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ABSTRACT

In this study, recessive gene xa-5 used as materials for screening leaf blight resistance,
using 13 bacterial races at Mekong provinces and compared to check varieties. Bacterial
leaf blight caused by the bacterial pathogen Xanthomonas oryzae pv oryzae (Xo0) limits
rice yield in all major rice-growing regions of the world, especially in irrigated lowland and
rainfed conditions where predisposition factors favor disease development to epidemic
proportions. Since bacterial pathogens are difficult to manage, development of host plant
resistance is the most effective means of disease management. To combat the problem of
resistance breakdown, this study aims at using DNA marker-aided selection (MAS) to detect
varieties that have BBL resistance genes such as xa-5. Using SSR marRers namely RM122
and RM13 linRed to xa-5 on chromosome 5; it indicated that MAS provided the very useful
information for developing strategies to develop resistance genes in rice breeding programs

to improve varieties in Vietnam.
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INTRODUCTION

Bacterial leaf blight (BB) caused by Xanthomonas
oryzae pv. oryzae (X00) is one

of the major diseases infected rice (Oryza sativa
L.) in the world (Leung et al. 2004). Thanks to the
marker-assisted selection (MAS), some resistant
genes have been detected in local rices from
Mekong delta such as: Xa-2 in Te Tep, Xa-5 in Ba
Tuc, Giong Doi, Roi Bo Teng, xa-13 in Ca Dung,
Ba Tuc, Thom Lung, Ve Phich, Nep Hoa Vang,
Nang Som (Nguyen Thi Lang and Bui Chi Buu
2002); For example, the xa-5 gene has been
transferred to IRBBS from DZ192 variety with the
assistance of RG556 marker (Yoshimura et al.
1995). Otherwise, xa-5 were effective against Z-
173, a strongly virulent strain of Xo00 in China
(Wang et al. 2005). The study aims at analyzing
Xa-5 by a combination of phenotyping against X00
diagnostic strains and DNA marker selection. The
use of markers allowed us to evaluate some donor
parents, which would be applied in rice breeding
program to detect the genotypes resistant to
bacterial leaf blight.

MATERIALS AND METHODS

Plant materials:

One hundred local rice accessions were used for
DNA survey. These accessions were obtained
from the CLRRI’s genebank. The Xoo isolates
were collected from 13 provinces of Mekong
delta: race 1 (Rien Giang), race 2 (An Giang), race
3 (Can Tho), race 4 (Dong Thap), race 5 (Long
An), race 6 (Tién Giang), race 7 (Ben Tre), race 8
(Tra Vinh, race 9 (VinhLong), race 10 (BacLieu),
race 11 (Soc Trang), race 12 (CaMau), race 13
(HauGiang).

DNA isolation

Protocol for DNA extraction was done according
to the method suggested by Lang (2002). Healthy
rice leaf sample (2 cm long) was collected and
placed in a labeled 1.5 ml centrifuge tube on ice.
Cut the leaf tissue into 0.5 cm long segments and
ground in a well of the thick polished glass rod
with a small pestle after adding 400 pul of
extraction buffer (50mM Tris-HCI pH 8.0, 25mM
EDTA, 300 mM NaCl and 1% SDS). The tissue
was ground until the buffer turns dark green.
Added 400 pl more of DNA extraction buffer and
mixed in the well by pipetting. 400 pl of the lysate
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was transferred to the original 1.5 ml of the leaf
sample. Added 400 pl chloroform and mixed well
by inverting. Spin the tube for 30 sec in micro-
centrifuge. The aqueous supernatant was
transferred to a new 1.5 ml tube and DNA
precipitated using absolute ethanol. Spin for 3 min
at 13,000 rpm and discarded the supernatant. After
drying in air, the DNA was resuspended in 50 ul
of TE buffer (10mM Tris-HCI pH 8.0, 1mM
EDTA pH 8.0). DNA was done for PCR analysis.
DNAs were stored at —20°C for later use.

PCR amplification

PCR amplification was performed in 10 mM Tris-
HCI (pH 8.3), 50 mM RCI, 1.5 mM MgCl,, 0.5 to
1.0 unit of Taq polymerase, 200 uM each of ANTP,
0.25 uM of primer with 10 ng of genomic DNA
per 20 ul using a thermalcycler. An initial
denaturation was performed at 94°C for 2 minutes
prior to 30 cyles of denaturation at 94°C (1
minute), annealing at 55°C (1 minute), and
extension at 72°C (2 minutes). A final extension
for 5 minutes at 72°C will be performed.
Polymorphisms in the PCR products will be
detected after electrophoresis on on 3% agarose
gel for microsatellite before ethidium bromide
staining.

