














(Nelson etal., 1994; Vera Cruz et al., 1996).
DNA marker linked to Xoo virulence genes could
circumvent many traditional problems associated
with phenotypic selection for Xoo virulence and of-
fers a unique opportunity for identification of durable
resistance cultivars to BLB disease (Adhikari et
al., 1995; Adhikari etal, 1999). In the present
study the African Xoo virulence gene (4Xalrg) DNA
marker has been identified, sequenced, and char-
acterized. Molecular sequencing has identified the
AXaVrg-1953 DNA marker present in each of the
50 Xoo isolates analyzed in this study. This AXaVrg-1953
DNA marker was known to contain penicillin acylase
II, gamma-glutamyl phosphate reductase, putative outer
membrane protein, TAL effector PthXo6 protein, TAL
effector AvrBs3/PthA protein, HrpD1 protein, HrpDJ5
protein, HrcC protein, putative IS1113 transposase,
and glycosyltransferase in its translated amino acid
sequence. The sequence analysis of AXalVrg-1953
DNA marker revealed that every Xoo isolate and strain
in West Africa are virulent and possibly carry mul-
tiple virulence gene proteins to elicit hypersensitive
reactions leading to BLB disease in host cells. This
possibly suggests the need for pyramiding multiple
resistance genes into rice cultivars would provide
high performance and durability of genetic resistance
to BLB disease in West Africa (Narayanan et al.,
2002; Sere etal., 2005).

It has been reported that penicillin acylase II,
gamma-glutamyl phosphate reductase, putative outer
membrane protein, TAL effector PthXo6 protein, TAL
effector AvrBs3/PthA protein, HrpD1 protein, HrpDJ5
protein, HrcC protein, putative IS1113 transposase, and
glycosyltransferase obtained in this study are involved

e

in pathogenicity and virulence of Xanthomonas oryzae
pv. oryzae (Buttner et al., 2006; Gurlebeck
et al., 2006; Makino et al., 2006). The hrp genes
(HrpD1, HrpD5), and TAL effector AvrBs3 protein
encode the type III secretion system (T3SS) for their
secretion pathway in Xanthomonas oryzae pv. ory-
zae (Buttner etal.,, 2006; Gurlebeck et al.,
2006; Makino etal.,2006). Besides, HrcC protein,
penicillin acylase II, gamma-glutamyl phosphate re-
ductase, and glycosyltransferase encode the type II
secretion system (T2SS) for their secretion pathway
in Xanthomonas oryzae pv. oryzae (R ay etal., 2000;
Chatterjee etal., 2003; Sun et al., 2005). The
type III secretion system is well-known to be present
among Gram-negative plants and animal pathogens,
and made up of a supermolecular structure called Hrp
mutants pilus that deliver TAL and other effectors into
plantcells(Yang, White,2004;Makino etal.,
2006). The environmental conditions are known to
regulate the expression of Arp genes in Xoo and can
be induced only in plants or specific synthetic media
(Tsuge etal., 2005). The type Il secretion genes and
secreted proteins play important roles in the host—Xoo
interaction (Sun et al., 2005).

Molecular phylogeny and cluster analyses of nu-
cleotide sequence revealed the African Xoo virulence
gene (AXaVrg-1953) DNA marker was distinct from
the other 17 Xoo virulence genes originating from
China, Japan, Korea, Germany, and the United States.
Similarly, previous DNA fingerprinting studies revealed
that South American Xoo strains are closely related
to Asian strains while the African strains form two
clearly distinct groups (Gonzales et al., 2005).
Because the Xoo virulence gene (4Xalrg-1953) DNA
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Table 3. AXaVrg-1953 translation protein sequence and sequence alignment details

African Xoo virulence gene DNA marker (4XaVrg-1953)

Translation protein
sequence (650 bp)

