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O LU AL TR 3 (Sugarcane streak mosaic virus , SCSMV) ] P3 & 4 (SCSMV-P3) R iF1H , %
FHBERE XA B A (yeast two-hybrid system, Y2HS) P H: 7 B £ 3C 8 rb 5 28 1) 1 A G 0 A% B M1, 5- — B MR R 1k
it} / 0 480 Fif§ (ribulose-1, 5-bisphosphate carboxylase/oxygenase, Rubisco) J¢ V. 3 () 3 [H , fiy 44 5y ScRbeL, ¥ 3 4
W ZEE N TP S AE Copen reading frame, ORF) R JE 2y 1 337 bp. i b5 478 N2 BRI . Y2HS MIXUop 15
Y6 H #p (bimolecular flourescence complementation, BiFC) 8255 £ B , ScRbel. 5 SCSMV-P3 fEfE HAE X & . BF9E1IA
Jy SCSMV-P3 5 ScRbel. i HAEW g2 SCSMV {5 Je H 1E -5 Z4E i R OK 26 19 43 7 223l
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Interaction between Sugarcane Streak Mosaic Virus P3
and Rubisco Large Subunit from Sugarcane

ZHU Hailong, CHENG Guangyuan,PENG Lei, CHAI Zhe,GUO Jinlong, XU Liping, XU Jingsheng”
(Key Lab of Sugarcane Biology and Genetic Breeding, Ministry of Agriculture, Fujian Agriculture and Forestry University, Fuzhou
350002, China)

Abstract ;: Sugarcane streak mosaic virus (SCSMV) is one of the causative agents of sugarcane (Saccharum
of ficinarum 1. ) mosaic disease. In this study a sugarcane cDNA library was screened with P3 from SC-
SMYV as bait using yeast two-hybrid system (Y2ZHS). A gene encoding the large subunit of ribulose-1,5-bi-
sphosphate carboxylase/oxygenase (Rubisco) was obtained and designed as ScRbcL. The open reading
frame (ORF) of ScRbcL is 1 337 bp in length and codes for 478 amino acids. The interaction between the
ScRbcell and SCSMV-P3 was identified by Y2HS and bimolecular fluorescence complementation (BiFC).
This research provided new cues to the investigation of the molecular mechanism of SCSMYV infection on
sugarcane, especially on the mosaic syndrome development caused by sugarcane mosaic disease.
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120 ~ 37%, SMD [ J5 FEEA 3 Fl, B #EAE
M99 85 (Sugarcane mosaic virus , SCMV) | 55 52 46 M-
# (Sorghum mosaic virus » StMV) FlH 15 45 8016 %
7 (Sugarcane streak mosaic virus ,SCSMV) , ¥ & T 5
B Y 5% % B+ (Potyviridae) , HH, SCMV fil St(MV
& T 8% Y 5% ® (Poryvirus), SCSMV T 1978
ARAE SR ROR BT IE - 1998 4R € LB T Pory-
viridae™ , 2012 4F [H FR 95 75 43 25 2% 51 2> (International
Committee on Taxonomy of Viruses, ICTV) ¥ H 574
ZRL R - B RSS2 J@ (Poacevirus) (http: //www. ic-
tvonline. org) . %N B E B M AT INPLEPE L H
A% VB R VW | B T A O 7 o R T
BP0 P BT 5 M 0 2 D2
AR

SCSMV & HgE IE L RNA Jg 75, JE R 41450 5
Potyoirus 5 8 HII 55 11 A~ A28 (1071, B
P3 3 H Mt Potyviridae it HHI T LB Z I HH
WHE R REE A%, 2 5 1 0 S M 8] A% 5
SEREARC L R G R A R, B0 B A R T A R
SERR Qe B L UL . 0 B 2 S T LB LR 8l
A B B d iy S5 AR W 2 i R A 3 F2 I R X5
o B A G 19 73 T L BoAT R S0, AWFSE L SC-
SMV 1 P3 & H i 1, A H] B BE X 58 R
(yeast two-hybrid system, Y2HS) , M\ H 5 % & ¢
e i e ] 1A G B A% W S -1, 5- BB AR AL g/ fin
48 Fif (ribulose-1, 5-bisphosphate carboxylase/oxy-
genase, Rubisco) K W JEHE K, iy & A ScRbocL, )
AT YZHS F 53§ 9 54k (bimolecular fluores-
cence complementation, BiFC) 4 R ¥ F T ScRbcL
5 SCSMV-P3 il HAE R AR, NIRIT SCSMV 2 4L H
RET SR MR 9 70 T UL S T S IR A
1 BRI
1.1 K

