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Abstract Screening of rice germplasm against

Asian rice gall midge, Orseolia oryzae (Wood-

Mason), biotypes in India has led to identification

of over 300 resistant rice genotypes. However, only

ten resistance genes have been characterized so far.

Identification of new genes through classical allelism

test is tedious and time consuming. We propose to

use closely linked flanking Simple Sequence Repeat

(SSR) markers in allelism tests for identification of

resistance genes. Of the ten known gall midge

resistance genes, eight have been tagged and mapped.

The Gm1 and Gm2 genes have closely linked flanking

markers. Hence SSR markers RM219 and RM444,

flanking the gene Gm1, and RM317, RM241 along

with the SCAR marker F8, flanking the gene Gm2,

were selected for this study. Tests with one set of 13

genotypes likely to carry Gm1 and another set of 17

genotypes suspected to contain Gm2 suggested the

presence of the respective allele in all the 13 and 15

genotypes from these sets, respectively. Classical

allelism test perfectly matched with the markers test.

There were two exceptions involving amplification

with RM444 in cultivar Kavya and with RM241 in

genotype AE20, suggesting a single recombination

which could have resulted in the mismatch. All the

three markers in the genotype Bhumansan and the

two flanking markers RM317 and F8 in AE20

indicated the absence of the Gm2 allele. This was

validated through a classical test, revealing a segre-

gation ratio of 15 resistant: 1 susceptible F2 progeny

of both the crosses between the Gm2 source Phalguna

and these genotypes. We performed the allelism test

with the markers on another set of 56 randomly

selected gall midge resistant genotypes to discover

possible sources of new resistance genes.
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Introduction

The Asian rice gall midge, Orseolia oryzae (Wood-

Mason), is one of the most destructive pests of rice in

south and south east Asia (Heinrichs 1994). Because

the insect feeds internally, chemical control is not

very effective. Breeding for resistance has been the

main approach for gall midge management. Field and

greenhouse evaluation of about 50,000 germplasm

accessions has resulted in the identification of over

300 primary sources of resistance (Bentur et al.

2003). Genetic analysis in some of these sources led

to the characterization of nine dominant genes and
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one recessive gene conferring resistance (Kumar

et al. 2005). Utilizing 4–5 of these sources of

resistance, over 60 gall midge resistant rice varieties

have been developed and released for commercial

cultivation in India since 1972 (Bentur et al. 2003).

However, 84% of the released resistant varieties

derive their resistance from only three genes or

sources viz., Gm1, Gm2 and an unidentified gene in

the genotype Ptb21. Extensive cultivation of some of

the resistant varieties has led to evolution of virulent

biotypes of the pest that are capable of overcoming

the resistance. So far, seven distinct biotypes have

been characterized based on reaction pattern against

four groups of differential rice varieties (Vijaya

Lakshmi et al. 2006). This situation has necessitated

new breeding strategies to achieve the goal of durable

gall midge resistance. Pyramiding of two or more

genes in a single cultivar is one such strategy being

followed.

To identify a new resistance gene, crosses can be

made between the suspected new source and geno-

types possessing each of the ten known genes in a

classical allelic test. This tedious process is not a

practical approach for analyzing large numbers of

resistant genotypes. As an alternative, many of these

gall midge resistant genotypes have been evaluated

against the six common biotypes of the gall midge

that are found in India. Based on the gene-for-gene

interaction between rice and gall midge, these

genotypes have been classified into four differential

groups (Bentur et al. 2003). Each of these groups has

some member with a known genetic basis of resis-

tance. The task of looking for new genes is now

narrowed down to members within a group. Members

of one group differ from those of other groups in

reaction pattern and hence are likely to contain

different gene(s). Even then, the number of crosses to

be made to identify a new gene remains high.

Development of molecular markers that are tightly

linked to the gene of interest has improved the

efficiency of conventional plant breeding (Huang

et al. 1997; Hittalmani et al. 2000). Among the

several molecular markers available, the SSR mark-

ers have several advantages over other markers and

hence have received more attention in molecular

marker studies (Fjellstrom et al. 2006). SSR markers

are reliable, co-dominant, multi-allelic, chromosome-

specific and highly informative (Swarup et al. 2006).

SSR markers have been used to develop linkage maps

in many plant species including major cereals,

viz., wheat (Song et al. 2005), rice (Mc Couch

et al. 2002), maize (Sharopova et al. 2002), barley

(Thiel et al. 2003) and oat (Zhu and Kaeppler 2003).

