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Screening of candidate genes in response of tobacco to Phytophthora nicoti-
anae infection based on transcriptome sequencing

SUN Jiping, WANG Yale, LI Xuejun, PING Wenli, SUN Huan
(Tobacco Research Institute, Henan Academy of Agricultural Sciences, Xuchang 461000, China)

Abstract:  Phyiophthora fungi are important plant pathogens that cause devastating damage to many crops. To identify
candidate genes in tobacco that respond to Phytophthora nicotianae infection, seedlings of Heluo No.1 were infected with Phytoph-
thora nicotianae. Differential expression genes (DEGs) before infection and 24 h, 48 h after infection were analyzed by Gene on-
tology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analyses, based on transcriptome sequencing.
The results were verified by quantitative real-time polymerase chain reaction (qRT-PCR). The results indicated that 4 563 DEGs
and 14 053 DEGs were identified at 24 h and 48 h post-infection, respectively, with 3 623 genes showing common changes. A-
mong them, 1 502 up-regulated DEGs were annotated by GO genome, mainly enriched in glutathione metabolism process and pro-
tein phosphorylation biological process. A total of 787 down-regulated DEGs were annotated by GO genome, mainly enriched in
transcriptional regulation. KEGG enrichment analysis showed that DEGs were primarily enriched in the plant-mitogen activated

protein kinase signaling pathway, plant hormone signal transduction pathway and plant-pathogen interaction pathway. In the plant-

pathogen interaction pathway, the up-regulation of FLS2

WS H 87 .2024-05-22 promoted the phosphorylation of MEKKI, which induced the
EETH A MR 7% BT A 7R 5 H (202241030020005- expression of protein kinase MPK4, caused the continuous
3) ;TR A ARV B2 B SR PRI TAEDT H (2024JC09) down-regulation of WRKY12 and the continuous up-regulation

EE B M (1978-) 2o, WAL E WA, [+ BIBFSE A, A58 07 of WRKY9, WRKY24, WRKY26, WRKY3l, WRKY33 and
[a] AR R AE B A, (E-mail) sunjiping2002@ 126.com WRKYA40. Besides, the expression of protein kinases MPK3/6
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was induced, leading to the up-regulation of WRKY11, WRKY15, WRKY17 and WRKY41, and the continuous down-regulation of

the PR-1 gene. As a result, Heluo No.1 plants were more susceptible to Phytophthora nicotianae infection.
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Table 1 Primers used for qPCR

HNERS  BIMHAK FF31(5'—3")
LOCI07771892  WAKL20-F TGCTGAGGTCACCCCTGAAT
WAKL20-R GAACGTACAGCAAATCGGCG
LOCI107830484  bHLHSI-F GTCGAACGCGCATAAGTGAC
bHLHSI-R GTGGATAGCAAAAGTCAGTGCC
LOC107792230 ~ WRKYI5-F TGTGAGAGGTTGTCCAGCAC
WRKY15-R ACTCCACAATGACAAAATACATGAC
LOC107824587 ~ WRKY40-F TGGAGTATATGAACAACCAGCAGA
WRKY40-R TGAGCTGCTTTCTGATGAACG
LOC107815425  WRKY53-F ACCAAGCTTTTAACTCTGCACAT
WRKY53-R AAGTTGGCGAGCATCTGGTT
LOC107778152  WRKY4I-F TGAGCTCAATGGCTTCTACTACT
WRKY41-R TAGCACAGGCTGGGGAGATT
LOC107802364  WRKYII-F AACTCGCCGACTTCACTGTT
WRKY1I-R GTCGGCTGTGGTGGAGTTTC
LOC104111089  PR-I-F TGCAGCTCGTTCAGCACTTA
PR-I-R GCCTGGCTCGGCGAC
LOC107799566 ~ MPK3-F CAGATGGTACAGGGCACCAG
MPK3-R GCCGAGAAGCTCAGTTAGCA
LOC107826584  ClpBI-F TCGTTGCAAAAGTCTCGCAG
ClpBI-R CACTCTTGCTGCACCAATCC
LOC107827270  CBLI-F GAAGGACTCTTGGTGAGGGC
CBLI-R GTCCACGATTCGAGCCTTCT
LOC107779554  NSI-F CCACTTCTCCCGTTACTGCTT
NSI-R CCCGGATCTGATGGATTCCC
L25(NSHR)  L25-F AGTTACATTCCACCGACC
L25-R TCCTCAATCTTCTTCATTGCAG