PRI R g HRE B b L ik B 5 b Badila,
Al AR H AR Yo S sl R S R
LR TR E N . AR (Nicotiana benthami-
ana) A TR FREN
1.2 EWHIE
1.2.1 HE Rubisco KTEEFEREREVER
A L SCSMV 1 P3 & A RiE . FI 1 Y2HS
T NHRE cDNA SR ey 4 Ml 5 A 2 H R AR 9
5L R R S A I R A o A ok E] — A
HAER 7AW . fF 3% v I P )5 6 NCBI (ht-

tp://nchbi. nlm. nih. gov/) ¥4 & F B9 7 2% 4k 4 ORF
finder T IT A HE (open reading frame, ORF) , 3%
FH Blast #E47 [ 43 H7 » 57 3% [ U5 % 51 9 Clustal W
HEAT Z P LR FI ] MEGA 4. 0 4 @ AU
1.2.2 ScRbeL 5 SCSMV-P3 1] Y2HS #FHF M E X
BAEWIE ¥ ScRbcL Fl SCSMV-P3 K 43 5l 78
FEF] pMD19-T #k & b, fiy 4 5 pMD-ScRbcl. 1
pMD-SCSMV-P3, {#i il PCR 5|4 SC-P3-pBT-F.
SC-P3-pBT-R, ScRbcl.-pPR3-F. ScRbcl.-pPR3-R
(R Do L&A H R HE R BB pMD-ScRbel
pMD-SCSMV-P3 J #i #z , 42 PCR " #4153 2] & £
Sfi BEYIAL SR H A A B | s ke 3] pMD19-T
Bk, WP IR E S . S/ BEYD. [ H A
iR T, DNA % 2 il 5 53 51 5 W) 4 T 1) (8] i
0 % B XU A B ik pBT3-N pPR3-N #1732, &
BG ALK AT DHSo, 2 31 T &4 LB/
Kan" \LB/Amp" By E &K F73E .37 CHFE 16 h,
PR P 7% 47 5 #F LB/Kan™ LB/ Amp " ¥4 1 5% 5L
iR SR 6 h, SR 4 ik pBT3-N-SCSMV-P3 Fi
pPR3-N-ScRbel, & F i U] #1 PCR 7 ¥yl I3 75 32 %t
20 AR B EAR AT S S RIE .

53 F 20 5 RL 2H A pBT3-N-SCSMV-P3 &5
pPR3-N-ScRbel., f 14 XJ B 5T ki 2 5 pTSU2-APP
5 pNubG-Fe65, [J] 1 %I B 5t ki 241 & pBT3-N 5
pPR3-N, pBT3-N-SCSMV-P3 5 pPR3-N, pBT3-N
5 pPR3-N-ScRbcel ¥4k B2 4 ifd , 30 °C 250 r/min
B3R % ODsys 35 5] 0. 6~0. 8, ¥ 554k 5 110 1% £ 4 Jfd 5
B BE M B . 72 SD-Leu/ Trp [ 485 FR 5L ERE 7 B
FEFEFMIRA 10 L 20 mg/mL X-gal,30 CH|FH K%
FA~5d, FREREKBIERN 3~4 mm LEf 5.8k
BT 7% % 74 3 1 mL SD-Trp/Leu/His/Ade W {4
B AR P R AR WOR B A K B H A% 3 SD-Trp/
Leu/His/Ade [ AR 753 135, 85 75 56 8w IR A0
10 pL 20 mg/mL X-gal, WLE< B 7% 2B KR OL , 36 0F 28
F Z [E] & S A TE AR
1.2.3 ScRbel 5 SCSMV-P3 1 BiFC #i a2 R
EEWIE 45 DAy B 2k 1A pMD-ScRbel, pMD-
SCSMV-P3 Ik, {#i ] PCR 5| %) P3-BiFC-F.P3-
BiFC-R, ScRbcL-BiFC-F. ScRbc-BiFC-R (£ 1) it
1T PCR 14, PCR 7™ ¥y 2 B g W BE e H Uk K D)
Je s s B 1 F B, i Gateway BP iz #F H 9 R
Bowi B R pDONR221T i v, $2 0 20 28044 Bk
I Mlu T ), $ B Geteway LR IR R 6 SC-
SMV 11 P3 3L H 5 3| BiFC #{& pEarleygate201-
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Table 1

PCR primers used in this study

5195 51

; 1ol
Primer sequence(5 —3")

