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ABSTRACT

IDENTIFICATION OF MICROSATELLITE MARKERS LINKED TO 
LEAFFOLDER ((Cnaphalocrocis medinalis G.) RESISTANCE GENE/S

IN RICE (Oryza sativa L.)

By

AMIT

Degree : MASTER OF SCIENCE IN BIOTECHNOLOGY

CHAIRMAN Dr(Mrs). R. BALASARASWATH1
Professor of Biotechnology
Centre for Plant Molecular Biology
Tamil Nadu Agricultural University
Coimbatore - 641003

Year : 2002

Rice crop is damaged by various biotic and abiotic factors. Among biotic factors 

insect pests cause major damage. Leaffolder (Cnaphalocrocis medinalis Guenee) is a 

predominant insect pest in southern India and cause significant loss in yield. 

Identification of resistant lines by phenotypic evaluation is laborious and often 

misleading. Molecular marker technology provides a new tool to identify lines in 

breeding population by using molecular markers linked to the trait of resistance. 

Molecular markers are scorable at very early stage of development of plants and 

environmentally independent. Hence the present study was conducted to identify 

microsatellite markers linked to leaffolder resistance trait in rice. IR36 and 

TNAULFR831311 were selected as susceptible and resistant parents respectively. 

Recombinant inbred lines (F?) were developed by crossing these two parents and 

advancing the segregating F2 population by single seed descent method. The parental 

DNA were surveyed with one hundred and six SSR primer pairs selected at regular



intervals of 15-20 cM from all the twelve chromosomes of rice. Out of one hundred and

six, 26 SSR primer pairs showed polymorphism between the parents which was to the 

tune of 24.52 per cent. The nine polymorphic SSR markers from chromosome 10 and four 

polymorphic SSR markers from chromosome 7 were analysed individually on each of the 

thirty six F? lines selected at random and phenotyped. Single marker analysis of the 

genotypic data of each of these thirteen SSR markers based on one-way ANOVA 

detected one SSR marker (RM271) on chromosome 10 being associated with leaffolder 

resistance trait. Linkage analysis based on MAPMAKER programme using segregation 

data of the polymorphic markers of chromosome 10 and 7 on thirty six F7 lines resulted in 

single linkage group for chromosome 10 only. The bulked segregant analysis involving 

phenotypic extremes of mapping population with linked SSR markers of chromosome 10 

confirmed the association of RM271 with phenotype.
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CHAPTER I

INTRODUCTION

Rice (Oryza saliva L.) is the world’s single most important food crop and primary 

food for more than a third of world’s population. India stands second in acreage and 

production in the world with 40.6 million hectare and 84.75 million tonnes respectively 

(David, 1991 and Venkataramani, 1999).

Rice belongs to the family Poaceae and genus Oryza. The genus Oryza is 

classified into six sections (Roscheviez, 1931) which include wild and cultivated species. 

O. saliva is the common cultivated rice in Asia. Like other crops, rice crop is damaged by 

various biotic and abiotic factors. More than 200 million tonnes of rice is lost every year 

due to abiotic and biotic stresses (Wu el al., 1997). Among the biotic factors, insects 

cause major damage. In India yield loss in rice due to insects is about 28.8 per cent 

(Kalode, 1987). In tropical rice growing areas the loss due to insect attack is 35-44 per cent 

(Ramasamy and Jatileksono, 1996). Major insect pests of rice are yellow stem borer, 

leaffolder, rice bug, brown plant hopper and gall midge.

About 5 per cent of total rice growing area of world is affected by leaffolder that 

belongs to family Pyralidae of order Lepidoptera. The loss in yield due to leaffolder is 

estimated to be around 4.8 kg/ha, which in economic terms lead to a loss of $ 22.4 million 

(Herdt el al., 1991). Among the eight leaffolder species recorded in India, 

Cnaphalocrocis medinalis (Guenee) is the most widespread and damage due to this 

species ranges from 18.3 to 58.4 per cent (Ramasamy and Jatileksono, 1996). It is a major 

pest of rice in Tamil Nadu where the extent of damage ranges from 47 to 70 per cent 

when infested at maximum tillering or flag leaf stage (Murugesan and Chelliah, 1983a 

and Bentur el al, 1989).
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Rice production should be increased at par with the growing population. One way 

of increasing rice production is to reduce the losses due to insect pests. This can be 

achieved by developing insect resistant varieties.

Molecular marker technology offers a new tool to hasten the conventional 

analysis, to understand the genetics of resistance and to make use of the knowledge for 

evolving durable resistant rice varieties. Rapid progress in molecular marker technology 

has led to the development of saturated molecular maps in rice. It has been possible to 

localize the genes for qualitative and quantative traits using high density molecular maps. 

The molecular marker technology simplifies the screening for traits that are highly 

complex and are difficult to screen, provided a closely linked marker to the phenotype is 

identified. It permits rapid selection of individuals harboring useful genes. Identification 

of molecular markers linked to leaffolder resistance would help to develop marker 

assisted selection (MAS) strategy for indirect selection of resistant genotypes using the 

identified markers, which are not environmentally influenced.

Among the different molecular markers, the polymerase chain reaction (PCR) 

based marker like microsatellite or simple sequence repeats (SSR) are preferred, as they 

are highly specific and do not involve complex detection methods. Successful tagging of 

resistant gene/s have been accomplished using SSR markers (Xu et ai, 2002; Yang et al., 

2002). In the present study, an attempt was made to identify SSR markers linked to the 

trait of leaffolder resistance in rice.

The objectives of the present study are as follows 

• Survey of parents viz., IR36 and TNAULFR831311 with SSR primer pairs to

detect the level of polymorphism.
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• Survey of mapping population (Fy) developed from the above parents with 

polymorphic SSR markers to identify markers associated with leaffolder 

resistance trait.

• Establishing the association of SSR marker locus with phenotype.

• Linkage map construction using polymorphic SSR markers.
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CHAPTER II

REVIEW OF LITREATURE

Rice (Oryza saliva L.) is a staple food of 40 per cent of the world’s population. It 

is grown world wide under many different agro-climatic conditions. Rice yield has 

increased dramatically in last decade by development of non-lodging, semi dwarf 

varieties with genes for resistance to disease and insects introgressed from traditional rice 

varieties by conventional plant breeding method. However, changes in insect biotypes are 

a continued threat to increased rice production (Khush, 1984). Rice at different stages of 

it’s growth is damaged by more than 100 species of insects pests (Pathak el aL, 1994). 

Among the different rice pests, Cnaphalocrocis medinalis (Guenee) is a major pest in 

Tamil Nadu (Bentur et aL, 1989). Heavy use of nitrogenous fertilizers provides a more 

nutritious rice plant that increases the survival and fecundity which along with injudicious 

use of insecticides leads to the resurgence and frequent incidence of rice leaffolder as 

witnessed in outbreaks in Asia (Barrion et aL, 1991).

2.1 Rice

The genus Oryza belongs to the tribe Oryzeae of the family Poaceae and subfamily 

Oryzoideae. Most of the species in genus Oryza have been characterized in terms of their 

chromosome number, genome symbols, phenotypic characters and geographical 

distribution (Khush and Kinoshita, 1991). Oryza has two cultivated species, Oryza saliva 

and Oryza glaberrima. Oryza saliva is the common cultivated rice grown worldwide and 

Oryza glaberrima is the cultivated African rice. Rice (Oryza saliva L.) is a true diploid 

(2n = 24) with twelve chromosome pairs and it’s genome is 420Mb in size (Chen et aL, 

2002) which is the smallest of the cereal crops. There is ample polymorphism in rice 

DNA and it is highly recombinogenic compared to other plants. One centimorgan of rice 

equals approximately 250 kb, compared to more than 500kb in tomato and 750kb in
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potato (Tanksley et al., 1989). The DNA content per haploid genome in rice, the most 

important food crop in the world is only 3.7 times greater than Arahidopsis t Indiana. the 

ideal plant for molecular genetics (Yuan et al., 2001). Recently the draft sequences of the 

rice genome for indica (LYP9) and japonica line (Nipponbare) have been made public 

(Yu et al., 2002 and Goff et al, 2002). There is a vast reservoir of germplasm (2.00.000 

accessions) of rice world wide. Rice is considered as the most ideal monocot for 

molecular mapping and map based cloning of agriculturally important genes (Shimamoto, 

1995).

2.2 Distribution of leaffolder

Leaffolders are widely distributed in the rice growing tracts of 29 humid tropical 

and temperate countries in Asia, Oceania, Australia and Africa between 48°N and 24°S 

latitude and 0°E to 172° W longitudes (Khan et al, 1988). Eight species of leaffolder have 

been reported (Pathak and Khan, 1994) and they are Cnaphalocrocis medinalis (Guenee), 

Marasmia exigua (Butler), M.bilinealis (Hampson), M. patnalis (Bradley), M. ruralis 

(Walker), M.suspicalis (Walker), M. trapezalis (Guenee) and M. renilialis (Guenee). Out 

of these species Cnaphalocrocis medinalis (Guenee) is widely distributed in rice growing 

regions of Asia (Khan et al, 1988). This species was originally described from Indonesia 

by Guenee in 1854. The insect is generally found throughout the year in Coimbatore and 

peak incidence is generally in October, November and April. Plate 2. shows the adult 

Cnaphalocrocis medinalis (Guenee).

