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Genetic Transformation of Rice black streaked dwarf virus P7-1 Gene in Rice and Its Virus
Resistance Analysis
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Abstract: [Objective 1 The purpose of this study is to determine whether Rice black streaked dwarf virus (RBSDV) P7-1
is an important pathogenic factor related to infertility in rice and to analyze the resistance of the P7-1 transgenic rice to
RBSDV by overexpression of P7-1 inrice. [Method]l RBSDV P7-1 gene was amplified from virus-infected plants by
RT-PCR. The recombination plasmid pCAMBIA-1300-P7-1 was constructed and transformed to rice by Agrobacterium
transformation. The fertility of transgenic plants was evaluated and the resistance of the transgenic rice plants to RBSDV
was identified by artificial inoculation of virus. [Result] The transgenic plants showed normal growth and fertility. The
virus accumulation in the transgenic plants was significantly lower than the wild type at 7 days and 14 days after
inoculation, but it was higher in some transgenic lines than the control at 28 days after inoculation. There were no
significant differences in disease incidence between the transgenic plants and the wild type at 30 days after inoculation.
[ Conclusion] Overexpressing RBSDV P7-1 in rice does not affect the fertility. Transgenic rice had lower accumulation
of virus in the early stage after RBSDV infection, but did not exhibit resistance to the virus at the later stage.

Key words: Rice black streaked dwarf virus; overexpression; fertility; resistance evaluation

B OE: [ER] @ KRE Rk KR B 4 %455 55 (Rice black streaked dwarf virus, RBSDV) P7-1 &[4,
34T RBSDV P7-1 & f52& FEUKBATMHEESURH T, FHHMdERE P7-1 #HEFEESRENDUE. 7
1£) X RT-PCR i MBORAEY 163845 RBSDV P7-1 £[K, ¥ pCAMBIA-1300-P7-1 34k, @il RFT 5
EAVEIRAR B B KRG, ISR FER 5 BB IR R 4558, RN TR 3 7 ik A i ZE R R Ak e . (45511
It RiL RBSDV P7-1 (LK REAEK . S550iEs . EER 7 d 1 14 d I 36 R AR o 2 A0 R B IR 35 I T T
AR, {HAE 28 d B FEEERMR R PR AR R B TR, Hef 30 d B BE BRI RR K R 2 5 0 HE G B R
#Z5t. (45 ] KRRt B RiL RBSDV P7-1 REEMIKRGMNEE DL HAERUKAELE RBSDV 12 e 5 vl #1197 2
AR, (B RER P SRR A R ER.

X KBRS, JERE; Bk HUETN

FES2S: S435.111.49; S511.034 XEAFRIRTE: A NEHRS: 1001-7216(2018)04-0342-07

JK G BB 2% % 45 9% 7% (Rice black streaked dwarf &3, ANHhEREGAEV/N, BN ZEFF B R0 H B 5 £0
virus, RBSDV) A 791U # F (Reoviridae) 50 J5 W1 H ILEAR iRk Zie@. 20 4D 60 4EALA
B & (Fijivirus) it , FEEL@E AR CECLEASY 90 AV, KFE 2K R A0 R R B B R fAT,
FETTRALKE, WRYUKFE. . ERSERARE KR ERAEFREE T 90%P. 2007 FELSK, %
P, KFEIE YT S RPUONRAR RS, IR R RTINS RS 3 A A, 2008 TR

s HAE7: 2018-01-05; f&saimUs®l HER: 2018-05-08.
BEEWE: EERESTIR LI BI H (2016 YFD0300706);  [H 5 [ 4hFL 4L 4 R B H (31471768).
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A RIFIRIAIL 26.7 /5 hm?, 2009 4E38 N3] 33.3 /i
hm?, BT BRI B 1 5 A 4ok 2 5Ot
IKAG BB, RKRE A = 38 1 B,