5194k

Primer name

/AN
Product length/bp

SCSMV-P3-F ATCGAATTGGAGGAGTTTTGCC 990
SCSMV-P3-R CGCACTTTATGGTTCCTGAGCC

SC-P3-pBT-F ATTAACAAGGCCATTACGGCCATCGAATTGGAGGAGTTTTGCC 1034
SC-P3-pBT-R TTGACTAAGGCCGAGGCGGCCCCCGCACTTTATGGTTCCTGAGCC

ScRbeL-pPR3-F ATTAACAAGGCCATTACGGCCATGTCACCACAAACAGAAAC 1381
ScRbeL -pPR3-R TTGACTAAGGCCGAGGCGGCCGCTTATCTATGGTATCCACCGC

SC-P3-BIFC-F GGGGACAAGTTTGTACAAAAAAGCAGGCTTCATCGAATTGGAGGAGTTTTGCC 1042
SC-P3-BIFC-R GGGGACCACTTTGTACAAGAAAGCTGGGTCCGCACTTTATGGTTCCTGAGCC

ScRbeL-BiFC-F GGGGACAAGTTTGTACAAAAAAGCAGGCTTCATGTCACCACAAACAGAAAC 1 389

ScRbel-BiFC-R

GGGGACCACTTTGTACAAGAAAGCTGGGTCCTTATCTATGGTATCCACCG

YN 4 ScRocL 3% [ 5 f& 3] BiFC 24k pEarleyg-
ate202-YC ', pEarleygate201-YN # f5 & {4 5% ¢
# H (Yellow fluorescence protein, YFP) N ¥ [
174 A~ F £ , pEarleygate202-YC 77 5 YFP | 65
ANGEFR . SR FH R VR Rl 12 4 T 201 0K A Ak B AR T
B EHA105 H1,

KRR REB RS A 5 mL LB K57 5
(Rif" 50 pg/mL,Kan' 50 pg/ mL) {1k 45 1, 28
C,200 r/min K5 37 & B, i & Hk B ODy, 35 %]
1.0, #¥F.5 000 r/min, %L 5 min, 7 Fi5.
A1 mL 2 e (D-% %5 B 250 mg. MES 5 mL,
Na,PO, « 12H,O 5 mL, Z B T &F B 5 pL,
ddH,O F &K N 50 mL) ., T2 5 ik, I 3 i
ODgoo ¥ HPHH FE 0.1, WEA 1 EAERIFN E
TR B4 750 pL InAE] 2 mL B0
WAL UE 3~5 h, BUERKIER KA 5~7 it
FI A B 18 48 1 R R I ik B A8 p i, E I 1
17 (2 A K D) 3 56 RV 1 45 R 1G9 . 2~3
dEBURGR M R 1~2 em®, #5108 F, FI48 E 5K R
TCS SP2 Bt 3R £ W8 A

2 AR5

2.1 ScRbeL EERREREMEEFEDH

LA SCSMV 11y P3 2 F1 9175 1 M H RERE B S0
sl 1 gt Rubisco WL, A2 Y115 B 2F o0 Br &
B, %5 ORF KR 1 337 bp, 4ihh 478 A2 5L R
FEAL  JE H O Rubisco KV, iy #4  ScRbcL. AR ¥
Blast 45 5%, B AR AR C, #Y H e 5 B (Sorghum
bicolcor) . T K ( Zea mays) , C; ¥ ) K 7% ( Hordeum
vulgare) . 5§ 5 ( Brachy podium distachyon) . /)N
F (Triticum aestivum) F 7K Fg (Oryza sativa ) Rubisco

IR /N L L TR 7 FI A 2 17 9 Fe X o i . 20
G x4 R L BT A BE5E1F BB ScRbel 5 NCBI
AR 3 Rubisco KW (ABP01448. 1) A 1L
PEfE . 99. 7826, 5 HE(YP_024387. 1) ¥ # B
PEH99.58% . 5 ok (CAAT0416. 1) (1) A5 Ll #: Ky
99. 16 % . 57K F (BAA00539. 1) (4 A8 Lt Fe A%,
93.72% . HEALH 43 Hr 45 SR 22 B, Rubisco K. /NI
N RE R E 2 W EARME.C HY
M C, # 4 Rubisco By K /N KL TE 1A [A] B I 1
(E D,

2.2 ScRbcL 5 SCSMV-P3 E{Ef) Y2HS I&iF

ScRbcL HEFALFEEHy 1 337 bp, H 4 Rk H Ik
kL pPR3-N-ScRbel. £ Sfi WiV J5 , | vk 45 % 2
JRTEL 500 bp By A7 & B0 — 254 . 5 0 A A .
SCSMV-P3 5 |1 4t )7 514 FE 2 990 bp, HE 4 %
RFAR R pBT3-N-SCSMV-P3 & Sfi gV 5.
VKGR B R 7E 1 000 bp A5 09 A0 & 3 BB — 5%
W SHIAEAF (B 2>, My 45 b = H i 5L R
AR L7 Ul B AR A T .

