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Transcriptome analysis of Orah leaves in response to citrus canker infec-
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Abstract: [Objective]Orah is a hybrid with high yield, good flavor and superior quality. It is sensitive
to citrus canker, caused by Xanthomonas citri subsp. citri. The mechanisms response to the susceptibili-
ty remains unknown. In this study, the transcriptome changes of Orah leaf upon the infection by X. citri
subsp. citri were explored. Therefore, the molecular mechanism of citrus canker occurrence and the in-
teraction between susceptible cultivars and X. citri subsp. citri were studied on Orah leaves. Transcrip-
tome sequencing technology was used to screen the related response genes of citrus canker leaves, pro-
viding a genetic basis for disease resistance breeding. [Methods]Orah leaves with citrus canker were
extracted from the Research Base of Agricultural College of Guangxi University to prepare citrus can-
ker pathogen. Then the leaves with X. citri subsp. citri were inoculated by in vivo injection. The number
of inoculum holes was determined by the size of the leaf until the bacterial suspension covered one side
of the leaf. Centered on the veins of the leaves, one side was inoculated with sterile water as control

(CK), and the other side was inoculated with citrus ulcer pathogen as experimental treatment (JZY).
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Samples were taken at 0, 2, 4, 6 and 8 d after inoculation. Three replicates were set for each treatment.
The control sample (CK) and the treatment sample (JZY) were wrapped in tin foil, treated with liquid
nitrogen and put into the refrigerator at —80 “C for later use. DNA was extracted by Biospin bacterial ge-
nomic DNA extraction kit, RNA was extracted by Trizol method, and transcriptome sequencing was
completed by Beijing Novo Biotechnology Co., LTD. Raw data were obtained using the sequencing
platform Novaseq 6000 and clean reads were obtained through quality control. The reference genome
used in this experiment was the sweet orange genome. Sequencing data were analyzed and functional
annotation was performed. HTSeq software was used to analyze gene expression levels. The threshold
of gene expression level was FPKM>1. DESeq was used to standardize clean reads, and then DESeq
software was used for differential expression analysis. FDR was calculated by BH, p value was calculat-
ed by negative binomial distribution, and the screening criterion for differential genes was p value <<
0.05. On this basis, GOseq software was used to carry out GO enrichment analysis and functional anno-
tation of differential genes based on Geneontology. Usage threshold FDR<<0.05. KOBAS (2.0) was
used for Pathway enrichment analysis, and KEGG database was used to analyze the metabolic path-
ways of the differential genes. Use a threshold: p << 0.05 for correction. Differential genes were classi-
fied according to GO and KEGG data, and differential genes were screened for functional annotation
and metabolic pathway analysis. [Results]The quality of original data was evaluated from two aspects:
basic content and error rate. The original data obtained ranged from 46 538 959 to 54 504 629, of which
about 97% were filtered sequences. Q value was greater than 93%, and the quality of transcriptome se-
quencing met the standard. The obtained data can be used for subsequent analysis. Clean reads were
compared with the sweet orange genome and the comparison rate was about 92%. Clean reads respec-
tively obtained at 0, 2, 4, 6 and 8 d after inoculation with sterile water (CK) were 48 482 127, 47 270 288,
50 998 549, 53 201 972 and 47 924 731. At 0, 2, 4, 6 and 8 d after vaccination by X. citri subsp. citri
(JZY) the clean reads were 51 042 967, 495 248, 46 734 029, 47 940 345, 45 371 891, respectively. At
0, 2, 4, 6 and 8 d after inoculation, the number of differentially expressed up-regulated genes was 1,
947, 1081, 656 and 2108, and the number of differentially expressed down-regulated genes was 1, 343,
753, 303 and 1908, respectively. At 2, 4, 6 and 8 d after inoculation, 374 differential expression genes
were found, including 61 up-regulated genes and 313 down-regulated genes. The results of GO function-
al enrichment analysis showed that citrus canker disease mainly concentrated on biological processes,
molecular functions and cellular components in different periods. There were 374 Differential expres-
sion genes in different periods, among which 169 genes were annotated in biological processes, 48
genes in cell components, and 234 genes in molecular functions. KEGG annotation analysis of JZY 0 h
vs CK_0 h showed that the differential genes were annotated into glutamate metabolism pathway.
KEGG annotation analysis of JZY 2 d vs CK_2 d showed that all differential genes were mainly anno-
tated in the biosynthesis and metabolic pathway of secondary metabolites, and were significantly en-
riched in the biosynthesis of secondary metabolites. KEGG annotation analysis of JZY 4 d vs CK 4 d
showed that all genes were significantly enriched in secondary metabolites, amino sugars and nucleo-
tide sugars metabolism, phenylpropanoid biosynthesis, photosynthesis, and photosynthesis-antenna pro-
tein biosynthesis and metabolism pathways. KEGG annotation analysis of JZY 6 d vs CK 6 d showed
that all differentially expressed genes were enriched in secondary metabolites, phenylpropanoid biosyn-
thesis and photosynthetic biosynthesis and metabolism pathways, while down-regulated genes were en-
riched in photosynthesis and other pathways. KEGG annotation analysis of JZY 8 d vs CK_8 d showed

