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ABSTRACT

DNA marker-assisted selection was employed to select xa-13, xa-5 and Xa-4
bacterial blight resistance genes. Genotypes with the genes were selected from four
BC,F; populations involving indica % indica crosses. With the assistance of PCR-
based markers, 60 true breeding lines were identified from CLRRI and 100 BC,F s
were also subjected to marker-assisted selection for xa-13 locus. Plants were
analyzed through STS marker RG136 that showed polymorphism between IR24 and
Base having resistant and susceptible bands. PCR analysis using oligo RGI136 in
an BC,F, population segregating for xa-13 locus. OMCS2000 showed banding
pattern identical to that of its xa-13 parent. These plants were, therefore, assumed
to carry xa-13 gene in homozygous state. The homozygotes and heterozygotes
were scored, then goodness of fit was tested. One hundred plants were raised from
each selected BC,F,. All the 60 lines raised from each selected lines were tested
against 11 races of bacterial blight pathogen. All the plants showed resistance to
BB pathogen. The resistance reaction was also confirmed by markers for SSRs and
STSs to detect xa-13, xa-5 and Xa-4 genes. Sixty lines tested with marker superior
plants carrying genes for resistance were selected. We detected OM2517 and
OM5636 carrying xa-5, and OM2718, AS996, OM2514 , OMCS2000 and DS2002

carrying Xa-4.
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INTRODUCTION

Bacterial blight (BB) caused by Xanthomonas
oryzae pv oryzae is found world-wide and
causes substantial damage to rice yield. The
rice yield losses of up to 10— 20% were
recorded under moderate infection while they
were as high as 50% in fields severely
affected by bacterial blight (Mew 1989).
Pathogenic specialization had been confirmed
in this causal organism (Mew and Vera-Cruz
1979). Host plant resistance is yet to be
proven as an effective and economical
measure for controlling this disease. So far, 24
genes conferring resistance to specific races or
clusters of races of Xoo have been identified
through classical genetic analysis. So far, 10
major genes have been mapped using RFLP,
RAPD and microsatellite markers (McCouch
et al. 1991; Ronald et al. 1992; Yoshimura et
al. 1992; Borines et al. 2000. Lang et al.
2005). The advent of molecular markers
tagged to different resistant genes enabled
convergence breeding and pyramiding of

more than two different genes into an
agronomic variety. Some of BLB have been
transferred to modern rice cultivars and
released in Japan and other Asian countries.
Recently, two new genes Xa-22 in rice variety
Zha-Chang-long (Gao et al. 1999) and Xa-23
in Oryza rufipogon were identified and
mapped on different chromosomes. Due to
continuous evolution of pathogenic races,
breakdown of resistance has occurred in many
improved varieties. Incorporating resistance
genes can be very difficult using conventional
methods of breeding due to epistasis or
masking effects of other genes. The Xa-21
gene shows resistance to all known races of
BB. The selection of lines having this gene
would have been difficult or impossible by
conventional screening methods. However,
selection of plants with homozygous
resistance loci will be possible at any growth
stage if DNA markers linked with the target
genes are availablee. MAS has been
successfully used to transfer resistance genes
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into seed parents (Borines et al. 2000, Lang et
al 2001, 2003, 2004) and restorer lines (Chen
et al. 2000). Molecular breeding approach has
been successfully utilized in the Philippines
and China for the improvement of bacterial
blight resistance in modern rice cultivars. In
this review, we highlight the markers, which
can be employed in MAS for breeding
varieties and hybrids with durable bacterial
blight resistance

MATERIALS AND METHODS
Plant materials

Two genotypes IR24 (susceptible) and Base
(resistant local genotype), and a set of 100
BC4F4 derived from these parents were used
in the present study. Likewise, some of the
F1’s were backcrossed to the recurrent
parents. Starting at BC3F3 generation,
molecular markers were used to select plants
with genes for resistance to BB. Phenotypic
assessment was done to select plants with 11
races including 10 from IRRI and 1 from
CLRRI. Sixty genotypes used in this study
were selected from CLRRI Gene bank.

Bacterial blight screening

Parents and progenies of all selected BC4F4
individuals from IR24/ Base were grown in
the greenhouse. One hundred plants were
raised in each selected BC4F4 lines. The rice
plants were inoculated with 11 races at
maximum tillering stage. Scissors clipping at
5 cm below the leaf tips inoculated the leaf
blades. At 20 days after inoculation, the plants
were scored as resistant or susceptible by
measuring the length of lesion or by visual
scoring. The selected 60 traditional cultivars
were also inoculated with 11 races and
confirmed their phenotypic reaction to the
Xoo pathogen.