These markers have also been used in several other

studies like genetic diversity in different crops

(Ellwood et al. 2006), germplasm analysis (Yong

et al. 2002), genetic relationships (Zhang et al. 2003),

phylogenetic studies (Provan et al. 2001) and others.

SSR markers have also been used for tagging and

mapping insect resistance genes in rice against brown

planthopper (Jena et al. 2006) and gall midge (see

below), in wheat against the Hessian fly (Liu et al.

2005) and in maize against pink stem borer (Butron

et al. 2005).

Eight of the ten gall midge resistant genes have

been tagged using various molecular markers (Nair

et al. 1995; Mohan et al. 1997; Katiyar et al. 2000,

2001; Sardesai et al. 2002; Biradar et al. 2004; Jain

et al. 2004). Since some of these markers were not

useful in other breeding populations, additional

closely linked SSR markers were identified

(Sundaram et al. 2003). We propose here a novel

use of these closely linked flanking SSR markers for

allelic tests for gall midge resistance genes. We

aimed at two of the major gall midge resistance

genes Gm1 and Gm2 that have closely linked SSR

markers (Sundaram et al. 2003; Biradar et al. 2004).

A molecular marker based test was validated with

classical allelic test crosses for a total of 18

genotypes. The marker test was extended to an

additional set of 56 genotypes with gall midge

resistance to identify new gene sources.

Material and methods

Plant material

The rice varieties, W1263 and Phalguna, possessing

the major dominant genes Gm1 and Gm2, respec-

tively, along with two sets of diverse genotypes from

differential groups I and II were selected for study

based on their reaction pattern against six known gall

midge biotypes (Bentur et al. 2003). Thirteen diverse

genotypes likely to carry Gm1 gene from differential

group I, and 17 genotypes likely to carry Gm2 gene

from differential group II, were selected. The geno-

types in these two groups, though of diverse
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geographic origin, showed a similar reaction pattern

against W1263 and Phalguna, respectively (Table 1).

TN1, Swarna and BPT 5204 with no gall midge

resistance gene were included as the susceptible

checks. An additional 56 genotypes with gall

midge resistance from the DRR germplasm bank

were randomly selected for validation of the study.

DNA extraction and PCR

DNA was isolated from leaf tissue of selected

genotypes through the method of Zheng et al.

(1991) and used for PCR following the protocol of

Chen et al. (1997). Linked SSR markers used for PCR

amplification of genomic DNA were RM444 and

RM219 for Gm1 which flank the gene locus on

chromosome 9 (Biradar et al. 2004) and RM241,

RM317 (Sundaram et al. 2003) for Gm2 on chromo-

some 4. In addition to these SSR markers, a SCAR

marker F8 closely linked to the gall midge resistance

gene Gm2 (Nair et al. 1995) and which flanks the

gene along with RM241 and RM317 was also used in

this study. Primer sequence information for the above

SSR markers is available at http://www.gramene.org

while that for F8 marker is given by Nair et al.

(1995). The size of the amplified fragments was

calculated using Alphaease software (Alpha Innotech,

USA) with k/HindIII + EcoR1 double digest and

100-bp ladder (MBI Fermentas, Lithuania) as size

reference standards. The exact physical positions of

the closely linked markers for Gm1 or Gm2 were

determined through BLAST search using bioedit

software against the indica sequence database for

Chromosome 9 and 4 (http://rice.genomics.org.cn/

rice/index2.jsp).

Classical allelism test

Results obtained by the molecular approach were

verified with a classical approach. Reaction of the

selected genotypes against gall midge biotype 1 was

reconfirmed in the greenhouse. Crosses were made

between W1263 and Assamchudi to test the allelic

status of the gene in the latter. Since the other 12

genotypes from the first set have known descent from

the donor sources such as W1263 or Eswarakora

carrying the Gm1 gene, no crosses were made

between these genotypes and W1263. Separate

crosses were made between Phalguna and 17 geno-

types of the second set. One or two F1 plants were

tested for gall midge resistance while 5–10 F1 plants

were grown to collect F2 seeds. Seeds were collected

separately from each plant.

