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Abstract Two positive clones pUAV45 and pUA V47 were identified from the cDNA library of Jxolll a race 3 strain of Xan-
thomonas oryzae pv. oryzae Dye ( Xoo) in Japanese system, using Tn5 hased technobgy. pUAV45 clone contained a 25. 4 kb Xoo ge-
nomic DNA insert. Southem blot analysis with avrXal0 as the probe showed that DNA insert in pUAV4S5 shares homology with
avrX10. Furthermore within the Xco inserts a smaller 5. 7kb Kpnl fragment (pUAV5k) was identified through hybridization with
avrXal0. The transformation of p UAV45 and pUAV 5k into the strain Px099 (race 6 in Philippine system) led to the decrease of Px099
pathogenicity on rice cultivar W ase Aikoku 3 (Xa3 ) and the increase of the pathogen pathogenicity on Cas209 (Xal0 ). The result of se-
quence analysis showed that there is a 2598 bp open reading frame (ORF) within the 5.7 kb Kpn1 fragment (pUAV5k). The ORF
shared high identity (97%) with avrXal0. The deduced sequence of the ORF contained 8. 5 tandem repeat units of 34-amino-acids one
leucine zipper (1Z), three nuclear localization signal (NLS) motifs, and an acidic activation transcriptional domain (AAD) at C-terminus.
We named this ORF avrXa3 and it is chssified as anew member of avrBs3 Cavi/ pth) family with the dualfunction determined by alter-
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nations of aviruknce and aggressiveness on rice cultivars carrying different © R’ genes.

Keywords:

Bacterial leaf blight caused by Xanthomonas o-
ryzae pv. oryzae (Ishiyama) Dye (Swings et al.
1990). Xoo. is amajor rice disease worldwide. Tt oc-

Africa, Latin America, North
1~3]

curs in Australia,
America, and is particularly destructive in Asial
As a model of “gene-forgene” disease, the incompat-
ible interaction occurs when a plant resistant gene
(R ) is matched by a corresponding avirulence gene
(4) of the pathogen *.

have been identified from plant pathogenic bacteri-
[6~8§
a .

Many bacterial avr genes

Canteros and Bonas first found the close
structural similarities between two avr genes from
Xanthomonas. campestris pv. vesicatoria (Doidge)
Dyd ?. Further studies by Gabriel and Leach indicat-
ed that the same characteristics existed in the avr
( Xanthomonas
campestris pv. mulvacearum, X. auxonopodis pv.
citri and X . oryzae pv oryzae.) and they called
them avr/pth family''™"" . Because avrBs3 is the
first reported member in this family, Bonas consid-
ered that it should be named avrBs3 gene family! 7 .

genes from other Xanthomonads

The structure of the gene family is characterized by
3kb in length, identical 3" and 5" terminals. more

rice, Xanthomonas oryzae pv. oryzae, avrXa3,

avrBs3 Cavr/ pth) family, functional domains.

than 12 of the 102-bp tandem repeat in the central re-
gion of each avrBs3-homologue. All deduced se-
quences of AvrBs3-ike proteins from Xanthomonas
share 90%) ~97% identity with each other and have
one leucine zipper (LZ), three nuclear localization
signals (NLS), and an acidic transcriptional activa-
tion domain (AAD) at C-terminal. However, differ-
ent avrBs3 homologues may contain different num-
bers of 102-bp repeats, and within these repeats the
sequences share 91% ~100% identity with each oth-
er. The differences among them are located in a two-
codon region referred to as the variable region (the
12th and 13th sites of 34-amino-acids). The number
of 34 amino acids repeats and variable regions control
. e [12) .
virulence specificity’ = . Other structures might be al-
so required for the interactions betw een pathogen and

host as well as the inductions of host defense respons-
[ 1314
es .

In general it is difficult to clone pathogenicity

(pth) genes from Xoo due to the strictly restricted

15]

modification system within Xod Thus in most

cases isolations and characterizations of genes related
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to pathogenicity from Xoo depend on the homology a-
mong extrinsic genes from other phytobacteria' ' .
Hopkins et al. used avrBs3 of Xcv as a probe to hy-
bridize against the genomic library of Px086 ( Xoo)
and identified two avr genes, avrXa7 and avrX-
al0 . When they were transferred into a virulent
strain, Px099, the interaction phenotype between the
trans-conjugants and rice cultivars carrying the resis-
tance gene Xa’7 or Xal(O was altered. Further re-
search demonstrated that both avr genes were homol-
ogous to avrBs3 .

