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Functional analysis of protein kinase TaPiPK1 in wheat resistance
response to stripe rust
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Abstract Wheat stripe rust, caused by Puccinia striiformis f. sp. tritici (Pst), is a serious threat to wheat
production. Pst frequently produces new virulent races or pathogenic types overcoming the disease-resistant genes
applied in wheat production through frequent virulence variation, subsequently leading to the susceptibility of
resistant varieties to diseases. Therefore, excavating genetic resources of resistance is of great significance for the
genetic improvement of wheat disease resistance and accelerating disease-resistance breeding. Protein kinases play
an important role in the transmission of plant immune signals in response to pathogen infection. In this study, a
protein kinase gene TaPiPK1 involved in response to Pst, Blumeria graminis f. sp. tritici and Fusarium
graminearum was identified by analyzing wheat transcriptome data. TaPiPK 1 encoded 551 amino acids, and contained
a serine-threonine kinase domain at C-terminal. RT-qPCR results showed that the expression of TaPiPK1 was
upregulated in the early stage of incompatible interaction between wheat and Pst. Subcellular localization revealed that
TaPiPK1 was mainly localized in cytoplasm and cell membrane. Transient silencing of TaPiPK 1 by barley stripe mosaic
virus-mediated gene silencing technique (BSMV-VIGS) significantly reduced the resistance of wheat ‘Suwon 11’ to Pst
CYR23, indicating that TaPiPK 1 plays an important role in wheat stripe rust resistance. Therefore, TaPiPK 1 may be a
potentially important gene resource for breeding for stripe rust resistance in wheat.
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Table 1 Primers for TaPiPK1 cloning and functional analysis
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TaPiPK1-F ATGGAGGCTGTCCGTATCTACTG 1653 58 FEH TERE
TaPiPK1-F CACGGTGAGGCGATGATGTTTATC
TaPiPK1-pCAMBIA1302-F GGGACTCTTGACCATGGTA
ATGGAGGCTGTCCGTATCTACTG 1691 60 ST AT o7
TaPiPK1-pCAMBIA1302-R TCACCATCCTAGGACTAGT
CACGGTGAGGCGATGATGTTTATC
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RLTEEOh /NEERIE 48 h
PEGOh Blumeria graminis f. sp. tritici 48 h
RZ W 12h INEERE 72h 10
PEG 12 h Blumeria graminis . sp. tritici 72 h 8
HRFEBEL AL B AN R B R R 6
Root treated by salt Non-i‘n(')cu!ation w1th Blumeria 4
graminis f. sp. tritici
2
LD A AT INEEAR R 24 h B
Without salt treatment to roots Puccinia striiformis f. sp. tritici 24 h

FIRATR O h
Heat 0 h

FRALEE 1 h
Heat 1 h

FRALFE 6 h
Heat 6 h

INEETREE R A IR

Non-inoculation with Fusarium graminearum

INESART 48 h

Puccinia striiformis f. sp. tritici 48 h

INESZARE T2 h

Puccinia striiformis f. sp. tritici 72 h

AN SRR R R
Non-inoculation with Puccinia
striiformis f. sp. tritici

INEAREERTA d

Fusarium graminearum 4 d

P A% SRR A AL B, 0~ 108 Bl 22 5 3 n TaPiPK 1R RIB B 25 5, ARERERAL B 150 mmol/L NaCl, mil4c 4 A40°C.
Each cell in the grid chart represents one treatment, and the color difference ranged from 0 to 10 represents the difference in the relative
expression of 7aPiPK1. The root salt treatment is 150 mmol/L NaCl, and the high temperature condition is 40°C.

1 TaPiPKl EAREREEFSTIEEDIE TR/NEZHRBHIES N
Fig. 1 Transcriptome data analysis of TaPiPK1 induced by different pathogens and abiotic stresses in wheat
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RT-qPCR 53 IR  FEA S W 5 /0 & iy R i
HAEH, TaPiPK1 FEZAERE R R Y 12,24 h Al
48 h Fik HEREFE 12 h MIXF FIR B LR 0 h 19 5
fif R BNFA R A (& 2) . =N TaPiPK1 A fig
FE/INZ 28 25 R AR e A R HE A
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Relative expression
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)G /h

Hours post inoculation

VA TaEF-la HNBFEH . * F1** 4RI FRREM RS 0h ML 2E R BE
(P<0.05) fuz= 7t B35 (P<0.01).

TaEF-1a was used as the internal reference gene. * and ** indicate significant
difference (P<0.05) and extremely significant difference (P<0.01) compared to
0 h based on Student’s #-test.

