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OsHsp18.0-Cl regulates disease resistance to bacterial blight in rice ZUO Li-ping'?,
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Abstract: Heat shock proteins are widely present in various organisms and respond to a variety of biotic and
abiotic stresses. Previous studies showed that over-expression of the small heat shock protein gene OsHspI8.0-CI
can increase the resistance to bacterial leaf streak by enhancing rice basic defense response. This study found that
the OsHspl8.0-CI gene can also be induced by PX099, a strain of Xanthomonas oryzae pv. oryzae (Xoo) which
caused bacterial blight in rice. Over-expression of OsHspI8.0-CI could enhance resistance to several Xoo strains
in rice. Transcriptome sequencing analysis showed that OsHsp18.0-CI gene-mediated resistance to bacterial blight
is not only partly similar to its resistance pathway to bacterial leaf streak, but also a large number of new un-
known function genes are involved. The above results indicate that the OsHsp18.0-CI gene can increase resistance
to bacterial blight by enhancing the basic defense response of rice infected with pathogenic bacteria of Xoo.
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T5 A K FET 44U RNA KRS RNA 95—
5 cDNA 5 W% & (FSQ-301, TOYOBO, Ja-
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( QKD-201, TOYOBO, Japan) i ¥ B 45 ik 47,
PCR S W AR Z AN 100 ng () cDNA #Fi# , Forward
Primer #1 Reverse Primer £ 0.2 pL, KOD SYBR®
qPCR Mix 5 pL KB 1 W ZE K #h 2 2 10 pL 1Y
K% ., PCR M N7 A 98°C A5 2 min;98C A8
P10 s,60°C3E k 10 s,68CTHESH 30 /500 bp, FEH
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Table 1 Primers used in this study

Primer Sequence(5'-3")

OsActinl F TGTATGCCAGTGGTCGTACCA
OsActinlR CCAGCAAGGTCGAGACGAA

OsPRSF GTTCATCTGGTCAGCGGATAGC
OsPRSR TCATAAGTATTATCACGACCGTTCGA
OsPRIOF CCCTGCCGAATACGCCTAA

OsPRIOR CTCAAACGCCACGAGAATTTG
OsOPRSF TTTTCTTGGCGAACCCTGACT
OsOPR5R TCCAACAATTGGGTCTTGAGTGT
OsPALIF GGGCAACCCAGTGACCAA

OsPALIR CGATTGCCTCGTCGGTCTT

OsLOX9F GCATCCCCAACAGCACATC

OsLOX9R AATAAAGATTTGGGAGTGACATATTGG

OsWRKY1IF CTGCTGTGGCTGGCGG
OsWRKYIIR GTGGAAGGGAAAAGGTCTTGC
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7Tk
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Fig. 1 The expression pattern of OsHspl8.0-
C! post inoculation with PX099

The bars represent the means ( three replicates for gene expres-
sion) = SD.
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Fig. 2 Over-expression of OsHspi8.0-Cl enhances resistance to Xoo strains

A Disease symptom for plants at 14 dpi with PXO099. B . The average lesion length scored for T, transgenic plants of two OsH-
sp18.0-CI over-expression lines ( CD39R-7 and CD39R-10) and two RNAi lines ( CD40R-9 and CD40R-12) at 14 dpi with
PX099. The bars represent the means + SD. C. Statistical analysis of bacterial population growth in transgenic plants of CD39-7,
CD40R-12 and wild-type (WT) inoculated with PXO99. Error bars represent standard deviation of three independent leaves. D
Lesion length of CD39R-7, CD40R-12 and WT inoculated with PX0339, PXO61 and PXO86. The bars represent the means +
SD. “ % ” and “ #* ” indicate a significant (7 test, P< 0.05) and extremely significant (¢ test, P< 0.01) differences, and “n.s.”

means no significant in lesion length between WT and the transgenic plants, respectively.