Races of Xanthomonas oryzae pv. oryzae have
been monitored by pathogenicity on differential rice
cultivars. In general Japanese plant pathologists di-
vided Xoo into 5 races, while 6 races by International
Rice Research Institute (IRRI) in Philippines and
7 pathotypes in Chind . The

pathogens may vary depending on the differential cul-

races of plant
tivars used. At present most japonica rice cultivars
used in China have Xa3 gene and most indica rice
culivars have Xa4'"™ . Therefore studies on avrXa3
and avrXa4 not only have profound im pacts on theo-
retical studies but also are helpful for the understand-
ing of the variations within Xoo races and exploring

the properties of avr genes of this bacterium. Disease
resistance of rice cultivars (Wase Aikoku 3 and
IRBB3) carrying Xa3 is triggered by the strain
JXO II Crace 3) in Japanese system. Our laboratory
has screened the avr mutants of JXO I[lIby TnS mu-
tagenesis and identified 49 positive clones using the
probe derived from the flanking DNA sequence of
Tn5 to hybridize the JXO IIl genomic library in the
previous research!’. In this paper we report 2 clones
pUAV45 and pUA V47 containing avr genes screened
from the 49 positive clones and identification of a
novel avrXa3 gene belonging to avrBs3 family.

1 Materials and methods

1.1 Bacterial strains plasmids and culture media

Sources and characteristics of the bacterial strains
and plasmids used in this study are shown in Table 1.
Xoo strains were grown on NA medium at 28 C. Es-
cheridhia coli strains were cultured on Luria-Bertani
(LB) medium at 37 C. The concentrations of antibi-
otics are 100 g/ mL for rifampicin (Rif), 20 fg/mL
for kanamycin (Km), 25#g/mL for spectinomycin
Sp)s 50g/mL for ampicilin (Ap) and 20 #g/ mL
for cephalexin (Cp) added in the media respectively.

Tabk 1. Bactenal strains and plasmids used in this study
Strains Relevant characteristics Source or reference

Bacterial
strains
Xoo

JXO 111 Japanese system, Race 3, Riff resistant, incompatible on Wise  This laboratory

Aikoku 3 (Xa3) and compatible on Cas209(Xa3)
PX099 Philippine system, race 6, nff resistant, compatibk on Wise Aikoku3  International Rice Research Institute, the Philip-
and Cas209 pines

E. coli.

DH 5« F recd, ®80d lacZn AM12 Bethesda Research Laboratories

S171 294 recd, Tp', Sp' Kansas State University
Plasmids
pUFV 034 Cosmid. Mob', LacZ™, IncW, Nmx Km" Florida University
pUAV45 JXOTII genomic library, 25.4kb insert in pUFR034 Kmr This study
pUAV5K From pUAV45, 5.8kb K pnl insert in pUFR034 Km" This study
pUAVS5E3 From pUAV45, 4.3 kb EoRI insert in pUFR034, Km® This study
pUAV5E4 From pUAV45, 3.6kb EoRI insert in p UFR034, Km' This study
pUAVS5B From pUAV45, 2.8 kb BamHI insert in pUFR034, Km" This study
pBS3. 1A avrXal0 clone in pBluescriptKS vector, Ap* Kansas State Univesity

1) Huang, Y. C. The cloning of avirulence gene avrXa3 of Xanthomonas oryzae from Jxolll a strain of race 3 in Japanese system. Ph. D Disser-

tation, -Nanjing Agricul tural University, - 1999.
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1.2 Plant materials and pathogenicity assay

Rice cultivar Wase Aikoku 3 carries Xa3 gene
and Cas209 carries Xal0 gene of bacterial leaf blight
resistance. Rice was planted in pots (diameter
=30 ecm) and grown in grow th chambers at 28 ~
32 “Cin day light. Plants were inoculated by leaf-cut-
ting method at booting or flow ering stage. Sym ptoms
(phenoty pes and lesion lengths) were assessed 14
days after the inoculation. The disease severity (%4)
was expressed by the lesion length divided by the full
length of the inoculated leaf. Rice cell suspension was
prepared as described '? . Of the 1 mL Xoo bacterial
suspension (ODg2n=1) was added to every 50 mL of
rice cell suspension, then the rice cell suspension was
shacked in darkness at 28 ‘C. After inoculation, the
cell suspensions were sampled every 6 hours and
stained with Evans blue and the rate of cell death was
recorded under the microscope.