2 ZER55T

21 WMEZEHEEATHEKNRETWK
ST RS 24 h F 48 h A 1

F(LY1306) R, W% 1 SFELMAEEE G 24 h

MR S AR RS 48 h M L E

A RHEF RS T A B B R B HE RN T 24 h YR BT R R

Y CAEFPRERE TR 48 h AR A

B 1 LY1306 B EZEMAT EFG 24 h DIREM/E 48 h iy
RE R

Fig.1 Phenotype of tobacco seedlings LY1306 before and 24 h,

48 h after Phytophthora nicotianae inoculation
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INFT5r2Z—(030) 15 H91.70% ~ 94. 13% , 45 %
it Clean reads )2 2% 3 [ 41 [ X} % 4 84.16% ~
91.92% , ¥ BT A 45 .
2.3 AEAHGEEERIEKFEHEXES

AN TR i TR 35 PR 3 28 7K 1 189 A 56 1k 43 A 45 S
(% 3) KM, A A OC R BN 0. 912, fe i >
0. 982, i1l 4% 1 2 PE R AT CK 55 H24 (1 AH G 1
KT CK 5 H48 1 AH I, 158 BH Bl % 928 55 11 {2 Y i
[i] 42K 5 R e ik i AR AL TR
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Table 2 Quality assessment of transcriptome sequencing data

FHA(PCL) 51 45.07% , %55 2 840 (PC2) i bk
17. 64% , Wi XL 5 25 5 1 STk E i 60. 00% , 7]
PIAR A W 0] A 22 518 O

FEA KB (bp) LEXTBdiE (bp) X (%) G+C & (%) Q30 (5 H(%)
CK-1 40 281 238 35 978 800 89.32 43.76 93.70
CK-2 44 073 062 39 133 679 88.79 43.25 91.70
CK-3 40 998 000 36 580 759 89.23 44.48 93.77
H24-1 40 591 886 37 095 539 91.39 42.95 92.56
H24-2 40 839 706 37 070 335 90.77 43.10 93.93
H24-3 40 172 206 36 927 540 91.92 42.77 93.70
H48-1 38 437 664 32 349 685 84.16 43.95 94.13
H48-2 46 105 222 41 825 497 90.72 43.13 93.65
H48-3 41 999 254 38 354 682 91.32 43.35 93.30
CK A EFEERET ;s H24 - BEFDRERE TR 24 i HAS X PIE 1A 48 h,
®3 HREEERRISHEIESITER
Table 3 Analysis results of gene expression correlation between samples
o SRR
e H48-3 H48-2 H48-1 H24-3 H24-2 H24-1 CK-3 CK-2 CK-1
H48-3 1.000
H48-2 0.979 1.000
H48-1 0.919 0.935 1.000
H24-3 0.375 0.433 0.491 1.000
H24-2 0.432 0.490 0.537 0.958 1.000
H24-1 0.532 0.589 0.637 0.912 0.945 1.000
CK-3 0.238 0.291 0.368 0.746 0.679 0.630 1.000
CK-2 0.261 0.316 0.389 0.755 0.703 0.652 0.982 1.000
CK-1 0.221 0.271 0.346 0.768 0.710 0.646 0.978 0.968 1.000

CK ANEERMZE R T H24  BEFIERE T 24 h; HAS  HEFPREE 1 48 h,
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Fig.2 Principal component analysis (PCA) between samples
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Fig.3 Venn diagram of differential expression genes in tobacco
samples 24 h and 48 h after Phytophthora nicotianae in-

fection
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Table 4 Statistics of the number of differential expression genes at

different time points after Phytophthora nicotianae infec-

tion
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Fig.4 Gene ontology (GO) classification analysis of differential expression genes
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Fig.5 Gene ontology ( GO) enrichment plot of differential expression genes
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Fig.6 KEGG classification analysis of differential expression genes
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Fig.7 Plant-pathogen interaction pathway and salicylic acid metabolic pathway
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