Bacterial blight screening

All materials were grown in a CLRRI screen
house. At the stage of 25-30 day old, the rice
plants were inoculated with 13 bacterial races of
Mekong delta using the clipping method
(Kauffman et al. 1973) as compared to check
varieties and parents in BC population. The

inoculums were prepared by suspending the
bacterial mass in sterile water to a concentration of
# 109 cells per ml. Evaluation for resistance was
conducted after 18 days inoculation by lesion
length (LL) measurement. The distinction between
resistant and susceptible plants was set at LL of #
5 cm. Plants with LL of < 5 cm were scored as
resistant and the others were susceptible.

RESULTS AND DISCUSSIONS

In the experiments to screen for BB resistance, the
differentials (standard genotypes) were always
used for each race. The reaction of differentials
was consistent with their spectrum and level of
resistance to BB pathogen (table 1). Each of them
carrying their own genes showed resistance
reaction to X00 races that were resistant spectrum
of these genes. The susceptible cultivar IR24 was
not resistant to any races of Xo00 (table 1). In the
same condition and methods to screen 100 local
accessions in compare to their differentials, their
reaction were greatly various depending on groups.
In general, local rices presented reaction ranged
from highly susceptible to resistance to each of
Xoo0 races. In 100 local accessions, some became
resistant to races 2, 4, 6 and 7. Some exhibited
their resistance to all 13 races as Nang Loan Déc,
Séi ba, Nang Thom Chg Pao, Nang Thom Muén,
Nang Thom Thanh Tra, Tai Nguyén, Nanh Chon,
Lun Cin, Thin Noéng Lun, Nép Nhung,... Some
were susceptible to many races as Ba C6, Thom
Lun Mua, Nhé Thom, Nép Moéng Ngua, Nang Tra
Rin Péc, Théng Ngoc Do,...