RBSDV Jii #3E [RIZH HH 10 262k M XUEE RNA 41
B, AR HAE SR P I I e i b ()3 7% 1 R e R 3]
8 PR IR FR R S1~S10. S7 42K 2193 nt, Zwbd
363 MR, FHAMNANAESN ORF, 4midmif
B P7-1 A1 P7-2, ¥R MARS B ), fE K
S RE AN A B H A B AT RGN B P7-1 2R ) RIA,
BAEAF T ER R NMEEE R . 1EBRAEY) +
P7-1 EHE AR/ 41 kD, T B gy 44 kD,
% 735 P7-1 76 AN [5] i 25 3 vh T REAEAE A [/ fr s )
G5 AR G hRic o P7-1 ZE IR G b KA AE,
T HONEIRGE M G B R %y, fE RBSDV 12
P, ARG E BT, KhEa
KEREFBRLC, P7-1 (40 M = AL oM TR, 1%
R0 RE > B A B R e A T A A% . Al
JR YRR L, RS MR E 2 AR id B (1 PDLPL
PR A DAL

Y)Y RBSDV J5 £HEAL, AR IEH i
gisz, fEdEF EEYPIE T it &KL RBSDV
P7-1 BRI SR AR, AP IR R R
ETRE, HEFEKAGEERSES®, mTHET
ANJ& RBSDV Wiar £y, Ait— 5 RBSDV
P7-1 R HThAg, WML ERESHFEHEMAFTN
BORIK T, FATME T pCAMBIA1300-P7-1 ) HE 2
RIEHA, HKBHAN, KA TLERE
RBSDV P7-1 HAGRERIAEMK, FHortr 1R IRE R
X9 B P o

R EPRE

11 ##

FF3 587K e FR A% 4w 2 (RBSDV) P7-1 %
DRl T 7K AR R BT 5 R AR M T 22X, Bt
(K A R 7548 AR ML R 2 e A ) R 37 9T T T 9

FEWFRRAT . T BALFACKIK A Ay H A

1.2 RBSDV P7-1 E£F =

5 NCBI #)/FEH RBSDV S7-1 JER (& ¢
5 AF397894) 7 HI ity 1 P7-1 BRI PCR 5l
) P7-1-Asc |-F F1 P7-1-Pac I-R(¥% 1), ¥ #7291
K/ 1089 bp. 5140 RS ot e Wk AR R
HIRAF A

K Trizol i 7)(TaKaRa)$#2 BUE 4 RBSDV
KT F 8 RNA, FI FH 5 2 5548 771 & (PrimeScript™

RT Reagent Kit with gDNA Eraser, TaKaRa)# i
cDNA. PCR&AZRUIF: ¢cDNA 1.0 uL, L FiF514
% 0.5 uL, 10<Taq Z&Mf 2.5 ul, dNTP 0.5 uL,
Taq ff 0.5 pL, i ddH,0 #ME % 25.0 uL. PCR %%
H41F: 94°CF 5min; 94°C K 1 min, 56°C | 40's,
72°CF 1 min, 32 MEH; 72°C LA 10 min.

P7-1 ] PCR ¥ #2414 DNA [l &S
pMD18-T #fk, KA H7% PCR i B v )5,
PERUTRL, BEUI%EimA R BOR/N . BV IR R
FLFEAT IR, 2T NCBI $ds 2 AT R 7 51 LL s
K H DNASTAR B AE o W 18 7 41 1 R 3R
HY pMD18T-P7-1 21 i ki
1.3 F|LEFRIEH A pCAMBIA-1300-P7-1 HI#E

FABR 114 ] DTS Asc | A1 Pac | i) pMD18T-
P7-1 SR, BT P7-1 2R H B EH
T4 ERERE FERSE pCAMBIA-1300 FiAH 4.
Ry P7-1 2R 50347 PCR, fifiidk BHE e b,
KH Asc | F1 Pac | EgUIBH M wBE R AL, 1S
pCAMBIA-1300-P7-1 B HFKIEH M
1.4 KRFENTSHEERCREEEKEKRT
141 RAFEANFERAEHAL

PRIE A L KRR T, KB R HEATK
FEEHL WSS MR ET TR, ¥ pCAMBIA-
1300-P7-1 Jii kiR H L ik 5 N GV3101 AT i, Bk
A LG AT RAF AL, IRk R 7538 L0
wha, AT EREETR, R To H A IE .
142 #HEARKRBEE

KH CTAB VE$HEHL To AU IEDIAE PRI Fr it
DNA. ¥ 5 R IR P (HPT) 2L R 1 514
HPT-F #1 HPT-R 347 PCR #ll. % Trizol %32
HusE FEDIREARH B RNA G, USR5S cDNA,

xk1 FHARFASIY
Table 1. Primers used in this study.

