Breeding for Resistance to Diseases

Rationale

Breeding for disease resistance aims to incorporate durable resistance into improved rice varieties. Many resistance sources are available from IRRI’s vast collection of rice germplasm from which new varieties are developed. However, varieties released as resistant became susceptible after only few seasons or few years of cultivation due to pathogen evolution and adaptation to cultivated varieties. Thus, breeding for disease resistance is a continuous challenge to rice breeders and pathologists.

Learning Objectives

· Approaches to evaluate resistance to bacterial blight and blast

· Identification of sources of resistance for these two diseases

· Evaluation of breeding lines for resistance to the two diseases

· Resistance genes tagged and available for marker-aided selection applications

BACTERIAL BLIGHT

(Pathogen : Xanthomonas oryzae pv. oryzae)

Bacterial blight (BB) caused by Xanthomonas oryzae pv. oryzae (Xoo) is the most important bacterial disease of rice in irrigated and rainfed rice environment causing as high as 20-50% yield reduction in severe epidemics. 


So far, there has been 26 BB resistance genes (Xa1 - Xa28) identified based on inheritance studies. At present, 12 strains of Xoo representing 10 races have been characterized in the Philippines alone while five Xa genes have been tagged with molecular markers and used for marker-aided selection of resistant lines. 
Screening Method: Artificial Inoculation

In screening rice for BB resistance, use of artificial inoculation is preferred over natural infection using inoculum prepared from diagnostic isolate due to efficient screening procedure of breeding lines and ease in preparing and maintaining the bacterial isolates. In addition, artificial inoculation ensures that the rice plants are properly exposed to the right amount of inoculum to cause the disease. The commonly used methods of inoculation done in the field are given below:

1. Clipping method – approximately 1-2 cm of the leaf tip is cut with scissors previously dipped in bacterial suspension or clippers with bacterial suspension on the cutting edge. To cut several leaves in a hill, a small plastic bottle containing the inoculum and attached to a garden clipper is used for inoculation (Kauffman, et al 1973). This method is very efficient for inoculating large amount of breeding materials in the field.  About 2000 plants can be inoculated with inoculation clippers per man-hour per day.  This method is currently being used at IRRI.

2. Spraying method – bacterial inoculum at a concentration of 108 - 109 bacterial cells/ml is sprayed onto the plants. This method of inoculation is not practical during dry season when humidity is very low for bacterial cells to survive. 

3. Needle-pricking method – needles to as many as 100 pieces are mounted on a rubber stopper or any kind of supporting materials.  To inoculate the plants, needles are dipped in bacterial suspension and gently pricked into the leaf vein. For large-scale field inoculation, this method is not practical.

4. Dipping method – roots of seedlings are dipped in bacterial suspension for inoculation before transplanting. This method is used to test for seedling wilt or kresek phase of bacterial blight.

Identification of Sources of BB Resistance 

1. Field Test

In the 1980s, screening for BB resistance at IRRI was initiated through the GEU (Germplasm Evaluation and Utilization) program by evaluation of diverse germplasm collection to identify sources of resistance to bacterial blight. Germplasm accessions showing resistant (R) to moderately resistant (MR) reaction to race 1 (avirulent to rice carrying Xa4, xa5, Xa7 at booting stage, and Xa21) were selected and subsequently planted in BB General Screening Nursery (BB-GSN) for confirmation.  Currently, this has been replaced by using well characterized elite lines and commercial varieties as parental lines (Fig 1).


The types of BB resistance identified in the rice germplasm are:

· Seedling resistance (overall resistance) --- resistance expressed from seedling to mature plants, and usually governed by major genes; show specificity of reaction to certain races of the pathogen.
· Partial resistance --- non-specific resistance controlled by several to many genes with quantitative effect.

· Moderate susceptibility --- moderate level of susceptibility to any race of the pathogen

· High susceptibility --- lack of resistance to any race of the pathogen
· Adult plant resistance --- resistance effective at mature plant stages only
2. Greenhouse/Screenhouse Test

Selections from the BB-GSN or other studies are further evaluated in the greenhouse/ screenhouse to test for broad spectrum resistance against existing Xoo races.  