1.3 Genetic manipulations

Plasmid
trophoresis enzymatic ligation and sub-cloning were
conducted as methods described ™ .
beling kit was used for the probe synthesis. Probe la-

ex traction, transformation, elec-

Dig random la-

beling and Southern blot was performed as recom-
mended by the manufacturer (Roche Co., Ltd. ).
Restriction map was constructed using double-enzy me
digestion method. Bi-parental mating method '3 was
used for the conjugation between E. coli and the ap-
propriate Xoo strains used.

1.4 Sequence analysis

DNA fragments were sequenced by TaKaRa
Biotechnology (Dalian) Co., Lid. Sequence homolo-
gy was analyzed with Blast (www. ncbi. nih. nlm.
org. ) and the sequence alignment was conducted by

Table 2.

BioEdit program.
2 Results

2.1 Function of the cosmid clone pUAV 45

The strain JXO [Ilwas mutated using Tn5 medi-
ated mutagenesis (S17-1/pZJ25; : Tn5) and the con-
jugant was screened on PSA-Rif-Km plate. The con-
jugation efficiency was achieved at very low level
(about 0.2X10 7). A total of 6000 conjugants w ere
obtained. Pathogenicity assay of the mutants from
JXO I on rice cultivars Wase Aikoku 3 (Xa3 ) and
IR26 (X4 ) showed that only mutant 3201 signifi-
cantly altered the phenotype from incompatible to
compatible on Wase Aikoku 3 with the average of le-
sion length increased from 0.3610.29 cm to 5. 38+
0. 89 cm. This result suggested that 3201 isan avrX-
a3 mutant. Genomic DNA of 3201 was digested with
BamH]1 and then ligated into pUC19. The recombi-
nant clones were grown on LB+ Ap+Km plate. The
probe plasmid harbored Km resistance gene and the
flanking DNA sequence of avr gene targeted. The
probe was hybridized against the JXOIII genomic
DNA library by colony in situ blot. Totally 49 posi-
tive clones were selected but all 49 clones failed to be
transformed into the mutant 3201 or JXOV, a strain
of race 5, using bi-parental mating method. Howev-
er; when PX099, astrain of race 6 in Philippine sys-
tem, was used as recipient, 9 out of 49 clones were
successfully transformed. Four rice cultivars; Wase
Aikoku 3 (Xa3 ), IR26 (X&4 ), Javal4 (Xal ) and
Cas209 (Xal0), were inoculated with 9 conjugants
PX099/pUAV45 and PX099/
pUA V47 were found to have altered pathogenicity on

and 2 conjugants,

Wase Aikoku 3 with significantly shorter lesions. Es-
pecially for PX099/pUA V45, its phenotype in inter-
action with Wase Aikoku 3 was obviously incompati-

ble as com pared to others (Table 2).

The pathogenicity of conjugants PX099/ pUAV 45 and PX099/ pUAV47 on rice cultivars

Pathogenicity (%) ®

Bacternal strains

Wase Aikoku3/ Xa3 IR26/ Xa4 Javald/ Xal Cas209/ Xal 0
PX099 94.1£8. 6A 62.3424.7A 74.4433.3A 67.4416. 2A
PX 099/ pUA V45 39.2+20. 4B 82.9110. 4A 87.31+6.7A 86.9+6. 1B
PX 099/ pUA V4T 54.3+14.5BC 66.5+27.9A 66.5+27.9A 87.1+11.7B
PX 099/ pUFR034 85.9+£10. 3C 68.9417.9A 68.9117.9A 93.4410. 6B

a) Disease severity (%)= (lesion length/ leaf length)X 100
Different letters represent significant differences (p 0. 01)
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2.2 Homologous analysis of pUAV45 with avrX-
al 0

The DNA fragments from genomic library of
JXO Ilin pUAV45 were 25.4kb in length. The re-
striction map was shown in Fig. 1 (a), and (c).
Southern blot analysis showed that all of the 5.7 kb
Kpnl fragment, 3. 6kb EcoRI fragment and 2. 8kb
BamH]I fragment hybridized with the probe of avrX-
al0 and further sequence analysis indicated that they

pUAVAS BAH BIE E AHEK K NH KB

were on an overlapping position of the DNA fragment ()
inserted in pUAV45 (Fig. 1 (b) and (c)).