2.3 Damage by leaffolder

Immediately after hatching, the larva starts searching for a suitable leaf. If first 

leaf is suitable the larva does not inspect the second leaf and starts folding the leaf. If first 

leaf is not suitable it goes to next leaf. In this manner a larva goes up to 4 leaves (Islam



Plate 1. Leaffolder (Cnaphalocrocis medinalis G.) larva

Plate 2. Leaffolder (Cnaphalocrocis medinalis G.) adult
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and Karim, 1997). Larva folds the leaf longitudinally and fasten leaf margin with stitches 

of thread like silk. The larva then feeds itself by scrapping the green mesophyll tissue 

within the folded leaves. Plate 1. shows the larva with silk inside a fold. This results in 

linear pale white strip damage. First and early second instar larvae are gregarious feeders. 

One larva per leaf roll is found and after feeding one leaf for 2-3 days it moves to another 

leaf. Larval period lasts for 15-17 days (Fraenkel et al., 1981).

Due to scrapping of mesophyll tissue there is a reduction in photosynthesis and 

subsequently the yield. A damage up to 50 per cent of the flag leaf on rice by leaffolder 

reduced the mean yield per hectare by 70 per cent (Murugesan and Chelliah, 1983a). The 

yield did not differ significantly with the number of larvae per tiller at tillering stage 

(Murugesan and Chelliah, 1983b). Murugesan and Chelliah (1986) have reported that for 

every one per cent increase in the number of leaves infested, the yield was reduced by 

0.95 per cent i.e., 44.5 Kg/ha. Pandya et al. (1994) noted that every unit per cent increase 

in the leaffolder incidence at tillering, early earing and milky seed stage led to 1.98, 2.22 

and 1.22 per cent loss in yield during summer and 2.18, 2.50 and 1.27 per cent yield loss 

respectively during wet season. The assessment of yield loss due to leaffolder revealed a 

negative correlation between damage and yield (Subramanian, 1990).

2.4 Resistance of rice plants to leaffolder

Different wild species of Oryza such as Oryza perennis, O.brachyantha, 

O.barthii, O.glaherrima, O.nivera, O.rufipogon, O.pxmctata and O.stapfii were found to 

be resistant to rice leaffolder (Khan et al., 1988 and Khan et al., 1989). Based on the 

study of feeding and settling preference of larval stages it is suggested that mechanism of 

resistance in wild rice is that of antixenosis type (Ramachandran and Khan, 1991).
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Different varieties such as TKM6, Ptb33, TNAULFR831311, ARC6650 and 

ARC11281 are resistant to leaffolder (Heinrichs et al, 1985a, Uthamasamy, 1985; 

Velusamy and Chelliah, 1985; Rajendra et al, 1983; Khan et al., 1988 and Dakshayani 

et al., 1993). For evaluation of resistance, different susceptible check varieties used are 

TNI, IR36, and IR50 (Yadav et al, 1972; Murugesan and Chelliah, 1983; Singh and 

Dhaliwal, 1983; Heinrichs et al, 1985; Ramachandran and Khan, 1991). Dakshayani 

et al. (1993) reported that antibiosis component of rice varieties are responsible for 

resistance to leaffolder. It has been found that resistance to leaffolder is mainly due to a 

major dominant gene, but there are minor genes also contributing resistance to leaffolder 

(Balasaraswathi etal, 1993).

2.5 Molecular markers

The detection of naturally occurring DNA sequence polymorphisms between 

individuals and using that as molecular markers for crop improvement represent one of 

the recent developments in molecular biology. The discovery of PCR (Polymerase Chain 

Reaction) was a land mark in this effort and proved to be a unique process that brought a 

new class of DNA profiling markers. This facilitated the development of marker based 

gene tags, map-based cloning of agronomically important genes, variability studies, 

phylogenetic analysis, synteny mapping and marker assisted selection of desirable 

genotypes. The DNA markers offer several advantages over traditional phenotypic 

markers as they provide data that can be analyzed objectively. The molecular markers 

include biochemical markers like isozyme markers and DNA markers. DNA markers 

include Restriction fragment length polymorphism (RFLP) (Botstein et al, 1980), 

Oligonucleotide polymorphism (OP) (Beckmann, 1988), Single strand confirmation 

polymorphism (SSCP) (Orita et al, 1989), Minisatellites (Jarman et al, 1989), Random 

amplified polymorphic DNA (RAPD) (Williams et al, 1990), Allele specific PCR
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(AS-PCR) (Sarker et al, 1990), DNA amplification fingerprinting (DAF) (Caetano- 

Anolles et al., 1991), Sequence characterized amplified region (SCAR) (Williams et al., 

1991), Sequence specific amplicon polymorphism (SSAP) (Williams et al., 1991), Simple 

sequence repeats/ Short tandem repeats (SSR/STR) (Hearne et al., 1992), Arbitrarily 

primed PCR (AP-PCR) (Welsh and Mackill, 1992), Cleaved amplified polymorphic 

sequences (CAPs) (Lyamicher et al., 1993), Inter simple sequence repeat amplification 

(ISA), Random amplified multiple polymorphism (RAMP) (Zietkiewicz et al., 1994), 

Single nucleotide length polymorphism (SNP) (Jordan and Humphries, 1994), 

Microsatellite simple sequence length polymorphism (SSLP) (Saghi Maroof et al., 1994), 

Sequence tagged sites (STS) (Fukuoka el al., 1994), Amplified fragment length 

polymorphism (AFLP) (Vos et al, 1995), Amplicon length polymorphism (ALP) 

(Ghareyazie et al, 1995), Retrotransposon based insertion polymorphism (RBIP) (Flavell 

et al, 1998) and Expressed sequence tags (ESTs) (Adams et al, 1991).

The molecular markers are specially advantageous to tag agronomic traits such as 

resistance to insects, pathogens and nematodes, tolerance to abiotic stress, quality 

parameters and quantative traits. Molecular marker studies using Near Isogenic Lines 

(NILs) (Martin et al, 1994), Bulked Segregant Analysis (BSA) (Michelmore et al, 1991) 

or Recombinant Inbreed Lines (RILs) (Mohan et al, 1994) have accelerated mapping 

many genes in different plant species. Near isogenic lines (NILs) are developed by 

repeated backcrossing of a line carrying a gene of interest (non-recurrent parent) to a 

cultivated line having otherwise desirable properties (recurrent parent) and selecting 

progenies possessing the phenotype of the target gene. Bulked segregant analysis 

alleviates the problem associated with non availability of backcross derived NILs by 

utilizing DNA bulks of resistant and susceptible individuals in a segregating population. 

Each bulk is composed of individuals that differ for a specific phenotype or genotype or



individuals at either extreme of a segregating population. These two bulks are therefore 

genetically dissimilar in a selected region but seemingly heterozygous at all other regions. 

Markers linked to this locus should appear polymorphic between the pools for alternative 

parental alleles. Because many segregating individuals will be used to generate the pools, 

there is only minimal chance that regions of the genome unlinked to the target locus will 

also be polymorphic between the pools. Availability of the tightly linked genetic markers 

for resistance genes will help in identifying plants carrying these genes and 

simultaneously without subjecting them to the pathogen or insects attack in early 

generations. The breeder would require little amount of DNA from each of the individual 

plants to be tested without destroying the plant. Using known set of primers for PCR, the 

products of the reaction would have to be run on agarose gel or PAGE and genotype of 

individual plant for resistance or susceptibility could then be directly ascertained by the 

presence or absence of marker band on the gel. Thus, with MAS it is now possible for the 

breeder to conduct many rounds of selection in a year without depending on the natural 

occurrence of the pest. The detective value of genetic markers used in MAS depends on 

their inherent repeatability (Weeden et al., 1992), map position and linkage with 

economically important traits (quantative or qualitative). The presence of a tight linkage 

(<10cM) between qualitative trait(s) and of a genetic marker(s) may be useful in MAS to 

increase gain from selection (Kennard et al., 1994 and Timmerman et al., 1992). 

Likewise, selection for multiple loci or quantative trait loci (QTL) using genetic markers 

can be effective if a significant association is found between a quantative trait and 

markers (Edwards and Page, 1994). Since a variety of molecular markers have become 

available in recent years, efforts are being made to identify the most efficient and cost 

effective markers that can be used by plant breeders (Mohan et al., 1997 and Gupta et al., 

1999). PCR based molecular markers (e.g. RAPDs, SCARs, CAPs, STS and SSLP) are 

preferred over hybridization based markers like RFLPs. Among the PCR based markers,



Microsatellites have been exploited in many ways like genome mapping, DNA 

fingerprinting, study of genetic diversity and gene tagging (Gupta and Varshney. 2000).

2.5.1 Microsatellite markers

Microsatellites are also known as Simple Sequence Repeats (Heame cl al, 1992) 

or Short Tandem Repeats (Edwards et al, 1996). Microsatellites are simple tandemly 

repeated di to tetra nucleotide sequence motifs flanked by unique sequences and are 

found mostly confined to telomeres (McCouch el al, 1997).