1. To test for seedling or overall resistance, plants can be tested at seedling stage or maximum tillering stage.  At least 10 seedlings of each germplasm accession are sown in seedboxes and inoculated at 21 DAS with existing Xoo races. Evaluation of resistance is done at 10 DAI using % diseased leaf area (DLA) following the Standard Evaluation System (SES) for rice.  To evaluate accessions at maximum tillering stage in the greenhouse/screenhouse, three plants per isolate per replication are grown till 45-50 days after sowing and inoculated with existing races. Plants are scored for severity of lesions using lesion length measurement or % DLA based on SES.  Germplasm accessions carrying major gene(s) show high level of resistance to a race or several Xoo races. 
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Usually, accessions showing broad spectrum resistance carry two or more resistance genes.
In the screenhouse, accessions are grown in rows until maximum tillering stage and two plants per isolate are inoculated with existing races. Evaluation of resistance is based on lesion length measurement or % DLA.
2. To test for adult plant resistance, inoculation is done at reproductive stage by clipping the flag leaves and leaves beneath them using existing Xoo races.  One pot is inoculated with one race, and serve as one replication. Scoring is done at 14 or 21 DAI using SES scale.

Germplasm accessions showing broad-spectrum resistance are nominated to the breeders as donor for BB resistance.  Through inheritance studies and allelism test, 26 genes have been identified, and all have been transferred into the background of IR24. Twenty one of the genes were identified from landraces, two from wild rice species (Oryza longistaminata and O. rufipogon) and three were mutants. The near-isogenic lines (NILs) and gene pyramids carrying two or more resistance genes are currently available for rice breeding programs (Table 1).  The NILs are also employed to determine the functional diversity of the BB pathogen population in different rice growing countries in Asia.  With the availability of unique resistance genes, identification of new avirulence genes in the pathogen population is possible in many rice growing areas worldwide.  It is possible to predict durability of resistance genes using molecular genetics of the bacterial pathogen.
  Breeding Strategy

Screening of Breeding Lines 

Breeders and pathologists work together to screen the breeding materials. The breeders carry out the planting and crop management of all screening field trials while the pathologists perform the inoculation and evaluation of resistance of the breeding lines.

After identifying the sources of resistance, these accessions are used either for single or multiple crosses. Currently, advanced breeding lines, NILs, and commercial varieties carrying single or combinations of resistance genes are used as parents for single and multiple crosses. All parental lines are inoculated with Xoo races 1 and 2 to confirm the resistance to BB. All F1 progenies are used as F2 populations and screened for BB resistance.  

All F2 populations are planted in the field and inoculated at maximum tillering stage with either race 1 or race 2. Evaluation of resistance based on SES scale is done at 14 DAI. All selections from F2 populations will consist the pedigree nurseries. 

In the pedigree nurseries, all selections from F3 to F8 generations are tested against Xoo race 1 and/or race 2 depending on the genetic background of the progenies. All F3 and F4 plants are inoculated with Xoo, but only 5 plants are inoculated per race per row at F5 to F8 generation. BB scoring is done at 14 DAI.

Selected F7 or F8 lines from pedigree nurseries are evaluated in observational yield trial (OYT) and in replicated yield trial (RYT) where only the first hill of every row is inoculated with race 1 and/or race 2. 

Table 1. Near-isogenic lines (NILs) with single bacterial blight resistance (Xa) genes and Xa-gene pyramids in the genetic background of the susceptible cultivar IR24 and their reactionsa to races of Xanthomonas oryzae pv. oryzae in the Philippines, IRRI 2002.