2.3 Functional analysis of pUAV 45 and its sub-clones

Based on the results of restriction mapping and
Southern blot analysis, we recovered 4. 3 kb and
3.6kb EcoRI fragments, 5.7kb Kpnl fragment and
2.8kb BamH]I fragment from the agarose gel and lig-
ated them into the vector pUFR034. The recombined
plasmids were named pUAVSE3, pPUAVS5EA4,

AvXall) 8 E
pUAVS5K and pUAVS5B respectively. All sub-clones {b)

K pUFRO34 AH

were transformed into PXO99. When the conjugants SooR] I
were inoculated on rice cultivars Wase Aikoku 3 with Kpn! I
leaf-cutting method, Px099/pUAV45 and Pxo99/ BamH| J
pUAVS5k showed decreased pathogenicity with the )
disease incidence changing from 44. 31% to 35.67 % Fig. 1. Restriction map of a clone pUAV45 from genomic library
and 33. 68% on Wase Aikoku 3 respectively. Intro- an(fl d.etection for homologous fragm?r?ts .with avrXal0. (a). Re-
. . striction map of pUAV45; (b) hybridization of pUAV45 restricted
duction of pUAV5E3 into PXO00 also led to the de- fragments with the probe of avrXal0 by Southern bbt analyss;
crease in the pathogencity of the trans-conjugants. On
the contrary, the transformations of sub-clones into
PX099 all led to the increase of its pathogenicity on
rice cultivar Cas209 (Xal0) (Table 3).

Il 43

(c¢) relative positions of homologous sequences of avrXal0 in
pUAV4S; E= EcoRl, K=Kpnl, B=BamH]l, B/E andK/ E
are fragments from digestion of two enzymes. AH is a DNA mark-

er.

Table 3. Changes of pathogenicity of a Xoo strain Px099 transferred by sub-clones derived from p UAV45

Pathogenicity (%) ?

Bacternal strains

Wase Aikoku 3/ Xa3 Cas209/ Xal 0

PX 099 44.31+13.63 ABCD 51.724+15.29 ABCD
PX 099/ pUFR034 43.54+12.72 ABCD 55.05+7.74 ABCD
PX 099/ pUFR45 35.67+10. 33 CDE 61.46+11.16 A

PX 099/ pUFR5K 33.68+12. 16 DE 59.92+12.81 ABC
PX 099/ pUFRSE3 39.02+9. 44 BCDE 58.61+11.03 ABC
PX 099/ pUFRSE4 45.90+14. 00 A 42.93+6.46 ABCD
PX 099/ pUFR5B 46.23+15.17 ABC — —

a) Disease severity (%) = (lesion length/ w hole leaf length)X 100%
Different letters show significant differences (p=0. 01)

In the cell suspension of Wase Aikoku 3, com-
patible wild ty pe strain Px099 caused the cell death at
the rate of (50.48+2.12)% 18 hours after inocula-
tion. When the conjugants ( Px099/pUAV45,
Px099/pUAVS5K, Px099/pUAVSE3) and rice cell
suspensions, were, co-cultured, - the cell death rate was

only (18. 25 +1.00)%, (24.29 +1. 84)% and
(24.35 £1. 86) % respectively. The reactions on rice
cell suspension were coincident with that on plant.

All the results suggested that the sub-clones
pUAVSE3 and pUAVS5K should carry the entire or



778

Progress in Natural Science Vol. 14 No. 9 2004

part of avrXa3 DNA sequence with dual functions.

2.4 Sequence analysis of sub—clones derived from

pUAV45

The DNA fragments inserted in pUAV5K and
pUAVS5E3 were sequenced and analyzed with Blast
program. The results showed that the 5.8 kb frag-
ment in pUAVS5K harbored an open reading frame
(ORF) of 2598 bp and the structure of ORF was the
same as that of avrBs3 family (GenBank No.
AY129298). The identity of two sequences is more
than 96. 6%4 except the numbers of 102bp repeat u-
nits (Fig. 2). Shine-Delgarno — 35 and — 10 se-
quences were found on the — 81st site and the — 56th