DNA markers

DNA markers linked to bacterial blight
resistance genes were based on previous
research paper (Lang and Buu 2004)

DNA isolation

A crude DNA preparation suitable for PCR
analysis was prepared using a simplified
miniscale procedure (Lang 2002). A single
piece of healthy young leaf was harvested and
placed in a labelled 1.5 ml centrifuge tube in
ice. The leaf sample was treated using thick
glass rod after adding 400 pl of extraction
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buffer (50 mM Tris-HCI, pH 8.0, 2.5 mM
EDTA, 300 mM NaCl and 1% SDS). The leaf
was grounded until the buffer turned into
green colour. After grinding, another 400 pl
of extraction buffer was added and mixed by
pipetting. The contents were centrifuged at
13,000 rpm in micro centrifuge for 5 min.
Nearly 400 pl of lysate was extracted with
400 pl of chloroform. The top aqueous
supernatant was transferred to another 1.5 ml
tube and DNA was precipitated with absolute
ethanol. The contents were centrifuged for 3
min at full speed and the supernatants were
discarded. The pellet was washed with 70%
ethanol. The DNA was air dried and re-
suspended in 50 ul of TE buffer (10mMTris-
HCI, pH 8.0, 1 mM EDTA, pH 8.0). One ml
of aliquot was used for PCR analysis and the
remaining solution was stored at —200C for
any further use.

Polymerase chain reaction

amplification)

(PCR

A series of optimization experiments using
parents and isogenic samples was carried out
in which concentrations of template DNA,
primers, dNTPs and Taq polymerase were
varied to determine which conditions gave the
strongest patterns. The PCR reaction mixture
of 20 pl contained 25-50 ng template DNA,
50 ng of each primer obtained from CLRRI
Genome Analysis Lab I, 0.05 mM dNTPs, 1X
PCR buffer (10 mM Tris-HCIL, pH 8.3, 50 mM
KCl, 1.5 mM MgCI2 and 0.01% gelatin) and
1 unit of Taq polymerase. The template DNA
was initially denatured at 940C for 5 min
followed by 35 cycles of PCR amplification
under the following parameters: 1 min
denaturation at 940C, 1 min primer annealing
at 550C and 1.5-2.0 min primer extension at
720C. A final 7 min incubation at 720C was
allowed for completion of primer extension on
Thermalcycler. Following amplification, the
samples were run on a 1% agarose in 1X TBE
buffer stained with 0.1 pg/ml of ethidium
bromide and visualized under ultraviolet light.
For PCR-RFLP, initially 5 pl of PCR product
was used for gel electrophoresis to determine
successful amplification. Seven to eight pl of
the PCR product was then used for restriction
enzyme digestion if the amplification was not
successful. The total reaction volume was
usually 20 pl. The reaction mixture consisted
of 11.4 pl of double distilled water, 2 pl of 10
X restriction buffer, 0.6-ul restriction enzyme
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(10 U/ul) and 6-8 pl of PCR products. The
reaction mixture was incubated at 370C for 6—
8 hrs. The DNA fragments digested by
restriction enzymes were separated on 1.5%
agarose gel and visualized under UV light
after staining with ethidium bromide.

For microsatellite markers, the PCR amplified
products were resolved on a 3%
polyacrylamide denaturing gel for 4-6 h at
200W and silver stained (0.1% AgNO;) for 10
minutes. After washing two times with double
distilled water for 3-5 min the gel was
transferred to a developing solution (6%
NaOH) and the bands were viewed.

RESULTS AND DISCUSSION

Reaction of germplasm to bacterial blight
pathogen

Reaction of short duration genotypes to eleven
Xoo was presented in table 1. OM5239
resisted to 10 races (except PXO0339).
OM1490, AS996 and OM2517 exhibited to be
resistant to 9 races.

Reaction to mid-duration genotypes was
presented in table 2. OM1346 resisted to 11
races, IR42 to 10 races (except PX0339),
OM1351-2, OM2417 and OM2496 9 races

Introgression at xa-13 locus

21

BC,F4s were generated from IR24 / Base, a
near isogenic line carrying the xa-13 gene
with different genotypes. PCR-based markers
were produced based on the sequences of
RFLPs related. In order to confirm
polymorphism  between  resistant  and
susceptible genotypes, DNA markers were
used to discriminate different near isogenic
lines carrying specific resistant genes from
recurrent parent IR24. The true hybrids in
BC,F,; combinations were also fixed based on
the presence of heterozygous bands. Those
plants carrying bands from both parents when
subjected to PCR analysis alone were selfed
and advanced to BC,F, generation. Stringent
phenotypic selection was conducted to reduce
population size. These lines were subjected to
PCR analysis using the linked marker RG136
and thus allow efficient surveying of BC4F,
for xa-13. The 800 bp band corresponds to an
allele from susceptible parent (IR24), whereas
the 1,120 bp band represents resistant parent
(Base). Sixteen plants from the IR24 / Base
cross showed a banding pattern identical to
that of the resistant parent, xa-/3, and these
plants, therefore, were determined to contain
xa-1 (Figure 1). The heterozygote and
homozygous susceptible plants also were
scored using the marker, then goodness of fit
was tested .