Microsatellite sequences are abundant, dispersed through out the genome, and are 

highly polymorphic in plant genomes, even among closely related cultivars, due to 

mutations causing variation in the number of repeating units in genomes (Condit and 

Hubbell, 1991; Akkaya et al, 1992; Morgante and Oliveri, 1993). A number of strategies 

have been designed to exploit microsatellite sequences for the study of DNA 

polymorphism in eukaryotes. They involve both hybridization and PCR based 

approaches. Oligonucleotide fingerprinting, a hybridization based approach represents 

polymorphism due to variation in the length of the restriction fragments that carry the 

microsatellites (Weising et al, 1998) while, PCR based approaches detect variation in the 

length of microsatellites (Table 1.).
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Table 1. PCR based approaches employed for microsatellites

Abbreviation Expanded form References
STMS Sequence tagged microsatellite 

sites
Beckmann and Seller (1990)

SSLP Simple sequence length 
polymorphism

Tautz (1989)

MP-PCR Microsatellite primed PCR Meyer et al. (1993)
SPAR Single primer amplification 

reaction
Gupta et al. (1994)

AMP-PCR Anchored microsatellite primed 
PCR

Wolff et al. (1995)

ISA/ISSR Inter-SSR amplification/Inter- 
simple sequence repeats

Zietkiewicz et al. (1994)

ASSR Anchored simple sequence repeats Wu et al. (1994)
RAMP Random amplified microsatellite 

polymorphism
Wu et al. (1994)

RAMPO Random amplified microsatellite 
polymorphism

Richardson et al. (1995)

RAHM Random amplified hybridization 
microsatellite

Cifarelli et al. (1996)

RAMS Randomly amplified 
microsatellites

Ender et al. (1996)

SAMPL Selective amplification of 
microstellite polymorphic loci

Morgante and Vogel (1994)

REMAP Retrotransposon-microsatellite 
amplified polymorphism

Kalendar et al. (1999)

SRAP Sequence-related amplified 
polymorphism

Li and Quiros (2001)

Microsatellite markers have become available in several individual crops due to 

production of genomic libraries enriched for microsatellites (Ostrander et al., 1992; 

Edwards et al., 1996; Fisher et al, 1996). The frequencies of microsatellites vary 

significantly among different organisms (Morgante and Oliver!, 1993; Wang et al., 1994; 

Gupta et al., 1996; Weising et al., 1998). In a survey of published DNA sequences in 

54 plant species, Wang et al. (1994) observed that the (AT)n sequences are the most
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abundant in plants. Microsatellites are abundant and occur frequently and randomly in all 

eukaryotic nuclear DNAs (Gupta et al, 1996). The microsatellites are valued highly as 

genetic markers because they are codominant, detect high levels of allelic diversity and 

are easily and economically assayed by PCR (McCouch et al., 1997).

The known DNA sequences (microsatellites) may be searched from the database 

like EMBL and GenBank and flanking sequences can be determined. Once the flanking 

sequences are known, primers may be designed either by manual inspection or with the 

help of computer programs keeping in view that the GC content should be around 50 per cent 

(Tm 60°C), low frequency of primer dimers and 3' end should be AT rich (Gupta et al., 

1996). DNA polymorphisms are detected by PCR at individual loci using locus specific 

primers flanking the microsatellites (Tautz, 1989; Weber and May, 1989). PCR assays 

using microsatellite primers carry high information content and have been used for 

mapping and gene tagging purposes (Weber and May, 1989 and Morgante et al.. 1994). 

Variation in the number of tandemly repeated core sequence of nucleotides at SSR loci 

among different genotypes provides the basis for polymorphism that can be used in plant 

genetic studies (Condit and Hubbell, 1991). Recent reports indicate that SSR loci for a 

number of core repeat units are highly polymorphic between species and more 

importantly, between individuals within species and populations (Akkaya et al.. 1992 and 

Terauchi and Konuma, 1994). New microsatellites can be cloned directly from total 

genomic DNA libraries (or) libraries enriched for specific microsatellites (Ostrander 

et al., 1992). Polymorphism can also be detected by using the synthetic oligonucleotides 

as primers each complimentary to a microsatellite motif randomly distributed through out 

the genome (Meyer et al., 1993 and Wu et al., 1994). (AT)n repeats occur frequently in 

plants while (GT)n are frequent in animals (Gupta et al, 1996). Advantages of SSRs over



other molecular markers have been reported by Botha and Venter (2000) and Gupta and 

Varshney (2000).

2.5.1.1 Microsatellites in rice

Microsatellite primers have been developed in a number of crops. In rice, they are 

commercially available as "Rice Map Pairs" (RM pairs) through Research Genetics, 

AL 35801, USA (Currently >500 RM pairs are available).

Reports of rice microsatellite linkage maps show a range of 1-300 mapped 

microsateliite loci (Zhao and Kochert, 1992; Wu and Tanksley, 1993; Yang et al, 1994, 

Akagi et al., 1996; Panaud et al., 1996; McCouch et al., 1997; Cho et al., 2000; Temnykh 

et al., 2000). Panaud et al. (1995) investigated the relative frequency of 13 different SSR 

motifs in rice based on the screening of both genomic and cDNA libraries and the results 

suggested that there are 5,700-10,000 microsatellites in rice. In the same study it was also 

seen that 1360 poly (GA)n and 1230 poly (GT)n occurred in rice genome and the 

frequency of repeats decreased with increasing size of the motif. Reports by Akagi et al. 

(1996) showed that 56 microsateliite markers covered 35 per cent of the rice 

chromosomes.

It has been found that genetically mapped microsateliite markers cover the entire 

rice genome with at least one microsateliite for every 16 to 20 cM (Chen et al, 1997). A 

map consisting of 120 microsateliite markers demonstrates that they are well distributed 

through out the 12 chromosomes of rice. The current level of genome coverage provided 

by SSLPs in rice is sufficient to be useful for genotype identification, gene/QTL analysis, 

and marker assisted selection in breeding (McCouch et al, 1997). A total of



312 microsatellite markers provide whole genome coverage in rice with an average 

density of one SSLP per 6 cM (Temnykh et al, 2000).

Amongst eight microsatellite loci tested over twenty rice accessions, an average 

number of 3-11 alleles are detected per microsatellite locus with a diversity index of 0.64- 

0.90 (Wu and Tanksley, 1993). Many studies have reported significantly greater allelic 

diversity of microsatellites over RFLPs and high numbers of alleles for rice microsatellite 

markers (Yang et al, 1994; Olufowote et al, 1997; McCouch et al, 1997). Yang et al 

(1994) reported 3 to 25 alleles for 10 microsatellite markers among 238 accessions of 

indica and japonica cultivars and landraces. Panaud et al (1996) identified 2 to 9 alleles 

for microsatellite markers in 22 japonica and indica cultivars. Akagi et al (1997) found 

5 to 10 alleles among 59 closely related Japonica cultivars. The allelic diversity of 

microsatellite markers in cultivated rice varieties has been reviewed by Gupta and 

Varshney (2000) as 2-25 alleles per microsatellite locus.

Rice microsatellites have been demonstrated to be polymorphic between rice 

varieties (Wu and Tanksley, 1993; Yang et ai, 1994; Panaud et al, 1996; Akagi et al, 

1997; Chen et al, 1997; Olufowote et al, 1997; Bligh et al, 1999). An interspecific 

O. glaberrima x O. sativa linkage map was developed based on microsatellites. This was 

found to be useful for QTL localization, marker assisted selection and the development of 

interspecific introgression lines (Lorieux et al, 2000). Chloroplast microsatellite primer 

pairs showed mutationally active microsatellite motifs in rice but degenerate, interrupted 

motifs or highly conserved mutationally inert motifs in distantly related genera (Ishii and 

McCouch, 2000).
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2.5.1.2 Various applications of inicrosatellite markers

The abundance and amount of information derived from microsatellite markers 

make them ideal markers for plant genetic linkage mapping, population studies and 

varietal identification (Schwarzacher, 1994).

2.5.1.2.1 Genome mapping

Microsatellites have proved to be potentially useful markers for genome mapping 

and DNA fingerprinting (Yu et al, 1999).

Microsatellite linkage maps have become available for a variety of plant genomes 

like wheat (Roder et al, 1998b; Bohn et al, 1999), tomato (Bredemeijer et al, 1998) and 

also for the genome of some animal systems including human (Weissenbach et al, 1992), 

rat (Jacob et ai, 1995) and mouse (Dietrich et ai, 1996). For genome mapping of 

microsatellite loci, STMS analysis has been extensively used (Weising et al, 1998). 

Microsatellite markers have been widely used for genome mapping in various plant 

systems and are summarized in Table 2.

2.5.1.2.2 DNA fingerprinting and genetic diversity studies

Genetic diversity is desirable for long term crop improvement and reduction to 

vulnerability to important crop pests and pathogens (Liu et al, 2000).

PCR based approaches utilizing microsatellites (e.g. STMS analysis) have been 

considered suitable for variety identification, since these approaches can detect large 

number of discrete alleles repeatedly, accurately and efficiently (Smith and Helentjaris, 

1996), Microsatellites have been considered to be the markers of choice for assessment of
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genetic diversity among cultivars and their wild relatives in many crops including rice 

sorghum, maize wheat, soybean, etc.

