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pKMS AhrpGX

pHMI- ArpGX

A 1137 bp fusion of the left and right arms flanking the hrpG and hrpX locus was ligated into pKSM1 at
Sal I and Xba | sites
The hrpG and hrpX genes in pMDI8-T was transferred into pHMI at Hind [ll site

This study

This study
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i3 HrcC hrp
HrcT HrcV HrcR HreS Xooc  hrpG  hrpX
HrcU hrcC hrpE  hpa3
Hre) 7 T3SS T3SS
Hrp pilus HrpF hrp T3SS
008 hpa hpa2 hpal
hrpA hpa2 1
" hpal HR }
hpa3  hpa4 hmpE  hrpF 1.1
1.1.1
hrp 1 Xooc  NA
Ralstonia solanacearum 28C Escherichia coli LB
hrp 37°C ’ hrpG  hipX
o hrpG hrpX g
S HrpG OmpR Amp 100 pg/mlL Km 25 pg/mL
hrpA hrpX 2 Rif 100 jrg/ml. Sm 100 pg/mL
HrpX Arc hrpB-hrpF Sp 100 pg/mL
hrp PIP plant- Nicotiana tabacum L.cv. Xanthi
inducible promoter -box TTCGC-N15-TTCGC IR24
T3SS B HrpG
pH Ca® 1.1.2 Xooc
" DNA Axygen RNA
HrpX HrpX Roche TaKaRa
PIP-box  hrp pMD18-T
o Xooc hrp Ex-Taq DNA marker TaKaRa
PIP-box hpal hrpB-hrpF hpa3 Southern blot DIG Roche
Xooc hrpG  hrpX Invitrogene
PCR Eppendorf
HR 20 hrpG  hrpX Bio-Rad
1
Table 1  Strains and plasmids used in this study
Strain or plasmid Property Source
Escherichia coli
DH5a @90 lacZAmlIS5 recAl hosts of pUCIS-T pUCI9-T pRFRO34 and their derivatives Invitrogene
X . oryzae pv. oryzicola
RS105 Rif" wild type This lab
ARhrpG Rif* hrpG knock-out mutant of the strain RS105 This lab
AR hrpX Rif* hrpX knock-out mutant of the strain RS105 This lab
ARhrpGX Rif" hrpG and hrpX double knock-out mutant of the strain RS105 This study
PMhrpGX Transconjugant of ARhrpGX with pHMI-hrpGX This study
Plasmid
pMD18-T Nm' Ap" Mob* Mob P LacZa* TaKaRa
pHMI Sp" or Sm" IncW Mob p Mob* LacIP* PK2 replicon cosmid Shan et al.
pKMS1 Km" 6.4 kb pUCIS8 polylinker mob oriV sacB This lab
pMDI18-T- hrpGX A 3 kb fragment containing hrpG and hrpX genes was ligated into pMD18-T This study
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1.2 hrpG hrpX pKMS AhrpGX
Xooc BLS256 » pKMSAhrpGX Jean Leach ™
hrpG 370 bp RS105 2
hrpX 800 bp  DNA hrpG  hrpX 2 hrpG  hrpX
RS105 DNA ARIpGX-F1  ARhpGX-R2 1
ARhmpGX-FI  ARhmpGX-R1  ARhpGX-  PCR DNA
F2 ARhmpGX -R2 2 PCR hrpG — hrpX
2 1 Sal I Sma | Ace 1 370 bp
Sma | Xba 1 Sal 1 Xba 1 DIG Southern blot
pKMSI DH5a PCR DIG
2
Table 2 Primers used in this study
. L . Annealing Time for PCR
. bequence restriction sites underlined . . -
Primers Y temperature  Extension Product Target genes
: /C /s /bp
ARIrpGX -F1  ATAGTCGACTCTGCAGATCTTCACGTCC % " 70 The Left arm flankine the Ao and hrk loc
ARApGX-R1  ATTCCCGGGGCAAGTCCACCGCTGCAGG ¢ leit arm Hanking the Apl and fipd foct
ARIpGX-F2  TATCCCGGGGCGTTAAGGTGCGCAACGT o ‘ ‘
ARAPGY-R2  ATATCTAGACGGCGGCTCGGGATTGA 57 50 800 The right arm flanking the hrpG and hrpX loci
hrpGXxooe-F  GGTAAGCTTCCACGTTGCGCACCTTAAC i
hpGXaooc-R  CAGAAGCTTCTCAGCAGGCGGCTGTGCGATGT 180 3000 The hipG and hpX genes
TTCCAGGTTGACCAAAGCCA
ARhpal AGAAGCTGCTGGCGAAACTG 464 hpal
TTCAACGGTCGCATGCCAGTA
ARhpa2 CTACTGCAGCCCAGGTATTTCCAT 346 hpa2
ATGCAGAGCTATGGCACCCT
ARhreC GCTGGAGGTAATGACCGGAAT 367 freC
GGCCACCTTCTGCGTCGTATC
ARhreT AGCAAGGCGAGCAGCAATA b4 firel
GGCCACCTICTGCGTCGTATC
AR hpa3 TTCGTGTATGGCGCGGTTGGTIC 52 45 380 hpa3
ACTTGCCAGATGTGGACTCGGTT
AR hpat GAACATCTCGTCGTGCGCAA 377 hpaB
CGCTTCGAACAGGGTATGGAT
ARhrpE GCCTTGCCGATGAACTTGTT 21 hpE
TTGCCTTTCGTCGTCAACTCG
ARthre] TCGTCTGGCGTGACTTTGGAC 620 fre]
GCAATGTCTCGGTGTTTTCC
ARArpG GCACGGCAAGCCGATC 380 hipG
1.3 1.4
RS105 DNA
hrpGXxooc-F  hrpGXxooc-R 2 PCR Zou }
3 kb hpG hipX DNA ODgy =0.6 ~0.7
PMD18-T pMD18-T- hrpGX
Hindll 3 kb DNA 12~24 h
Hindlll pHMI IR24 3d
pHMI- hrpGX ARhmpGX water soaking 24 h 1
NA PCR
PMhrpGX HR NA
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Fig.1

