Research Journal of
Environmental

Sciences

ISSN 1819-3412

@

Academic
Journals Inc. www.academicjournals.com




Research Journal of Knvironmental Sciences 5 (9): 772-778, 2011
ISBN 1819-3412 / DOI: 10.3923/1jes.2011.772.778
© 2011 Academic Journals Inc.

Molecular Characterization and DNA Fingerprinting of Xanthomonas
oryzae pv. oryzae Isolates from Climate Change Prone Areas in East

Afrieca

'A. Onasanya, 'P. Kiepe, *A. Basso, *G. Nkima, *F.E. Nwilene, °I. Ingelbrecht, °J. Lamo,
"M.M. Ekperigin, *"R.0. Onasanya, "0O. Oyelakin, *S. Winter and *Y. Sere

'Africa Rice Center (AfricaRice), Dar-es Salaam, Tanzania

ZAfrica Rice Center (AfricaRice), 01 BP 2031, Cotonou, Benin Republic

Rwanda Agricultural Research Institute, BP 138 Butare, Rwanda

*Africa Rice Center (AfricaRice), PMPE 5320, Ibadan, Nigeria

*Central Bicotechnology Laboratory, IITA, PMB 5320, Tbadan, Nigeria

‘National Crop Resources Research Institute (NaCRRID), P.O. Box 7084, Kampala, Uganda

"Tederal University of Technology Akure, PMB 704, Akure, Nigeria

fDeutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ) GmbH, Inhoffenstralie 7 B, 38124
Braunschweig, Germany

Corresponding Author: A. Onasanya, Plant Pathology Unit, Africa Rice Center (Africa Rice), P.O. Box 33581,
Dares-Salaam, Tanzania Tel: +255222780768 Fax: +255222780768

ABSTRACT

Genomic DINA fingerprinting 1s a useful tool for effective and reliable identification and
differentiation of Xanthomonas orvzae pv. oryzae (Xoo) pathogen from rice. The study aimed to
conduct molecular characterization and DINA fingerprinting of 23 Xoo isolates from Kast Africa and
two Xoo isolates from IRRI (Philippines) as control. PCR analysis was carryout on genomic DNA
of 25 Xoo 1solates using 6 Xoo specific primer pairs. Cluster analyses of genetic data obtained from
25 Xoo DNA fingerprints revealed two major genotypes (GrpA and GrpB) among the 25 Xoo
isolates. GrpA has three subgroups (GrpAl; GrpAZ; GrpAS3) and GrpB (GrpB1l1; GrpB2; GrpB3).
GrpA genotype consists of 20 Xoo 1sclates from Uganda, Rwanda and Philippines while GrpB
genotype has b Xoo 1solates from Rwanda. Some Xoo isolates were identical (PX-1, PX-2; UX621,
RX2101; RX5h4, UX623, RX4113; UX211, UX213, UX214, RX4112, UX215). The emergence of
subgroup genotypes could possibly be due to mutations and interactions among isolates and strains
in host cells. Some Xoo isclates from Rwanda and Uganda were identical suggesting possible
pathogen migration between these countries and long-term survival. Durable resistance rice
cultivars would need to overcome both GrpA and GrpB Xoo genotypes in order to survive after their
deployment into different rice ecologies in Kast Africa.

Key words: Xanthomonas oryzae pv. oryzae (Xoo), DNA fingerprinting, Xoo genotype, Xoo
pathogen migration, Rice cultivars, East Africa

INTRODUCTION

Rice Bacterial Leaf Blight (BLB) disease is caused by Xanthomonas oryzae pv. oryzae (Xoo). This
BLB disease is highly destructive and found mostly in Asia, America and Africa (Zeigler and
Alvarez, 1990; Adhikan ef al.,, 1995; Sere et al., 2005; Onasanya ef al., 2009). BLB disease
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incidence and yield loss in Africa ranged from 40-85 and 25-65%, respectively depending on variety
type, resistance level and climatic conditions (Sere et al., 20056; Onasanya et al., 2009).