Bl EA S il

Primer name Sequence(5'-3")
P7-1-Asc I-F GGCGCGCCATGGATAGACCTGCTCGAGAAC
P7-1-Pac I-R TTAATTAAGCAGAAGGAGATGAAAAG
HPT-F TTCCTTTGCCCTCGGACG
HPT-R ACTCACCGCGACGTCTGT
P7-1-F1 ACCTCCTCCACCCCGAAA
P7-1-R1 GTGGAAGTGGAGATCGCCATA
OsActin-F CAGCCACACTGTCCCCATCTA
OsActin-R AGCAAGGTCGAGACGAAGGA
RBSDV P10-F  GCCCCACGTTGCATCTTC
RBSDV P10-R  TGTTGGGCAAAGTGCTAGTTTC
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Al HPT-F/HPT-R(3 1)#1 P7-1-Asc I-F/P7-1-Pac I-R
51905 I HPT A P7-1 FE K1) 2K

To PH P 3 B R AR USCRF 5, SR F CTAB £ HL
T, FEFE R - DNA, R HPT 514947 PCR
K, USCHR Ay B EL T 3 0 1 Ty BEREDRIAE AR A
T KON R T SRR BB, T RARDNKESD
BN SN R .
1.5 RBSDV P7-1 EERIEDH

PEEUEE R 20 d (1) T ARFEEE R R S RNA,
SRS cDNA, KA1 P7-1 K151 4)(P7-1-Asc
I-F/P7-1-Pac I-R)#E{T PCR #7418, i 3E A AE Ak
oP7-1 RKREFRIE. A, KRHARLEER
PCR(qQRT-PCR)%#T P7-1 JE K A M Rk & . P7-1
FER P85 %04 P7-1-F1 #1 P7-1-R1, OsActin
184 5|45y OsActin-F 1 OsActin-R(% 1).qRT-PCR
2 Xu 00 Ik k4T
1.6 HEEFAEST RBSDV B4 45

Phik 4 A T, REGEHIEFE R#-14, #-19,
#-40, #-46), KM N TEFHEEF RBSDV, LA
PR H AR E X IR, AN T.8A RBSDV &
FEPI TR T, IR BN. K 1~2 ILEFK K
B\ BAE Y RBSDV KK gtk LM 7 d 5,
R AR 3 5K L, g T dAEHEE
#EIEI, SRA ELISA kA K CE I # 8 R,
A RBSDV [F K KA\ f% 2 B 3 Sk/Fk i & /h T
3 M HAEY AR ARG A T P7-1 3 3L RKHE |,
FEFR R 3 LA A RN R AW RBSDV
K CEVERNGTIR . R 2~3 d Ja K /KFE
FE KW, #M30dESIERE.

ANTH#M RBSDV 7d. 14d. 21d. 28 d I,

1500 bp

1500 bp
1000 bp

1000 bp

1500 bp

rH [ 7K R4 (Chin J Rice Sci) %5 32 4555 4 H1(2018 £ 7 H)

RS S R BKFE M AT IR A IR, SR ELS
RNA, REESEA R cDNA. KA qRT-PCR 4-#ir#%
S5 ERTAEL AR OGS LA Hh G A B3 41 5 2 1 1Y P10 &
IR 2Rk L, LKA actin NN S 2E K. RBSDV P10
5|45 RBSDV P10-F 1l RBSDV P10-R. gRT-PCR
S8 Xu Oy AT