oryzae pv. oryzicola. A. hrp

Genetic organization of the hrp clusters and construction and molecular analysis of the knock-out mutant in the hrpG and hrpX genes of Xanthomonas

hre and hpa gene positions in the hrp clusters of X. oryzae pv. oryzicola. Black arrows stand for the transcriptional

orientation. B. Schematic construction of a knock-out mutant in the hrpG and hrpX genes. Grey region stands for the left arm of the hrpG and hrpX gene loci

white region and the black presents the right arm. F1 and R1 and F2 and R2 are the primers for the right and left arms for PCR amplification respectively .

The right and left arms were fused in pKMS1 and the knock-out mutant was obtained after two step recombination occurred. C. PCR confirmation of the knock-

out mutant in the hrpG and hrpX genes. D. Southern hybridization to confirm the knock-out mutant with the left arm as the probe. The genomic DNA was

digested by Accl enzyme. Lane 1. The knock-out mutant ARhrpGX Lane 2. The wild type strain RS105. Accl stands for the enzyme sites for Southern blot.

1.5 RT-PCR hrp
Xooc hrp 2
XOM3 NB * 16 h 2.1 hrpG  hrpX
Tripture Roche
RNA hrp hre  hpa
Reverse Transcripase 1-A
c¢DNA c¢DNA PCR hrp hrpG  hripX
2 16sRNA c¢DNA hrpG  hrpX ARhrpGX
25 pL.. PCR Ex-Tag 1 U GC buffer hrpX 370 bp 800 bp
12.5 pL. 25 mmol/L. Mg’* 2.5 ul. dNTP Mixture PCR pKMS1
2.5 mmol/L 2 pL. ¢DNA 1 ng 20 pmol/L NAN
1 pL 25 pL 95C 1-B
5 min 94C 50 s 52C 45 s 72°C 45 s 35 10% NA
72°C 10 min PCR 1%
Gel Doc 2000™ 1-B hrpG  hrpX
BIORAD USA 1-B
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ARhrpGX PCR 1137 bp 2-B
RS105 4137 bp 1-C  Southern ARhrpGX
ARhripGX hrpG  hrpX
952 bp 2563 bp 1- 2-D
D hipG  hipX hrpG  hipX HR
ARhrpGX hrpG  hrpX
2.2 hrpG  hrpX 2-A
HR 2-B
hrpG hrpX RS105 2-
ARhrpGX IR24 3 D HR 2-C
hrpG  hipX hrpG  hrpX Hrp
2-A
IR24 hrpG  hrpX
4 5 2 3 L 5 R
.
i g i
1% “b

