[DEXyESI

Acta Microbiologica Sinica

2022, 62(1): 90-102
http://journals.im.ac.cn/actamicrocn x o
DOI: 10.13343/j.cnki.wsxb.20210118

Research Article Bkt

P kmE ! BFEY KEE AA#L AXEF"

1 bl KA R 24 e , b & R AEY R L E AP BGIE TR AR O, BZEIE X AR TR
ARG L, WAL RE 071001
2 HER BB R S T, dERT 100081

FEALF, BRERTE, WUAEEE, SRAER, XIREE, MOCE. ADNERERSE 5/ E EAEAS R B R 22 7 RE 5 0. EY
223, 2022, 62(1): 90-102.
Cui Liping, Zhang Ruifeng, Fan Xuefeng, Zhang Weihong, Liu Daqun, Yang Wenxiang. Anslysis of differentially expressed

genes in Puccina triticina at different stages of the interaction between wheat and wheat leaf rust pathogen. Acta Microbiologica
Sinica, 2022, 62(1): 90-102.

B E: (0] A2 REIFRDNEAEFEIEZREZ—, LRBREAI DG LN AL )
LA AR FF IR A IR R LR, N EARBREMFR S N A RRANEERFK
RESA TR TZRBARL RO THE, St RGENEZTHFREAZTEZEL. [ 5] A
B A LA Z TS B AR 1 B A AP b Bt 45 R ) A S A MuTeLrl9 4 ZA4F 5 H(6 d)5
EEFH(6. 12, 24 h) £ 7 A B kA, A FZAEFHMIQ)A AT, F 4 E4E 6 d (MI6d)
i, [4£R) XL REW, LRAKRKXEAR 192754, FHRERZLRE 45484, GO 5 &4
WEI, 2RREALADGEZS ARSI, BARERL, @ipidfe. Fauadiz. MmN e
Jo 3. MRS AKIGBEE M. RALS RS, @Rt 2%, KEGG o &I, £F kLA
REARLET 109 &%, ffikd 838+ SNARE 6948 A A @34 . oot G RGHE % &
ABC #1238 B Foym R A 69 B X, AR A X 3 £l 30 SARBAHATRAT TN, 4XR
RikA TR RS AR K. (44 N ARERSEH AT IRAN ZF AR EZER G
RESLHDERERFARABA X, EHEAENEFLAR XIS E D EBEMRGH 42 KA

HETHE : HR AR EEE(31571956); [ 5 LM & 1R (2013CB127700) 5 764 7l 22 /1N 22 118 41 BA
%42 (HBCT2018010204)

Supported by the National Natural Science Foundation of China (31571956), by the Key Basic Research Program of China
(2013CB127700) and by the Hebei Industrial System-Wheat Innovation Team Project (HBCT2018010204)

*Corresponding author. Tel/Fax: +86-312-7528585; E-mail: wenxiangyang2003@163.com
Received: 23 February 2021; Revised: 31 March 2021; Published online: 15 April 2021



AR | AR, 2022, 62(1) 91

HE, FHEEMEAANERGEARG ER., FIRERAHASETFE D LB E WS A K RHIE A
REET A,

KHIE: EABEMFE; £2FEALSH; RNA-seq 5 #7; HmAbk

Anslysis of differentially expressed genes in Puccina triticina
at different stages of the interaction between wheat and wheat
leaf rust pathogen

CUI Liping', ZHANG Ruifeng', FAN Xuefeng'?, ZHANG Weihong', LIU Daqun’,
YANG Wenxiang'

1 College of Plant Protection, Hebei Agricultural University, Biological Control Center of Plant Diseases and Plant
Pests of Hebei Province, National Engineering Research Center for Agriculture in Northern Mountainous Areas,
Baoding 071001, Hebei, China