4] % 1 3¢ 55 2 {& pPR3-N-ScRbel. Fl pBT3-
N-SCSMV-P3 Ht 5% 1k, () [ & & & NMYS51 7E /g it
PR F2 H SD-Trp/Leu/His/Ade FA:K R4f.
[F] FsF s A Sy o) Ry B %o A e A A 1R A B P T
NREA K (E D,

2.3 Sc-RbcL 5 SCSMV-P3 E {E£#4 BiFC I iiF

PCR #" % # 21 Jfi B, Yn-ScRbcl, Yc-ScRbel.,
Yn-SCSMV-P3,Yc-SCSMV-P3 (146 A K Bt . HL Ik
o) e B3 7 W KRS WU R — BB 3D .
J7 A5 AW B W 5146 A B AR B IE B AL E R
W 28 A g 2 B )

Sy AR Qe B A MR I B OB R AR B
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0.1

100

H J# ScRbeL
95| H It Saccharum(YP_024387.1)
11 % Sorghum bicolor(ABP01448.1)
[ K Zea mays(NP_043033.1)

A 1

JKFE Oryza sativa(ADD62976.1)
61l — BN 55 Brachypodium distachyon(YP_002000495.1)
45| K Hordeum(AAN27969.1)
TILNE Triticum(NP_114267.1)

97— H I Saccharum(JN591757.1)
88 E w1 % Sorghum bicolor(NP_002450304.1)

[ K Zea mays(CAA70416.1)

71 K% Hordeum(BAJ90202.1)
INFZ Triticum(BAB19811.1)
69 JK#E Oryza sativa(BAA00539.1)
79 R W Brachypodium distachyon(XP_003577109.1)

HHEA AT Z AR A BHAE Y Rubisco & 1 #92E AL 20 7

43 3BT AR OR Bootstrap JIE T 8 000 Y B % A {5

Fig. 1

Phylogenetic analysis based on Rubisco amino acid sequences from sugarcane and other poaceous species

The number at the nodes represents the reliability percent of bootstraps values based on 8 000 replications

M 1 2 3 4 5 6

1500 bp
1000 bp

500 bp

K 2 @4 Fok pBT3-N-SCSMV-P3 i
pPR3-N-ScRbel. 19 S fi i) % iiF
Fig.2 Recombinant plasmid pBT3-N-SCSMV-P3
and pPR3-N-ScRbel. degisted by Sfi enzyme
M. 100 bp DNA ladder; 1~3. pPR3-N-ScRbeL;
4~6. pBT3-N-SCSMV-P3

WL 25 R AR W] TR A TR 3R B A0 L ) A X B
FIR 9O E S IEW T Sc-Rbel 5 SCSMV-P3
HEHZMMEEXRRE S,
33

15 5 E Y v s Rubisco 1 8 A R WEHEFI 8 4>
NS 2H R o TR0 s P o DR 2 0 ) o /0 T 35 D)
AL 2 4 5 . Rubisco TEHE Y G & 1E o 72 F
25 CO, & . 2 560 AR 12, &tk
SEREY) SO A B S BEEE . Rubisco B % & L&
PR B 5 N 25 o A R T R 2
Rubisco 1% 4L Jiff (rubisco activase, RCA)™™ Fl ik iR
W) T Y, B R4 5 Rubisco %%
4 )5 s Rubisco 28 B3t P B AG G, F N 3 25 44 458 o 11
Glu60.loop-6 H1fY Lys334 FI# l2 M 5L 5 2> 8] 4 |
YEHT S BR# Rubisco N i 45 ¥4 3 1% £% 3y , 3 20 Rubi-
sco 1EPE R R,

2 SCSMV fz e H e s AR AT e T P3 A S

i

M 1 2 3 4 5 6 7 8

1500 bp—»
1000 bp—»|

500 bp—»

3 T BIFC H.AE %k #% 5 240 Bk 9 PCR 3 ik
Fig. 3 PCR verification of the recombinant
plasmids used in BiFC
M. 100 bp DNA ladder;1,2. Yn-ScRbcl.;3.4. Yc-ScRbel s
5,6. Yn- SCSMV-P3;7,8. Y- SCSMV-P3