Greenhouse evaluation for gall midge reaction

The selected genotypes and F2 plants were evaluated

in a greenhouse for the reaction against gall midge

biotype 1 following a standardized screening proce-

dure (Bentur and Kalode 1996). This involved sowing

of pre-germinated seeds in rows 5 cm apart with 10–

15 plants per row, in plastic trays (60 · 30 · 30 cm)

filled with 8 cm of puddled soil. The soil was

enriched with fertilizers in the ratio of 2:1:1 of N:P:K,

Table 1 Diverse genotypes selected for the study as based on reaction pattern observed against the six gall midge biotypes

Groupa Genotype Gene Reaction patterna Linked markers

I W1263 Gm1 R-S-R-S-R-R RM444 and RM219

I Samridhi, Kavya, MDU3, Rajendradhan 202,

Asha, Usha, Lalat, Kakatiya, Pothana,

RPW 9-4-85, RPW 9-6-12, RD4, Assamchudi

Suspected to carry Gm1 R-S-R-S-R-R RM444 and RM219

II Phalguna Gm2 R-R-S-S-R-S RM 317, RM241 and F8

II ARC11704, ARC14766, ARC15570, ARC5823,

ARC5913, ARC5939, AE 20, ARC 5988,

ARC 6221-1, ARC 6632, ARC 7255,

MNP 709, MNP 85, ORSJR18A, Phodum,

Ritiang, Bhumansan

Suspected to carry Gm2 R-R-S-S-R-S RM 317, RM241, and, F8

IV TN1, Swarna, BPT5204 None S-S-S-S-S-S None

a Based on reaction observed against the gall midge biotypes 1–6, in that order, in multi-location evaluation (Bentur et al. 2003); R-

Resistant, S-Susceptible
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approximating doses of 120, 60 and 60 kg ha�1. One

row each of the standard resistant (Phalguna/Kavya)

and susceptible (TN1) check genotypes were sown in

each test tray. When the seedlings were 10–12 days

old, they were exposed to about 25 female and 10

male adults on each of two consecutive days by

placing the tray in a nylon mesh cage and releasing

newly emerged adults. For following 2 days the tray

was placed in a humid chamber with relative

humidity (RH) > 90% and a temperature of

25 ± 58C, for egg incubation and maggot establish-

ment. Subsequently, these trays were maintained at

room temperature in a growth chamber of a green-

house with the annual range of temperature of

25 ± 108C and 60 ± 10% RH. Insect damage was

recorded 20 days after adult release, when the

susceptible checks showed fully extended galls. A

test was considered valid only when >90% of the

susceptible check TN1 plants showed damage symp-

toms. Test genotypes recording nil or less than 10%

plant damage were rated as resistant while those with

a higher level of damage were rated as susceptible.

Plant damage in F2 populations was recorded on a

single plant basis. Plants with galls were rated as

susceptible while the rest were dissected to confirm

the presence of dead maggots and/or expression of

hypersensitive reaction (HR) for rating as resistant.

Plants that did not show these features were labeled

as escapes and were not considered under the total of

test plants. Escape plants did not exceed 10% of the

total in any of the experiments. Plant damage data

from F2 plants were analyzed with the v2 test of

goodness of fit (Gomez and Gomez 1984).

Results

Marker test

Primers for the marker RM444 in W1263 amplified

five bands in the range of 290–320 bp, while in the

susceptible cultivar TN1 it amplified a clear single

band of *183 bp (Fig. 1a). However, in the other two

susceptible checks viz., Swarna and BPT5204 it

amplified slightly different alleles of *210 and

*216 bp, respectively. RM219 primers amplified

polymorphic fragments of *230 bp in W1263

and *210 bp in TN1 (Fig. 1b). In the other two

susceptible checks Swarna and BPT 5204 these

markers amplified fragments of *196 and *220 bp.

Amplification of genomic DNA in the set I

genotypes by primers for the marker RM444 showed

the W1263 (Gm1)-specific pattern of bands, W allele

(290–320 bp), in all the selected genotypes except in

Kavya (Fig. 1a). The RM444 primers amplified a

single band of *185 bp in Kavya. RM219 primers

amplified the W allele (*230 bp) linked to resistance

in all the genotypes tested (Fig. 1b). These results

suggested the presence of Gm1 gene in all the 13

genotypes of this set.

Amplification of the Gm2 gene linked marker

RM241 revealed a band of *182 bp in Phalguna

Fig. 1 Amplification pattern of Gm1 linked SSR markers

RM444 and RM219 in 13 selected genotypes of set 1. (a).