	NILs
	Xa-gene(s)
	Race 1
	Race 2
	Race 3B c
	Race 3C
	Race 4
	Race 5
	Race 6
	Race 7
	Race 8
	Race 9a
	Race 10

	
	
	PXO61b
	PXO86
	PXO79
	PXO340
	PXO71
	PXO112
	PXO99
	PXO145
	PXO280
	PXO339
	PXO341

	
	
	
	
	
	
	
	
	
	
	
	
	

	IRBB1
	Xa1
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S

	IRBB2
	Xa2
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S

	IRBB3
	Xa3
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S

	RBB4
	Xa4
	R
	S
	S
	S
	MR-MS
	R
	S
	R
	R
	S
	R

	IRBB5
	xa5
	R
	R
	R
	R
	S
	R
	S
	R
	R
	R
	R

	IRBB7
	Xa7
	MS
	R
	R
	R
	S
	R
	S
	R
	R
	S
	R

	IRBB8
	xa8
	S
	S
	S
	S
	S
	MR
	S
	S
	S
	S
	S

	IRBB10
	Xa10
	S
	R
	S
	S
	S
	R
	S
	R
	S
	S
	S

	IRBB11
	Xa11
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S

	IRBB13
	xa13
	S
	S
	S
	S
	S
	S
	R
	S
	S
	S
	S

	IRBB14
	Xa14
	S
	S
	S
	S
	S
	R
	S
	S
	R
	S
	S

	IRBB21
	Xa21
	R
	R
	R
	MR
	R
	R
	MR
	MR
	MR
	MR
	S

	IRBB50
	Xa4+xa5
	R
	R
	R
	R
	R
	R
	S
	R
	R
	R
	R

	IRBB51
	Xa4+xa13
	R
	S
	S
	S
	MS
	R
	R
	R
	MR
	S
	R

	IRBB52
	Xa4+Xa21
	R
	R
	R
	MR
	MR
	R
	MR
	R
	R
	MR
	R

	IRBB54
	xa5+Xa21
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R

	IRBB55
	xa13+Xa21
	R
	R
	R
	MR
	R
	R
	R
	MR
	MR
	MR
	S

	IRBB56
	Xa4+xa5+xa13
	R
	R
	R
	R
	R
	R
	MR
	R
	R
	R
	R

	IRBB57
	Xa4+xa5+Xa21
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R

	IRBB59
	xa5+xa13+Xa21
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R

	IRBB60
	Xa4+xa5+xa13+Xa21
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R

	IRBB61
	Xa4+xa5+Xa7
	R
	R
	R
	R
	MR
	R
	S
	R
	R
	R
	R

	IRBB62
	Xa4+Xa7+Xa21
	R
	R
	R
	R
	R
	R
	MR
	R
	R
	MS
	R

	IRBB63
	xa5+Xa7+xa13
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R

	IRBB64
	Xa4+xa5+Xa7+Xa21
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R

	IRBB65
	Xa4+Xa7+xa13+Xa21
	R
	R
	R
	R
	R
	R
	R
	R
	R
	MR
	R

	IRBB66
	Xa4+xa5+Xa7+xa13+Xa21
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R




a  Resistance or susceptibility of rice plants to X. o. oryzae is expressed in lesion lengths measured at 14 days after inoculation. Resistant (R): <5 cm; moderately resistant (MR): 5 to 10 cm; moderately susceptible (MS): 10 to 15 cm; susceptible (S): >15 cm. All NILs were inoculated at 40 to 45 days after sowing. 

b A representative strain of X. o. oryzae for each of the defined Philippine races is given in parentheses. 

c Race 3B belongs to race 3, lineage B; race 3C belongs to race 3, lineage C; race 9a differs from race 9b and 9c in the absence of avrXa7, the avirulence gene that corresponds to Xa7. 

Scoring System for Evaluation of BB Resistance 

In the greenhouse, disease severity is assessed based on lesion length measurement or estimation of percent diseased leaf area.  Due to the large amount of breeding lines assessed in the field, disease severity is usually measured in percent diseased leaf area (Table 2). 

