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Analysis of Phenotypic Characteristics, Physiological
Responses, and Immune Signaling Pathways in Wheat in
Response to Blumeria graminis f. sp. Tritici

BAI Shuangyu, CUI Yuanyuan, WANG Zhaoyi, HE Juntao, LIU Caixia,
LIU Fenglou, WANG Zhangjun, LI Qingfeng
(School of Agriculture, Ningxia University, Yinchuan 750021 )

Abstract: Understanding plant responses to pathogen invasion is important for identifying resistance genes.
In this experiment, the seedlings of wheat variety Zhongzuo 9504 were inoculated by powdery mildew, in order
to observe the changes of growth, physiological metabolism-related indexes and gene expression in wheat leaves
atOh, 6 h, 1d, 4dand 7 d after infestation. This study attempted to reveal the response mechanism of powdery
mildew inoculation on the growth, osmoregulatory substances and reactive oxygen species in wheat. The results
showed that with the increase of inoculation time, the number of dead cells, and the activity of peroxidase and
superoxide anion in wheat leaves tended to increase. The powdery mildew produced mature secondary conidia 7
days post inoculation. Phenylalanine ammonia-lyase and polyphenol oxidase functioned at different infestation
times. Soluble protein content basically showed an increasing trend, chlorophyll content decreased significantly

at 7 d, which in turn affected plant growth. No significant changes on hydrogen peroxide content was observed
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throughout the inoculation period. Transcriptome analysis revealed that PTI signaling was partially inhibited and

down-regulated at the initial stage of inoculation (0 h to 6 h). PTI signaling responded positively in the early and

middle stages (6 htol d and 1 d to 4 d), while ETI appeared in the early stage. In the late stage of infestation

(4dto7d), there was a down-regulation tendency on both the PTI and ETI signaling pathways, as powdery

mildew had colonized the surface of the leaf completely, thus compromising photosynthesis in wheat.

Key words: wheat; Blumeria graminis f. sp. Tritici; reactive oxygen species; signal transduction;

transcriptome analysis
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A :Leaf phenotypes at different infestation times ; B: Growth status of powdery mildew at different infestation times; C: Condium; PGT : Primary

germ tube; AP : Appressorium; M : Mycelium; FC: Foot cell of conidiophores ; CO : Conidiophores; Red circles indicate visible powdery mildew
E1 BHEERERNEMFRIYE

Fig.1 Phenotypic observation of wheat leaves infested with powdery mildew

A: BB IEY0; B: DAB 44 ; C:NBT 42 (s
A : Taipan blue staining; B: DAB staining; C: NBT staining
2 INEMREEUR

Fig.2 Observation of wheat leaf staining



526 EIE 7/t S S S 4 2545
A B C
20 42 ,L_‘?D 130 . P 17 a
- o0
E w0 3 £ 1200 b 3 10 b % =
S5 =38 = b ey 19 b
R E a S 5110 =
2 = = gy 8 14
i = 36 = =
prf b 1 S 100 b 41813
i 34 w1 Q i o,
2 = £ 90 b e 4 12
I & 32 c g~ B E| Mo
g B = g0 % c
§ 30 ® £ 10
w28 g 70 9
e 0Oh 6h 1d 4d 7d A Oh 6h 1d 4d 7d Oh 6h 1d 4d 7d
#* 5t it i) 5t et i) 5 et i)
Time of infestation Time of infestation Time of infestation

D E

E" 5.5 1.9 a

3 50 . a - 18

E5 45 D17 a &

~ S 40} a — = 1.6 ab

]m o mm 8 b

41 5 35} . B PRt

2.0 = 4 S 14

= s wK“Uls

7 20 = 12

1.5 1.1 - - .
Oh 6h 1d 4d 7d Oh 6h 1d 4d 7d
{5 G i) 15 Y i)

Time of infestation

Time of infestation

PAL : AN 2R i 24 s PPO : Z B U (L ; SP - VA TEAE 1115 H,0, - i AL &0 CHL: 4 5 T ) s A )/ NS T RARSRAE P<0.05 K B 2857 B35
PAL : Phenylalanine ammonia-lyase ; PPO : Polyphenol oxidase; SP: Soluble protein; H,O,: Hydrogen peroxide ; CHL : Chlorophyll; The same as
below; Different letters indicate significant difference at P<0.05 level
E3 BMEEFMNEHRIEETL

Fig.3 Physiological changes in wheat leaves infected with powdery mildew
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Fig.4 Correlation analysis of various indicators in leaves
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the pathway to the total differentially expressed genes
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Fig.5 KEGG enrichment analysis of differentially expressed genes in leaves
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Table 1 Differential gene analysis of immune signaling pathways at different infection stages
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represents 7 d compared to 4 d; T is up-regulated expression, | is down-regulated expression
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Fig.6 Analysis of plant pathogen interaction pathway and differential gene expression
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