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Silencing the expression of TaSPX3 by VIGS decreased the
resistance of wheat to leaf rust (Puccinia recondite f. sp. ftritici)
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Abstract In order to explore the function of TaSPX3 in wheat resistance to leaf rust based on the discover that
TaSPX3 expression was induced by leaf rust infection, BSMV-VIGS system was used to silence TaSPX3 in Chinese
Spring and Zhengmai 9023. gRT-PCR was adopted to analysis the expression of disease resistant genes. The results
showed that: The disease severity of leaf rust on BSMV : TaSPX3 infected wheat leaves was aggravated, which
indicated that the resistance to leaf rust was reduced after silencing TaSPX3 gene; The expression levels of diseases-
resistance genes PR2 and CAT were significantly down-regulated in the leaves. In conclusion, TaSPX3 might be
involved in wheat resistance to leaf rust fungus by regulating the expression of PR2 and CAT genes.
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PN Rk v R AR A 9023 5 4t i A
mn Bl A A A R 5 A3 3 R AR A /N 22 4 R (Puccinia
recondita f. sp. tritici) HnZU18-3 Bl &, iZ W &
H A S 6 3 8 TR A
1.2 MEBRZELGEMKSZINSHN TaSPX3 EE
K R
AR T AR o« By A v-PDS, £ K
T Rg Al K 2 R 2 e T8 S0 # A R A R L
TaSPX3 3 cDNA 4K 789 bp, H A S5 2 i i
MFBZE 9023 HhsEfER B, M TaSPX3 3P cDNA
FEEE 122 bp W FE ST FIE N VIGS 1 # AR JF
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TaSPX3-T B4k ve B ol A LIC #2k 1 H
1) B, I T4 DNA R B 09 R Bt 5 &tk 1k
Y HAR BRIV VIEE Apa | 403 3% 32, 3% 5277 )
AL R IAFF . B3 519 VIGS-Test-F/R (£ 1) i
A7 7% PCR i 2 B o [, 326 28 20 W) I 3 56 i 2
Vi W, EE 4 TR 44 O v-TaSPX3,

39Ky (Empty vector) | y-PDS, y-TaSPX3
SEHARS « BHEIR 1+ 1 ¢ 1 AL IR 2T . 41 2% il
BSMV : EV.BSMV : PDS,BSMV : TaSPX3 3 ff
VIGS ik 8 » FI 0 202 e 5 v, 038R v ) 46 R0 RS 22
9023 BT AR SE 56 = AT 5 kB [
F A 9023 XF it 8595 B PL A 7], K42 9023 X
5 995 1 O P BL e [ AR i TR I o B 3 R A N
FRATUIE, M BSMV : PDS B/ H T
TEAIR G FF ] B9 BSMV-VIGS 3T Bk 2 12 7 A 2%,
PDS 3P & /INZE G Feoih 21 2 WA Bl 3 Y, % 0
B OLER /N2 s i B k. 380 BSMV ¢
TaSPX3 By/NE Rk G 2, T 5% TaSPX3 J A
PEOTER G /N X SR B Pt . #2F0 BSMV 2 EV
(8 /1N 22 A TR AT ] 356 DAL A SR DA B P AN 22 1)

PR, VIGS IR #EHERN T/N 24 — ik 458 14 d
Ji » ME A BSMV : PDS /22 it | B AL B0
G, FRRE 5208 = DR A7 1Y i8R T A6 1 34 50 0 AE
BSMV : EV fil BSMV : TaSPX3 fy/N&M /|, 78
R RGN 7 KGN M 7 Bk R AL, 4301
TaSPX3 H& 0BT /N2 P P (14 5
1.3 qRT-PCR

TUBRAE AR AR B PP B 5 0.12.24 h 4%
SIEURE , B Trizol Reagent (N84 ¥R £ A
FR 2y 7. CW0580S, b 50) 48 B AE i RNA, A
HiScript [l QRTsuperMix for qPCR (7§ 5T i ME%E B2
Jr R A BRA T, 223-01, m 5O &L AR
PRVEUL AR RNA K sk i cDNA, LU/ 26S
KNS KM TaSPX3 K RIS 22 59 40 ¢
K PR2 \CAT By M X ik . K TaSPX3 %
PR TR R L o A TaSPX3 36 X UL 2R 4 B 9 A
REE R S K- 52, T 9 6 8 B 1 51 ) WL
*1,

H 1 35 P A X 3 35 KO- i IR 22T kit
BRI AT 3 S AW 2R 5, MU T
test J7 X 45 IR AT W A AT .