Rubisco KW EHAE LA T RCA #)15 1b & A 5L R
5 AL 5 Rubisco REAE N 3 45 44 38 9 AR EL U0 L (il
Rubisco JoiEA8 T B H 42 . 2L Rubisco 1 .
Rubisco 21 23 5 ZOW Rl 00 . — B ) ) CO,
e & J5 1] %% 8l o't M0 B R AR B 2B
BRC) L Xof L) 7 A N A S R B IR L i R
FAEAEMERR . F—FhAT BB B 1R CO, [l € . T
T 3B R TR A A= i 5 OB 1 R S IS )
AR TR ATP KR Tk Ry i g s o
& AFERE SO PR AIE 2 8 R B L R 2 3 BUR AR I
fift o R

I Rubisco 55 845 Y W BN TE A9 P3 dHH
MEAFRATREE —Fh E B A fE G, TETER .
Rubisco KV FEFN/NEFEE T IR L4 E Y KB
FoFE AL 95 B (Turnip mosaic virus, TuMV) #Y
P3.P3NPIPO J3 il HLAE™ . £ 4 55 1 . Rubisco X
WA 5 E Y i 8 1 CP E/E, A] BB L /2 52
I A 25 ) 35 AL AR B P R 2 DL iRk
J& > Bl 35 00 AN 2 L 20 A% B g B 1) AR AN T
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BD AD

SD/-Trp/-Leu

SD/-Trp/-Leu/-His/-Ade

pTSU2-APP pNubG-Fe65 4 S &

pBT3-N-SCSMV-P3 pPR3-N-ScRbeL

pBT3-N-SCSMV-P3 pPR3-N

pBT3-N pPR3-N-ScRbeL

pBT3-N pPR3-N

B 4 ScRbel fl SCSMV-P3 & [ 1. i £ A 2% 38 B 3iF
BD(pTSU2-APP,pBT3-N-SCSMV-P3,pBT3-N) 1l AD(pNubG-Fe65,pPR3-N-ScRbcl.,pPR3-N) 43 54t F
DNA 254 45 # 38, (DNA-binding domain) F1 4% 55 4 i 4% #4 4f, ( transcription-activating domain) , pBT3-N 5% H 3 {4 . pPR3-N i
iR . I E A pTSU2-APP Al JR £ i pNubG-Fe65 Jy B X IR . §e b 8155 37 5 SD/-Trp/-Leu it 4 &2
SEHIR SD/-Trp/-Leu/-His/-Ade #t/0 4 51R 55 & AR A Z FRAIREES o BIME XS IRAE IR AT Xogal DU SR _E A 4 U 6 7 5
Fig. 4 Verification of interaction between ScRbcl. and SCSMV-P3 by Y2HS
BD(pTSU2-APP, pBT3-N-SCSMV-P3,pBT3-N ) and AD ( pNubG-Fe65, pPR3-N-ScRbcl.,pPR3-N ) represent genes
fused with GAL4 binding and activation domains.respectively. pPBT3-N and pPR3-N represent {or bait and prey.respectively. The bait
pTSU2-APP and the prey pNubG-Fe65 are used as positive controls. SD/-Trp/-Leu and SD/-Trp/-Leu/-His/-Ade correspond

to double dropout medium lacking Trp and Leu and quadruple dropout medium lacking Trp,Leu, His and Ade,respectively. Positive

interactions result in yeast growth on the SD/-Trp/-Leu/-His/-Ade plus X-gal plate and the development of the blue color

36 uUm 1 36 1m

36 L m z 36 u1m

B 5 A 2 1M ScRbel. Fil SCSMV-P3 HE {4 BiFC BiiF
LG5 R AE SR ;2. iH4 ik B R E SR (L0 53, WA e 5K B R W 6T S 4. WG
Fig.5 Verification of interaction between SCSMV-P3 and ScRbcl. in N. benthamiana leaf epidermis

1. Detection of YFP fluorescence (yellow) ;2. Detection of chlorophyll autofluorescence (red) ;

3. YFP/chlorophyll autofluorescence overlay;4. Bright-field

HEARF SRR L DL HE 35 v S A 1Y 1 B SRS . SC-
SMV £ H 5 . Bx 1 P3 8 15 Rubisco HAESR,
T 955 B 2 A 1 Al 2R T 2 5 A BT EAE,
LG 38 i P U 1 285 4 R ) BE R S R E L I & R B
R AR E R H AT IE R W2 A & SCSMV 54

S E Wk

FEHAER DR IRIE . 25 b AR e T
1 Rubisco KW A5 SCSMV ) P3 &M HAE. K
WF5E SCSMV {2 e T 1 3 1 46 -9 A AR 1) 43— HIL
AL T SCBG IR .
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