Table 1. Reaction to BLB in rice with 13 races at Mekong provinces

. RACE

No. | Designation 1234 5]6]7]8]910[11]12]13
1 | Nang loan déc R|R|R|R|R|R|R|R|R|R|R|R|R
2 | Soida RIR|R|R|R|R|R|R|R|R|R|R|R
3 | Nép rudi xanh S|S|S|R|R|R|R|R|R|R|R|R|R
4 | Nang thom CP RIR|R|R|R|R|R|R|R|R|R|R|R
5 | Nang thom CD RIR|R|R|R|R|R|R|R|R|R|R|R
6 | Nang thom CD R|R|R|RIM|R|R|R|R|R|R|R|R
7 | Nang huong RIR|R|R|S|R|R|R|R|S|R|R|R
8 | Nang thom thanh tra R|IR|R|R|R|R|R|R|R|R|R|R|R
9 | Nang thom muon R|IR|R|R|R|R|R|R|R|R|R|R|R
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Analysis on xa-5 for resistance to bacterial blight among rice landraces in Vietnam
. RACE
No. | Designation 123 4] 5]6 789 ]1w0]11]12]13
56 | Soi da doc R|R|S|R|[R|R|R|S|R|R|R|[S]S
57 | Nang huong R|R|R|R|R|R|R|R|R|R|R|R]| S
58 | Ngoc nit R|R|R|R|R|R|R|R|R|R|[S|[S]S
59 | Chét xanh R|R|R|R|R|R|[R|R|R|R|R|R|R
60 | Nho thom R|R|[S|R|S|R|R|S|R|[S[S]|S]S
61 | Nho thom R|R|R|R|R|R|R|R|R|R|[S|R|R
62 | Nang huong CD SIR|R|R|R|S|R|R|R|R[S]|S]Ss
63 | Trang bo ciu R|R|R|R|[R|R|R|R|R|R|R|R]| S
64 | Nép R|R|R|R|R|R|R|R|S|R|[S|[S]S
65 | Nang loan ddc R|R|/R|R|[R|R|R|R R|S|S]| S
66 | Nang loan doc R/|R|R|R|R|R|R|R|R|R[S]|S]S
67 | Nang tré ram ddc R|R|[S|S|[S|R|R|S|S|S|[S|R] S
68 | Mua ddc SIR|R|R|R|S|R|[R|R|[R|S|S]|S
69 | Nong nghiép chum doc RIR|R|R|R|R|]R|JR|R|R|JR|JR|R
70 | Nang thom dc R|R|R|R|R|R|R|S|R|R|R|R|R
71 | Nang tra raim doc R|R|R|S|R|R|[S|R|S|R|[S|R]| S
72 | Nang thom doc R|R|R|R|R|R|R|R|R|R|R|R|R
73 | Nang den R|R|R|R|R|R|[R|R|R|R|R|R|R
74 | Nép ba tap R|S|R|R|R|R|[S|R|R|R|R|R|R
75 | Trang tép ddc R|R|R|R|S|R|R|R|R|[S|R|M|M
76 | Tring hoa binh doc R|R|R|R|R|R|R|R|R|R|R|R|R
77 | Nang loan doc SIS|S|R|[S|S|[S|R|R|S|R[S]S
78 | Trang tép doc R/|R|R|R|R|R|R|R|R|R|[R|R|R
79 | Nép mé doc R|S|R|{R|R|R|S|R|R|[R|S|S]|S
80 | Nép mu u doc R|R|R|R|R|R|R|R|R|R|R|R|R
81 | Lem bui dbc R|R|R|R|R|R|R|R|R|R|R|R|R
82 | Lua thom. R|R|S|R|R|R|R|S|R|R|R|[S] S
83 | Tai nguyén R|R|R|R|R|R|R|R|R|R|[S|[S]S
84 | Bacod SIR|S|[S|[S|S|R|S|S|Ss|[S|[S]s
85 | Nang huong R|R|R|R|R|R|R|R|R|R[S]|S]S
86 | Nang huong R|R|R|R|R|R|R|R|R|[S|[S|[S]S
87 | B40 R|R|R|R|R|R|[R|R|R|R|[S|S|R
88 | Tiéu chét R|R|R|R|R|R|R|R|R|R|R|R|R
89 | Nép suong ging R|R|R|R|R|R|R|R|R|R|R|S]| S
90 | Tai nguyén R|R|R|R|R|R|R|R|R|R|R|R|R
91 | Nang huong R|R|R|R|R|R|[R|R|R|R|R|R|R
92 | Thing Ngoc Po R|R|R|S|S|R|R|R|[S|[S[S]|S]S
93 | Nang Chi SIR|R|R|R|S|R|R|R|R[S]|S|M
94 | Mua S6 24 R|R|R|[SIM|R|R|R|[S|S|[R|R[R
95 | Ba Thiét Xanh R|R|R|R|R|R|R|R|R|R|R|R|R
96 | P6 Sao Mudn R|R|R|S|[S|R|[R|R|R|R|R|R|R
97 | Trang Hoa Binh R|R|R|S|R|R|R|R|R|R|R|R|R
98 | Trang Ong 7 R|R|R|[R|R|R|R|R|R|[R|R|R|R
99 | Chét Rin R|R|R|R|R|R|R|R|R|R|R|R|R
100 | IR24 R/|R|S|IR|R|R|R|S|R|R[M|S[R

R: resistant, S: susceptible. M: moderately resistant
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The PCR marker linked to xa-5 allowed efficient
screening of 100 local accessions (fig. 1) .The
primer RM13 produced a resistant banding pattern
with the size of 215 bp (as xa-5) and the other
susceptible band 200 bp in size (IR24). Five of

Huynh Van Nghiep et al.

166 local accessions were detected carrying 215
bp resistant band that assumed to contain Xxa-5
gene (fig. 1). They are Chiu han, lua F5, Chet
Xanh, Nang Lon Do, Nep Tra Nho , Lua thuoc
Co ,Mua so 40, Lua Ba Trang .

8 9 101112 13 1415 16 1718 19 20 21 22 23 24 25 26

Al

28 29 30 31 32 33 34 35 36 37 38 3940

Figure 1a. PCR products at the locus RM13 on aragose 3 % obtaining the polymorphism between 200
bp and 215 bp levels on chromosome 5

. Marker

. IR-BB5

. Nép 40 Gia Nau
. Chiu han

. HTA 88060

. Ao Gia Té
.HTAFR 81031
.Laa F5

. Nang Thom Hat Luya
10. Nang Phét don
11. Chét Xanh

12. Nang Gudéc
13. Muia S6 58

O 001N LN B~ Wk —

14. Laa Tri 27. Lia Thude Co
15. Nap Rum 28. Roi Tap
16. Tau Nang 29. Bong Tay
17. Nang Tay bum 30. Nap Rum
18. Nang Lon Do 31. Mua s6 40
19. Muia s6 43 32. Lua Ba Tring
20. Mua s6 53 33. IR-BBI
21. Mban Rit 34. IR-BB4
22. Nang Tay 35. IR-BB8
23. Nép tra Nho 36. IR-BB13
24, Ba tiuc chum 37.1R20
25. Lia Mong Chim AG ~ 38. IR-BB21
26. Tién Nit B 39. IR-BB65
40. IR-BB207
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Table 2. Alleles expressed among local varieties at the locus RM13 on chromosome 5