(&) Structure of avrXa3 in pUAVSK

site upstream of the ORF. They shared 96.6% iden-
tity to the corresponding sequence of avrBs3. The ri-
bosome-binding site (rbs) was on the —14th site. At
both ends of ORF, there were the characteristic re-
stricted sites of avrBs3 gene family, BamHI, Pstl
and Sstl. In the central region the numbers of 102 bp
repeat was 8. 5 and within 34 amino acids encoded by
the 102 bp repeat there are 5 leucine residues. One
leucine zipper (LZ, 1732 ~1917 bp), three nuclear
localization signal (NLS, 2140 ~ 24154 bp, 2275 ~
2289 bp, 2383 ~ 2589 bp) motifs, one acidic tran-
scriptional activation domain (AAD, 2467 ~2589bp)

exist at the C-terminus of the fragment (Fig.2. (a),
(b).

5'BP St-==-8.5 102bp repeats  —- LZ ANLS RS3’
H 1y et e Yl O B =4
LTPAQVVAIASHDGGNQALETVQRLLPVLCQDHG
(b) Functional domain in pUAVSE3
L 1
_ /_ AAD
/R\"KKI‘!I \

Fig. 2.

S chematic map of domains in plasmids: pUAV 5K and pUAV5E3, pUAVS5K contains a complete avrXa3 and another con tains partial se-

quence. (a) Organization of a complete avrXa3 in pUA V5K showing thel02 repeat domain in central region followed by a putative LZ 3 NILSs
anda AAD at 3'; (b) a partial structure of avrXa3 in pUAVSE3 containing one NLS and one AAD only.

Sequencing data of the 4.3kb insert in
pUAVS5E3 showed that there was only a 124-amino
acid O RF containing three NLS and one AAD. The
NLS and AAD had 81% identity with the corre-

sponding conserved domains of avrBs3 (Fig.2 (b)).

There are 8.5 repeats of 34-amino acid in de-
duced sequence encoded by 102 bp in pUAVS5K,
which is 7, 17, 10 repeats less than those in avrX-
al0, aviXa7 and avrBs3 respectively (Fig.3 (b)).
The 12th and 13th sites of the 33-amino acid repeats
are different among avrXa3, avrXalO, avrXa7 and
avrBs3. Furthermore the 5th repeat in avrXa3 is
only 99 bp in length.

AAD domain identified in avrBs3 (avr/pth)
family has similarity to eukaryotic AAD at the last 38
codons (date not listed). The AAD domain is charac-
terized by the presence of acidic and hydrophobic
The AAD domain of
is, identical to that of avrXal0 . However

residues within the domain.

aveX a3

compared to avrBs3 5 it has 8 more codons and 3 dif-
ferent amino acids.

3 Discussion

More than 40 avr genes from plant pathogenic
bacteria have been cloned and sequenced on the basis
of “gene for gene” theory. There is no or very little
information about the relationships among most of
avr gene homologues except for the members within
avrBs3 and avrRxv/ YopJ families >' . Previous re-
searches have suggested that the members of avrBs3
family are more than 3kb in length and contain more
than 12 tandem repeats of 102 bp in the central re-
gions. However avrXa3 identified in this research
only has 2598 bp and 8.5 repeats of 34-amino aicd in
the central region. AvrXa7 and avrXalO derived
from a Philippine strain Pxo86 has 25.5 and 15.5 34-
amino acid repeats respectively. All the members in
avrBs3 family have different numbers of 34-amino add
repeats. Deletion of this units and. the domain, swaps
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(a)

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Repeat 34-amino acids of avrXa3
order
1. LTPAQVVATASHDGGNQALETVQRLLPVLCQDHG
2. Bl R
3. '==D HO—K
4. P NG—E
6. —D N+=K
g. —D Hi—K S
T« ==D HD—K
8. —D HD—K
(b)
Genes Amine acid at the 12th and 13th site in different repest units
1 2 3485 BT 8 9
wvrded HD HD HD WG NG HN HD HD NG
wrXe? NI HG NI NI NS HD NN HD HD HD NS K+ N+ HD HO NS NS NN NN NI NG NN NI N+ NS Ns
gvrXaf0 NI KHG NI HG NI NI NN HD NI MD BN MG NS NG HD NG
ovrBs3 HD NG NS BG NI NI NI HD HD HG KS KS HD HD HO NG HD NG

evrFs3-d NI NG RI NI WG NG NI RS NG NI KS NG HD HD HS HD NG NG

vrbd HD NI BG HD HD NI MD NI S WD HD HD ME NG

Ftha ¥I WG NI NI NG HD HG HD NG NG NG NG NS HD HD NG ¥G
peaT NI HD HD NI HD NI NG NI NN MD NI NG N+ NN

Az NI NI NN NI HD NS NS NN BG HD KN NI NG

(c)