CD40R-12 ARBEE B K F 87 A Y (H R K 3 i
FESIKFE(K 2-D),

2.3 HBERiX OsHsp18.0-Cl EF R T /KFEH
% & M

O3 BN AR OsHspl18.0-CI He [N il 7 FL 14
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00T, 26/ 806 7E 1 Fh PX099 Ji 24 h 3£45 835
AL FIHFGE 67 AL T IR IR ;1 OF Mk
A PX099 J5 941 N EEH BRIk 45 AL

JHERIL (K 3-A B) , il GO HIRESH T ##F (he-
tp://bioinfo.cau. edu. cn/agriGO ) X iX &6 24 7 F 3K
HEH (DEGs) #1478 i s A1 E 8w 1
Jlp3E i 1 ( response to stress ) . A= ¥ 5 38 W 1V ( re-
sponse to abiotic stimulus) |15 5 i 72 ( signaling ) .
A W3 B2 18 #% (regulation of biological process ) 4
48 1~ GO TyBE 25, I H OE 28 11 Ak 955 1T 5
(OE-24) Y25 5 F:H 5 WT 2P 5 (WT-24) [ 22
SHEKTE GO Ty s 28 v i 43 A 52 0 i s B2 i 2
PIME(r=0.995,0=0.05,n=48) , %4, OE-24 7F
Hrr 40 4~ GO g2 s AR B By bR Rk i i
PR = T WT-24( | 3-C, % 2) . X —45 3K R
FEZK R A 18 19 BAE |, OsHsp18.0-C1 &
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A UP-regulated C Nonl-lnfectllon PX|O99-11nfect10n
WT OE WT-24 OF-24
WT-24 vs WT OE-24 vs OE
Down-regulated
B
WT-24 vs WT OE-24 vs OE =
log 2 ratio
-3.0-2.0-1.0 0 1.0 2.0 3.0
Fig. 3 Gene expression profiling performed by RNA-seq
A: WT-24 vs WT, and OE-24 vs OE up-regulated genes for statistics.
B: Down-regulated genes for statistics. C; Cluster analysis of differentially expressed genes.
Table 2 Pathway annotation and enrichment analyses OE-24 compared with WT-24
GO term Description Number in input list Number in Ref Number in input
of OE24 list of WT24

GO 0006950 Response to stress 178 4660 153
GO 0009607 Response to biotic stimulus 76 1404 65
GO:0019748  Secondary metabolic process 41 583 37
GO .0009628 Response to abiotic stimulus 112 3022 87
GO.0008152 Metabolic process 495 19328 410
GO.0009719  Response to endogenous stimulus 67 2015 60
G0:0023052  Signaling 76 2409 68
GO:0005975  Carbohydrate metabolic process 49 1439 34
GO:0007154  Cell communication 20 512 15
GO.0007165  Signal transduction 58 1951 54
GO .0009991 Response to extracellular stimulus 16 393 10
GO.0023046  Signaling process 58 1972 54
GO.0050789  Regulation of biological process 62 2132 56
GO 0009875 Pollen-pistil interaction 7 118 6
GO . 0009605 Response to external stimulus 22 681 16
GO.0065007  Biological regulation 76 2871 66
GO:0009856  Pollination 12 337 10
GO.0009056  Catabolic process 51 2007 46
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Continued Table 2

GO term Description Number in input list Number in Ref Number in input
of OE24 list of WT24
GO:0051179  Localization 79 3278 70
GO.0016049 Cell growth 15 567 9
GO.:0009653  Anatomical structure morphogenesis 26 1141 15
GO:0006629  Lipid metabolic process 31 1376 19
GO:0006464  Protein modification process 88 3977 91
GO:0009058  Biosynthetic process 160 7335 135
GO.0022414  Reproductive process 21 985 21
GO.0007275  Multicellular organismal development 76 3543 58
GO.0009987 Cellular process 396 18214 340
GO:0032502  Developmental process 81 3791 59
GO:0032501  Multicellular organismal process 77 3619 59
GO .0048856 Anatomical structure development 34 1665 23
GO.0003006  Reproductive developmental process 13 668 13
GO.0065008  Regulation of biological quality 17 863 12
GO .0000003 Reproduction 40 1965 28
GO:0030154 Cell differentiation 13 710
GO:0009790  Embryonic development 14 810 3
GO.0009791  Post-embryonic development 35 2033 24
GO.0044238  Primary metabolic process 268 13205 229
GO.0044267  Cellular protein metabolic process 90 4849 96
GO.0006807  Nitrogen Compound metabolic process 97 5399 81
GO:0019538 Protein metabolic process 108 6088 112
GO:0010467 Gene expression 6 1076 7
GO:0016043  Cellular component organization 25 1935 20
GO.0043170 Macromolecule metabolic process 113 6691 115
GO.0044237  Cellular metabolic process 191 10280 176
GO.0044249  Cellular biosynthetic process 0 890 5
GO .0044260 Cellular macromolecule metabolic 91 5364 98

