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Abstract Six hrp = mutants obtained from the PX099” strain of Xanthomonas oryzae pv. oryzae Xoo
by using diethyl sulfate DES as a mutagenic chemical. These mutants lost their pathogenicity on susceptible
rice  Shanyou63 and the ability to trigger hypersensitive response  HR on a nonhost plant of tobacco. Some of
the mutants lack a substrate that induces HR on tobacco while others possess the substrate within cells but do
not secret it out. An hrp gene clone pUHRX245 screened from a gene library of Xoo by biparental conjuga-
tion originally contained 36.8 kb foreign DNA of Xoo genome. A series of subclones from 36.8 kb hrp frag-
ment in pUHRX245 showed that a 3.3 kb Sacl DNA complemented all hrp ™ mutants to hypersensitive re-
sponse HR elicitation on tobacco but only restored the pathogenicity to hrp = mutants JCM2482 of Xoo and
M1005 of X.o. pv. oryzicola Xooc  with symptoms of rice leaf blight and streak respectively. The frag-
ment sequenced confirms that hrpXoo genes and two open reading frames hsp ORF1 and hsp ORF2 related
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with heat shock protein 90 family are contained in 3.3 kb DNA. There was no alignment of HspORF1 in pro-
tein database while HspORF2 was homologous to Hsp90y, with an identity over 99% . The hrpXoo gene was
highly homologous to hrpX genes already reported in other Xanthomonas. A 60-bp nucleotide sequence coding
for a structure of an alpha-helix-turn-alpha-helix is highly conserved in Xanthomonas. A 1.1 kb upstream DF-
NA of the hrpXoo without the 60-bp fragment conferred pathogenicity on rice and HR induction on tobacco only
to hrp ™ mutant of a JXOIII strain of Xoo but not to hrp ™~ mutants either of PX099* or of RS105 strain of
Xooc. Sequence comparison of hrpXoo with other hrpX genes of Xanthomonas already loaded in GenBank
showed at least 90% identity. The differences in amino acids between HrpXoo and the other five HrpX proteins
suggest that the alternation of amino acids at sites 88 196 and 247 might reflect the differences between X.
campestris and X. oryzae and that the amino acid change at the site 175 in HrpX represent the difference be-
tween Xanthomonas that develop systemically in vascular bundles and locally in infected tissues after infection.

Key words Xanthomonas oryzae pv. oryzae X. oryzae pv. oryzicola hrpXoo gene Hypersensitive re-

sponse Pathogenicity
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Table 1 ~ Properties of strains and cosmids used in this study

36

Strains or cosmids Properties Source
E. coli
DH5a D901acZAD ml5  recAl This lab
S17-1 294recA  chromosomally integrated RP4 derivative Tp" Sp' R. Simon °
X. o. pv. oryzae
JXOIII Rif"  wild type 111 Japanes 111 This lab
JCM2482 Rif" hrp~ harpin~ 6
PX099* Rif" A" wild type 6 Philippine6 This lab
M1 Rif* hrp~ harpin~ This study
M4 Rif" hrp~ 1= This study
M20 Rif* hrp - harpin_ This Study
M27 Rif* hrp~ - This study
M37 Rif" hrp~ harpin~ This study
M39 Rif"  hrp~ harpin~ This study
X. o. pv. oryzicola
RS105 Rif" wild type This lab.
M51 Rif" hrp~ - ’
M55 Rif' hrp~ harpin~ s
M1005 Rif* hrp - harpin - §
Cosmid
pUHR034 IncW Nm' Km' Mob p  Mob* LacZa* De Feyter *
pUHRX245 pUFRO034 clone from JXOIII gene library containing 36.8kb partial EcoRI fragment 8
pHRE17.0 17kb EcoRI fragent in pUFR034 from pUHRX245 This study
pHRE13.5 3.3kb EcoRI fragent in pUFR034 from pUHRX245 This study
pHRE3 3kb EcoRI fragent in pUFR034 from pUHRX245 This study
pHRB7.2 7.2kb BamHI particully digested fragment in pUFR034 from pE13.5 This study
pHRB6 6.0kb BamHI fragment in pUFR034 from pE13.5 This study
pHRB5.2 5.2kb BamHI fragment in pUFR034 from pE13.5 This study
pHRB2.3 2.3kb EcoRI-BamHI fragment in pUFR034 from pE13.5 This study
pHRS3.3 3.3kb Sacl fragment in pUFR034 from pHRB6 This study
pHRS2.7 2.7kb Sacl fragment in pUFR034 from pHRB6 This study
pSK2.2 2.2kb Sacl-Kpnl fragment in pUFR034 from pHRS3.3 This study
pSKI1.1 1.1kb Sacl- Kpnl fragment in pUFR034 from pHRS3.3 This study
1.2 PX099% hrp~ DES PX099*
8 HR 6 hrp ™
1.3 hrp~ harpin hrp~
8
1.4 DNA K
6 hrp~ 2 1 HR™/
1.5 Pth™ /I~ hrp-
8
1.6 HR K
8 HR M4 M27
1.7 HR
TaKaRa 2 HR™/Pth™ /harpin” hrp~
JXOIII hrp 3.3 kb Sacl
NJS057 GenBank http //www. HR M1
nchi. nlm. nih. gov Blast ? M20 M37 M39
ORF Finder HR
BioEdit 3.3 kb hrp 2.2 pUHRX245
DNA GenBank AF272886 Xoo JXOTII hrp
2 pUHRX245 EcoRI
4 3.0 3.3 13.5 17.0
2.1 PX099*  hrp~ kb 1 pUHRO034
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Table 2 Phenotypes of hrp ™~ mutants produced by DES from PX099%