RM444, (b). RM219, M—Mol. Weight marker (100 bp DNA

ladder), T—TN1, S—Swarna, B—BPT 5204, W—W1263.

(1–13) lanes—test genotypes: 1. Samridhi, 2. Kavya,

3. MDU3, 4. Rajendradhan 202, 5. Asha, 6. Usha, 7. Lalat,

8. Kakatiya, 9. Pothana, 10. RPW 9-4-85, 11. RPW 9-6-12,

12. RD4, 13. Assamchudi
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(P allele) and a band of *170 bp in all the

susceptible checks (Fig. 2a). Primers for RM317

amplified a band of *170 bp in Phalguna (P allele)

and a band of *180 bp in the susceptible checks

(Fig. 2b). Primers for marker F8 amplified a larger

segment of 1.7 kb in Phalguna (P allele) and 2 kb in

the susceptible checks (Fig. 2c). Further, the RM241

primers amplified the P allele in all the test genotypes

of set II, except in Bhumansan (Fig. 2a). RM317 and

F8 primers also amplified the respective P alleles in

all the test genotypes of this set, except in Bhumansan

and AE20 (Fig. 2b and c). These results suggested

presence of the Gm2 gene in 15 of the 17 test

genotypes of this set. The test also suggested the

absence of the Gm2 gene in Bhumansan and AE20.

Set I genotypes were also tested with Gm2-linked

SSR markers and set II genotypes were tested with

Gm1-linked SSR markers (Table 2). In the first set,

RM317 primers amplified other alleles (OA), neither

specific to W allele nor those noted for the suscep-

tible checks, in six genotypes. The rest of the

genotypes showed a null allele (NA) with no

amplification of any fragment. The RM241 primers

amplified OA in eight and NA in five genotypes. In

Set II, primers for both the Gm1 linked SSR markers,

RM219 and RM444, amplified OA allele in all the 17

genotypes. This suggested the absence of the target

gene in the non-corresponding set of genotypes.

Classical test

Reactions of the genotypes from set I against gall

midge biotype 1 confirmed resistance in all the

genotypes selected for the analysis (Table 3). A small

percentage of susceptible plants (between 10% and

20%) was noted against some of the differentials in

the tests conducted in 2005 but was not observed in

the retesting done in 2006. Reactions of genotypes

from set II against biotype 1 were unambiguous

(Table 4) and confirmed the earlier results.

All the 114 F2 plants derived from the cross

W1263 · Assamchudi showed resistance and did not

segregate (Table 5). This strongly suggested that the

unknown gene in Assamchudi was allelic to Gm1,

Fig. 2 Amplification pattern of Gm2 linked SSR markers

RM241, RM317 and F8 in 17 selected genotypes of set 2. (a).

RM241, (b). RM317, (c). F8. M—Mol. weight marker (100 bp

DNA ladder), T—TN1, S—Swarna, B—BPT 5204, P—

Phalguna. (1–17) lanes—test genotypes: 1. ARC11704,

2. ARC14766, 3. ARC15570, 4. ARC5823, 5. ARC5913,

6. ARC5939, 7. AE20, 8. ARC5988, 9. ARC6221-1,

10. ARC6632, 11. ARC7255, 12. MNP709, 13. MNP85,

14. ORSJR18A, 15. Phodum, 16. Ritiang, 17. Bhumansan
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present in W1263. Of the 17 crosses between

Phalguna and the test genotypes from set II, F2

progeny from 14 crosses recorded no segregation for

resistance. Cases involving one or two susceptible

plants of more than 100 plants tested were considered

to be non-segregating population since this ratio did

not fit in any normal ratios. However in the case of

the Phalguna · ARC 5988 cross one out of 62 plants

tested showed susceptibility and the observed ratio

was in agreement with a 63:1 ratio (v2 = 0.0003,

P = 0.974), suggesting involvement of three genes.

Two of the crosses viz., Phalguna · AE20 and

Phalguna · Bhumansan, showed an F2 segregation

ratio of 167 resistant: 5 susceptible and 93 resistant: 6

susceptible, respectively. These ratios did not differ

significantly from the expected ratio of 15 resistant: 1

susceptible (v2 = 3.28, P = 0.07; v2 = 0.00645,

P = 0.937, respectively). Thus it was evident that the

gene conferring gall midge resistance in AE20 and

Bhumansan was non-allelic to Gm2.