TE OE Al WT 42 % 1 Al T 12 2 B 1 9]
FIKM DEGs 4 459 A~ X H#AT GO 434, K M
TG PR I 25 BT AR A NN YA 1V (response to stimu-
lus) A= % W3 38 MR B ( response to biotic stimulus) |
JHlp3E W 7 ( response to stress ) X1 2 ( metabolic
process ) SFA W) FE DL B AR 15 P ( catalytic activi-
ty) I 2 il 15 1k ( transferase activity ) | 5 il 15 4
(kinase activity ) A=Y TIHES ] (P<0.05, Kl 4)
XTIk 459 A~Ffa] L yH 3 5E B 5L 3T A A IR,
324 AN JER E OE-24 ' I A9 A5 50 &8 55
WT-24, X—Z5 R~ OsHspl8.0-CI FE K i
TR TF T KR S5 ZU A JE A SR8 S

M 459 4> 22 SR IKFE N S E F] T 16 Ik

A, AL 48 9 /> 2 #H ¢ 56 4 ( pathogenesis-related
gene, PR FEH) , 4 4~ SA & WA E A (LOC
0s02g41650, LOC 0s05g35290, LOC _
0s02g41630 .LOC _0s02g41680 ) Fit 1 #E 5 By A TN
IR 2R, 3 A JA A A & 3 B (LOC _
0s05g51520, LOC 0s08g39840, LOC _
0s06g11240) 73 d i B s i A2 i 05 B A 12-
ST I R DR, 4 RE B 3 PP PXO99 15 536
ik, H7E OE-24 " LA ES T WT-24 (P<
0.05) (& 5-A) ,ZEHLT 6 A FEF AT T 928285k
SE T RT-PCR AU, & B AR L IR ) 6 1k
5 RNA-seq I 45 AR+ — 3 (K 5-B) ,IESE T
RNA-seq £d () v] FEE



9 L R4 49 %

Signaling

Response to extracellular stimulus
Cell commumication

Response to endogenous stimulus
Response to abiotic stimulus
Metabolic process

Response to stress

Secondary metabolic process
Response to biotic stimulus
Response to stimulus

Binding

Oxygen binding

Protein binding

Kinase activity

Transferase activity

Catalytic activity

Plasma membrane

Cell

Extracellular region

Cell wall

Extemal cncapsulating structure

Biological process

GO term functional classification

Molecular function

0 50 100 150 200 250

Cellular component

Number of genes

Fig. 4 GO functional classification analyses of up-regulated DEGs
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LOC_Os11g37960
LOC_0Os07g03710

LOC_Os01g28450

LOC_0s03g18850 5 , H
LOC_0s03g46070 H ﬂ
LOC_0s12g36850 I

Relative expression level

0
LOC_0s02g41630 . N
LOC_Os12g36860 N 0§' ;P ong’ =4
LOC_0s02g41650 o &

LOC_0s05g51520
LOC_0s05g35290
LOC_Os12g36850
LOC_0s02g41680
LOC_0s08g39840
LOC_0s06g11240

Log2 ratio
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I

Fig. 5 Expression of pathogenesis-related genes, SA-and JA-biosynthesis-related
genes in wild-type and transgenic lines
A :Hierarchical clustering analysis of PR genes, SA-and JA-biosynthesis-related genes using RNA-seq data. B; Quantitative RT-
PCR analysis of six selected genes to validate the RNA-seq data. The bars represent the means ( three replicates for gene expres-
sion )+ SD.
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Fig. 6 Functional analysis of up-regulated DEGs between inoculated with
Xoo and Xoc in OsHSPI8.1-Cl transgenic plants
A :Comparison of up-regulated DEGs between post inoculation of RS105 and PXO99 in OsHSP18.0-CI over-expression lines.

B: GO functional classification of common up-regulation of genes genes inoculated with RS105 and PX099. C: GO functional

classification of specific up-regulated genes inoculated with PX099. D. GO functional classification of specific up-regulated genes
inoculated with RS105.
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