that all genes were enriched in amino acid biosynthesis, secondary metabolite biosynthesis and metabol-
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ic pathway, carbon fixation, carbon metabolism, glycolysis/gluconeogenesis, phenylpropanoid biosyn-

thesis and other photosynthetic biological pathways. After of X. citri subsp. citri pathogen inoculation,

Orah differentially expressed genes that were involved in the metabolic pathway were more. Through

the further analysis of enrichment KEGG pathway, four main ways relating to disease defense response

were analyzed: plant-pathogen interaction, plant hormone signaling transduction, peroxisome and pro-

tein processing in endoplasmic reticulum. [Conclusion] Pathways of plant- pathogen interaction, plant

hormone signaling transduction, peroxisome and protein processing in endoplasmic reticulum, all four

ways are important metabolic pathways related to citrus disease resistance, which can be used as the the-

oretical reference basis for deeply studying on the disease resistance gene of citrus germplasm resources

and exploring the molecular mechanism between plants and pathogens.
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Table 1 The primer sequence of PCR

H % [ Purpose gene 514) 4 %K Primer name
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165/23S P-X-16S-Fb 5’-GTTCCCGGGCCTTGTACACAC-3’ 1005
P-X-23S-Rb 5’-GGTTCTTTTCACCTTTCCCTC-3’

B GGSIF 5’-CCCTGCTGCTGACCTTCTTCT-3’ 760
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Table 2 The primer sequence of PCR
A Gene 5|4 %K Primer name /7% Sequence

XM 006492714.3 Forward primer-1
Reverse primer-1
XM _006487236.3 Forward primer-2

Reverse primer-2

5’-CTGAACGAGTGGAGGCATA-3’
5’-AACCCTTAAAATCCGCAGAAC-3’
5’-AGGAAGCTAGATTTGAACGCAGTGA-3’
5’-AAGCAATCAAGCATTTCAGCCAC-3’

2 ERE50WH

2.1 FREMSBESAUEREE
2.1.1 mREGSHeA NI RER R
FEI53 -, HH A 5 97 95 E 2 b R IR 0t B 1-A~B
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PN 2 d RTINS — IR E , ik
HH AT SRR AR 5 0 T TRV T A I SRR R i AT 2
. MR % 8 7 NA 55972k AR K 2O 38
B AL BB R B R IS (- 1-00 .