Table 2 Amplification pattern of genotypes in set I and set II with the selected SSR markers

S. No. Genotype RM219 RM444 RM317 RM241

1 W1263 W W OA OA

2 Phalguna OA OA P P

3 Samridhi W W OA OA

4 Kavya W OA OA OA

5 MDU3 W W OA OA

6 Rajendradhan 202 W W OA OA

7 Asha W W NA NA

8 Usha W W NA NA

9 Lalat W W NA NA

10 Kakatiya W W NA OA

11 Pothana W W OA OA

12 RPW 9-4-85 W W NA NA

13 RPW 9-6-12 W W OA OA

14 RD4 W W NA OA

15 Assamchudi W W NA NA

16 ARC 11704 OA OA P P

17 ARC 14766 OA OA P P

18 ARC 15570 OA OA P P

19 ARC 5823 OA OA P P

20 ARC 5913 OA OA P P

21 ARC 5939 OA OA P P

22 AE 20 OA OA OA OA

23 ARC 5988 OA OA P P

24 ARC 6221-1 OA OA P P

25 ARC 6632 OA OA P P

26 ARC 7255 OA OA P P

27 MNP 709 OA OA P P

28 MNP 85 OA OA P P

29 ORS JR 18A OA OA P P

30 Phodum OA OA P P

31 Ritiang OA OA P P

32 Bhumansan OA OA OA OA

NA—null allele, OA—other allele, P—Phalguna allele, W—W1263 allele
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Evaluation of resistant rice germplasm

Among the 56 randomly selected gall midge resistant

rice genotypes tested for the presence of Gm1 and Gm2,

nine showed the presence of the W allele with both the

flanking markers RM444 and RM219 while six others

recorded this allele with the marker RM219 only

(Table 6). The presence of the P allele in eight accessions

was detected with all the three markers RM241, RM317

and F8. In addition, five more accessions showed the

presence of the P allele with the two flanking markers

RM317 and F8. One of the accessions, INRC1421,

recorded the presence of both the W and P alleles.

Primers for these markers amplified OA in five of the

accessions, not specific to Gm1, Gm2 or TN1, with all

five markers suggesting the absence of both the Gm1 and

Gm2 alleles. In addition, 17 more accessions did not

amplify either the W or P alleles with these markers.

Discussion

The rice variety W1263 carries the dominant gene

Gm1 (Chaudhary et al. 1985) and Phalguna possesses

the dominant gene Gm2 (Mohan et al. 1994).

Genotypes with these genes have been grouped into

two differential groups I and II, respectively, based

on their reaction pattern against the six gall midge

biotypes (Bentur et al. 2003). Gm1 confers resistance

against gall midge biotypes 1, 3, 5 and 6 while Gm2

confers resistance against biotypes 1, 2 and 5.

Moreover, resistance by Gm2 involves expression

of a HR while that by Gm1 does not involve HR

(Bentur and Kalode 1996). Each of these genes has

been deployed in about one third of the resistant rice

varieties developed so far in India. Virulence against

Gm1 in the biotype 2 pest population at Cuttack in

Orissa state, India and virulence against Gm2 gene in

the biotype 3 population at Ranchi in Bihar state,

India were recorded even prior to the release of

resistant rice varieties (Kalode and Bentur 1989).

Subsequent to extensive cultivation of resistant rice

varieties, virulence against these genes has been

reported from different pest endemic regions of the

country, including the combined virulence against the

Gm1 and Gm2 genes in biotype 4 (Bentur et al. 1987).

Thus there is a need for identifying new genes to

replace those currently used in resistant rice varieties.

Table 3 Reaction of selected genotypes suspected to carry Gm1 gene against gall midge biotype 1 in greenhouse during 2 years

S. No. Rice genotype Rating 2005 2006

DP TP DP TP

1 Samridhi R 0 42 0 20

2 Kavya R 0 27 0 22

3 MDU3 R 0 10 0 12

4 Rajendradhan 202 R 0 10 1 22

5 Asha R 3 28 0 17

6 Usha R 5 30 0 15

7 Lalat R 1 40 0 20

8 Kakatiya R 5 39 1 25

9 Pothana R 6 47 0 24

10 RPW 9-4-85 R 0 40 0 16

11 RPW 9-6-12 R 2 29 1 12

12 RD4 R 2 24 0 12

13 Assamchudi R 0 18 0 12

Checks

14 TN1 S 33 33 21 21

15 Swarna S 19 19 16 16

16 BPT 5204 S 26 26 20 20

17 W1263 R 0 31 0 18

R—resistant, S—susceptible, DP—No. of damaged plants; TP—No. of total plants tested

