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Resistance Spectrum Against Xanthomonas oryzae pv. oryzae and
RNA-seq Analysis of the Introgression Line W6023 Derived from
Cross Between Oryza rufipogon and Cultivated Rice
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(Institute of Crop Science ,Chinese Academy of Agricultural Sciences National Key Facility
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Abstract ; Rice bacterial blight (BB) is a worldwide rice disease devastating rice yield seriously. In order to
explore new resistance genes against BB, we investigated resistance spectrum of W6023, an introgression line de-
rived from cross between O. rufipogon Griff. and cultivated rice. Inoculation assays showed that W6023 was highly
resistant to 23 of the 25 Xanthomonas oryzae pv. Oryzae (Xoo) strains tested ,and the broad resistance spectrum is
different from those conferred by other known BB resistance genes. Subsequently, W6023 and its susceptible recur-
rent parent IR24 were infiltrated with the broadly virulent Xoo strain PX099 (P6) and RNA-seq analysis was per-
formed. Totally 105644962 and 91022599 sequences were obtained from W6023 and IR24 ,respectively. GO annota-
tion and KEGG enrichment analysis revealed differentially expressed genes ( DEGs) mainly enriched in biosynthesis
of secondary metabolites, plant hormone signal transduction and starch & sucrose metabolism. Among these differen-
tially expressed genes, there were 203 significantly differentially expressed genes, of which 114 genes (56.2% )
were up-regulated and 89 (43.8% ) down-regulated in W6023, and 35.9% of them were located on chromosome
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11. Bioinformatics analysis showed that 16 out of the 203 differentially expressed genes belonged to disease resist-

ance genes such as NBS-LRR or receptor kinases ;14 genes were directly or indirectly associated with metabolism of

peroxides in rice, encoding peroxidase, metallothionein, and so on;6 genes encode resistance-related transcription

factors,such as WRKY and NAC;18 signal transduction-related genes encode calmodulin binding proteins, terpene

synthase , glucosyltransferase , and so on. Six up-regulated genes of W6023 and three up-regulated genes of 1R24

were randomly selected and analyzed by RT-PCR and qRT-PCR. The results were consistent with the data of tran-

scriptome sequencing, indicating that the transcriptome data obtained in this study were reliable. These above results

provide a basis for the further isolation of resistance genes in W6023.

Key words :rice ;resistance gene;bacterial blight; transcriptome sequencing ; differentially expressed genes
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Fig.1 Resistance reaction of rice line W6023 to Xoo strains
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Table 1 Comparison of resistance spectrum to Xoo strains between W6023 and all the known BB resistance genes

HUHE AL S e N i HA kR @
)M)H Resistance Philippine international differential races Korea Japan  China Bangladesh
Variet gene P1 P2 P3 P4 pP5 P6 p7 P8 P9 P10 KXO085 KXO0576 T1 C5 PP8511
W6023 ? R R R R R R R R R S R R R R R
IRBB1 Xal S S S S S S S S MS S S S S MS S
IRBB2 Xa2 S S S S S S S MS S S R R R MR S
IRBB3 Xa3 R R R R R S R R R S R R R MR S
IRBB4 Xa4 R S S R R S R R R MS R R S MR
IRBB7 Xa7 R R R S R S R R S R R R R R R
IRBB10 XalO S R S S MR S MR S MS S S S S S R
IRBBI11 Xall S S S S S S MS S MR S MR R S S MS
IRBB14 Xal4 S S S S R S S R MS S R R R MS S
TeTep Xal6 S S MR MR MS MS S MS MR S MS R R R R
Asominori Xal7 R R R R R R R R R R R R R R R
Miyang Xal8 S MR R R S S S S R S MS S S R MS
IRBB21 Xa2l R R R R R R R R R S S S R R R
FLE Xa22(t) MR R MR R R MS MS MS R MS R R R MR MS
CBB23 Xa23 R R R R R R R R R R R R R R R
MK 63 Xa25 S S S S S S S S R R S S S S S
IRBB27 * Xa27 \ R R MR R R \ \ \ \ \ \ R \ \
FF329 * Xa39 R R R R R R R R R R \ \ \ \ \
1554W1* Xa4l(t) S S S \ S \ \ \ \ \ \ \ \ \ \
1R24 No S S S S S S S S MS S S S S S MS