Table 1: Reaction of short duration genotypes to BLB in 2005 wet season

BACTERIAL LEAF BLIGHT RACES

Designation | PXO | PXO | PXO | PXO | PXO | PXO | PXO | PXO | PXO | PXO | Race

61 86 | 340 | 71 112 | 99 145 | 280 | 339 | 341 11
OM4498 S S S S R S R S S R R
OM4495 S R R S S R R S R R R
OM2717 R R S S R R R R S R R
OM2718 S R R R R R S R S R R
AS996 R R R R S R R R R R S
OM2517 R R R R R R R R S S R
OM2514 R R S R S S R S R R R
OM2492 R R R S R R R R S R S
OM5239 R R R R R R R R S R R
OM3419 R R R R S R R R R R R
OM1346 R R R R R R R R R R R
OMCS2000 R R R S R R S S S R R
OM 1490 R R R R S R S R R R R
OM5636 R S R R S S R S S R R
OM5637 R S R R S R R R R S R
DS2002 S S R S S S S S R R S
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Table 2: Reaction of mid-duration genotypes to BLB in 2005 wet season

BACTERIAL LEAF BLIGHT RACES

Designation 535 Tpx0 [PXO | PXO | PXO | PXO | PXO | PXO | PXO | PXO | Race

61 | 86 | 340 | 71 | 112 | 99 | 145 | 280 | 339 | 341 | 11
OM1352-5 R R R R R S S S IS R R
OM3674 R R R S S R R S R | RJ|R
OM1351-2 R R R S R | R R R S R R
OM1348-9 S R R S S S K | K S R R
OM1350-7 R R R R S R R R S R R
OoM2417 R S R R S R R | R | R R R
OM1337 R S R S S R R R R S R
OM2496 R R R | R | R S R R R R S
OM1346 R| R|R|R|R|R|R|R|RJ]RIJ|R
IR42 R R R R S R R R S R R

R: Resistance; S: Susceptible
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Figure 1: STS marker detected gene xa-13 at locus RG136. Lane 1: Base (R), lane 2: IR24 (S),
lane 3-23: BC,F, individuals of IR24 / Base.

DNA survey by microsatelites RM13 (fig. 2). with 3 alleles ranging in size

Diversity of alleles in BLB resistant 231 bp and 250 bp.

genotypes was measured with four RM390 was less polymorphic among tested
microsatellite markers. For xa-5 gene, 40 microsatellites with only two alleles detected.
genotypes were surveyed, RM13 exhibited RM?21 failed to detect polymorphism for all
the highest degree of polymorphism with 6  genotypes.

alleles ranging in size 220 bp and 1,400bp
(fig. 3) and RMI122 on chromosome 5
indicated more informative feature than

For STS markers, no alleles were identified
among the genotypes surveyed with RG556.
Marker-assisted selection with RM13 helped
develop OM2517 and OM5636.

13, 14 1S 165 SR 118

Figure 2: PCR products of different genotypes generated by DNA amplification with primer at
locus RM122.

1: IBB4; 2: IBBS; 3: IBB13; 4: IBB21; 5: IR36; 6: OM4498; 7: OM 4495; 8: OM2717; 9: OM 2718; 10:
AS996; 11: OM2517; 12: OM2514-343; 13: OM2008; 14: OM2492; 15: OM 5239; 16: OM4872; 17:
OMS5240; 18: OM3428; 19: OM2490; 20: OMCS 2000; 21: OM1490; 22: DS20; 23: DS2002; 24:
OMS5636; 25: OM 5637.
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Figure 3: PCR products of different genotypes generated by DNA amplification with primer at

locus RM13.
1: IRBB5 2:1R24 3: OM4285;
7: OM1238 8: OM3243 9: OM2403
13: OM3834 14: OM4218 15: OM4096
19: DT70

For xa-13, two alleles were identified among
the genotypes surveyed with RG136 and the
PCR products were digested by Hinfl. The
allele in IRBB 13 was designated as allele 1,
5, 15 and 16 lines carrying this allele. MAS
cannot be practised in this group as they

4: OM3406 5: OM3238 6: OM4196
10: OM4214 11: OM3837-31  12: OM3432
16: OM4749 17: OM2768 18: OM4325

possess similar allele as that of IRBB13. The
marker allele in the susceptible line IRBB13
was not designated the same size of xa-13.
PCR products were not detected in 25 rice
lines after repeating. This suggested that these
lines carry one allele and digested by Hinfl.

