B TS NE » 6993 S50 B B vk 2 I 23k L ek T
OsPAL 4 J K] (1) 7K 5 58 748 U X6 7K e 11 Aty g e O
o IR S0 Al s B 1 1S 5 . RGSV 1] fig 38 o T4k
PAL (1% 35 10 A% 4 0 77 1080 52 3k

HoAb & m o ik € & 11 OsI _ 11950 F
Os04g0670800 S5 H P RE A M1, A B 58 7 /K 7 # 3%
AR AR & P 5 ok 09 BB 4 B AT R AE K R T
RGSV it /EH,, HER R L H 5% L &
RGSV 57K F BAE 04 F & 7 #F— 22 Bk .
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