R:Hi9 s MR : TP s MS : PUgk; S 8% ; * IRBB27 . FF329 Al 1554 W1 A5 A0 43 13k B SCik[ 16-18 ]
R: Resistant, MR : Middle resistant, MS ; Middle susceptible,S:Susceptible, * Data of reaction patterns of IRBB27 ,FF329 and 1554 W1 are from the work of

reference [ 16-18 ] ,respectively
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the secondary classification,and the ordinate on the right represents the number of genes in the secondary classification,and the three colors

represent three major classes. Green represents biological process,blue represents cellular component, red represents molecular function
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Fig.3 Classification cartogram of GO annotation about differentially expression gene
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Fig.5 The distribution of DEGs on different chromosomes PR S I F[{Eﬁ@@?@( ES 2)o
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Table 2 The list of DEGs
i ik 2 ATEL PE B2 IRe TR
Transcript 1D Log, FC P value FDR Description
FPURE N
LOC_0s02g02670. 1 —-7.79332 4.42E-13 4.92E-10 NBS-LRR disease resistance protein, putative
LOC_Os11g10570. 1 —-7.58249 3.6E-06 0. 001049 NBS-LRR disease resistance protein, putative
LOC_Os11g15670. 1 —7.8552 2.77E-10 2.04E-07 NBS-LRR disease resistance protein, putative , expressed
LOC_0s11g29520. 1 -5.63815 2.82E-10 2. 04E-07 NBS-LRR disease resistance protein, putative , expressed
LOC_0s11g29990. 1 3.56861 1. 16E-10 9. 03E-08 NBS-LRR type disease resistance protein, putative
LOC_0s11g39160. 1 7.48314 9. 54E-07 0. 00033 NBS-LRR disease resistance protein, putative
LOC_0s11g39320. 1 7.47635 2.02E-13 2.52E-10 LZ-NBS-LRR class, putative , expressed
LOC_0Os11g35890. 1 —-1.48154 7.46E-05 0.01383 leucine rich repeat protein, putative, expressed
LOC_Os11g41210. 1 4. 83589 8. 3E-05 0. 014949 disease resistance protein RPM1 , putative, expressed
LOC_0s11g31530. 1 2.74173 2.49E-05 0. 005459 BRASSINOSTEROID INSENSITIVE-associated receptor kinase
precursor , putative
LOC_0s02¢02120. 1 -6.61177 0 0 0sWAKI11-0sWAK receptor-like protein kinase
LOC_0s11g29970. 1 9.4393 2.22E-16 4.33E-13 NB-ARC domain containing protein, expressed
LOC_0s11¢38000. 1 1. 55957 5.58E-10  3.78E-07 NB-ARC domain containing protein  expressed
LOC_0s11g39450. 1 1. 79e +308 1. 57E-07 6. 88E-05 cysteine-rich receptor-like protein kinase 7 precursor, putative , expressed
LOC_Os11g35274. 1 1. 79¢ +308 0. 000233 1.79¢ + 308 protein kinase domain containing protein, expressed
LOC_0s11¢40970. 1 1.79e +308 1. 11E-25 1.21E-05 receptor-like protein kinase precursor, putative , expressed
PUR =R (a7 FAW e
LOC_0s01g72140. 1 1. 8161 5. 18E-05 0.010276 glutathioneS-transferase , putative , expressed
LOC_0s10g38340. 1 1. 75695 6. 48E-07 0. 000232 glutathioneS-transferase GSTUG6 , putative, expressed
LOC_0s10g38360. 1 1. 72818 8. 11E-06 0. 002038 glutathioneS-transferase , putative , expressed
LOC_0s10g38600. 1 1.29032 0. 000324 0. 046198 glutathioneS-transferase GSTUG6 , putative , expressed
LOC_0Os11g18170. 1 1.32884 9. 58E-05 0.016592 glutathione peroxidase, putative , expressed
LOC_0s08g25990. 1 2.96759 4.23E-05 0. 008853 alcohol oxidase-related , putative
LOC_0s03g17870. 1 2.25093 1. 32E-05 0. 003106 metallothionein , putative , expressed