2 RO

2.1 KIBEXEMHERS PT-1 RERERF S
LUEG: RBSDV [f17KH% cDNA iR, KH
P7-1 -Asc I-F/P7-1-Pac I-R N51%, PCR ¥ 1 P7-1
Fe[H. BRRREEEIR UK 7 #TRBH, PCR ¥ H53k45 —
%% 1.1kb (%7, S5 HIEERER /N 1089 bp
FHFF (B 1-A) . PCR F= el i J5 142 pMD18-T ik,
ALK AT B 5 R PCR 7% 3145 P 7 [ (1K
1-B). PHMETEEEFRLH Asc | A1 Pac | #E4T XU g,
ARTS— 255 B R K/ — 8 %41 (K 1-C), &
] P7-1 2K £ N\ pMD18-T #44&. pMD18T-P7-1
M55 R0, TR P7-1 28 ORF KA 1089
bp, Zwfd 363 NEILEL. E NCBI P17 Lbxt 4>
M, KB AT#3 5% 5 RBSDV P7-1 CDS #% R+
HICE 3T AF397894)F 2 MR % R, FIEME
N 99.8%, HAFFILLXTKIA 1AM ZESR,
[ 99.7%, K BIY 14 AT 43 25 X RBSDV P7-1
A,
2.2 EEFRIEFH KX pCAMBIA-1300-P7-1 BIHIE
K& PN B Asc | Al Pac | i)
pPMD18T-P7-1 Jiifi, 343 P7-1 JEF B, [EUE
JE & 2 A RN ) ) pCAMBIA-1300 fEY)

1500 bp
1000 bp

1000 bp

A—PCR ¥ RBSDV P7-1 J£[K(M—DNA #xid, JkiE 1 1 2 737009 DA A LR cDNA #7718 P7-1 ) PCR 7#7); B—PCR fiiiik
pMD18T-P7-1 fi{4: 52 f%; C fil D—pMD18-T-P7-1 fl pPCAMBIA-1300-P7-1 5 ki (B 0 Hr (WK 3 5 A 7 A SR AL ki B Y17~ 40, ¥kiE 6 A1 8 A
AT A BORL X ) o

A, PCR amplification of RBSDV P7-1 gene. M, DNA marker; Lane 1, cDNA of healthy rice; Lane 2, cDNA of virus-infected rice. B, Screening of
positive clones of pMD18T-P7-1 by PCR; C and D, Digestion identification of recombinant plasmid pMD18T-P7-1 and pCAMBIA-1300-P7-1(Lanes
5 and 7, Digestion product; Lanes 6 and 8, Plasmid without enzyme digestion).

1 pCAMBIA-1300-P7-1 ELHFIASAHE

Fig. 1. Construction of the pPCAMBIA-1300-P7-1 expression vector.
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W ICRIEFA, R EHAKEHMA pCAMBIA-
1300-P7-1. FEHEARH Asc 1/Pac I HEATEFV) 4 E,
4E R o pCAMBIA-1300-P7-1 XUV 5 vl 3515 5
P7-1 B /N —8H 545 (K] 1-D), R IR
RIS H 2 Kk ik pCAMBIA-1300-P7-1,
2.3 RITFENSHIEEFELF D FEN

KR EN S pCAMBIA-1300-P7-1 #
th KM HARS. f£@fiES. IR, ik, o
WHAERRSED IR, (E5 A HE X R 7R A DLk
13 52 HREAHINER) To ARk, BT
To FEFE R AR A T N PH M FE DR AR AR, $REX To 3%
FEMERRH F DNA J5, PCR Y1 HPT 3£ 14, 4558
{78 PCR AIH H3R15 K/ Lkb 265 (K 2), 5
H 9 A BE A /N (1009 bp)—2, R FTREIN To MR N
B FL DR PHVER bR -

FEHL To A FMERM 2 RNA J5, 31T
RT-PCR, 43#r HPT Fl RBSDV P7-1 £ H ik
Oo GREIR, To e EHEMR ATy 13RS PT-1
A HPT PR R/ NMHFF R 2671 (K] 3), KB RBSDV

P7-1 B [RTEFE B R ik h Rk
2.4 FEEEKFEH RBSDV P7-1 EERIES

A T SRR ik TR P7-1 3 R R IE T 0L
K H RT-PCR Al qRT-PCR 73#71 T 4 A T, 4li &5 5k
bk R (#-14, #-19, #-40, #-46)h P7-1 KIRIATE
L. PCR 5 KM, P7-1 1F 4 Mk R Rk (HE
4), qRT-PCR 4550 #riion, 76 4 NMERRRK R
RBSDV P7-1 [fAHX} RIA R 737y OsActin & [ (1)
0.32. 26.3. 38.17 A1 17.55 f%( 5).
2.5 FEEEKFEX RBSDV Bt