Plant response HR Detection of active substrate for HR on tobacco
Strains . . . K .
Tobacco Rice Sonicated cell Supernatant Heat treatment  Lyased by protease K Debris
M1 - - - - - - -
M4 - - + + + - -
M20 - - - - - - -
M27 - - + + + - -
M37 - - - - - - -
M39 - - - - - — _
PX099* + 22.4 + + + - -
CK - - - - - - -
ey HR* -” HR em
* +" stands for HR on tobacco and pathogenicity on rice whilé’" —" for no HR or no pathogenicity. Figures represent lesion length cm
PX099*  RS105 hrp~
e . 13.5 kb DNA P
B BIBK E R HR Pthiem) -
pUHR X245 el ) BIB | | _RL Fl‘jE + a0 HRE13.5 hrp
HRE3.3 e - -
’ R&;g;; T 0B HR M1005 3
pHRE17 - - - 13.5 kb DNA hrp
pHRB2 3 - - -
PHEB?.5 — - - pHREI13.5 DNA BamHI
P [S—
HRB5.2 + 057
piie —— + 08 pUFR034 4
e R T om pHRB 2.3 pHRB 5.2 pHRB 6  pHRB 7.5
pSKLL e - DNA 2.35.26.0 7.5kb
1’ R
T’_ “12; 15? 1850 2?“:;;3?%22 4 RS105 hrp -
—> — - —
A X0 ] i)n}'l] J(‘JRF;’] l pH RB6 hrp
HR hrp -
hrpXoo  hspORF1 hspORF2 HR M1005 3 1 2
hrp~ M1005 Pth
. pHRB6 6.0 kb DNA hrp
rp
E.EcoRl K Kpnl B BamHI S Sacl
The subclones of the 36.8 kb hrp fragment were labeled in the left PHRB6 PHRS 3.3 pHRS 2.7 pSK
lane the numbers in the subclone names indicate the DNA sizes from 1.1 pSK 2.2 JXOIII PXO99A RS105
the hrp fragment. Biparental conjugants of M1005 with the subclones hrp -
are shown on the right two lanes. The conjugants were determined for pHRS 3.3 hrp -
the HR induction on tobacco and pathogenicity Pth on rice. The HR 3 ) JCM2482
symols +” off —" indicate that the HR was or was not induced the M1005 24 pHRS
extent of pathogenicity is given as length of the lesion c¢m . The loca-
tion and transcriptional orientation of hrpXoo gene and hspORFs are 3.3 3.3 kb pUHRX245
displayed on the bottom lines DH5a OD600 =2.0
1 pUHRX245 36.8 kb hrp- HR 3
hrp~ M1005 harpin
Fig.1 The endonuclease restriction map and subclones of the
36.8 kb hrp fragment harbored in pUHRX245 2.3 hrpXOO
hsp90x, ORF1 ORF2
pHRE3 pHRE3.3 pHREI3.5  pHRE pUHRX245 3.3 kb Sacl
17.0 pUHRX245  hrp 3.3 kb Sacl
36.8 kb 4 S17-1 hrpXoo 1-1566 heat shock
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3 pUHRX245 36.8 kb hrp PX099*  RS105hrp- HR !
Table3 HR and Pathogenicity restoration to hrp~ mutants of PX099* and RS105 by a 36.8 kb hrp fagment harboured in
pUHRX245 and its subclones
RS105  hrp~ PX099*  hrp -
Clones hrp ~ mutants of RS105 hrp ~ mutants of PX099* DH5q
M51 M55 M1005 M1 M4 M20 M27 M37 M39
pUHRX245 + + + 4.07 + + + + + + -
pHRE3 - - - - - - - - - -
pHRE3.3 - - - - - - - _ _ _
pHRE13.5 + + + 2.42 + + + + + + -
pHREL7 - - - - - - - - - -
pHRB7.3 - - - - - - - _ _ _
pHRB6 + + + 0.57 + + + + + + -
pHRBS .2 - - - - - - - - _ -
pHRB2.3 - - - - - - - - _ -
pHRS3.3 + + + 0.42 + + + + + + -
pHRS2.7 - - - - - - - - - -
pUFR034 - - - - - - - - - -
bt HR - HR
The symbols’ +” off —" indicate that the HR was or was not induced on tobacco the extent of pathogenicity is given as length of the lesion cm
in parenthesesprotein
HrpXoo Xoo
2 HrpX X. camper-
stris 3 HrpX 88
139 159 164 175 177 196 247 323
88 196 247
X.oyrzae  X.campestris 2
175
PX099 HrpX
" ; o ; ” = ¥ : JXOIII  HrpX HrpX
PX099 HrpX - - -o-
A.M1005 B. M1005/pUHRX245 C. M1005/pHRE13.5 D. M- JXOIII HI‘pX
1005/pHRB6 E. M1005/pHRS3.3 F. M1005/pHRB7.5 G. M- 3
1005/pUFR034 H.RS105 I.CK
5 X0 36.8 kb Xooc hirp- 3.3 kb Sacl 1.1 kb Sacl-Kpnl
M1005 hrpXoo 1~1124 a- -
Fig. 2 Pathogenicity restored to the hrp ™~ mutant M1005 of o Jxott
X. oryzae. pv. oryzicola by the subclones of pUHR- h,rp ) JCM2482
X245 from X. o. pv. oryzae HR 4 3.3 kb Sacl
2.2 kb Sacl-Kpnl a-
protein 90 ORF1 1654 ~ 1890 - Hsp90
ORF2 2356 ~ 2931 1 hrp Xoo HspORFL — HspORE2 PX099*
hspORF's PX099"  hrpy,  hsp90Xo RS105 - hrp HR
AF022885 99% hrpXoo 3 © o 60-bp