Table 2. Scoring system used to evaluate breeding lines for BB resistance in the greenhouse and in the field 


 
Greenhouse Test





 Field Test




Lesion Length

Description 

Scale

Diseased Leaf Area
Description

  (cm)








(%)

0-5


R


1

1 - 5


R

>5 – 10

MR


3

6 - 12


MR

>10 – 15

MS


5

13 – 25

MS

>15 cm

S


7

26 – 50

S






9

>50 %


S

Resistance Genes Tagged with Molecular Markers
Application of molecular markers in breeding for BB resistance resulted from mapping and tagging of some dominant and recessive genes, i.e. Xa4, xa5, Xa7, xa13, and cloning of Xa21 (Table 3).  These genes are being used as sources of disease resistance and in developing lines with single gene and pyramids with two, three, four and five bacterial blight resistance genes. 

Table 3.  Molecular markers used in MAS to improve resistance to bacterial blight.

	Gene


	Chromosome
	Linked marker 


	Distance 

 (cM)
	References

	Xa3
	11
	RM144
	-
	Carrillo et al., 2003

	Xa4
	11
	Npb181
	1.7
	Ma Bo-Jun et al., 1999

	xa5
	5
	RG556
	0-1
	McCouch et al., 1991

	Xa7
	6
	P3
	3.4
	Porter et al., 2003

	xa13
	8
	RG136
	3.8
	Zhang et al., 1996

	Xa21
	11
	pTA248,

Xa21
	0-1

0
	Ronald et al., 1992


Case studies:  Application in breeding program

Many genes for BB have been identified in the breeding program, and are currently available in monogenic and pyramid lines in IR24 background for use in developing or improving commercial varieties.  The availability of molecular markers for these genes has made improving resistance to BB more efficient.

NARES institution from Indonesia (RIFCB) has released varieties derived from marker-aided selection (MAS) for commercial production (Table 4). Other institutions the Philippines (PhilRice) and India (PAU) have MAS products as advanced lines in their breeding programs. Elite lines are exchanged between institutions within and between countries. Multi-location trials of different MAS lines have been conducted in Indonesia, the Philippines, and Punjab and eastern India. RIFCB and PhilRice share their MAS varieties and elite lines and conduct performance trials for each other.

Indonesia: The Department of Agriculture of Indonesia released ‘Angke’ (originally known as Bio-1, carrying Xa4+xa5) and ‘Conde’ (originally named Bio-2, carrying Xa4+Xa7). Because both new varieties are in the IR64 background, wide acceptance by farmers is expected. This is the first release of MAS-improved products developed through the Asian Rice Biotechnology Network support and partnership.

India: PAU developed two lines designated as IET 17948 (PR106-P2) and IET 17949 (PR106-P9) for the All India Coordinated Trials, a prerequisite for varietal release. These lines performed better than PR106 (the standard popular variety in northern India) and other check varieties tested nationally. Results from multi-location yield trials (two years) showed that these lines are agronomically superior to the recurrent parent PR106, and are comparable with the check variety PR114. This is the first example of a MAS product reaching national-level trials for any crop in India.
Philippines: Selected MAS lines with added disease resistance yielded as high as 8.0 t/ha. Three MAS breeding lines have been advanced to the National General Yield Trial. These lines are considered to be good candidates for release and are suitable as “stop-gap” varieties in case of severe disease epidemics in the Philippines.

Table 4. Marker-aided selection (MAS)-improved varieties and their corresponding increase in yield developed by the NARES teams from the Philippines, Indonesia, India, and China.