2 Plant Protection Institute, Chinese Academy of Agricultural Sciences (CAAS), Beijing 100081, China

Abstract: [Objective] Wheat leaf rust caused by Puccina triticina (Pt) is one of the most damaging
diseases in wheat production. The emergence of new races of Pt and the rise of inferior races led to the
continuous overcoming of the resistance of varieties. Therefore, the analysis of deferentially expressed
genes of Pt in different infection stages is of great significance to reveal the pathogenic molecular
mechanism of wheat leaf rust. [Methods] In this study, deferentially expression genes in the interaction
of pathogenic type THTT of Pt and the susceptible wheat (MU19) at the early interaction (inoculated
after 6 h, 12 h, 24 h) and a later stage (6 d after inoculation) were analyzed with the RNA-seq
transcriptome analysis method. Taking the early stage (MIQ) as the control group, and 6 d of affinity
interaction (MI6d) as the experimental group to analysis the differentially expressed genes. [Results]
19 275 unigenes were up-regulated and 4 548 genes were down-regulated at 6 d. GO enrichment
analysis found that the function of the deferentially expressed unigenes were mainly involved in
metabolic processes of catalytic activities, cellular formation processes, single-tissue synthesis,
intracellular organelle formation, nucleic acid binding and hydrolase activities, nitrogen compound
metabolism, cellular metabolic process, etc. KEGG analysis showed that differentially expressed genes
were involved in 109 pathways. The SNARE interaction pathway, porphyrin and chlorophyll
metabolism pathway and ABC transporter pathway in vesicle transport were found to be related with
pathogenicity of the Pt. Five genes were randomly selected from these three pathways for gRT-PCR
analysis, and their expression trends were shown consistent with the results of transcriptome expression
profile. [Conclusion] The function of the differently expressed genes at the early stages of inoculation
may be related to the pathogenicity of the pathogen, while most of the differently expressed genes in the
later stage are related to the growth and metabolism in the pathogen. There are obvious differences
between the genes expressed at early and later stages. These results are important and provide
fundamental references for future studies on the pathogenic mechanism of wheat leaf rust.
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19789.95340-F CTTCATGTGCATGTCCGAGGAGTC
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Figure 1 Venn diagram of expressed genes at 6 d
(MI6 d) and early (MIQ) stages of infection after Pt
inoculation.
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Figure 2 GO enrichment map of up-regulated and down-regulated genes at the early and later stages of
compatible interaction. BP-biological process, CC-cellular component, MF-molecular function. Each class is
subdivided into different pathways. The vertical coordinate denotes the number of genes contained in each

pathway.
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*2 B5RBEHTH SNARE ZEAXRN 18 MERERE
Table 2 The 18 genes that participate in the pathway of SNARE interactions in vesicular transport

Gene ID Up or down regulation KOG ID Description

Cluster-19789.108986 Up KOG0809 SNARE protein TLG2/Syntaxin 16
Cluster-19789.92844 Up KOG3251 Golgi SNAP receptor complex member
Cluster-19789.98553 Up KOGO0810 SNARE protein syntaxin 1
Cluster-19789.100503 Up KOGO0810 SNARE protein syntaxin 1
Cluster-19789.93377 Up KOGO0810 SNARE protein syntaxin 1
Cluster-19789.88572 Up KOG3385 V-SNARE

Cluster-19789.91166 Up KOG0809 SNARE protein TLG2/syntaxin 16
Cluster-19789.95340 Up KOG0859 Synaptobrevin/VAMP-like protein
Cluster-19789.105492 Up KOGO0812 SNARE protein SED5/syntaxin 5
Cluster-19789.105491 Up KOGO0812 SNARE protein SED5/syntaxin 5
Cluster-19789.94438 Up KOG0861 Synaptobrevin/SNARE protein YKT6
Cluster-19789.87530 Up KOG0862 Synaptobrevin/ VAMP-like protein SEC22
Cluster-19789.68892 Up KOG0809 SNARE protein TLG2/Syntaxin 16
Cluster-19789.103749 Up KOG3251 Golgi SNAP receptor complex member
Cluster-19789.88051 Up KOG0809 SNARE protein TLG2/syntaxin 16
Cluster-19789.98017 Up KOG0860 Synaptobrevin/VAMP-like protein
Cluster-19789.100677 Down KOGO0810 SNARE protein syntaxin 1
Cluster-6640.0 Down - -

K3 ABCHZEHBBTEEMN 21 MEFREEE
Table 3 The 21 differentially expressed genes enriched in the ABC transporter pathway

Gene ID Up or down regulation Description

Cluster-19789.87233 Up Sub-family D member

Cluster-19789.106683 Up Sub-family D member

Cluster-19789.98924 Up Sub-family D member

Cluster-19789.96978 Up Sub-family D member

Cluster-19789.96547 Up Sub-family D member

Cluster-19789.96905 Up Sub-family D member

Cluster-19789.89145 Up Mitochondrial Fe/S cluster exporter, ABC superfamily
Cluster-19789.89146 Up Mitochondrial Fe/S cluster exporter, ABC superfamily
Cluster-19789.89147 Up Mitochondrial Fe/S cluster exporter, ABC superfamily
Cluster-19789.106148 Up Mitochondrial Fe/S cluster exporter, ABC superfamily
Cluster-19789.103655 Up Mitochondrial Fe/S cluster exporter, ABC superfamily
Cluster-19789.107127 Up Mitochondrial Fe/S cluster exporter, ABC superfamily
Cluster-19789.103653 Up Heavy metal exporter HMT1, ABC superfamily
Cluster-19789.132267 Down ABC transporter G family member
Cluster-19789.169725 Down ABC transporter G family member
Cluster-19789.15304 Down ABC transporter B family member

Cluster-3732.0 Down ABC transporter B family member
Cluster-19789.15302 Down ABC transporter B family member

Cluster-6937.0 Down ABC transporter B family member
Cluster-19789.187339 Down ABC transporter B family member
Cluster-19789.64926 Down ABC transporter B family member

<l actamicro@im.ac.cn, & 010-64807516
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Figure 3 qRT-PCR results of the randomly selected 5 genes at different time points; standard error shows
the average fluctuation among three repeats; **P<0.01, *P<0.05.
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