RBSDV P7-1 &3 [RIRE AR ) A= KR A AN &5 sz i
TS HEARRL, AT IE R 455 (E 6), R P7-1 %
Rt B RIE AWK FERI L. Nl ERIE
P7-1 ERIKFE A RBSDV 2 5 B Hilk, HHp
MR RBSDV J&, KH qRT-PCR 4 T ik &3%
i P7-1 3R EE A R E R . RS 7 d A
14 d B, FEREFEKRPRENRREDRERTEAE
RINHIR, #5607 d I, #-14. #-19. #-40 Al#-46 T
P10 A 1 3RaK 43 5l R T 11.5%5.7%+6.2%

M 12345 67 8 910111213 14151617 18 1920212223 24

e el

M 25 26 27 28 29 30 31 32 33 34 35 36 37 38 3940414243 44 4546 47 48

ver e L L L L L

M 49 50 51 52
HPT
M—DNA ¥rit; 1~52: #E3EH k.
M, DNA marker, Lanes 1 to 52, Transgenic rice lines.
E2 T 3EREEHKE PCR &M
Fig. 2. PCR identification of T, transgenic plants.

A M1 234567 8 910 11121314151617 1819202122 23 24

M 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48

buh--'-.n.n-w--.

B M1 2 34567 89 1011121314151617 1819202122 23 24

M 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48

M 49 50 51 52
HPT

A—RBSDV P7-1 ZF 4§ H; B—HPT ZREH 1. M—DNAfxid; 1~52: HEPFIHk.
A, RBSDV P7-1 amplification, B, HPT amplification. M, DNA marker, Lanes 1 to 52, Transgenic rice lines.

3 T EEEER P7-1 #1 HPT £E/ RT-PCR 947

Fig. 3. Expression analysis of P7-1 and HPT gene in T, transgenic plants by RT-PCR.
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1500 bp
1000 bp

M, DNA HRic; #-14, #-19, #-40 Fi#-46, T, 7 HEEME R . T,

M, DNA marker; #-14, #-19, #-40 and #-46, T, transgenic plants. The
same as below.

4 RT-PCR #&M T, 8 EEEMRT P7-1 BI5RIA

Fig. 4. Detection of P7-1 genes in T, plants by RT-PCR.

500
o]
B400 } b
i 300 b
Z & c
&= 5200
<100
a d
0.0

#-14  #-19 #-40 #-46
FEEFRAN R/ ING FRHRER 2 51K 0.05 B2 /KF.
Different letters mean significant difference at 0.05 level.
5 QRT-PCR &M T, ERF @+ P7-1 B9FRIE
Fig. 5. Expression of P7-1 gene in T, transgenic plants by
gRT-PCR.

rH [ 7K R4 (Chin J Rice Sci) %5 32 4555 4 H1(2018 £ 7 H)

M 21.3%. {EFEFP 21 d B, 4 NERERBKRTA 2
AR R KRR R R T, EE Rk 28 d I,
#-19 Fl#-46 4 B RAE AR % 75 AR R & S50 ROJC 52
FMER, #14 40 TR R R EH R R
m TR 7). DL g SRR, B RAE MR AE TR
BHR Y F W R R A — e P

RBSDV #:Fh#E FE RIfE M 30 d J5, Guit K%
FEpREERD 3 Sk B, 4 ANEEIERIAR R SO BRI K
243 2N 81.1%. 86.7%. 84.6%. 80.0%71 87.5%.
FERREERD 2 Skl EE e, 4 ANERIERIAR R SO BRI K
T 245 WS4 70.6%. 75.0%. 92.0%. 72.2%7F1 80.0%,
R & RIA P7-1 HE K J5 e L R M RBSDV A
HAEPE.