	 Country
	Background commercial yield standard
	Released (R)/near-release (NR)
	Yield

(t/ha)
	Gain over yield standard (%)

	
	
	
	
	

	Philippinesa 
	IR64
	AR32-19-3-2 (NR)
	5.1
	0

	
	IR64
	AR32-19-3-3 (NR)
	6.7
	31.4

	
	IR64
	AR32-19-3-4 (NR)
	6.1
	19.6

	
	BPI Ri10 
	AR32-4-3-1 (NR)
	6.0
	17.6

	
	BPI Ri10 
	AR32-4-58-2 (NR)
	6.5
	27.5

	
	PSBRc28
	Yield standard
	5.1
	-

	Indonesiab
	IR64
	Angke (Bio-1) (R)
	5.4
	20.0

	
	IR64
	Conde (Bio-2) (R)
	5.4
	20.0

	
	IR64
	Yield standard
	4.5
	-

	Indiac
	PR106
	IET17948 (PR106-P2) (NR) 
	8.2
	22.4

	
	PR106
	IET17949 (PR106-P9) (NR)
	7.9
	17.9

	
	PR106
	Yield standard
	6.7
	-


aIn the Philippines, representative yield data are averages of tests in farmers’ fields in 2002 WS. Tests were conducted in Nueva Ecija, Southern Leyte, Eastern Samar, and Mindoro, Philippines.

bIn Indonesia, representative yield data were based on tests at Batang in 2001 WS.

cRepresentative yield data were based on 2002 cropping season in farmers’ fields in 4 districts of Punjab State.
BLAST

(Pathogen : Pyricularia grisea)

Blast is among the most widespread and damaging diseases of rice in upland and rainfed areas causing more than 50% losses in yield. The disease has two commonly recognized phases: leaf blast seedling) and neck blast. The pathogen causing blast Pyricularia grisea, consisted of 18 lineages in the Philippines. In IRRI blast nursery, 4 lineages exist while 9 lineages are present in another upland site in Cavinti, Laguna.


Several major genes for blast resistance have been identified and near-isogenic lines with ‘indica’ (CO39) and ‘japonica’ (Lijiangxintuanheigu) background are now available. Table 5 shows the blast reaction of some NILs to five virulent blast isolates.

Table 5. Reaction of NILs with ‘indica’ and ‘japonica’ background to virulent blast isolates

	NILs
	R gene
	Blast isolates

	
	
	IK81-3
	IK81-25
	PO6-6
	V86013
	V8601



	C101LAC
	Pi-1
	R
	S
	R
	R
	R

	C101A51
	Pi-2
	R
	R
	R
	R
	R

	C104PKT
	Pi-3
	S
	S
	R
	R
	S

	C101PKT
	Pi-ta
	R
	R
	S
	R
	S

	C105TTP-4-L23
	Pi-ta2
	R
	R
	S
	R
	R

	Co39
	0
	S
	S
	S
	S
	S

	F80-1
	Pi-k
	R
	S
	S
	S
	-

	F98-7
	Pi-km
	S
	S
	S
	R
	-

	F129-1
	Pi-kp
	S
	S
	S
	R
	-

	F124-1
	Pi-ta
	S
	S
	S
	R
	-

	F128-1
	Pi-ta2
	R
	R
	S
	R
	-

	F145-2
	Pi-b
	S
	R
	R
	R
	-

	LTH
	0
	S
	S
	S
	S
	-


Recently, Dr. Y. Fukuta and his colleagues have also developed a new set of monogenic lines for blast resistance in two backgrounds (LTH and CO39).  The LTH lines are available to NARES through collaborations. The CO39 lines are also available since 2004.

Breeding Strategy

Breeders and pathologists work together to screen and breed for resistance to blast, along with other desired traits for various ecosystems.  Elite lines and rice germplasm serving as donors for specific traits are used as parents in hybridization program.  Ideally, donors showing partial resistance for blast are preferred.  F1 seeds are increased to produce F2s.  Starting from F2s, breeders and pathologists evaluate the lines for blast resistance. Thus, selection begins at F2 generation, and continued from F3 to F6 or F7 generation, along with other desired agronomic traits.

Identification, Evaluation and Selection for Resistance to Leaf Blast
Screening for resistance to leaf blast is usually done in the blast nursery at IRRI where natural blast infection is highly favorable. As blast populations are very diverse, it is important that the varieties be evaluated to an unlimited range of pathogen populations. To maintain the pathogen population (natural source of inoculum) in the blast nursery, 8-10 rice varieties with different level of susceptibility to blast are continuously planted in the site (Table 6). 
Table 6. Reaction of rice varieties used as inoculum source (spreaders) to existing lineages of blast isolates in the blast nursery.