AL TRA B AR AEIR « B. A RS F IR PR - C. A A s B AL NA B3R5t EISRI R .
A. Orah canker symptom of leaf in field; B. Orah canker symptoms of fruit in the field; C. Colony morphology of Xanthomonas citri subsp. citri

cultured on NA medium.
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Fig. 1 Orah field symptom map of citrus canker

212 RMBEGY>TAMF ST REGHKRERE
ff) DNA J& , Fl GGS1F/GGS2R. P- X- 16S- Fb/P- X-
23S-Rb ixX 9 0 5 5 1 51 W) ok 24T PCR 47 39 A&l o
LUK &5 SR a0 & 2, BT 0 A TR PR B g1 ) GGSTF/
GGS2R ¥4 H K (1) BLAE 750 bp F I, S5 MG B2
B TEZ 51 R ¥ 3Gt 2% 7 K/ 760 bp AH W
4o 5% P-X-16S-Fb/P-X-23S-Rb 3™ 14 H ) 4 11 78
1000 bp FHT , S5 ARG 2 B AE 1514 T 41 H )
21K/ 1005 bp FHVI G o RTHI5 ) 993 S5 1 A
W - 4 PCR =A% bifg A= T , F Fnfs
¥ %) b 4% NCBI ] GenBank (¥ & , & % 5~
MH276957.MH276956. 5 A CL ANk A7 157
B 4K P 71 3E4T Blsat U X, YR TEIL 99%. 45 &4
FPESI ) PCR Y™ 1Y Fa vk &5 S, PTHE T 43 15 H SR 1R 9
JE B N AR 5 % 9 # (Xanthomonas citri subsp.

2000 bp

1000 bp
750 bp
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Rb 5145}
M. DNA Mark; 1. GGS1F/GGS2R Primer pairs; 2. P-X- 16S-Fb/P-
X-23S-Rb Primer pairs.
2 A E514) PCR ¥ #E Kk
Fig.2 PCR amplification electrophoresis with different

primers



636 3 i)

S

5394

citri) o
22 BRAFERESH

Sof BRI 9 1 5 04246 A1 8 d (K IRA I H
FE BT e s I 7, BN 3 IRE L, {5 458
WEFMERERER3. MRS ESHEIREETH

RGBT T BRI . Hod, SR R AR H A
F 46 538 959~54 504 629 2 [a] , 214 97% A it JE ¢
H s QME I KT 93% , ¥ s 2H W 3 ot FE ik A , A3 44
Pa ] T e 2% 9550 1. % Clean reads bU X 21 FH A5
R, LRI 92% A . K FERIICG & &

T3 IRHHNERL S 5 S A E R ER B RS RN F IR RE 24

Table 3 Quality analysis of transcriptome sequencing data treated at indicated post inoculation days of

Xanthomonas citri subsp. citri

eEER R ikl LA WERIEE Q0 Q30 Gt
Sample name Raw reads Clean reads Contrast ratio/% Error rate/% Q20 content/% Q30 content/% GC content/%
CK 0d 49 549 204 48 482 127 92.08 0.03 97.88 93.67 43.94

CK 2d 48 250 537 47270 288 92.23 0.03 97.65 93.17 43.96

CK 4d 52186 599 50 998 549 92.44 0.03 97.76 93.33 43.79

CK 6d 54 504 629 53201972 92.16 0.03 97.66 93.17 43.82

CK 8d 49117 181 47924 731 92.34 0.03 97.72 93.30 4391

JZY 0d 52170295 51 042 967 91.79 0.03 97.88 93.63 43.92

JZY 2d 50 994 487 49 552 248 92.64 0.03 97.70 93.31 43.94

JZY 4d 48 013 065 46 734 029 92.52 0.03 97.67 93.20 43.72

JZY 6d 49 313 907 47 940 345 92.29 0.03 97.63 93.16 43.71

JZY 8d 46 538 959 45371 891 92.37 0.03 97.63 93.14 43.82
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Fig. 3 Volcano map of differential genes
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Fig. 4 Venn diagram of differentially expressed genes
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A B The most enriched GO terms(JZY_2 d vs CK_2 d)
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Fig.5 Histogram of GO enrichment of differentially expressed genes
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Fig. 6 KEGG enrichment diagram of differentially expressed genes
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q-RT-PCR was used to verify the gene expression of 2 d, 4 d, 6 d and 8 d of citrus ulcerative pathogen infected Wogan leaves. The gene expression

trend of XM _006492714.3 and XM _006487236.3 in each period after infection was consistent with the transcriptome sequencing results.
7 qRT-PCR %3E
Fig. 7 Verification of qRT-PCR
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