Table 2. Microsatellite markers used for genome mapping in plant systems

Plant material No.of microsatellite 
loci reported References

Rice 1 Zhao and Kochert (1992)
10 Wu and Tanksley (1993)
10 Yang etal. (1994)
56 Akagi et al. (1996)
20 Panaudetal. (1996)
86 Cohetal. (1997)
110 McCouchetal (1997)
121 Chen et al. (1997)
320 Temnykh et al. (2000)
500 Temnykh et a/. (2001)

Bread wheat 279 Roder el al. (1998a)
50 Stephenson et al (1998)

Durum wheat 14 Korzun et al. (1998b)
Barley 60 Becker and Heun (1995)

60 Liu etal. (1996)
31 Davila et al. (1999)

Maize 6 Senior and Heun (1993)
42 Senior et al (1996)
18 Taramino and Tingey (1996)

Soybean 7 Morgante et al. (1994)
40 Akkaya et al (1995)
58 Wang etal. (1998)

Bean 52 Yu etal.(1999)
540 Cregan et al. (1999)

Chickpea to o Winter et al. (1999)
Arabidopsis 30 Bell and Ecker (1994)
Tomato 32 Arens et al (1995)

2 Broun and Tanksley (1996)
Eucalyptus 20 Brondani etal (1999)
Apple 16 Gianfranceschi et al. (1998)
Norway spruce 36 Pfeiffer et al. (1997)
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2.5.1.2.3 Genetic fidelity and characterization of germplasm

Microsatellite markers have also been utilized successfully to find out whether or 

not the germplasm accessions maintain their genetic fidelity during storage and 

conservation. SSR markers were used to assess the genetic purity among the accessons 

i.e., to detect duplication, seed mixtures, inadvertent out crossing and genetic drift 

(Powell et al, 1996; Olufowote et al, 1997; Gupta and Varshney, 1999).

2.5.1.2.4 Cytogenetic research

Use of microsatellites to ascertain chromosome constitution of tetraploid hybrids 

in Musa was reported by Crouch et al. (1998). ISSR markers were used for analysis of the 

origin of genomes of finger millet (Salimath et al, 1995). The chromosome constitution 

of anther derived plants of dihaploid potato clones (Solamum chacoen.se/ Solamum 

phureja) have been characterized using a set of STMS primers (Veilleux el al, 1995). 

Microsatellites have been used to characterize cytogenetic stocks (Peil et al, 1998). 

Microsatellites have increased future prospects in cytogenetic studies facilitating tagging 

and isolation of genes located on specific chromosomes (Gupta and Varshney, 2000).

2.5.1.2.5 Comparative genome mapping

Sequence tagged microsatellite sites (STMS) primers designed for a particular 

crop species could be successfully utilized for a study involving either the related wild 

species/widely divergent species or the related genera. The primers designed for 

cultivated rice were successfully used in wild Oryza species and vice versa (Wu and 

Tanksley, 1993; Panaud et al., 1996). In a study conducted by Chen et al. (1998), 66 per cent 

of the genomic microsatellites, out of one hundred and twenty four microsatellite markers 

developed from a genomic library and cDNA sequences in rice, were amplified when
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tested with three dicots (Brassica, tomato and tobacco) and three monocots (maize, 

sorghum and wheat).

When 15 wheat primer pairs were tested with barley and rye, 10 primers pairs 

gave amplification products for barley and 9 primer pairs gave amplification products for 

rye when used under less stringent conditions (Roder et al, 1995). In Elymus when 18 

wheat microsatellite primers were tried, 10 primer pairs gave amplification products in all 

27 accessions tested (Sun et al, 1997).

2.5.1.2.6 Tagging genes with microsatellite

Microsatellite analysis can be used in combination with other PCR based marker 

technologies such as AFLP to provide rice markers with an economical and efficient way 

to rapidly construct whole genome maps (McCouch et a!., 1997). The microsatellites 

serve the important functions of anchoring the random PCR markers to known positions 

along rice chromosomes.

Increasingly, linkages between microsatellites and genes/QTLs of agronomic 

importance are being demonstrated. A polymorphic microsatellite locus (CT)16 has been 

located closely linked to the waxy gene of starch quality in US rice varieties (Ayres et a!., 

1997). Koh et al. (1996) reported molecular mapping of the giant-embryo character gene 

ges in rice using RFLP and microsatellite marker. For this an F2 population derived from a 

Hwacheongbyco - ges (super giant embryo)/ Milyang 23 was used. The bulked segregant 

method was used to screen 38 RFLP and two microsatellite markers from rice 

chromosome number 7. The RFLP markers RZ 395 and CDO 497 flanked ge% gene at 

2.4 cM and 3.4 cM respectively. The two microsatellites markers RM 18 and RM 10 were 

linked withge5 at 7.7 cM and 9.6 cM respectively.



Two microsatellites in the vicinity of a QTL for rice yield on chromosome 1 was 

reported by Xiao et al. (1996). Blair and McCouch (1997) identified microsatellites 

tightly linked to the bacterial leaf blight gene Xa-5. The mapping population used was 

near isogenic lines derived from IRBB5 (Resistant) and IR24 (susceptible). The 

microsatellite, RM 390 was found to co segregate for resistance. While RM 122 and 

RM 13 were found to be located 0.4 and 14.1 cM away from Xa-5 respectively. Bao et ai 

(2000) reported QTL mapping for the paste viscosity characteristics in rice using a DH 

population derived from a cross between an indica variety (ZYQ8) and a japonica variety 

(JX17) with microsatellites. The QTL was located on chromosome 6.

Tang et al. (2000) reported mapping of QTLs conferring resistance to bacterial 

leaf streak in rice using a large F2 and RI population developed from a cross between two 

indica rice varieties, one highly resistant to bacterial leaf streak and other highly 

susceptible with microsatellites markers. Eleven QTLs were identified on six 

chromosomes. Zou et al. (2000) reported mapping of QTLs conferring sheath blight 

resistance in two rice cultivars using F2 population of Jasmine 85/lemont with 

microsatellite markers. Six QTLs were identified. Ni et al. (2001) reported one RFLP and 

two microsatellite markers (RM 232 and RM 251) linked to stem rot resistance in rice 

using recombinant inbred lines derived from a cross of germplasm line 87-Y-550 

(PI 566666) resistant for stem rot and susceptible lines.

Yang et al. (2002) identified microsatellite markers tightly linked to the brown 

plant hopper (BPH) resistance gene in rice line 'B14' derived from the wild rice oryza 

latifolia. For tagging the resistance gene an F2 population and a recombinant inbred (Rl) 

population developed from a cross between Taichung Native 1 and B14 was used. Bulked 

segregant SSR analysis was done for identification of DNA markers linked to the
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resistance gene. From the survey of 302 SSR primer pairs, three SSR (RM 335, RM 261, 

RM185) markers linked to the resistance gene was identified. The closest SSR marker 

RM 261 was at a distance of 1.8cM. Similarly a number of genes in wheat and soybean 

has been tagged using microsatellites markers as summarized in Table 3.

From the research work carried out by many workers reviewed in this chapter, it 

can be presumed that the microsatellite markers will have a clear edge over other 

molecular markers currently being used in genetic studies in coming years.

2.6 Molecular markers studied on leaffolder resistance in rice

Based on mapping population developed by crossing leaffolder susceptible and 

resistant lines it has been reported that resistance to leaffolder in rice is mainly due to 

major dominant gene (Balasaraswathi et al, 1993). Three RAPD markers were identified 

linked to the major gene of leaffolder resistance and two of them were converted to 

SCARs, (Balasaraswathi et al, 1997).
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Table 3. Microsatellites for gene tagging and marker assisted selection in plants

Crop Gene No. of
microsatellites References

Wheat Dwarfing (Rht 12) 3 Korzun etal. (1997)

Powdery Mildew resistance (MIRE) 2 Chantret et al. (2000)

Dwarfing (Rht 8) 1 Korzun et al. (1998a)

Vernalization response (vrnl) 1 Korzun et al. (1997)

Protein content QTL 2 Korzun et z//.(1998b)

Yellow rust resistance 9 Fahimaetal. (1998)

Stripe rust resistance (Yr-Hsi) 1 Peng et al. (1999)

Grain protein content QTL (QGpd. 
ccsu-lA)

1 Prasad etal. (1999)

Preharvest sprouting tolerance 1 Roy et al. (1999)

Soybean Soybean mosaic virus resistance 
(Rsv)

1 Yu et al. (1994)

Soybean cyst nematode (SON) 
resistance

2 Mudge et al. (1997)

Brown stem rot resistance (QTL) 2 Bachman etal (1999)

Soybean mosaic virus (Rsv4) 2 Hayes et al. (2000)

Brown stem rot resistance 2 Bachman et al. (1999)

Chickpea Fusarium wilt race 4 1 Ratnaparkhe et al, 
(1998)



iMaterials and Methods
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CHAPTER HI

MATERIALS AND METHODS

3.1. Plant materials

The plant materials used in the present study included two parent lines and F7 

mapping population that was developed using these parents. The details are given below.

3.1.1. Parents and Recombinant Inbred Lines (RILs)

The rice variety, 1R36 was chosen as lealTolder {Cnuphalocrocis medinalis 

Guenee) susceptible parent. The rice line, TNAULFR831311 was selected as the donor 

parent for the trait of resistance to leaffolder. The donor parent was selected based on 

preliminary screening of reported leaffolder resistant rice lines. The details of the two 

selected parents are given in Table 4. Fi seeds were obtained by a cross between the 

parents. The hybridity of Fi lines were established based on morphological and RAPD 

analysis. The F2 seeds were further advanced by single seed descent method and two 

hundred fifty F7 lines were obtained. For the present study, two hundred fifty F7 lines, thus 

developed and parents were raised in the field at the paddy breeding station (PBS), centre 

for plant molecular biology (CPMB), TNAU, Coimbatore-3 and leaf samples were 

collected from 15 days old seedling for DNA extraction. Leaf samples were stored at - 

70°c until use. Parents and F7 individuals are shown in Plate 3.