Lineage of Blast Isolates

Spreaders









4

7

14

17

Carreon


S

S

S

R

IR64



R

S

S

R

C-22



S

R

S

S

Co39



S

S

S

S

IR72



R

S

S

R

IR442-2-58


S

R

S

R

IR36



R

S

S

R

IR50



R

S

S

R

IR51590 AC 6-4

S

S

S

R


Kinandang Patong

R

S

S

S

Since the durability of single resistance genes to blast is very limited, efforts in the development of resistant varieties are geared towards race-non-specific or partial resistance.  The screening method done under natural blast nursery condition is shown in the scheme below.

Screening Method: Natural infection


Both parental lines and progenies starting from F2 generation 

are screened in the blast nursery. Sowing of breeding lines 

and spreader rows (Fig. 2)



Broadcast application of 120 kg N/ha right after sowing





        Overhead irrigation (2-3 times a day) throughout the growing period




             9-10 days after sowing, transplant inoculum source 

                 (blast infected seedlings)



             5-7 days after exposure from inoculum source, check 

          spreader rows for blast infection



   Scoring based on SES scale for leaf blast resistance is done 20-25 

days after exposure from inoculum source (Table 7 ).






Fig. 2.  Layout of breeding lines and spreader rows at IRRI Blast Nursery 

to screen for blast resistance. 

Evaluation for blast resistance


Evaluation for blast resistance is done at 20-25 days after exposure from inoculum source available at the blast nursery.  Breeding lines with scores of 4 to 5 are also selected for partial resistance.  Timing of rating is important.

Table 7.  Scoring system for blast resistance

Scale



Description

1

Small brown specks of pin-point size


2
Small roundish to slightly elongated, necrotic gray spots, about 1-2 mm in diameter, with a distinct brown margin. Lesions are mostly found on the lower leaves

3
Lesion type is the same as in 2,but significant number of lesion are on the upper leaves







4
Typical susceptible blast lesions, 3 mm or longer, infecting less than 4% of the leaf area

5
Typical susceptible blast lesions, 3 mm or longer, infecting less than 4-10% of the leaf area





6
Typical susceptible blast lesions, 3 mm or longer, infecting less than 11-25% of the leaf area


7
Typical susceptible blast lesions, 3 mm or longer, infecting less than 26-50% of the leaf area





8
Typical susceptible blast lesions, 3 mm or longer, infecting less than 51-75% of the leaf area, many leaves dead

9
Typical susceptible blast lesions, 3 mm or longer, infecting more than 75% of the leaf area






Blast R-Genes Tagged with Molecular Markers

Three major R genes effective against many blast races in several Asian countries have been tagged with markers linked to the gene.  These markers are currently being used in rice improvement program by NARES from India, Indonesia, Vietnam and Thailand (Table 8).  

Table 8.  Molecular markers used in MAS to improve resistance to blast.

	
R-gene tagged
	Chromosome
	Linked 

marker
	Distance (cM)
	References



	Pi1
	11
	r10
	-
	Wu et al.

	Pi2
	6
	RG64

Pto

Kinase
	2.8
	Yu et al., 1991

Bernardo et al.

	Pi9
	6
	RG16
	-
	Wang et al.


Case studies: Advanced backcross or gene pyramiding coupled with marker-aided selection

Advanced backross QTL approach

Using the advanced backcross QTL approach, RIFCB at Indonesia is incorporating quantitative blast resistance to their popular upland variety. Resistant donor Oryzica Llanos 5 was crossed to Way Rarem, a popular rice variety for the upland area in Indonesia. The backcross lines (BC2F3) are being analyzed for association between candidate defense genes and blast resistance.  Selections are being carried out based on partial resistance to blast at disease hotspots.  Genotyping for candidate defense genes conferring partial resistance will be carried out at advanced stages.