LOC_0s05g11320. 1 1. 24405 8.63E-10 5.61E-07 metallothionein-like protein 3B, putative , expressed
LOC_0s01g61160. 1 2. 05265 0.000138 0. 02301 laccase precursor protein, putative , expressed
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9> Fk 2% SAEEL Py R I RE Y
Transeript 1D Log, FC P value FDR Description
LOC_0s01g63180. 1 -1.08492 3. 13E-09 1. 84E-06 laccase-6 precursor, putative , expressed
LOC_0s04g27060. 1 1. 54994 0. 000355 0. 048321 oxidoreductase , aldo/keto reductase family protein, putative , expressed
LOC_0s07g23410. 1 -3.0058 0. 000257 0. 038354 fatty acid desaturase, putative , expressed
LOC_0s11g37200. 1 -2.68671 7. 02E-06 0.001823 transmembrane BAX inhibitor motif-containing protein, putative ,
expressed
LOC_0s04g49194. 1 -1.37935 4.53E-10 3. 14E-07 naringenin,2-oxoglutarate 3-dioxygenase, putative , expressed
PR S 7 AT
LOC_0s01204800. 1 -1.30125 5.34E-05 0. 0104701 B3 DNA binding domain containing protein , expressed
LOC_0s02¢53100. 1 -2.46247 0. 000338 0. 0475132 0OsWRKY32-Superfamily of TFs having WRKY and
zine finger domains, expressed
LOC_0s08202300. 1 -1.45726 3.85E-06  0.00111155 no apical meristem protein, putative , expressed
LOC_0s09206464. 1 -1.0335 0. 00013 0. 0219612 CCT/B-box zinc finger protein, putative , expressed
LOC_0s10234884. 1 -5.08556 6. 66E-16 1. 22E-12 RIPER7-Ripening-related family protein precursor, expressed
LOC_0s11¢03300. 1 1. 47861 9.30E-05 0.0162912 NAC domain transcription factor, putative , expressed
(CReZ i S
LOC_0s08227170. 1 1. 73604 3.89E-11 3.28E-08 calmodulin binding protein, putative
LOC_0s09g13890. 1 2. 94662 3.87E-11 3.28E-08 calmodulin binding protein, putative , expressed
LOC_Os11g44340. 1 2.13724 1.43E-13 1. 86E-10 calmodulin binding protein, putative
LOC_0Os11g44600. 1 2.38122 4.26E-06 0. 001208 calmodulin binding protein, putative , expressed
LOC_0s12¢36920. 1 1.33282 1.91E-07 8.28E-05 calmodulin binding protein, putative , expressed
LOC_0s03g10640. 1 1. 88046 2.93E-11 2.61E-08 calcium-transporting ATPase , plasma membrane-type, putative , expressed
LOC_0s10g28240. 1 1. 63565 7. 16E-08 3. 19E-05 calcium-transporting ATPase , plasma membrane-type, putative , expressed
LOC_0s02¢02930. 1 1.34478 3.55E-07 0. 000132 terpene synthase , putative , expressed
LOC_0s04227340. 1 2.28092 7.53E-05 0.013893 terpene synthase , putative , expressed
LOC_0s08207080. 1 1. 38703 0. 000162 0.02612 terpene synthase , putative , expressed
LOC_Os11g17440. 1 -2.05082 0. 00012 0. 020422 enoyl-CoA hydratase/isomerase family protein
LOC_0s01g04050. 1 1. 25601 8. 17E-07 0. 000289 BBTI12-Bowman-Birk type bran trypsin inhibitor precursor, expressed
LOC_0s05g45100. 1 1. 73867 2. 07E-06 0. 000652 anthocyanidin 5 ,3-0-glucosyltransferase , putative , expressed
LOC_0s06g18670. 1 -1.05328 0. 000189 0. 029638 anthocyanidin 3-O-glucosyltransferase , putative , expressed
LOC_0s11g26950. 1 -1.43297 0. 000285 0.041767 UDP-glucoronosyl and UDP-glucosyl transferase
domain containing protein , expressed
LOC_0s02¢50600. 1 1. 11551 0. 000159 0. 025917 glycosyl transferase 8 domain containing protein, putative , expressed
LOC_0s11g09690. 1 2.33924 0. 000132 0. 022043 0sFBX410-F-box domain containing protein
LOC_0Os11¢38500. 1 -5.33904 3. 69E-05 0. 007778 OsFBDUF62-F-box and DUF domain containing protein
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