90%

4
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a- - -a- JXOIII  HrpXoo X.o.

pv.oryzae JXOIII PX099 PX099 L07046  Japan Xoo AB026433 HrpXet X. citris

AF063488  HrpXce X.c.pv.campestris X79156  HrpXcv X. c.pv. vesicatoria U45888
The HrpXoo protein sequence is deduced from the sequence of the hrpXoo gene of Xoo JXOIII. It is aligned with the HrpX from PX099 strain
L07046  HrpX from a strain of Xoo in Japan AB026433  HrpXct from X. citri AF063488  HrpXcc from X. ¢. pv. campestris X79156
and HrpXv from X. c¢. pv. vesicatoria U45888 . The identical amino acids in six HrpX proteins are shaded. The alpha-helix-turn-alpha-helix struc-
ture highly conserved in xanthomonads is underlined
3 HrpXoo HrpX
Fig. 3 Comparison of HrpXoo with reported HrpX proteins of xanthomonads
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A. JCM2482 B. JCM2482/pUFR034 C. JXOIII D. JCM2482/
pHRS3.3 E. JCM2482/pSK1.1

4 3.3 kb Sacl JCM2482 HR

Fig. 4 Pathogenicity and HR restoration to JCM2482 by sub-
clones of 3.3 kb Sacl fragment
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