F1 XKEETASIY

Table 1 Primers used in this study

EIE7EA

Primer name

51H ) (5" —>3")

. ! !
Primer sequence (5 —>3")

AAGGAAGTTTAAGACAAGTTCCTGGCGTACAAGCG
AACCACCACCACCGTAACCTGTCCACCTCGTCATTGAG

VIGS-122-F

VIGS-122-R

VIGS-test-F CACAGTTGTGGAATGCCATGCTC
VIGS-test-R CGAGCTCCTGCAGGACAGTC
Ta26S-F GAAGAAGGTCCCAAGGGTTC
Ta26S-R TCTCCCTTTAACACCAACGG
TaSPX3yg-F GCTCGTCCGACTCGTCTCCG
TaSPX3yg-R CGCCTTCACCGTCTCCCTTAC
CAT-F CAACTCCGGCTACTGGACCAC
CAT-R ACAACACGTTCAGGGATACGC
PR2-F TGCTTCCATGTTTGCCGTTGCT
PR2-R TGTAGAGCTGCACCACGTCGCT

2 HEREHW

2.1 VIGS EARMHHE
DL TaSPX3-T T 4 Fi ki b B d, ) 51 9

VIGS-122-F/R #47 PCR JX i, 52 B E] 122 bp A9
RSV AR AL 2% B B e B R R ik RS
PCR ¥y, %} PCR ¥ 47 11, 8 108 7 ) 5 4%
PEACRY v BRI 452 , 3 387 W) 5 AL KB T 147, Pkt o
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W PR v B ik 2 20 WU T 5 5 B AR T A1) L X 58 4
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g I E A B B B BSMV-VIGS 1k & 2 %
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W E B AR A 9023 HEER BSMV : PDS fiy /N4
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(b) #RZ 9023 Zhengmai 9023

1 4y 31#H BSMV : EV #1 BSMV : PDS i
INEMRFRE
Phenotypes of wheat leaves respectively inoculated

with BSMV : EV and BSMV : PDS

Fig. 1
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' TaSPX3 BB RIKIKE G5 R K 2 PR . 7E 2
Fpis B 5 F 5 BSMV : EV /N4 M 1 . &
Je BSMV : TaSPX3 i 3 (9 /] 22 76 4 0 55 11 5 19
0.12.24 h, TaSPX3 HH 335K & FEAL,
FWHERD BSMV : TaSPX3 8 A VLR T b H &
IR A 9023 W) TaSPX3 3,
2.4 EEMBRENERFHEHAR

KE— I TaSPX3 JE [H 15 /N % 51 45 0%
T PE T 25 B A BRI G VIGS 5 3 /) 22 2 Fhoin
B .7 d Je Mg i i R AL (& 3D, Rl 3 B
N2 FRBAETS R LY BSMV ¢ TaSPX3 ik 2% Y
JNFE I B A LY B AR RN R Y BSMV . EV [
INAEME bR AR T 2 Y R TR 4L, R W] TaSPX3
55 RITCBR 1 7N 22 5% 455 95 i e PRI

BEMSEHIG 0.12.24 h &0 T 6 4~/NZE HUiw
KEEMFELE, T PR2 MICAT WESRER
BE. WA 4 R, EYE BSMV + EV J[E F /Y
PR2 JE R 7E 4 A &5 B 12 h i @ 2% b R, i gk
BSMV : TaSPX3 H1[H %) PR2 JEKTE 24 h B4
BE F P EHTD TaSPX3 5T R 5 # F 0t
B HR , PR2 SER A 3k 22 8 Tl i 4(b) P,
J&Y BSMV @ TaSPX3 % 9023 4% Fh it 45 & )5
PR2 S ik B E L TG BSMV : EV By 2
9023, % W TaSPX3 & [H A 1L Bk W3 30 T A8 42
9023 " PR2 335 N 4 (o) () w76 2 Ff i
B E T .CAT BEH TR Y BSMV : TaSPX3 /N4
R FA R B K TR Y BSMV : EV [/, %
A Hp [ R R A2 9023 th TaSPX3 K& R 1Y 1T 2R il i
FHHRYG CAT RN FL R E T,

.

(b) O BSMV:EV
< B BSMV:TaSPX3
Z 6
iz §
g
B2 41 *
= 7
=< v
£
Sof | |-
[a=1
0 | |

0 12 24
PR S AYIREA]/h Time after inoculation

* AW FERER P<0.05, »x AWEFXER P<0.01,
% Significant difference P<C0. 05, ** Extremely significant difference P<C0. 01.