2 hrpG ~ hrpX
Fig.2 Responses of tobacco and rice to the knock-out mutant in the hrpG and hrpX genes of Xanthomonas oryzae pv. oryzicola . A. Water soaking symptoms
in rice seedlings IR24 3 weeks old ~ B. Pathogenicity assays in adult rice C. Hypersensitive response in tobacco D. Bacterial growth in infected tissues

of rice. 1. The wild type strain RS105 2. ARApGX 3. ARhpG 4. ARhrpX 5. PMhrpGX the conjugant of ARArpGX with the hrpG and hrpX

genes.
2.3 hrpG  hrpX hipG
hrp ARhrpG hpa2 hpal hpaB  hrc]
Xooc  hrp e hreC hreT  hpa3 hrpE hrpG
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Fig.3 Expression of key hrp genes of Xanthomonas oryzae pv.

A hrp-inducing medium XOM3 B

reverse transcriptional polymerase chain reaction RT-PCR

. 16sRNA was used as constitutive control.

concentrations of RT-PCR products were analyses in gel imaging system D

and the others can be by the same taken.
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oryzicola examined by RT-PCR. Xanthomonas strains were grown in rice suspending cells

respectively and then their RNA was extracted as the templates for

M. DNA maker. After run in 1% agarose gel the

. RS105/Rice means that the wild type strain was grown in rice suspension cells
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Expression of the hrcC hrpE and hpa3 Genes Is not Regulated by the hrpG and
hrpX Genes in a Rice Pathogen Xanthomonas oryzae pv. oryzicola

Jia Jiang" Huasong Zou®* Yurong Li' Gongyou Chen' **

! Key Laboratory of Monitoring and Management for Plant Diseases and Insects Ministry of Agriculture College of Plant
Protection Nanjing Agricultural University Nanjing 210095 China

% College of Agriculture and Biology Shanghai Jiaotong University Shanghai 200240 China

Abstract Objective The hrp hypersensitive response on nonhost plants and pathogenicity in host plants gene cluster which
conforms Xanthomonas oryzae pv. oryzicola the causal agent of bacterial leaf streak in rice to the ability to elicit a
hypersensitive response HR in nonhost tobacco and pathogenicity in host rice is thought to be regulated by the hrpG and hrpX
genes. However it is unclear whether the hrpG and hrpX genes regulate all the hrp gene expression of the cluster coordinately
or not. Methods We constructed a mutant with both hrpG and hrpX genes knocked out. Results which as the same as the
single mutant at the hrpG or hrpX gene lost the ability to trigger HR in tobacco and pathogenicity in rice respectively.
Correspondingly the hrpG and hrpX genes together could restore such the ability to the double mutant at the hrpG and hrpX
loci. After grew in rice suspension cells Arp-inducing medium XOM3 and nutrient-rich medium NB for 16 hours respectively
reverse transcriptional polymerase chain reaction RT-PCR revealed that the expression of hrp genes in NB medium was lower
that that in rice cells and XOM3 medium in whatever growth media the hrcC  hreT  hrpE and hpa3 genes expressed while
the hpal hpa2 hpaB hreJ and hrpG genes did not in the hrpG mutant the hpa2 hreC  hpa3  hrpE and hrpG genes
expressed while the hpal  hreT  hpaB and hrcJ genes did not in the hrpX mutant the hreC  hrpE and hpa3 genes
expressed but the hpal  hpa2  hpaB  hreT  hrcJ and hrpG genes did not in the hrpG and hrpX double mutant.

Conclusion This indicated that the expression of the hreC  hrpE and hpa3 genes was not regulated by the hrpG and/or hrpX
genes but the expression of the hrcT gene was negatively controlled by the hrpG gene. Thus we postulated that the expression
of key type-lll secretion T3S apparatus components was controlled by an unknown signaling pathway ~which may facilitate our
further understanding on the formation of the T3S machine.

Keywords Xanthomonas oryzae pv. oryzicola hrp genes T3S components RT-PCR
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