Developing resistant varieties against BLEB disease would help to increase rice production in
BLB disease endemic areas. But the durability of these resistant varieties in farmers’ fields is being
hampered by unstable Xoo pathogen variation (Sere et al., 2005). Understanding the extent of Xoo
pathogen variations in BLB endemic areas would greatly help to maintain durable resistant
varieties at field levels in different rice ecologies (Sere et al., 20056). Different Xoo genotypes and
pathotypes newly identified could be used to identify durable resistant improved rice varieties
(Shanti et al., 2010).

Several techniques have been used for analysis of Xoo pathogen variation and
characterization. Some of these techniques include proteomics, genomics and pathomics
(Onasanya et al., 2007-2010). Any of these techniques could be used reliably to characterize and
differentiate Xoo pathogen and isolates. The Xoo genotypes and pathotypes identified could be used
to screen improved rice cultivars to identify durable resistance type. Using proteomics to
characterize Xoo isolates involves the use of isozymes and specific Xoe monoclonal and polyclonal
antibodies using enzyme-linked immuno sorbent assay (ELISA) (CGnanamanickam et af., 1999;
Onasanya et al, 2007, 2008). Genomics has wider applications into using Xoo genomic
DNA in different Polymerase Chain Reaction (PCR) techniques to reveal variations and
different genotypes among Xoo pathogen and isclates (Sakthivel ef af., 2001; Onasanya et al.,
2003, 2010).

The present study aimed to carryout molecular characterization and DNA fingerprinting of
Xanthomonas orvzae pv oryzae isolates from climate change prone areas in East Africa using Xoo
specific primers previously developed by Onasanya et al. (2010). Besides, the study aimed to
revealed different Xoo genotypes, distribution and movement in East Africa.

MATERIALS AND METHODS

Research location: Bacterial isolate propagation and molecular PCR analysis were carried out
at Central Biotechnology Laboratory, International Institute of Tropical Agriculture (ITTA), ITbadan,
Nigeria. The study was conducted in May 2009,

Isolate propagation: The 25 Xoo 1solates (Table 1) used in this study were first propagated using
a modified procedure developed by Onasanya ef al. (2003). Nutrient broth (25 ml; pH 7.5) was
prepared inside a 100 mL conieal flask. Xoo 1solate (200 pl)) from storage was transferred into
25 mL of nutrient broth and kept under constant shaking at 28°C for 24 h for bacterial growth. The
bacterial cells were removed by centrifugation, washed with 0.1 mM Tris-EDTA (pH 8.0) and kept
at -20°C for DNA extraction.

Genomiec DNA preparation: Xoo genomic DNA extraction and DNA quality checking were
according to Onasanya ef al. (2003). Genomie DNA extraction for all the 25 Xoo isolates was carried
out.

Genetic analysis: The Polymerase Chain Reaction (PCR) analysis and thermal cycling program

were according to Onasanya ef al. (2010). The Xoo specific primers used (Table 2) in the PCR
analysis were obtained from Onasanya et al. (2010). All the genomic DNA of the 25 Xoo
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isolates (Table 1) was analyzed. PCR products electrophoresis, agarose gel staining and gel

documentation were according to Onasanya et al. (2003),

Table 1: List of Xanthomonas oryzae pv. oryzae isolates used for the study

Isolate Host plant Country
PX-1 Cultivated rice Philippines
PX-2 Cultivated rice Philippines
Uxe21 Pusa Basmati Uganda
U¥211 WITA9 Uganda
RX2101 IR64 Rwanda
U¥X213 WITA9 Uganda
RX2103 TR6B4 Rwanda
RX551 Cultivated rice Rwanda
RX112 Cultivated rice Rwanda
RX4114 Cultivated rice Rwanda
RX113 Cultivated rice Rwanda
UX214 WITA9 Uganda
Uxz12 WITAS Uganda
RX554 Cultivated rice Rwanda
RX2104 IR64 Rwanda
RXE52 Cultivated rice Rwanda
RXE55 Cultivated rice Rwanda
uxe22 Pusa Basmati Uganda
RX553 Cultivated rice Rwanda
UX623 Pusa Basmati Uganda
UXz215 WITAS Uganda
RX4112 Cultivated rice Rwanda
RX4113 Cultivated rice Rwanda
RX4111 Cultivated rice Rwanda
UXxz216 WITAS Uganda
Table 2: Identity of Xanthomonas oryzae pv. oryzae fingerprinting primers used for the study