Gene pyramiding of major genes

Two blast major genes Pi-1 and Pi-2 were used for developing breeding lines using MAS through ARBN collaboration.  For example, RIFCB incorporated Pi-1 and Pi-2 in three local varieties, Way Rarem, Cabacu, and Jambu through double crosses. Lines were selected at F4 generation with desirable agronomic characteristics such as plant height, maturity, tiller per hill, yield and resistance to leaf and neck blast and aluminum toxicity. MAS for Pi-1 and Pi-2 was performed at advanced generations. The resistant lines were evaluated in Indonesia and at IRRI through shuttle research.  

CRRI introduced genes with multiple blast resistance into popular variety Kalinga III, resulting in backcross lines carrying blast resistance genes Pi2(t) and Pi9(t) and a new gene derived from wild rice O. minuta. 
DOA applied MAS to incorporate bacterial blight and blast resistance genes into high-quality Thai rice varieties for export (KDML 105, RD6, Khao Jao Hawn Suphanburi, and HTA 88060-5B-3). Using molecular markers, advanced lines carrying genes Pi2, xa5, xa13, and Xa21 with good performance and agronomic characteristics were selected and tested in farmers’ fields.
APPENDIX  I

Preparation of bacterial inoculum of Xanthomonas oryzae pv. oryzae
Isolation of Xoo from infected leaves
For bacterial isolation, Suwa’s medium in petri plates (10-15 ml medium per plate) is used while Wakimoto’s medium (WF-P) in test tubes (10 ml medium per tube) is used for maintaining the bacterial isolates for routine use.  Components of these culture media are given in Appendix I

The advancing part of the lesion is cut and surface-sterilized with 70% alcohol for 10 sec and then rinsed once in sterile distilled water. The rinsed leaf portion is cut into 3 –5 mm section with sterile scissors and then soaked in sterile distilled water for 5-10 min to allow bacterial ooze to come out from the advancing lesion. A loopful of the bacterial suspension is streaked onto Suwa’s medium in petri plates, incubated at 30 C for 4-5 days, and examined for bacterial growth. A pure, single colony of Xoo is picked for further purification and maintenance of the organism. 

For longer storage and maintenance of the bacterial cultures, the colony is multiplied into WF-P in test tube by streaking, and incubated for 2-3 days at 30 C, scraped and maintained in10% skim milk or 30 % glycerol. Bacterial cultures in skim milk are stored at –20 C and cultures in glycerol are stored at –80 C.

Revival of Xoo from storage

To revive stock cultures from storage, get a small amount of the bacterial growth from glycerol or skim milk culture and transfer onto WF-P in test tube and incubate at 30 C for 2-3 days. This serves as stock culture that can be used for 1-2 months. 

After 2-3 days, get a loopful and streak into another WF-P in test tube and incubate at 30 C for 2-3 days. These slants are ready to use as inoculum. 
.

Preparation of Xoo inoculum

For small-scale inoculation (less than 50 plants for inoculation), one test tube is enough as inoculum. The bacteria in test tube is mixed with 10 ml sterile water, and scraped with sterilized wooden stick or wireloop. The scraped bacterial growth is poured into another clean, empty test tube and mixed thoroughly by vortexing to obtain homogeneous mixture of bacterial suspension. Once homogenized, the bacterial suspension is ready to be used as inoculum.

For large-scale inoculation in the field, the scraped bacterial growth from single test tube (48-hr old) is poured into square bottles containing WF-P medium. The bacterial suspension is spread evenly throughout the medium in bottles to allow uniform bacterial growth. The bottle is incubated at room temperature for 3-4 days. After incubation, 1 liter distilled water is poured into each bottles and shake vigorously to remove bacterial masses from the agar surface. Using a strainer or nylon mesh, pour the bacterial suspension into another plastic container. This serves as inoculum in the field.