Table No 4. Details of parents

S.No Parents Ecotype Pedigree Special
characteristics

1. TNAULFR831311 Indica Derivative of BKNBR Resistant to 
leaffolder

2. IR36 Indica IR1561-228-1-2 
/IR1737//CR94-13

Highly 
susceptible to 

leaffolder



Plate 3a. Parents IR36 and TNAULFR831311 
(Screened for leaffolder damage)

Plate 3b. Mapping population (F?)



3.2 Microsatellite primers

A total of 106 microsatellite primer pairs (designated RM) obtained from 

Research Genetics, AL, USA as Rice Map Pairs were used in this study. The sequence 

and the details of the primers used are given in Table 5.

3.3. Methods 

3.3.1. DNA extraction

DNA was extracted from all two hundred and fifty two samples by following a 

modified method of Dellaporta et al. (1983). Two gram of fresh or frozen leaf tissue were 

ground to a fine powder with a pre-chilled mortar and pestle in liquid nitrogen. The 

powder was transferred to a 25ml polypropylene centrifuge tube containing 10 ml of cold 

extraction buffer (500 mM NaCl, 100 mM Tris-HCl pH 8.0, 50 mM EDTA pH 8.0 and 10 

mM (3 mercaptoethanol). One ml of 20% SDS was added and the tube was incubated for 

10 min at 65°C with occasional swirling to mix the contents. Five ml of 5 M potassium 

acetate was added, mixed and placed on ice for 20 min. The tube was centrifuged at 5000 

rpm for 20 min at 4°C. The upper clear aqueous phase was removed and transferred to a 

new sterile polypropylene tube. Equal volume of cold isopropanol was added and gently 

inverted several times to precipitate the DNA. The precipitated DNA was hooked out and 

carefully transferred to a 1.5 ml micro centrifuge tube and dissolved in 700 pi of 1 x TE 

buffer (10 mM Tris HC1, pH 8.0 and 1 mM EDTA, pH 8.0). To remove RNA, 7.5 pi of 

RNAse A was added and incubated for 30 min at 37°C. Equal volume of chloroform/ 

isoamyl alcohol (24:1) mix was added and the tube was gently inverted 20 times before 

centrifugation at 12000 rpm for 10 min at 4°C. The upper aqueous phase was removed 

and transferred to a 1.5 ml micro centrifuge tube. Two volumes of absolute alcohol and 

1/10 volume of 3 M sodium acetate (pH 5.2) were added and the tube was incubated

overnight at -20°C. The tube was centrifuged at 12,000
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supernatant was discarded. The pellet was washed once with 70% ethanol, dried well and 

resuspended in 100 pi of 1 x TE buffer. The DNA isolated was stored at -20°C.

3.3.2. Quality and quantity check of DNA

DNA was checked for its purity and intactness and then quantified. The crude 

genomic DNA was run on 0.8% agarose gel stained with ethidium bromide following the 

protocol of Sambrook et al. (1989) and was visualized in a gel documentation system 

(Alpha Imager 1200, Alpha Innotech Corp., CA, USA). Intact and pure genomic DNA as 

assessed by agarose gel electrophoresis was quantified with fluorometer (DyNA Quant™ 

200, Hoefer, CA, USA). Based on the quantification data, DNA dilutions were made in 

IX TE buffer to a final concentration of 25 ng per pi and stored at -20°C for future use.

3.3.3. Microsatellite marker analysis 

3.3.3.I. Microsatellite amplification

PCR was performed as described by Panaud et al. (1996). The PCR mix (15 pi) 

contained 0.2 pM each of forward and reverse primers, 10 mM of dNTPs, 50 mM KC1, 

lOmM Tris HC1 (pH 8.3), 1.5 mM MgCl2, 0.01 per cent gelatin, 25 ng of DNA and 

0.1 units of Tag DNA polymerase (Bangalore Genei, Bangalore). The PCR profile was 

one cycle at 94°C for 5 min., followed by 35 cycles of 94°C for 45 sec, 57°C for 45 sec 

and 72°C for 1 min and a final cycle of 5 min. at 72°C for final extension. Annealing 

temperature was adjusted based on the specific requirement of each primer. The PCR 

reaction was carried out in a PTC 100 ™ Thermocycler (MJ Research, Massachusetts, 

USA). PCR products were analyzed on 5% urea denaturing - polyacrylamide gels.
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3.33.2. Denaturing polyacrylamide gel analysis and detection of microsatellite 

markers

PCR products were separated on 5% denaturing polyacrylamide gels as described 

by Sambrook el al. (1989). The gel matrix of required volume (60 ml) was prepared using 

5% acrylamide, 0.17% methylene bisacrylamide and 7 M urea in IX TBE (90 mM Tris- 

Borate, 2 mM EDTA). Just prior to casting, 500 pi of 10% ammonium persulphate and 

50 pi of TEMED were added and the gel was casted using a gel plate assembly mounted 

on a boot. Before pouring the gel mixture, the glass plates were thoroughly cleaned 

successively with distilled water and alcohol, the inner side of the smaller glass plate was 

treated with bind silane (Sigma Chemical, St. Louis, MO, USA) which acts as a binding 

reagent and the inner side of larger plate was treated with a repelling agent. Rain X 

(UNELCO Corp, Scottsdale, AZ, USA). Immediately after pouring the gel mixture, a 

0.4 mm thick 55 well comb was inserted and allowed for polymerization. After 

polymerization of the gel for 1 h, the comb was removed and the gel plate assembly was 

mounted on a manual sequencing gel electrophoresis apparatus (Life Technologies, USA). 

After flushing the wells with running buffer, the gel was pre run for 45 min to warm it up 

to 40-60°C in the running buffer (0.5 X TBE). The SSR products were mixed with half 

the volume (7.5 pi) of tracking dye (98% formamide, lOmM EDTA pH 8.0 and 0.005% 

each of bromophenol blue and xylene cyanol). Before the mixtures were loaded on the 

gel, they were denatured for 5 min at 95°C and then quickly cooled on ice. Five ml of each 

sample was loaded on the gel along with a 100 bp ladder as a standard marker. The gel 

was subjected to electrophoresis for 2 h at 40 Watts constant power till bromophenol blue 

reached the bottom of the gel.

After electrophoresis, the plates were separated. Microsatellite bands were 

revealed by silver staining procedure as described by Panaud ei al. (1996). The smaller 

plate on which the gel was bound was treated for 15 min. with 10% acetic acid with 

gentle shaking followed by two washings for 5 min. each with double deionized water.
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After 15 min. in staining solution (0.1% w/v silver nitrate, 0,05% formaldehyde) the gel 

plate was immersed in deionised water for 10 seconds and then transferred to developer 

solution (3% w/v sodium carbonate, 0.05% formaldehyde, 0.0002% sodium thiosulfate) 

for 3 min. with gentle shaking. When bands were visualized, the plate was put in 10 per 

cent acetic acid solution for 3 min. for fixing followed by two washes with distilled water 

for 2 min. each. Then the gel plate was put in 5 per cent sodium hydroxide solution for 10 

min. which facilitated the separation of the gel from the plate. The gel was then transferred 

to a 3 MM Whatman filter paper and vacuum dried at 80°C for 

30 min. using Drygel Sr. (Hoefer Scientific Instruments, CA, USA).

3.3.3.3. Parental survey with SSR primers

One hundred and six SSR primer pairs (Table 5) including almost all the SSR 

primer pairs available for chromosome 10 from Research Genetics, AL, USA and primer 

pairs selected at an average distance of 15 to 20 cM from the rest eleven chromosomes of 

rice were used to detect polymorphic markers between the parents viz., IR36 and 

TNAULFR831311.

3.5.3.4. Analysis of RBLs

To identify putative SSR markers that are associated with leaffolder resistance, the 

DNA of thirty six F? Lines selected at random and phenotyped earlier as per Heinrichs 

et al. (1985b) were analyzed using SSR primer pairs that produced polymorphic markers 

between the parents. The RILs with their average damage scores are given in Table 6.

3.3.3.5. Data scoring

The sizes of the alleles were approximated by comparing the band migration 

distance with that of the standard, 100 bp ladder. Clearly resolved, unambiguous 

polymorphic bands at the level reported by Cornell University, USA for IR36, were
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Table 6. Details of recombinant inbred lines and their average damage scores in 
scale of (0-9) as per Heinrichs et al. (1985b)

S.No Parents Average damage score
1. IRS 6 9.0
2. TNAULFR831311 5.0

S.No Recombinant inbred lines (RILs) Average damage score
1. MP 5 6.6
2. MP 10 8.2
3. MP 12 7.8
4. MP 14 8.2
5. MP 21 7.0
6. MP 25 8.6
7. MP 27 8.0
8. MP 29 7.0
9. MP 32 9.0
10. MP 36 7.0
11. MP 43 7.0
12. MP 55 5.8
13. MP 60 6.8
14. MP 66 6.6
15. MP 68 7.2
16. MP 73 4.8
17. MP 86 7.4
18. MP 114 7.8
19. MP 144 8.0
20. MP 173 8.5
21. MP 179 7.8
22. MP 192 6.6
23. MP 282 7.4
24. MP 285 5.8
25. MP 358 7.0
26. MP 360 6.5
27. MP 367 5.0
28. MP 390 6.6
29. MP 394 8.2
30. MP 399 7.0
31. MP 403 8.0
32. MP 413 4.6
33. MP 420 7.0
34. MP 433 7.5
35. MP 464 8.2
36. MP 496 6.2



scored visually for their difference in electrophoretic mobility with each primer pair - 

template combination. The scores were obtained in the form of a matrix with '3', '2' and T 

which indicate band of resistant parent, heterozygote and susceptible parent respectively.
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33.3.6. Single marker analysis (SMA)

The association of marker with leaffolder resistance was assessed by single marker 

analysis (SMA) using one-way ANOVA and goodness of fit for marker segregation in 

RILs (F7 population). Regression analysis was done for the marker showing association 

with leaffolder resistance to find the contribution of gene/QTL linked to the marker 

towards variability of the phenotype.