ISR OF a8 12 ST SRS AT -SSR 6 BR AR IS ERIORE).()

. A B L A A B R B

Figure 4: PCR products of different genotypes generated by DNA amplification with primer

RM136 digested by Hinfl
1: IRBB13 2: OM 5929; 3: OM4498 4: OM4495 5: OM2717 6: OM 2718
7: AS 996 8: OM 2008 9:0M 2492 10: OM4872 11: OM3428 12: OM 2490
13: OM1490 14: OM4285 15: OM4196 16:0M1238 17:0M 3243 18:0M2403
19:0M 4214 20:0M 3837-*31 21:0M3834 22:0M4218 23:0M4096 24:0M4799
25:DT 70

Similarly, plants were also selected from Xa-4
.Using RM 144 and RM 244 microsatellite
marker on chromosome 11 . For RM 144
three alleles were detected. Allele 1 was
detected in five lines, Allele 2in 1,3,4,6 ,7,8
, allele 3 in 9,10,12,17,20,23 lines and allele
3inIRBB 4,9, 10, 12, 20 and 23 lines . The

PCR polymorphism can be generated between
these accessions and IRBB 4 thus allowing
MAS among these lines (OM 2718, AS 996,
OM 2514 , OMCS 2000 and DS 2002).

For RM 244 , all allele scored codominant
markers and tested
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11 12 13 14% 15 16

Fig 5: PCR products of different genotypes generated by DNA amplification with primer

RM144
1: IRBB4; 2: IRBBS 3:IRBB13 4:1BB21 5:IR36 6: OM4498
7: OM4495 8:0M2717 9: OM2718 10:AS996 11: OM2517 12:0M2514
13: OM 2008 14:0M2492 15:0M5239 16: OM4872 17: OM5240 18: OM3428
19: OM2490 20:0MCS2000 21: OM 1490 22: DS20 23: DS2002 24: OM5636
25: OM5637
CONCLUSION

In this study, marker-aided selection was
employed to expedite the transfer of bacterial
leaf blight resistance to improve rice varieties.
Three BB resistance genes, Xa-4, xa-5 and
xa-13 were identified to links to suitable STS
markers and microsatelliles. Genes Xa-4, xa-
13, and xa-5 closely linked to RM144, RG136
and RM122, respectively. RM13 was also
linked to xa-5 while RG566 (STS marker)
located on chromosome 5 failed to amplify
consistently in the segregating population.
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Ap dung STS va microsatellite marker trong chon giéng lua
khang bénh bac la

Nguyen Vinh Phuc, Nguyen thi Lang, Bui Chi Buu

Ap dung marker phan tir trong chon giéng lta khang bénh bac 14 v6i gen muc tiéu xa-13, xa-5
va Xa-4 dugc thyc hién tai Vién Lua PBSCL. Panh gia kiéu gen duoc tién hanh trén bén qu?m
thé BC,F, trong t6 hop lai indica x indica. V&i sy trg gitip cia PCR-based markers, 60 dong con
lai da dugc phan 1ap, va 100 ca thé BC,F,s dugc chon ra nho marker tailocus xa-13. Cay lua
dugc phan 1ap nho STS marker RG136, cho théy tinh chét da hinh gitra [R24 va gidng ban dia
Ba se, thong qua bang nhiém va bang khang rat rd. Phan tich PCR bang cach sir dung oligo
RG136 trén quin thé BC,F, tai locus xa-13 cho thly OMCS2000 c6 cing mot bang voi kiéu
gen khang xa-13. Nhitng ciy nay dugc xem nhw c6 mang gen xa-13 & trang thai dong hop tur.
Con lai dong hop tir va di hop tir duoc cho diém va tric nghiém ti 1& phan ly twong ng. Trong
100 cay dugc chon tir BC4F,, ¢6 60 dong dwoc xét nghiém véi 11 nhom noi vi khudn gay bénh
bac 14 tai Dong nam A va Viét Nam. Tét ca nhitng cay duoc lya chon éy déu c6 phan g khang
v6i ngudn vi khaun gy bénh bac 1a. Phan tng khang nhu vay dwoc khing dinh lai bangmarker
SSRs va STSs dé phat hién ca thé mang gen xa-13, xa-5 va Xa-4. Cac dong lGa co trién vong
trong san xuat hién nay nhw OM2517 va OM5636 mang gen xa-5, OM2718, AS996, OM2514
OMCS2000 va DS2002 mang gen Xa-4.
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