2 TaPiPK 7E/NZE & KR 11" 5&4H CYR23
BEEERHRMRIEES T
Fig. 2 Expression profiles of TaPiPK1 in the incompatible
interaction between wheat ‘Suwon 11° and Pst CYR23
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124 24 .48 h f1 120 h J§ TaPiPK1 (3335 &4
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y-TaPiPKREH TaPiPK1 [ 32k & B 22 51K,
1E 24,48 h 1 120 h 43 Bk 2> 58.1%. 61.4%.
45. 3% .4 TaPiPK1 #A 5 UUE (B 300, DLk
SR FRMPIBR TaPiPK1 W55 T /NE MU HE, 1IE
PR N FE B SR R S
2.4 B WPiPK1 {2 T EFRAENEZTRPNEE
FIHHL EME F B R 2 K KB IEN. &
PRTE 24 h f1 48 h, TaPiPK1 VBRI F 4545 T 17
YU 22 K I 25 KT X IR B 229 Je T AR AL i 25 K
TXTREr (B 4, JTER TaPiPK1 gt 7 /N i
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CYR23
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Mock: AKL@H’JXTEH»FEJ‘* BSMV: y-PDS: BN ULERPDSEE H B HIRK; BSMV: y-TaPiPK1: RIN TR TaPiPK IEEF R BSMV: y: 3E{T BRI TERAL B2
XERRARR . ar TRIR LTI R 22 A BB I R B2 s b: KA LAEM 3 AL R PO AR AN CYR23 MY R AL o1 TaPiPKIAEHEAD

CYR23JF IUTERAR » * RN 2ol B A AL 15 %) R4 22 e (.35 (P<0.05) o

Mock: Untreated control plants; BSMV: y-PDS: Transient silencing of PDS in plants; BSMV: y-TaPiPK 1: Transient silencing of 7aPiPK1 in plants; BSMV: y:

Control plants treated with instantaneous silencing. a: Phenotypic identification of wheat ‘Suwon 11" inoculated with BSMV; b: Phenotypic identification of

BSMV-infected wheat inoculated with Pst race CYR23; c: Silencing efficiency of TaPiPK1 in BSMV-infected wheat after inoculated with Pst race CYR23.

* indicates the significant difference between the treatment and control group (P<0.05) based on Student’s #-test.

3 TaPiPK1 /&R KR 11" 5EFEIEFRFNF CYR23 BEEREIIBES 1T
Fig.3 Functional analysis of TaPiPK1 in the interaction between wheat ‘Suwon 11° and Pst CYR23

BSMV:y BSMV: y-TaPiPK1
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Hours post inoculation Hours post inoculation
a: WGA-Alex 488 e o [{y Pt 22 K FR VLS V: AL F e HMC: W25 BN TH: RYLPH 220 A7 R=20 um); b: $5Fh CYR23J524 hI48 hity i 22 K JiE; o 4%
Ft CYR23J524+ 48 hilgPstR LA . ** RN Ll S0 b BEAL 5 X IRAIBSMV: v 28 Fedl .3 (P<0.01)
a: Development of Pst hypha stained by WGA-Alex 488 (SV: Substomatal vesicle; HMC: Haustorial mother cell; IH: Infection hypha. Bar=20 pum); b: Hyphal
length 24 h and 48 h after inoculation with CYR23; c: Infection area of Pst 24 h and 48 h after inoculation with Pst CYR23. ** indicates extremely significant
difference between treatment and the BSMV:y control group (P<0.01) based on Student’s r-test.

B4 MEXFHEBRMTER TaPiPK1 /MEHREHHZERRL
Fig. 4 Development of Pst hypha in TaPiPK1 transiently silenced wheat leaves
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2.4 TaPiPK1 iV Z0 8 ZE i 53 #7

T HRGE TaPiPK1 K AEAE R AL B A AT
WA S B R IAE AR TaPiPK1: GFP @i 24k
TEMH R TR BRIy 2235, LA H 338 GEP [y it 2 % R,
MBS B TaPiPK1: GEP 4% (4,550 3 253 41

RSk 15
GFP Bright light

A AT ) 200 i B R AT e B (IR Sa) . R T E
TaPiPK1:GFP F1 GFP J2& 15 1E i 2 15 , $2 O 17 4
B R E 1T Western blot 4387, 45 5 4 il ks

Mz 75 kD K& 25 kD 4. 5 HREB > 7 E—
AR A S IERR A (B 5b)

iy
Merged

TaPiPK1:GFP GFP

a: TaPiPK 1:GFPHIGE P M 5 20 Ji v 4 I 20 fitd
SEAL; b: Western boltk& i) TaPiPK1:GFP. GFP
D

a: Subcellular localization of TaPiPK1:GFP and
GFP in Nicotiana benthamiana cells; b: Detection
of TaPiPK1:GFP and GFP proteins using Western
blot assay.

5 TaPiPK1 7£ X8 % 20 i1 i) S0 40 R 7€ {3

Fig. 5 Subcellular localization of TaPiPK1 in Nicotiana benthamiana cells

3 HFw5ifie

£ 5
TR (RGN i R B4 i KT B
FEBRATAL RS T BRI 22, ) 2 T
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S E B RLK-V 2 0N RE % 4 19 /N 22 0 10k
PR HHERE LM . A o T e i R R R
TaPiPK1 IEPE/NZ X B PirE. NEDUR
FLH STB6 1E M4 9%5 W Zymoseptoria tritici 355
JG 24 h FiHFEP, TaRLCK1B 52 /N2 805 %6 #
Rhizoctonia cerealis 5% )5 24 h f1 48 h FHFE
B BB S TaPiPK1 8485 T 1=
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