Cenes Sequences of amino acids

avr¥ad  TVEWEQEAAPRAGAAREFPARVERELA WIMBLLPQSGSVGGTT

avrXal0 TVEWRQEAAPPAGAAIIFPARNERELA W IHELLPQSGSVGGT]

avrfsd

avrhd

TvMREEPFAG AABlFP A VLA winELLPY
TVMREQEEEPPAGAABFP APV ERBLAW LMELLPQ

pehd  TVMRECEEBPRAGAABBFPAFNERELAV MELLFQ

Fig. 3.

Deduced amino acid sequence of the avrXa3 shows domain of repeat units and comparison of the 12th and 13th amino acids in the 34-

amino acid variable region. (a) The 12th and 13th amino acids in the 34-amino acid variable region of avrXa3 repeat uni; (b) comparison of re-
peat members of avrBs3 family and their variable regions, * show deleted amino acid residues; (¢) deduced acidic transcriptional activation do-
main of avrXa3 in some other members of avrBs3 family, gray shadow indicates acidic amino acid; boldface types indicate hydrophobic groups.

between different avrBs3 homologues provided evi-
dence that the number of the repeats affected both
avirulence and virulence specificity! " '® ® | The vari-
able amino acid region is also related to the race speci-
ficity! ™. For the above reasons, we identified the

avrXa3 as a new member of avrBS family.

In general, determination of avr gene’ sfunction
relies on mobilization of avr genes into the corre-
sponding aver gene mutants or other compatible
strains and then assessment of the pathogenicity of al-
tered strains on the rice cultivars carrying correspond-

ing R genes. Px099, a race6 strain in Philippine sys-
tem, has compatible phenotypes on rice cultivars car-
rying Xa3, Xad, Xa7, Xa8 and Xal0O. Leach re-
ported that when avrXa7 and avrXal0, cloned from
Px086 (a race 2 strain in Philippine system), were
transferred into Px099, the conjugants altered the in-
teraction phenotypes on cultivars carrying Xa7 and
Xal 0 with dominant depression of aggressiveness of
the bacterid ' .

In this study we identified two avr gene mu-

tants (3201, 3202 ) from JXOIII and their
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pathogenicity showed significant increase on the in-
compatible cultivar Wase Ailoku 3 but decrease on
compatible cultivar cas209. When a sub-clone
pUAVS5K, derived from the cosmid pUAV4S5, was
introduced into Px099 and the conjugant (Px099/
pUAVS5K) was used to infect differential rice culti-
vars the symptom was suppressed on the cultivar
Wase Aikoku 3 (Xa3) and enhanced on the cultivar
cas209 (Xal0 ).
avrXa@ i1s a typical dual-acting avr gene like
avrBs3 , avrPto and avrXa7 but not like avrX-
al0" . The results on rice cell suspension also
showed that avrXa3 altered the phenotype of the
transformed Px099 (Px099/pUAVS5K ) on Wase
Aikoku 3, just like the pathogenic phenotypes of JX-

These results demonstrated that

OIII on suspension cells of the same cultivars. The
avr genes of Xoo identified so far seem only affect
the lesion size in complementary experiments on rice
cultivars with different genetic background. The hy-
persensitive response was usually not induced on rice
by corresponding Xoo races or conjugants harboring
avr genes from different races.

Both White and Bonas suggested that the NLSs
(generally 3 motifs) and AAD domains were respon-
sible for avirulent phenotype of plant pathogenic bac-
teria. Deletion or mutagenesis of these structures
would cause the loss of avirulence conferred by avr
genes. In this study the recombinant plasmid
pUAVS5E3 containing only 17, three NLS and AAD
was introduced into Px099 and the resulting conju-
gant was conferred the recipient the avirulence pheno-
type on Wase Aikoku 3. This suggested that the frag-
ment containing LZ, three NLS and AAD plays the
same role as a whole avrXa3 . But it is still not clear
whether the other DNA sequences in pUAVSE3 will
affect the interactions between Xoo and its host. It
will be interesting to determine the functions of the
residues upstream of these domains and their effects
on the specificity of the pathogen on different rice cul-
tivars.
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