3 Wb

i RBSDV 12 4L5| L) 7KFE B KR40 Fll KoK
F4amE 20 el 60 FRKAERITES, OF 50
ZAERI L. TR, BEE DT EDFESERRIIK
&, 1t RBSDV LR Ihfe. e S5 BAE K&
955 B B0 WL 2 T B B T okt e o,
RBSDV {7 477 T A8 4 J5 17 S 20 A0 miRNA W7
B AR o S A TR A4 B BE S R SRR
FIRAE TR T MRS . A SR,

#-40 #-46

WT, FFA:RY; #-14, #-19, #-40 Fil#-46, T, 55 Fk R FE.

WT, Wild type; #-14, #-19, #-40 and #-46, T, transgenic plants. The same below.

B 6 TEFIA RBSDV P7-1 T, B E KV SIIE R

Fig. 6. Seed setting of the T, transgenic plants with overexpression of RBSDV P7-1.

#MIE7d HMfE14d
20 r 7 daysafterinoculation 50 14 days after inoculation
)
2 40 }
=
.2
“—Jﬁ 30 F
V=
i
S 2.0
< >
g
K] 1.0
0.0

WT #-14 #-19 #-40 #-46

AR H A B A L 22 s 0.05 7K.
*Compared with WT, difference was significant at 0.05 level.

WT #-14 #-19 #-40 #-46

HME21d F 528 d
60.0 21 days after inoculation 60.0 28 days after in(;culatinn
*
40.0 *
20.0
0.0

WT #-14 #-19 #-40 #-46 WT #-14 #-19 #-40 #-46

7 REEEEKATEMRSAEREG RBSDV P7-1 RixESR

Fig. 7. Relative expression of RBSDV P7-1 in transgenic plants as infected by virus for various time.
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E7 7542 G T SUE VIR 46 I 52 e 45 SE AL IS
FRRANW T . AW 7R RBSDV P7-1 & HEH
I B RIA G, R RE 2L 5 B R
MR RESE S, P7-1 1R AT A2 B R Y5 S 8UH
MAE R EEF TCL T P7-1 8 AER FEE0W
HREFRER, AWK EERET P7-1 %
[Rl, SR, FEEEIKAEIH R RIS GE LS L HRER,
HERERBERIEF S (B 6). Bk, P7-1 2%
R R SEHEYAE BB N 7 —
L

T 3R 7 5 TR IR AR P e B R A 2 Bt
RSN TREM TR 2 — . H 1986 75
i B R IA M S AL R B (TMV) A 378 8 2R R 3Rk AR
B e 7 1A% PO 095 753 S PR 2 AR, ) P s 2
RARRWANEE A Fiae R IR AE sh & A
S5 SR B AR LA VR 2 B ) e
NEHTRAHT 7R B I8 RBSDV P7-1 # 3L [A]
MRS B RE NP, BRAITRAAN TEM
RBSDV (W 7755 M T 5 2 AR MR B I B -
GERELR, PERRTEE 7 d R 14 d I, SRR R bR
A R E T X, (H R feh 28 d W 53N
MR R R A R H NI, B3R 30 d ek
AR PR A R G X A B 2R, RETERE
P7-1 F#E A R RA B A X RBSDV Hitt. AW
RIE, 78K i Rk KRS R 4699 5 (RDV) K E
SERIER I Pnsll HIFEEERERAR BN RDV B4
PR, % 2 B FE R rh Rk B RO S M R A R
AN — 52 REFZ AL B IO P o

SR EEIE 3 B A R AT A SRRSO K
7 i BT 5 B (TMoV) B B AL 1975 2 (TMV) Sl 2%
RGNS E A FNHEL G, B R W] DL
# TMoV B TMV Ji 842 402, g Gk nint
i 5 (BDMV) B 4= B 8f RAZ [1)12 3y 85 1 BV1 8 BC1
RSN BN A 5 FE I KR AR ToMV FEK
231 RBSDV P7-1 R RN 4 % gtk 4 424,
FERY P7-1 W] 2 A T M la] i 42 ab ), P7-1 BE 3L
WMRAEBMRTE 7 d A 14 d I5F, FEEH B8 B
TR, HEN P7-1 3 B3Rk 5 1 A A 2 A it
S5 B 41 D [B)32 B8 S B 1R s
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