Euphytica (2007) 157:267–279 273

123



Because there is the potential for the rapid develop-

ment of new biotypes in response to the release of

varieties with single gene resistance (Vijaya Lakshmi

et al. 2006), gene pyramiding to incorporate two or

more genes should be considered for durable gall

midge resistance. A simple test to detect the presence

of Gm1 and Gm2 in the large pool of gall midge

resistant genotypes will greatly reduce the effort

required to identify new genes. Random selection of

genotypes and classical allelic tests have led to the

characterization of 10 resistance genes so far (Kumar

et al. 2005). None of these genes confers resistance

against all the known gall midge biotypes. Thus it is

necessary to quickly identify new genes useful for

durable gall midge resistance.

The informative content of the SSR markers, their

ease of handling through PCR, and reports of linked

markers for gall midge resistance genes prompted us

to conceive an alternative approach for detecting

alleles using these markers. Flanking SSR markers

for Gm1 and closely linked markers for Gm2 and well

characterized genotypes under group I and II guided

us to select the first 30 genotypes for testing this

approach. Marker-based tests with the set I of

genotypes did not show any deviation in amplifica-

tion except in the case of Kavya. This result was also

observed in our earlier study (Biradar et al. 2004). All

but one of the genotypes from this set are known

derivatives from the crosses involving the Gm1 donor

parent Eswarakora (Venkataswamy 1996) or its

derivative W1263. However, diversity in these

genotypes has been brought about by background

selection made at different rice breeding stations

across different countries. Recombination between

the gene and the markers appeared to be rare, except

in the case of Kavya, despite the fact that RM219 and

Table 4 Reaction of the selected genotypes suspected to carry Gm2 gene against gall midge biotype 1 in greenhouse during

2 years

S. No. Rice genotype Rating 2005 2006

DP TP DP TP

1 ARC 11704 R 0 10 0 19

2 ARC 14766 R 0 11 0 19

3 ARC 15570 R 0 10 0 12

4 ARC 5823 R 0 12 0 14

5 ARC 5913 R 0 10 0 18

6 ARC 5939 R 0 10 0 25

7 AE 20 R 0 10 0 23

8 ARC 5988 R 0 10 0 23

9 ARC 6221-1 R 0 12 0 13

10 ARC 6632 R 0 11 0 17

11 ARC 7255 R 0 10 0 11

12 MNP 709 R 0 12 0 19

13 MNP 85 R 0 10 0 16

14 ORS JR 18A R 0 12 0 24

15 Phodum R 0 10 0 18

16 Ritiang R 0 10 0 30

17 Bhumansan R 0 14 0 13

Checks

18 TN1 S 10 12 26 26

19 Swarna S 10 10 10 10

20 BPT 5204 S 14 16 24 24

21 Phalguna R 0 12 0 14

R—Resistant, S—Susceptible, DP—No. of damaged plants, TP—No. of total plants tested
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RM444 are located at physical locations of *7.1 Mb

(5.9 cM away with reference to the gene) and

*5.4 Mb (4.9 cM), respectively, on either side of

the gene. As suggested by Biradar et al. (2004),

though the recombination probabilities are 0.06 and

0.05 with the individual markers, the combined

probability of double recombination would be very

low (0.003) and the confidence level of detecting the

gene would be high. Proximity of the gene locus to

the centromere could be the reason for this. The

remaining genotype in the set, Assamchudi, is a land

race from eastern India and is remote from southern

India, where the donor parent W1263 was developed.

The presence of Gm1 gene in these two land races

was detected by the marker test and confirmed by the

classical allelism test.

Results with Gm2-linked SSR and SCAR markers

suggested the presence of this gene in 15 of the 17

genotypes of the set II. The test suggested the absence

of Gm2 in AE20 and Bhumansan with respect to

markers RM317 and F8. A classical test confirmed

the non-allelic nature of the resistance gene in AE20

and Bhumansan with respect to Gm2 in Phalguna.