333.7. Linkage analysis

Linkage analysis was done using the software MAPMAKLR/ Vcr. 3b (Landar 

et al, 1987). Markers were ordered with a minutes of the odds ratio (LOD) score 3.0 and 

maximum distance 50.0. Recombination fractions were converted into cM by applying the 

Huldane Function.

3.33,8. Bulked segregant analysis (Michelmorc et al., 1991)

Bulk segregant analysis (BSA) was performed with resistant and susceptible 

bulks. The resistant bulk and susceptible bulk were made by pooling equal quantity of 

DNA from four each of progenies showing extreme phenotypes of another set of mapping 

population developed from same parents viz., IR36 and TNAULFR83I311. These bulks 

along with their respective parents were used for analysis. Only the markers showing 

linkage group in the present study were used for BSA.
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CHAPTER IV

RESULTS

4.1. Genomic DNA isolation and quantification

Genomic DNA was isolated from young leaves of the parents and F7 lines using 

Dellaporta method. The quality of the DNA was checked on 0.8 per cent agarose gel and 

also using Spectrophotometer by estimating the ratio of absorption at 260 nm and 

280 nm. The quantity of the DNA isolated was estimated using fluorometer 

(DyNA Quant™ 200, Hoefer, CA, USA). The DNA isolated were intact as checked on 

0.8 per cent agarose gel (Plate 4) and ratio of absorption at 260/280 nm was 1.8 to 1.9 as 

expected for a good quality of DNA. The quantity of the DNA isolated ranged from 

5-8 pg/g of tissue. All the DNA were further diluted to obtain a uniform concentration of 

25 ng/pl for further analysis.

4.2. Microsatellite marker analysis

4.2.1. Standardization of amplification conditions

The concentration of magnesium chloride proved to be crucial for microsatellite 

amplification. The amplification pattern was good for some of the primers when 3 mM 

MgCl2 was used. However, nonspecific amplifications were seen leading to 

misinterpretation of the amplified fragments. Hence the MgCb concentration was 

lowered to 1.5 mM so that non-specific amplification was prevented. 1.5 mM MgCk was 

used uniformly for all the primers. The pattern of amplification with 3.0 mM and 1.5 mM 

MgCb are shown in Plate 5.

The number of cycles used for amplification was 35 for all the primers, since 

DNA amplification with 35 cycles led to detectable yield of the required fragments. The 

annealing temperature was adjusted based on specific requirement of each primer. For
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Plate 5. Amplification pattern of SSR primer RM 84 with
varied MgCh concentration
a. Amplification with 1.5mM MgCh
b. Amplification with 3.0mM MgCh



most of the primers, the annealing temperature of 57°C was found optimum producing 

discrete amplification of the expected microsatellile fragments.

4.2.2. Parental survey using SSR primers

One hundred and six SSR primer pairs were selected for the parental survey. 

These included almost all the microsatellite primer pairs available for chromosome 10 

from Research Genetics, AL, USA and microsatellite primer pairs selected at an average 

distance of 15 to 20 cM from the rest eleven chromosomes of rice. The pattern of 

polymorphism for SSR markers are shown in Plate 6. Out of one hundred and six SSR 

primer pairs used for establishing parental polymorphism, 26 primer pairs produced 

polymorphic markers between parents viz., 1R36 and TNAULFR831311. It revealed that 

the percentage of polymorphism between IR36 and TNAULFR831311 was 24.52 per cent. 

The list of SSR primer pairs that produced polymorphic markers between IR36 and 

TNAULFR831311 are given in Table 7. All the polymorphic SSR markers except 

RM294A, RM32, RM289, RM229 and RM244 were found to have longer repeat units 

ranging from 7 to 36 perfect repeats. With the DNA of the resistant parent, 

TNAULFR831311 the microsatellite primer pairs viz., RM272, RM84, RM304 and 

RM311 amplified new alleles i.e. alleles other than already reported for respective primer 

pairs in different rice lines.

The level of polymorphism observed between 1R36 and TNAULFR831311 varied 

from chromosome to chromosome. A comparative account of polymorphism level 

between IR36 and TNAULFR831311 for each of the twelve chromosomes is furnished in

Table 8.



Table 7. List of SSR primer pairs producing polymorphism between IR36 and 
TNAULFR831311

SSR primer 
pairs

Chromosome
location

Product size (bp)
Repeat motif

IR36 TNAULFR831311
RM14 1 191 190 (GA)18

RM272 1 119 115 (GA)9
RM84 1 113 98 (TCT)10

RM237 1 130 128 (CT)18

RM23 1 145 148 (GA)15

RM31 5 140 143 (GA)15

RM289 5 96 98 G11(GA)16

RM11 7 143 147 (GA) 17

RM18 7 15! 157 (GA)12

RM560 7 239 234 (€T) 12

RM134 7 82 84 (CCA)7

RM336 7 154 148 (CTT) 18

RM256 8 137 107 (CT)21

RM32 8 168 163 (TC)3A(CT)9(TC)5

RM205 9 122 128 (CT)25

RM474 10 252 248 (AT) 13

RM244 10 163 161 (CT)4(CG)3C(CT)6

RM228 10 154 108 (CA)6(GA)36

RM216 10 130 126 (CT) 18
RM294A 10 173 161 ((GT)3T2 AGGGAC A} 2

RM304 10 160 163 (GT)2(AT)10(GT)33
RM591 10 258 255 (AC) 10

RM271 10 101 99 (GA)15

RM311 10 179 180 (GT)3(GTAT)8(GT)5

RM229 11 116 113 (TC)11(CT)3C3(CT)5

RM117 12 196 198 (AG)7



Table 8. Comparative account of parental polymorphism level

Chromosome
location

No. ofSSR 
primer pairs 

surveyed

No of loci 
amplified

No of
polymorphic

primers

Per cent (%) of 
polymorphism

1 11 11 5 45.45

2 7 7 - -

3 10 10 - -

4 7 7 - -

5 10 10 2 20

6 8 8 - -

7 9 9 5 55.5

8 8 8 2 25

9 6 6 1 16.6

10 17 17 9 52.94

11 7 7 1 14.2

12 6 6 1 16.6



Plate 6a. Parental survey with SSR primer pairs
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Plate 6b. Parental survey with SSR primer pairs

100 bp

M - Marker 100 bp ladder
1- Susceptible parent (IR36)
2- Resistant parent (TNAULFR831311)

■ Monomorphic 
Rest Polymorphic

RM RM RM RM RM RM RM RM RM RM RM RM RM RM RM
272 84 237 23 31 289 11 18 134 192 172 256 205 229 117

M1 2 1 2 12121212121212121 21212 1212
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4.2.3. Analysis of RILs with polymorphic SSR markers

Four SSR primer pairs of chromosome 7 (RM11, RM18, RM560, RM336) and 

nine SSR primer pairs of chromosome 10 (RM244, RM271, RM591, RM474, RM 228, 

RM294A, RM304, RM311 RM216) that produced polymorphic markers between IR36 

and TNAULFR831311 were surveyed on thirty-six recombinant inbred lines (F?) for 

which phenotypic data was taken to establish the segregation of markers. This was done 

with a view to identify the SSR markers that show association with leaffolder resistance 

trait and also to construct the linkage map of chromosome 10 and chromosome 7. The 

pattern of segregation of markers produced by SSR primer pairs are shown in Plate 7 & 8 

for chromosome 7 & chromosome 10 respectively.

4.2.3.1. Marker-phenotype association analysis

Single marker analysis (SMA) was done to identify the SSR markers that show 

association with phenotype. One-way ANOVA was carried out to establish marker- 

phenotype association. Out of 13 SSR markers, only one marker viz., RM271 had
-y

significant association with leaffolder resistance trait. By regression analysis the R value 

is calculated to be 0.575 for this marker. The other twelve markers were not having 

significant association with leaffolder resistant trait. Table 9. shows details of the various 

parameters obtained from one-way ANOVA of SSR markers to establish their association 

with phenotype.