No. Designation Allele A Allele B gene
1 | IRBBS5 + xa-5
2 | Nép 4o Gia Nau + no
3 Chiu han + xa-5
4 | HTA 88060 + no
5 |LuaF5 + xa-5
6 | Nang Thom Hat Lya + no
7 Chét Xanh + Xa-b
8 | Nang Lon Do + Xa-5
9 | Muasb43 + no

10 | Nép tra Nho + xa-5

11 Lia Moéng Chim AG + no

12 Tién Ni b + no

13 | Lia Thude Co + xa-5

14 | Roi Tap + no

15 Bong Tay + no

16 | Nap Rum + no

17 | Mua s6 40 + xa-5

18 | Lua Ba Trang + Xa-5

19 IRBB1 + no

20 | IRBB8 + no

21 IRBB13 + no

22 IR20 + no

23 | IRBB21 + no

6 7 8 9 10 11 1213 14 15 16
gy B T LT
215bp
200 bp

17 18 19 20 21 22 23 24 25 26 2728 29 30 31

e

3233 34 35 36 37 38 39 40 41 42 43 44 45 46
- ..

Figure 1b. PCR products at the locus RM13 on aragose 3 % obtaining the polymorphism between 200
bp and 215 bp levels on chromosome 5
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. IRBBS

.IR24

. Nang Huong (Acc.529)

. Nang Huong (Acc.530)

. Nang Thom Chg Pao (Acc. 538)
. Nang Thom Chg Pao (Acc. 540)
. Nang Huong (Acc.541)

. Nang Huong (Acc.542)

. Méng Chim (Acc.547)

10. Nang Ca (Acc.549)

11. Nang Huong (Acc.550)

12. Nang Huong (Acc.551)

13. Tau Huong (Acc.552)

14. Tau Huong (Acc.552)

15. Trang Hoa Binh (Acc.554)

16. Trang Hoa Binh (Acc.554)

AW N —

0 3 N D

\O

Gene xa-5 is detected in Nang Huong (Acc.529),
Nang Thom Chg Pao (Acc. 538), Nang Huong
(Acc.550), Nang Huong (Acc.551), Tau Huong
(Acc.552), Trang Hoa Binh (Acc.554), Tring Hoa
Binh (Acc.554), Nanh Chén (Acc.555), Nang

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.

Nanh Chén (Acc.555)
Nép Than (Acc.556)

Nang Thom (Acc.557)
Mot Bui Lun (Acc.558)
Nang Loan (Acc.559)
Nang Huong (Acc.560)
Mong Chim (Acc.564)
Mong Chim (Acc.564)
Nép Phung Tién (Acc.566)
Nép Phung Tién (Acc.567)
Chét Xanh (Acc.571)
Ngoc Nt (Acc.571)

Nho Thom (Ace.577)

Nho Thom (Acc.580)

Nang Thom Chg Dao (Acc. 581)

IRBB66

(IR24).

33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.

Huynh Van Nghiep et al.

Nép Suong Gidng (Acc.632)
Nanh Chén (Acc.635)
Nép Nhung (Acc.636)
Trang Tép (Acc.1533)
Trang Tép (Acc.1533)
Trang Lyu (Acc.1534)
Nép do (Acc.1535)

Nép C4 R6 (Acc.1541)
Nang Huong (Acc.1543)
IRBB10

IRBB50

IRBB21

Nang Huong (Acc.528)
Nang Huong (Acc.528)

Thom (Acc.557), Mong Chim (Acc.564), Chét
Xanh (Acc.571), Trang Tép (Acc.1533).