However, primers for RM241 amplified P allele in

AE20. This marker is at a physical location of

*25 Mb (16.8 cM) while RM317 is at *28 Mb

(5.6 cM) and lie on the same side of the gene,

whereas F8 is located at *30 Mb (7.4 cM) on the

other side of the gene locus (Sundaram et al. 2003).

Thus the recombination would have occurred be-

tween the markers RM317 and RM241 in AE20. The

presence of a dominant gene non-allelic to Gm2 in

Bhumansan was also reported earlier (Reddy et al.

1997). Genotypes in set II, unlike in set I, represented

a diverse pool of land races with no known pedigree.

But all the genotypes represented the indica subgroup

and most of these are landraces from the north-

eastern region of India. Hence despite being members

of the same differential group II, AE20 and Bhu-

mansan are likely to carry new genes. Another

variation noted between the marker test and the

classical test was that of ARC 5988. While the

Table 5 Reaction of F2 plants derived from the crosses made between different rice genotypes against rice gall midge biotype 1 in

greenhouse

S. No. Cross TP R S Segregation ratio tested v2 (P=)

1 (W1263 · Assamchudi) 114 114 0 All resistant –

2 (Phalguna · AE 20) 172 167 5 15:1 3.28, (0.07)

3 (Phalguna · ARC 11704) 135 134 1 All resistant

4 (Phalguna · ARC 14766) 155 155 0 All resistant

5 (Phalguna · ARC 15570) 198 198 0 All resistant –

6 (Phalguna · ARC 5823) 167 166 1 All resistant

7 (Phalguna · ARC 5913) 123 123 0 All resistant –

8 (Phalguna · ARC 5939) 149 148 1 All resistant –

9 (Phalguna · ARC 5988) 62 61 1 63:1 0.0003, (0.974)

10 (Phalguna · ARC 6221-1) 154 154 0 All resistant –

11 (Phalguna · ARC 6632) 188 186 2 All resistant

12 (Phalguna · ARC 7255) 187 187 0 All resistant –

13 (Phalguna · MNP 709) 114 114 0 All resistant –

14 (Phalguna · MNP 85) 193 192 1 All resistant

15 (Phalguna · ORSJR 18A) 18 18 0 All resistant –

16 (Phalguna · Phodum) 89 89 0 All resistant –

17 (Phalguna · Ritiang) 215 215 0 All resistant –

18 (Phalguna · Bhumansan) 99 93 6 15:1 0.00645, (0.937)

Checks

21 Phalguna 186 186 0 – –

22 TN1 193 0 193 – –

TP—Total plants tested, R—Number resistant, S—Number susceptible
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Table 6 Screening of randomly selected gall midge resistant rice genotypes for presence of Gm1 or Gm2 allele with flanking

markers

S. No. Variety/Accession Allele amplified with the markera

RM219 RM444 RM241 RM317 F8

1 ARC 6616 W W P P OA

2 DIVYA W W P OA OA

3 T 2005 W W P OA OA

4 ARC 15159 W W OA OA OA

5 INRC 1421 W W P P P

6 INRC 1997 W W P OA P

7 INRC 7948 W W P OA P

8 W 1253-2 W W T OA OA

9 INRC 2324 W W P NA OA

10 ARC 10817 W OA T P OA

11 ARC 11331 W T T P OA

12 CALROSE 76 W T T OA OA

13 INRC 7773 W T OA OA OA

14 INRC 2995 W T T OA P

15 INRC 2326 W T OA P P

16 INRC 17465 OA OA P P P

17 ARC 5848 OA OA P P P

18 INRC 1711 OA T P P P

19 INRC 542 T T P P P

20 CR 94-CRRP 51 T T P P P

21 ARC 13564 T T P P P

22 T 1477 T T P P P

23 ARC 5833 OA OA T P P

24 PARAKULAM OA OA T P P

25 ARC 5780 OA T T P P

26 ARC 18596 OA T T P P

27 MORANGKAYAN OA T OA NA P

28 ARC 10659 T T P P OA

29 ARC 14549 OA OA OA OA OA

30 INRC 3021 OA OA OA OA OA

31 Aganni OA OA OA OA OA

32 ARC15831 OA OA OA OA OA

33 MR1523 OA OA OA OA OA

34 INRC 5073 OA OA OA OA NA

35 ARC 18601 T OA NA NA OA

36 INRC 2980 OA OA T NA OA

37 ARC 6605 T NA OA OA OA

38 ARC 10360 T T OA OA OA

39 INRC 7040 T T OA OA OA

40 INRC 8867 OA OA T OA OA

41 INRC 8843 OA OA T OA OA

42 710 OA T T OA OA
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marker test suggested the presence of Gm2 in this

genotype, the F2 population from the cross Phalgu-

na · ARC 5988 had a segregation ratio of 63

resistant:1 susceptible plants, suggesting involvement

of three genes. However, this needs further confir-

mation in view of the small population (n = 62) of F2

plants tested.