4.2.3.2. Linkage analysis

The segregation data of the nine polymorphic microsatellite loci of chromosome 

10 obtained from the thirty six recombinant inbred lines (F?) were analyzed using the 

MAPMAKER ver.3b programme. Single linkage group (Fig 1.) was obtained for markers
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Table 9. Details of the parameters considered for and values obtained from one
way ANOVA

SSR
marker
name

Marker
class

No of 
individuals

Mean
phenotype Variance F

calculated
F

critical
Probability

value
RM474 1 20 7.24 1.032 0.4115 3,2849 0.6659

2 10 7.08 1.359
3 6 6.8 1.184

RM244 1 11 7.26 1.120 1.5219 3.2849 0.2332
2 4 6.27 0.769
3 21 7.21 1.096

RM304 1 34 7.14 1.160 0.1412 4.1300 0.7093
3 2 6.85 0.245

RM294A 1 I! 7.07 1.106 0.0380 4.1300 0.8464
3 25 7.14 1.150

RM228 1 35 7.12 1.138 0.0050 4.1300 0.9435
3 1 7.20 1.105

RM591 1 14 6.80 1.661 1.8710 3.2849 0.1699
2 10 7.62 0,352
3 12 7.09 0.908

RM271 1 30 7.47 0.494 46.0179 4.1300 8.4308
3 6 5.36 0.422

RM216 1 9 7.37 0.444 0.6871 4.1300 0.4129
3 27 7.04 1.322

RM311 1 34 7.13 1.1622 0.0290 4.1300 0.8655
3 2 7.00 0.32

RM11 1 0 0 0 - - -

2 0 0 0
3 36 7.12 1,105

RM18 1 12 6.97 1.469 0.2125 3.2849 0.8096
2 2 7.4 1.280
3 22 7,18 0.989

RM336 1 18 7.22 1.133 0.1946 3.2849 0.8240
2 2 7.20 0.720
3 16 7.00 1.217

RM560 I 18 7.24 1.472 0 4.1300 1
3 18 7.24 1.472
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of chromosome 10. However they included only live out of nine markers representing 

different loci. The total length was found to be 121.8 cM.

The linkage analysis using MAPMAKER ver.3b of the segregating data of four 

polymorphic SSR markers of chromosome 7 across the thirty six recombinant inbred lines 

(F?) did not produce a linkage map of chromosome 7.

4.3. Bulked segregant analysis

The linked SSR markers of chromosome 10 viz., RM474, RM271, RM228, 

RM304 and RM311 were used for bulked segregant analysis. Resistant bulk and 

susceptible bulk were prepared by pooling equal amount of DNA of phenotypic extremes 

selected from another set of mapping population developed from the same parents viz., 

IR36 and TNAULFR831311. Two primer pairs viz., RM474 and RM271 showed 

polymorphism between susceptible bulk and resistant bulk similar to that of the parents. 

The other three primer pairs did not produce polymorphism between susceptible and 

resistant bulks. The profile of SSR markers on the parents and bulks of phenotypic 

extremes are shown in Plate 9.
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group

-sSffi...
000158803

Fig 1. Linkage group of chromosome 10 showing position of 
RM271, the marker linked to the leaffolder resistance 
trait

RM 474

57.8 CM

32 CM

32 cM

2.9 cM

RM 311

RM 271

RM 304 
RM 228

121.8 cM

Number below linkage group indicate total distance covered by the linkage
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CHAPTER V

DISCUSSION

Rice (Oryza sativa L.) is a staple food of 40 per cent of the world’s population. It 

is grown world wide under many different agro-climatic conditions. Contributing 

consistently to around 45 per cent of the India’s cereal production, rice continues to hold 

key to sustained food sufficiency in India. Rice production reached a new height touching 

production of 84,74 million tonnes, {Venkataramani, 1999) in last decade by development 

of non-lodging, semi dwarf varieties with genes for resistance to disease and insects 

introgressed from traditional rice vaerities by conventional plant breeding. Increasing rice 

production by 300 million tonnes to meet the demand during the next 

25 years is a challenging task (Rothschild, 1995). The real challenge however lies in 

accomplishing the goal on a sustainable basis. The production and productivity of the 

major cereal crop are drastically influenced by the continuous threat posed by abiotic and 

biotic stress. More than 200 million tonnes of rice is lost every year due to abiotic and 

biotic stresses (Wu et al, 1997). Among the biotic stresses, the loss due to insect pests is 

estimated to be 94,480 million rupees (Dhaliwal and Arora, 1996).

Rice is infected by more than 100 species of insects. Among the insect pests of 

rice, leaffolders are considered to be most serious, damaging the crop at tillering, early 

earing and milky seed stage. Among the eight leaffolder species that are of economic 

significance, Cnaphalocrocis medinalis (Guenee) is the most predominant pest in Asia 

causing a steady annual yield loss of 18.3 to 58.4 per cent (Ramasamy and Jatileksono, 

1996).

Attempts made to study the genetics of leaffolder resistance in rice crop revealed 

the polygenic nature of the trait with a major gene contributing more to the phenotype 

(Balasaraswathi et al., 1993). The complex nature of the trait and inherent difficulties in
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screening has consequently made breeding for leaffolder resistance a difficult task and no 

adequate results have been obtained so far. An alternative to the labour intensive and time 

consuming screening procedure would be to screen the mapping population of interest 

using genetic markers. These can be molecular or morphological markers. Unfortunately 

there is no morphological marker linked to the leaffolder resistance trait. Thus molecular 

markers whether hybridization based (RFLP) or PCR based (RAPD, microsatellite) 

would prove to be ideal under such circumstances.

Marker assisted selection is especially helpful when the characters studied are 

polygenic, a situation particularly common for resistance traits (Lefevbre and Chevre, 

1995 and Michelmore, 1995). In case of leaffolder resistance, detection of a major gene 

could be of considerable value for breeding programmes. Identification of markers 

associated with leaffolder resistance would facilitate selection in applied breeding 

especially, given the inherent difficulties in field based screening for this pest. In this 

study an attempt was made to identify microsatellite markers linked to a locus conferring 

leaffolder resistance in rice involving thirty-six F7 families developed from IR36 and 

TNAULFR831311.

Based on preliminary screening of reported leaffolder resistant rice lines, 

TNAULFR831311 was selected as donor parent for the trait of resistance to leaffolder. 

The variety IR36 was selected as .leaffolder susceptible parent. Mapping population (F7) 

was developed by crossing these two parents.

In an earlier study conducted in our lab, using F2 segregating population 

developed from IR36 and TNAULFR831311, two RAPD markers were found to be 

linked to the trait of leaffolder resistance (Balasaraswathi et al., 1997). The phenotypic
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screening done at F2 segregating population did not show normal distribution. Such a 

distribution indicated the involvement of major genes controlling the leaffolder resistance 

trait. The non-observance of normal distribution for the phenotype could be due to early 

segregating population involved (Allard and Haring, 1963). The probable reason for this 

may be due to camouflaging effect of major gene on the minor genes in early segregating 

population. From the above it became clear that the genetic analysis in the early 

segregating generation would help to establish only the major genes and not to all the 

genes contributing towards the trait of interest.

To map a polygenic trait double haploid (DH) population or recombinant inbred 

lines (RILs) is required as mapping population (Mohan et al., 1994). Therefore, the 

F2 seeds were further advanced by single seed descent method and 250 F7 lines were 

obtained. For the present study out of 250 recombinant inbred lines (F7) only thirty-six 

were used.

Though an array of DNA markers are available the success of mapping genes 

depends on the level of polymorphism for the markers employed in parental survey. In 

the present study FOR based microsatellite marker were employed. The reason for 

selecting microsatellite was that microsatellites are an important class of DNA markers 

because of their abundance and hyper variable length (Condit and Hubbell, 1991). 

Allthogh RFLP markers are widely available for rice (Causse et al., 1994 and Kurata 

et al., 1994) they have proven too technically cumbersome to be used for selection with 

large number of plants. On the contrary, RAPD markers are normally dominant, reaction 

sensitive and in turn less reproducible. Therefore new type of co-dominant. Polymerase 

Chain Reaction (PCR) based markers become more desirable. Microsatellites occur 

frequently and randomly in all eukaryotic DNAs and represent a vast source of highly



informative markers (Gupta el ul., 2000). In plants specially, in rice the genetically 

mapped microsatellite markers cover the entire rice genome with at least one 

microsatellite for every 6 cM (Temnykh el al., 2001). The other reason for selecting 

microsatellite marker was that microsatellites are chromosome specific and therefore, it 

can help in knowing the location of gene conferring resistance to trait of interest.

5.1. Selection of SSR primers

In the present study, one hundred and six microsatellite primer pairs were used for 

the parental survey. These included almost all the microsatellite primer pairs available for 

chromosome 10 from Research Genetics, AL, USA and primer pairs selected at an 

average distance of 15-20 cM from the rest eleven chromosomes of rice. In our earlier 

study on the F2 segregating population, two RAPD markers were identified to be linked to 

the trait of leaffolder resistance. Both these markers were found to be located on 

chromosome 10. Hence all the microsatellite primer pairs of chromosome 10 were 

selected.

5.2. Optimization of reaction conditions

To start with, the reaction conditions for the amplification of microsatellite was 

standardized. The concentration of magnesium chloride proved to be very crucial in order 

to prevent non-specific amplifications. A concentration of magnesium chloride of 1.5 mM 

was found to be optimum for amplification. The number of cycles used in PCR was 35 

and annealing temperature was 57°C. Since specific forward and reverse primers were 

used to amplify microsatellites, the above said stringent conditions gave discrete 

fragments, avoiding nonspecific amplification. Optimization of the concentration of 

magnesium chloride and number of cycles for the improved resolution of the amplified 

fragments has also been reported by Gupta el al. (1996).
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5.3. Parental polymorphism

Out of one hundred and six primer pairs, 26 produced polymorphic markers 

between parents. Hence the level of polymorphism was 24.52 per cent. Genetic 

dissimilarity of the parents is an important detriment of success in attempts to identify 

reliable molecular markers (Michelmore et al., 1991). This 24.52 per cent polymorphism 

observed between two parents could not be considered as conclusive one, since the SSR 

primer pairs used were not covering all the microsatellite loci of rice. Alternatively the 

low level of polymorphism could be due to the reason that both the parents selected in the 

study belong to indica group. With reference to the microsatellite primer pairs used from 

different chromosomes of the rice, the level of polymorphism was varying from 

chromosome to chromosome with chromosome 7 showing highest polymorphism level of 

55.5 per cent and chromosome 2, 3,4 and 6 not showing polymorphism at all. This could 

be due to less number of microatellite primer pairs used. Recent reports indicate that SSR 

loci for a number of core repeat units are highly polymorphic between species and 

population (Akkaya et al., 1992; Saghai-Maroof et al., 1994).