Suwa’s Medium

Sodium glutamate

2.0 g

MgCl2.6H2O


1.0 g

KH2PO4


0.1 g

Fe-EDTA stock solution*
1.0 ml

Peptone


10.0 g

Sucrose 


5.0 g

Agar



17.0 g

Distilled water


1000 ml


Mix and dissolve all components (except Fe-EDTA) in 1000 ml distilled water. Autoclave at 15 psi for 15-20 min. Fe-EDTA is added to the medium at plating.

 
------------------------------------


*0.657 g in 100 ml distilled water, filter sterilized.

Modified Wakimoto’s Medium (WF-P)

Sucrose


20.0  g

Bacto peptone


5.0 g

Calcium nitrate

0.5 g

Sodium phosphate

0.82 g

Ferrous sulphate

0.05 g

Agar



17.0 g

Distilled water


1000 ml


Mix and dissolve all components (except Fe-EDTA) in 1000 ml distilled water. Autoclave at 15 psi for 15-20 min

-----------------------------------

MEDIUM FOR SHORT-TERM STORAGE

Skim Milk (10 %)

Skim milk (non-fat milk)


10 g

Na glutamate


1.5 g

Distilled water


100 ml


Dissolve thoroughly and dispense in 2.0 ml microtubes. Autoclave at 15 psi for 10 min. Scrape bacterial growth from one test tube slant and transfer into one microtube. Store the cultures at –20 C.

--------------------------------------

Glycerol (30%)

Glycerol


30 ml

Water



70 ml


Dispense the 30% glycerol solution into 2 ml screw-capped microtubes and autoclave at 15 psi for 15 min. Scrape the bacterial growth from the test tube or petri plate and transfer into the sterilized 30% glycerol solution. The bacterial growth in one test tube slant is usually transferred into one microtube containing the sterile 30% glycerol solution. Store the cultures at –80 C.

--------------------------------------

LONG-TERM STORAGE OF Xoo THROUGH LYOPHILIZATION

Freeze-dryer

Ampoules

Constiction machine

Sealing torch

Pipets (0.1 ml, 2.0 ml)

Test tubes (5 ml capacity)

10 % skim milk (non-fat milk)

Scissors

Forceps

Transfer bacteria into test tube slants and incubate for 48 hr at 30 C. Prepare 10 % skim milk and autoclave at 15 psi for 10 min. Prepare ampoules with small labels (label of isolate) and seal with cotton plugs. Autoclave the sealed ampoules at 15 psi for 15 min. Pour 1-1.5 ml 10% skim milk into the 48 hr old bacterial culture and scrape the bacterial growth. Transfer the scraped bacterial suspension into a sterile empty tube and homogenize by vortexing. Aseptically dispense 0.2 ml of the homogenized bacterial suspension into individual ampoule. Cut the excess cotton plug above the tip of the ampoule and push down the remaining cotton plug inside the ampoule just above the label.  Constrict the ampoule using a constrictor machine. Load constricted ampoules in the freeze-dryer and run it for 12-14 hrs until the cultures are completely dried. Seal the ampoules after freeze drying with a sealing torch. Store freeze-dried cultures at 4 C.
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Fig. 1.  .Scheme currently used at IRRI for screening resistance to bacterial blight and blast.





Resistance to


Specific Diseases


     (EPPD)





Transgenics/


Parents for Hybrids/


Alien Introgression


Lines  (PBGB)





Genetic Studies


(PBGB & EPPD)





Resistance to BB & Blast


         (EPPD)





Improved classical


 plant types / NPTs





RYT & OYT Screening


   (PBGB & EPPD)





Pedigree Nurseries


Screening


(PBGB & EPPD)





F2 populations


Field Screening


(PBGB & EPPD)





Single or Multiple


Crosses for different


Ecosystems


   (PBGB)





Improved Germplasm/


NILs/IRRI Germplasm





Hybridization


(Indica & NPTs)


(PBGB)





spreader rows





breeding lines





spreader rows








PAGE  
11