Otherwise, primer RM122 produced a resistant
banding pattern with the size of 170 bp (as xa-5)
and the other susceptible band

150 bp in size

6 7 8§ Y IULLIIZ 1340510 FTISISZURZT 22 23 24 25 26 2.
- -~

- -

- -

Fig. 2. PCR products at the locus RM122 on aragose 3 % obtaining the polymorphism between 150 bp
and 170 bp levels on chromosome 5

. Marker

. IR-BB5

. Nép 40 Gia Nau

. Chiu han

. HTA 88060

. Ao Gia Té

.HTAFR 81031

.Lua F5

. Nang Thom Hat Lua

O 001N DN B~ W —

10. Nang Phét don
11. Chét Xanh

12. Nang Gudc

13. Mua Sé 58

14. Lua Tri

15. Nap Rum

16. Tau Nang

17. Nang Tay Bum
18. IR-BB13
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19. IR-BBS

20. IR-BB4
21.IR-BBI

22. Lua Ba Trang
23. Nép tra Nho
24. Ba tiic chum
25. Bong Tay

26. Roi Tap

27. Lia Thuée Co
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Table 3. Alleles’ expression at the locus RM122 on chromosome 5
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No. Designation Allele A Allele B Reaction
1 IRBBS + Xa-5
2 | Nép a0 Gia Nau - nil
3 HTAFR 81031 + xa-5
4 Lua F5 + Xa-5
5 Nang Phét don + xa-5
6 Chét Xanh + Xa-5
7 | Muaso 58 + xa-5
8 Tau Nang + nil
9 IRBB13 + nil
10 IRBBS + nil
11 IRBB4 + nil
12 Lta Ba Trang + Xa-5
13 Roi Tép + nil
14 Bong Tay + nil

Table 4. Comparision between genotype from phenotype
No. Designation Size (bp) Gene Phenotye
1 Chiu Han 215 xa-5 R

2 | LuaF5 215,170 xa-5 R

3 | Chét Xanh 215,170 xa-5 R

4 | Nang Lon Do 215 Xa-5 R

5 | Nép tra Nho 215 xa-5 R
6 | Laa Thuée Co 215 xa-5 S
7 | Mua s 40 215 xa-5 S
8 | Lta Ba Trang 215 Xa-5 S

9 | HTAFR 81031 170 xa-5 R

10 | Nang Phét Bon 170 xa-5 R

11 | Mua S6 58 170 xa-5 R

12 | HTA 88060 200 nil R

13 | Nang Thom Hat Lya 200 nil R

14 | Mua sb 43 200 nil R

15 | Lbua Moéng Chim AG 200 nil R

16 | Tién N b 200 nil R

17 | Roi Tap 200 nil S

18 | Bong Tay 200, 150 nil S

19 | Nap Rum 200 nil S

20 | Tau Nang 150 nil R

21 | Nang Huong (Acc. 529) 215 xa-5 R

22 | Nang Thom Chg Pao (Acc. 538) 215 xa- 5 S

23 | Tau Huong (Acc.552) 215 xa- 5 R

24 | Trang Hoa Binh (Acc.554) 215 xa- 5 R

25 | Nanh Chon (Acc.555) 215 xa- 5 R

26 | Nang Thom (Acc.557) 215 xa- 5 R

27 | Mong Chim (Acc.564) 215 xa- 5 R

28 | Trang Tép (Acc.1533) 215 xa- 5 S
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Therefore, HTAFR 81031, Lta F5, Nang Phét
don, Chét Xanh, Mua So 58, Lua Ba Tring were
detected to have xa-5 in their genomes.

Compare phenotype anfd genotype with marRer
RM13, RM122 lingted with xa-5, . They are 8
varieties have gen xa5 such as Chm Han, Laa F5,
Chét Xanh, Nang Loén Do, Nép Tra Nho, HTAFR
81031, Nang Phét Pon va Mua sb 58.
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Chon gidng lia khang bénh bac 14 nho chi thi phan tir lién két véi gen lin xa-5
trén nhiém sac thé s6 S

Gen lan xa-5 1a ngudn gen khang ddi voi mot s6 noi chu yéu & Pong bang Song Ciru Long di duoc khai
thac, trén co s& thir nghi€ém véi 13 noi ¢é doc tinh cao dugc thu thap tai 13 Tinh, Thanh ctia PBSCL.
Gidng chuan khing véi timg nhém noi duoc dung lam d6i chimg. Bénh bac 14 lia do vi khuén
Xanthomonas oryzae pv oryzae (X00) lam giam nang sut lua dang ké. Vi pathogen cua bénh rat kho
kiém soat bang thudc, nén bién phap giéng khang da duoc lua chon. Ap dung chi thi phén tir két hop vei
lai chon truyén thong, xéc dinh chi thi RM122 va RM13 dinh vi trén nhiém sic thé s6 5 co lien két véi
gen lan xa-5; dé chon ra céac dong laa trién vong cao san khang dugc bénh bac Ia.
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