In the present study all the polymorphic microsatellites except RM294A, RMS 2, 

RM289, RM229 and RM244 had longer repeat units ranging from 7 to 36 perfect repeats. 

It has been reported that microsatellites of long perfect repeats tend to be more 

polymorphic (Becker and Huen, 1995). It has been shown previously (Weber, 1989) that 

imperfect repeats are generally less polymorphic than perfect repeats of the same length. 

Microsatellite markers that amplified new alleles were also encountered in the present 

study. In case of resistant parent TNAULFR831311, the microsatellite primer pairs 

RM272, RM84, RM304 and RM311 amplified fragments corresponding to size of about 

115bp, 98bp, 163bp and 180bp respectively. These products were representing new
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alleles, since their sizes (bp) were different as compared to sizes of alleles already 

reported for the respective primers (Rice Genes data bsae, Cornell University, USA).

5.4. Analysis of RILs

The next most important step in the process of mapping genes following the 

parental survey is establishing association between marker and phenotype. For this, all the 

polymorphic markers are to be surveyed on the mapping population. In present study the 

polymorphic markers of chromosome 10 and chromosome 7 were surveyed on the 

recombinant inbred lines (F7), since these two chromosomes were having maximum 

polymorphism level as was seen with the SSR primers and also the sequence of two 

RAPD markers identified to be linked to leaffolder resistance in our earlier study showed 

homology to these chromosomes. This was done with a view to identify the association 

between phenotypic scores and the data of segregating markers on thirty six F? lines used 

in this study. The success of locating a gene/QTL depends on how putative markers are 

linked to the gene/QTL, which in turn depends on the stringency of phenotype screening 

used. The continuity in damage rating of the thirty six F? lines infers involvement of more 

than one gene controlling leaffolder resistance in rice. Due to continuous variation in 

phenotype data, it is difficult to group them into discrete classes namely resistant and 

susceptible families. Hence establishing the linkage between phenotype and marker is 

difficult. So the alternative strategy is to identify the marker phenotype association using 

damage rating scores and the data of segregating markers of F? lines. In this process, 

attempts were also made to construct the linkage map of chromosome 10 and 7 based on 

segregating data of polymorphic SSR markers.

5.4.1. Single marker analysis (SMA)

Single marker analysis (SMA) involving average phenotypic scores and the 

segregating marker data by one-way ANOVA resulted in the detection of only one
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marker viz., RM271 having association to the phenotype concerned. The SSR marker 

RM271, was mapped to chromosome 10 (Temnykh, 2001) indicating the presence of a 

gene governing leaffolder resistance on chromosome 10 (Fig 2.). Regression analysis 

showed that RM271 is linked to a major QTL which contributes 57 per cent variation to 

the trait of an interest. So this clearly establishes the presence of major gene on 

chromosome 10 based on the strong association between marker and phenotype, and 

R2 value. The strong association of RM271 with leaffolder resistance was evident from 

the significant ‘F’ values of 46.01. Other SSR markers did not show any association with 

leaffolder resistance as evidenced from the non-significant ‘F’ values obtained. The 

association of marker genotypes with polygenic club root resistance in Brassica was 

assessed using one-way ANOVA (Grandelement and Thomas, 1996). Suseela Gomathi 

(2002) used one-way ANOVA to identify association of segregating SSR markers with 

polygenic brown plant hopper resistance (BPH) trait in rice.

5.4.2. Linkage analysis

The linkage analysis using MAPMAKER for nine polymorphic SSR markers of 

chromosome 10 produced the linkage group for chromosome 10 with five out of nine loci 

being linked. The linkage group had five loci and covered a distance of 121.8 cM. The 

map indicated that the SSR markers are not very closely linked to each other. The reason 

could be the low number of mapping population (36) taken for this study. It is desirable to 

analyse very large population size like 250 F? individuals (Eastwood et al., 1994) and 

with more number of polymorphic markers. Selvi et al. (2001) reported construction of 

linkage groups for polymorphic RAPD markers linked to yellow stem borer resistance 

trait using MAPMAKER programme.

The linkage analysis using MAPMAKER for four polymorphic SSR markers of 

the chromosome 7 did not yield any linkage map of chromosome 7.
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Fig 2. Microsatellite linkage map of chromosome 10 (Temnykh 
et al.,2000) showing position of RM 271, the marker linked 
to the leaffolder resistant trait

RM 330A

RM 228
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5.5. Bulk segregant analysis

The bulked segregant analysis (BSA) proposed by Michelmore et al. (1991) 

reduces the burden of surveying all the polymorphic markers on the segregating 

population by narrowing the number of markers based on initial survey of DNA from the 

parent and individual bulks of opposite phenotypes. To confirm the association of the 

linked SSR markers, bulked segregant analysis was done using phenotypic extremes (4 

individuals taken from each extreme) of another set of mapping population developed 

from the same parent in our centre earlier. The bulking of DNA from recombinant inbred 

lines (RILs) of phenotypic extremes and analyzing them along with the parental DNA to 

identify putative markers was adopted by Zhang et al. (1994) and Govindaraj (2000) in 

rice. The BSA with linked markers of chromosome 10 (RM304, RM228, RM474, RM311 

and RM271) resulted in detection of two putative SSR markers (RM271 and RM474) that 

were consistent in their polymorphism between susceptible bulk and resistant bulk. The 

bulk segregant analysis confirmed the association of RM271 with trait of leaffolder 

resistance. But at the same time it also identified another SSR marker RM474 showing 

association to trait of leaffolder resistance. However, association of this SSR marker was 

not evident from single marker analysis. The reason may be due to the low number of F? 

lines surveyed.

As observed in the present study, Bao et al. (2000) identified a QTL for the pest 

viscosity characteristics on chromosome 6 using DH population. Tang et al. (2000) 

reported mapping of QTL conferring resistance to bacterial leaf streak in rice on six 

chromosomes using recombinant inbred lines. Ni et al. (2001) identified one RFLP and 

two microsatellite markers (RM232 and RM251) linked to stem rot resistance in rice 

using recombinant inbred lines. Xu et al. (2002) mapped two QTLs for brown plant 

hopper (BPH) resistance on chromosome 3 near RFLP markers RG348 and RG418. Yang
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et al. (2002) identified three microsatellite markers (RM335, RM261 and RM185) linked 

to brown plant hopper (BPH) resistance in rice using F2 population and recombinant 

inbred lines.

With the results obtained from the present study, we can design a work plan for 

fine mapping of the gene/s for leaffolder resistance trait and for construction of linkage 

map of chromosome lO.The reliability of the microsatellite marker RM271 showing 

association with the trait of leaffolder resistance and linkage map constructed for 

chromosome 10 can be confirmed only after analyzing more number of recombinant 

inbred lines (F?). Therefore the future work plan should be the completion of phenotypic 

screening of all the F7 individuals (250) and then analysis of these individuals with all the 

polymorphic markers.



Summary



68
CHAPTER VI

SUMMARY

The results from the study taken up to identify SSR markers associated with the

genetic loci conferring resistance to leaffolder (Cnaphalocrocis medinalis G.) are

summarized below.

❖ A mapping population developed by crossing leaffolder susceptible parent, IR36 and 

resistant parent, TNAULFR831311 was used for this study.

❖ One hundred and six SSR primer pairs selected at an average distance of 15-20 cM 

from all the twelve chromosomes of rice were surveyed on parents viz., IR36 and 

TNAULFR831311. Out of the one hundred and six, 26 primer pairs showed 

polymorphism between the parents. This is to the tune of 24.52 per cent.

❖ A total of thirty six recombinant inbred lines (F7), selected at random and phenotyped 

for leaffolder damage, were screened for establishing the association of the 

polymorphic SSR markers to the trait of leaffolder resistance. The data obtained was 

subjected to single marker analysis and linkage analysis.

❖ Single marker analysis based on one-way ANOVA resulted in detection of one SSR 

marker on chromosome 10 being associated to leaffolder resistance. Regression 

analysis showed association of this marker to a major gene that contributes to the 

leaffolder resistance trait.

❖ Bulked segregant analysis involving bulks of phenotypic extremes of another set of 

mapping population developed from same parent, with the linked SSR markers of
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chromosome 10 confirmed the association of this marker to the gene of resistance to 

leaffolder.

❖ Linkage analysis of segregation data of nine SSR markers of chromosome 10 and four 

SSR markers of chromosome 7 using MAPMAKER programme produced single 

linkage group of chromosome 10 with five SSR markers being linked out of nine. 

However linkage group could not be established with respect to markers of 

chromosome 7.
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