Primer Sequence 5-3°

XooF1 TGGTAGTCCACGCCCTAAAC
XooR1 CCTGAGCTACAGACCCGAAG
XooF2 ATGCGCAGAAGCAGATAGGT
XooR2 TGTCGCTTCCTGTGCTATTG
XooF3 GACCACCGTGAACTCCTTGT
XooR3 GCTTCGGCTTCTCGTATGAC
XooF4 TGTGCCTAGCCATCAGACAG
XooR4 AGCCGCGACAATTTCTTCTA
XooF5 ACAAGGCGATGGATCAGTTC
XooR5 AGCTTGGTGGTCGATGGTAGG
XooF6 GACAAGGCGATGCGATCAGTT
XooR6 GATCTGGTGGCAAAACCTGT
XooF5 ACAAGGCGATGGATCAGTTC
XooR6 GATCTGGTGGCAAAACCTGT
XooF7 CAGATTGATGCGTTGCTGAT
XooR5 AGCTTGGTGGTCGATGGTAGG

F: Forward direction, R: Reverse direction
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Cluster analysis: Positions of scorable amplified DNA bands were transformed into a binary
character matrix (“1” for the presence and “0” for the absence of a band at a particular position).
Pairwise distance matrices were compiled by the Numerical Taxonomy System (NTSYS) 2.0
software (Rohlf, 2000) using the Jaccard coefficient of similarity (Ivchenko and Honov, 1998),
Cluster dendrogram was created by unweighted pair-group method arithmetic (UPGMA) cluster
analysis (Jako et al, 2009). Principal component analysis with GGEbiplot was carryvout on
25 Xoo 1solates using genetic data generated from seven Xoo specific primers (Kbdon and

Gauch, 2002),

RESULTS

Molecular characterization and DNA fingerprinting of 23 Xanthomonas oryzae pv orvzae (Xoo)
1solates from East Africa have been carried out. The two Xoo isolates from IRRI (Philippines) were
used as control 1sclates. Distinet DNA fingerprints were obtained for all the 25 Xoo isclates genomic
DNA analyzed (Fig. 1). Cluster analyses of genetic data obtained from 25 Xoo DNA fingerprints
revealed two major genotypes (GrpA and GrpB) among the 25 Xoo isolates (Fig. 2).
However, GrpA has three subgroups (GrpAl; GrpAZ; GrpA3) as well as GrpB (GrpBl;
GrpB2; GrpB3) (Fig. 3). GrpA genotype consists of 20 Xoo isolates from Uganda, Rwanda and
Philippines while GrpB genotype has 5 Xoo isolates from Rwanda (Fig. 2). At 100% similarity
coefficient some Xoo isolates were 1identical (PX-1, PX-2; UX621 and RX2101; RXbb4, UX623,
RX4113; UX211, UX213, UX214, RX4112, UX215) (Fig. 2). GrpA genotype has 80% occurrence and
distribution in among countries while GrpB has only 20% occurrence and distribution in one
country (Table 3).

Table 3: Xant hormonas oryzae pv. oryzae genotype, occurrence and distribution

I=olate origin and distribution

Genotype No. of isolate Rwanda Uganda Philippines Occurrence (%)
GrpA 20 9 9 2 80
CrpB 5 5 0 0 20

M 12 34567 8910M M11 12 13 1415 161718 M M 1920 2122232425 M

s ne -
7 A

Fig. 1. Xanthomonas oryzae pv. orvzae DNA fingerprint as revealed PCR analysis using XooF'1 and
XooR1 Xoo specific primers. M: Molecular size marker
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Isolate Origin Genotype
|PX-1 Philippines
'PX-2 Philippines
UX621  Uganda
RX2101 Rwanda
UX212 Uganda
RX4114 Rwanda
RX554  Rwanda
—{UX623 Uganda
RX4113 Rwanda
UX216  Uganda GrpA
UX622  Uganda
RXS555 Rwanda
UX553  Rwanda
UX211  Uganda
|UX2 13 Uganda
UX214  Uganda
RX4112 Rwanda
UX215 Uganda
RX113  Rwanda
RX4111 Rwanda
RX2103 Rwanda
L_|—|: RX2104 Rwanda GrpB
RX552  Rwanda
—RX551 Rwanda
RX112___Rwanda
O.I75 O.I81 O.'88 O.I94 1.l00
Coefficient