The marker-based allelism test was done to detect

the presence of the Gm1 and Gm2 genes in set III of

56 randomly selected gall midge resistant rice

genotypes. Interestingly, of the 15 accessions that

are likely to contain Gm1 allele based on the marker

test, Calrose 76 had displayed reaction pattern

specific to the differential group I and the resistance

was not accompanied with HR (Bentur et al. 2003),

thus supporting the likely presence of this gene.

Likewise, of the 13 accessions positive in Gm2 test,

ARC 13564 had displayed a reaction pattern specific

to group II. The absence of Gm1 in ARC6605 as

suggested by the marker test was further supported by

our earlier observation that this genotype differed

from W1263 in expressing HR + type reaction and

thus was likely to carry a gene other than Gm1

(Bentur et al. 2003). The marker test detected the

presence of both Gm1 and Gm2 in the genotype

INRC 1421. In contrast, the test with Lalat, derived

from parents W1263 carrying Gm1 and Vikram

carrying Gm2, showed the presence of only Gm1

(Table 2). Significantly, 22 accessions inclusive of

MR1523, Aganni, INRC 3021, ARC 15831 and ARC

14549 did not amplify either Gm1 or Gm2 specific

alleles with these markers. These accessions are

likely to contain other genes conferring gall midge

resistance. Our earlier studies on reaction pattern and

nature of gall midge resistance had also suggested

unique features of these five gall midge resistant

genotypes. The presence of a new gene, Gm11 (t),

conferring resistance in MR1523 against gall midge

biotype 4 but not against the new biotype 4 M, has

been reported recently (Suneetha et al. 2006). Thus

the use of SSR markers for allelism tests can assist in

new gene discovery.

The use of allele specific markers for detection and

characterization of R genes in disease-resistant

Table 6 continued

S. No. Variety/Accession Allele amplified with the markera

RM219 RM444 RM241 RM317 F8

43 INRC 4598 OA T T OA OA

44 INRC 8403 T T T OA OA

45 ARC 14787 OA OA OA OA OA

46 ARC 15151 OA T OA T OA

47 ARC 10377 T OA OA T T

48 INRC 3038 T T OA T OA

49 ARC 6157 T T T T OA

50 S 2204 T T T T OA

51 IET 9405 (OR 437) T T P OA T

52 INRC 541 OA OA P T P

53 INRC 1590 OA T P P OA

54 INRC 1662 OA T P P OA

55 INRC 1485 OA OA P P OA

56 INRC 8383 OA T P OA OA

Checks

59 TN1 T T T T T

60 Swarna OA OA T T T

61 BPT5204 OA OA T T T

62 W1263 W W OA OA OA

63 Phalguna OA OA P P P

a T—TN1 allele, W—W1263 allele, P—Phalguna allele, OA—other allele, NA—null Allele
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genotypes is currently being explored. Davierwala

et al. (2001) surveyed rice genotypes conferring

resistance to bacterial blight using STMS, STS and

SSR markers linked to three major resistance genes

(xa5, xa13 and Xa21) for the presence of these genes.

Two SSR markers closely linked to xa5 gene used in

the study were further used to screen Near Isogenic

Lines (NILs) for the presence or absence of the gene.

Kim et al. (2004) used STS and RFLP markers linked

to brown planthopper resistance gene Bph1 to classify

the source of resistance in rice cultivars. Fjellstrom

et al. (2006) have suggested the use of SSR markers

closely linked to the blast resistance Pi-z gene locus

for detection of this gene in a broad array of rice

germplasm. Yu et al. (2006) used SSR markers linked

to Fusarium head blight resistance quantitative trait

loci (QTLs) in a wheat line Sumai 3 to detect these

alleles in other wheat lines. However, in these studies

the presence of the gene was not cross-checked

through classical allelism tests. Though the markers

used in the present study are located more than 1 cM

from the target gene, new markers with closer linkage

are being identified that will further improve the

precision of the test.
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