1 TRLPHPAPSP KEEEPVQRFV VQGPARTRHP TNRWPVT*GP NSVLDKPPNL TRDVPPPPAQ

61 TPEETRASRQ VLTPARPKKL FRQCSTHEQP PTTRTAMAWH LNHPPTSKHR QDEGW*LLRK
121 EVIQPHLPVR LPCYDLVPIA SPTFDHSPRE RLGHGLRVLP TEVT*RAVCT RPGNVFTAAL
181 LICDY*RLRL HGVELQTPIR TETGFLGFAP PYGIAALCTG HCSMREAQDI RGMMI*RHPH
241 LPPS*PRQSP MSPRHNPLAT WDEGCARCGT *PNISRHELT TTMHHLCTSV QRDHHLWWLL
301 VHVKPW*GSS RCIELIRMLR RLCGPPSIPL SFSLAAVLPM TRLPHPAPSP KEEEPVQRFV
361 VQGPARTRHP TNRWPVT*GP NSVLDKPPNL TRDVPPPPAQ TPEETRASRQ VLTPARPKKL
421 FRQCSTHEQP PTTRTAMAWH LNHPPTSKHR QDEGW*LLRK EVIQPHLPVR LPCYDLVPIA
481 SPTFDHSPRE RLGHGLRVLP TFVT*RAVCT RPGNVFTAAL LICDY*RLRL HGVELQTPIR
541 TETGFLGFAP PYGIAALCTG HCSMREAQDI RGMMI*RHPH LPPS*PRQSP MSPRHNPLAT
601 WDEGCARCGT *PNISRHELT TTMHHLCTSV QRDHHLWWLL VHVKPW*GRV

Sequence alignments

(i) Penicillin acylase II

sequence: 322 RLCGPPSIPLSFSLAAVLPMTRLPHPAPSPKEEEPVQRFVVQGPART 367
sequence: 322 LCGPPSIPLSFSLAAVLPMTRLPHPAPSPKEEEPV 356

(i1) Gamma glutamyl phosphate reductase

sequence: 338 LPMTRLPHPAPSPKEEEPVQRFVVQGPARTRH 369

(iii) Putative outer membrane protein

sequence: 255 HNPLATWDEGC 265

sequence: 595 HNPLATWDEGC 605

(iv) TAL effector PthXo6

sequence: 330 LSFSLAAVLPMTRLPHPAPSPKEEEPVQ 357

(v) TAL effector AvrBs3/PthA

sequence: 47 PPNLTRDV-PPPPAQTPEETRASR 69

sequence: 387 PPNLTRDV-PPPPAQTPEETRASR 409

(vi) HrpD1 protein

sequence: 67 ASRQVLTPARPKKLFRQCSTHEQPPTTRTAMAWHLNHPPTSKHRQ,
DEGWXLLRKEVIQPHLPVRLPCYDLVPIASPTFDHSPRE 150

sequence: 407 ASRQVLTPARPKKLFRQCSTHEQPPTTRTAMAWHLNHPPTSKHRQ,
DEGWXLLRKEVIQPHLPVRLPCYDLVPIASPTFDHSPRE 490

(vii) HrpDS5 protein

(viii) HreC protein

(x) Glycosyltransferase

sequence: 202 ETGFLGFAPP-YGIAALCTGHCS 223
sequence: 542 ETGFLGFAPP-YGIAALCTGHCS 563

sequence: 108 KHRQDEGWXLLRKEVIQPHL 127

sequence: 448 KHRQDEGWXLLRKEVIQPHL 467

(ix) Putative insertion sequence (IS) IS1113 transposase

sequence: 73 TPARPKKLFRQCSTHEQPPTTRTAMAWHLNHPP 105
sequence: 413 TPARPKKLFRQCSTHEQPPTTRTAMAWHLNHPP 445

sequence: 124 QPHLPVRLPCYDL 136
sequence: 464 QPHLPVRLPCYDL 476

marker from Africa has been confirmed different from
those from China, Japan, Korea, Germany, and the
United States by molecular sequencing and phylog-
eny in this study, with resistance genes against Xoo
from China, Japan, Korea, Germany, and the United
States possibly would not provide high performance
and durable genetic resistance to BLB disease in West
Africa(Adhikari etal., 1999;Narayanan etal.,
2002; Sere etal., 2005).

CONCLUSION

The gene sequence of AXalrg-1953 provides a
comprehensive identification of the type II secretion

genes, specific type II-secreted proteins, type III se-
cretion genes, and specific type III-secreted proteins
in the African Xoo virulence gene, and a distinct dif-
ferentiation from the other Xoo virulence genes from
China, Japan, Korea, Germany, and the USA. This
information is potentially useful for identifying rice
cultivars with high performance and durable genetic
resistance to BLB disease in West Africa.
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