Fig. 2: Dendrogram showing genetic diversity among 25 Xanthomonas orvzae pv. oryzae isolates
as revealed PCR analysis using seven Xoo specific primers
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Fig. 3: Principal compoenent analysis that revealed subgroup genotypes among 25 Xanthomonas
oryzae pv. oryzae (Xoo) isolates using genetic data generated from seven Xoo specific primers

DISCUSSION

Genomic DNA fingerprinting 1s a useful tool for effective and reliable identification and
differentiation of Xeoo pathogen from rice (Onasanya et al., 2010). The present study identified two
major Xoo genotypes (GrpA and GrpB) and six subgroups (CrpAl; GrpA2; GrpAs;, GrpBl; GrpB2;
GrpB3) in East Africa. Similarly, two major Xoo genotypes genetic groups (Xoo-4 and Xoo-B) with
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five subgroups have been identified in previously studies in West, Africa (Onasanya et al., 2007,
2008). The present genetic study suggests the emergence of subgroup genotypes could possibly be
due to mutations and interactions among isolates and strains that originally made up GrpA and
GrpB genotypes (Onasanya et ¢l., 2003, 2007, 2008, 2010),

The use of a reliable molecular technique to differentiate Xoo isclates 1s a prerequisite into
understanding the genetics and population structure of Xoo pathogen in Africa and identification
of durable resistance cultivars (Adhikar et af., 1995, 1999; Onasanya ef al., 2009. 2010). The
present study has revealed the occurrence two Xoo genotypes, movement and distribution in East
Africa. For example, GrpA genotype has 80% occcurrence among countries while GrpB has 20%. It
is very critical that both GrpA and GrpB genotypes are found in Ewanda and the implication would
be that durable resistance rice cultivars must overcome these Xoo genotypes in order to survive
(Onasanya et al., 2009), Similar findings were obtained in West Africa where two or more Xoo
genotypes known exist in one country (Onasanya et af., 2007, 2008).

The high level of genetic variation among Xooe isolates in this study suggests could be as a result
of frequent occurrence of mutants in Xoo isolates in different host cells (Mongkolsuk et al., 2000;
Innes et al., 2001; Onasanya et al., 2003, 2010). The current genetic study revealed six subgroups
Xoo genotypes (GrpAl; GrpA2; GrpA3; GrpB1l; GrpB2; GrpB3) and were all present in Rwanda
which could possibly be responsible for moest sporadic cultivars infestation and epidemics in this
country. Additional findings from the present study showed that some Xoo isolates from Rwanda
and Uganda were identical {(UX621, RX2101; RX554, UX623, RX4113; UX211, UX213, UX214,
RX4112, 1UX215), suggesting possible pathogen migration between these countries and long-term
survival (Adhikari et al., 1995; Onasanya et al., 2008, 2010). Identification of identical Xoo isclates
as obtained by the present genetic study would be difficult to achieve using cultural and
morphological techniques (Bonde ef al., 1993; Onasanya et al., 2010). This has further revealed
the importance and application of DNA fingerprinting techniques in the identification of Xoo
isolates in situations where identification of Xoo isolates using cultural and morphological
techniques often lack consistency and precision.

CONCLUSION

The present study on molecular characterization and DNA fingerprinting of Xoo isolates from
Fast Africa identified two major Xoo genotypes (GrpA and GrpB) and six subgroups (GrpAl;
GrpA2; GrpAS3; GrpBl; GrpB2; GrpB3). There was evidence of Xoo pathogen migration between
countries. Durable resistance rice cultivars would need to overcome hoth GrpA and GrpB Xoo
genotypes in order to survive after their deployment into different rice ecologies in East Africa.
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