2 BEVIGSHFEWPES (a)ME 9023 (b) BEFASFE I TaSPX3 E F 3T FKikKF
Fig. 2 Relative expression level of TaSPX3 after inoculation of leaf rust in Chinese

Spring (a) and Zhengmai 9023 (b) infected with VIGS virus
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BSMV:EV BSMV:TaSPX3 WT BSMV:EV BSMV:TaSPX3
(a) H[E 75 Chinese Spring (b) #Z 9023 Zhengmai 9023

3 BFABNEMBR VIS TENNEEMHEERMH FRE

Fig. 3 Leaf phenotypes of wild-type wheat and wheat infected with VIGS virus inoculated with leaf rust
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(a) PR2 in Chinese Springt; (b) PR2 in Zhengmai 9023; (¢) CAT in Chinese Spring; (d) CAT in Zhengmai 9023;
* NBEEF P<0.05, «x AW BEER P<0.01,
% Significant difference P<C0. 05, ** Extremely significant difference P<C0. 01.

B4 BEVIGSHFEN/NEZEMHFEEE PR F1 CAT ERBEHE T RIEKFE

Fig. 4 Relative expression levels of PR2 and CAT in wheat infected with VIGS virus inoculated with leaf rust

DL EWFgE 4 20, TaSPX3 KPR LBl 1 3 WHRE5ZER
PoR A SEFE N PR2 \CAT B35 I AR T /N B
Xof 4 B I 4R Rt TaSPX3 L B E 8 485 /N 22 %t WM XEA) ZAE T ANEMAEY b, A
5 055 R P Yy B A8 S N R B B R . Hid PR2OJE B-1. 3-
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W, BE G5 HE AL -1, 3R BB £ BAK K #
Al Mo AR B 22 5 T 5B AR 0 K g e )
AL UAE I AE 5 40 i — 20 2 b7 1. DA T 1 o
WP HORHE . 5T T KRR (SA) B TE TR
(ABA ¥ BB S PR2 3 £k, A W% BoR
PR2 Al figi@#f SA Fl ABA NS ESEKE S
INFEBUIE e R N . AR BESE R TaSPX3 %
VLB T PR2 19 %% sk R ik, R W] TaSPX3
4] BB G P 3 PR2 B9 KA AR W 2 AE
Gl (SN R NN - 7 i D AN N1
5 0 1 B 0 1

) A0 SR 3 I 3 R A 4 ) a8 A T 6% 0]
i s i SR A U CCAT) Sz d5 5 2 114 396 M 4800 B il 2
—,CAT 7EWE BR a5 Ml 42 = 4B 1) H. O, LR Ty
[ 2 A (T N = A AR L o Nl D AR
R g3 I PG I 75 AR 3 i A 4 20 4% 0 o IR
FRILAL B HoA CAT A 31, 3-8 SR Ml 0 7 0 b
P, WuR T M W P M. AR BE ST R BSMV-
VIGS & Z 76 B & FAS A 9023 3% 2 Fiist 7% 15 5t
TULBR/NE B, @ T BSMV : EV,BSMV :
PDS, BSMV : TaSPX3 3 Ffh VIGS J5 5. #% ff
BSMV : PDS /2 M F i B AR 3 4, R B %4
RAEE A L UTER /N ZE S 5l iF gRT-PCR 5 46
M TaSPX3 FEH MM X FiE &, ZIEY: BSMV :
TaSPX3 ) /NA f TaSPX3 FE R 35 K F i # K
Txt B4, £ W BSMV-VIGS 1k &2 A5 &k Ut 8 1
TaSPX3 fyZik . WEY BSMV ¢ TaSPX3 /N %
RS, WELE] BSMV ¢ TaSPX3 /N0 A F
% TR F6L 7 MR R LT T IR B S 2 R T 2 A i
s HH O FE N F3h K 5 & B PR2 F1CAT ByRikK
SF-AE JE PR T B R bR B S 2 BT 1A, e BH U R
TaSPX3 FEH Al PR2 1 CAT Hy ik, vl fig &
BEAR /N 22 X 45 T ) B Pk ik 2, &l 3 TR, B
A7 9023 Xf M85 A A BTk L [ RSB AE 2 Fhistfg
HR T, TaSPX3 SHULBRG . #B AL T X il 45 1
i PE, PR2 F1 CAT W RIBHZ 2 76, £ W
TaSPX3 FF 1% /N 22 % 01 45 95 16 B v I 76 i F
] 4 22 1) AT R ELA ) Rk L

ARHFFE R, TaSPX3 £ 0l g IE 4% PR2 .
CAT -2 5/ Xt 85 9 e PE AL . A 5 45 21
KT — WA TaSPX3 P8 45 /N 2 Hi
BL H B P R A T Bt
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