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SUMMARY 
 
 

Salinity in general, is detrimental for crops. Rice is more salt sensitive than other 

agricultural crops. The harmful effect of salinity is reflected on different agronomic and 

physiological traits. Eighteen different agronomic traits and 10 physiological traits indicators of 

plant growth and yield were studied in this work to assess salinity tolerance. A mapping 

population an F2 population was developed by crossing between two rice varieties IR36 

(susceptible to salinity) and Pokkali (salt tolerant). F2 population were grown both in saline and 

normal conditions. Different agronomic data of F2 populations grown under saline and normal 

conditions were collected. Different physiological data were recorded from the same populations 

and conditions based on Na+, K+ and Ca++ analysis. DNA was collected from 113 F2 

populations that were grown in saline and normal conditions. Five hundred and fifty three 

microsatellite (SSR) markers were collected from USA. PCR, Polyacrylamide Gel 

Electrophoresis (PAGE) and silver staining were performed and band patterns were observed. 

Polymorphism survey was done on 553 SSR markers by using DNA of parental rice varieties- 

IR36 and Pokkali. One hundred and eleven SSR markers were found as polymorphic and those 

markers were used for the genotyping the F2 population. The molecular linkage was constructed 

by using the program JoinMap v.3.0 based on the genotypic data of each F2 population. Linkage 

maps had 19 linkage groups associated with all 12 rice chromosomes and showed 74 polymorphic 

markers position. Using QTL cartographer 2.5 software QTLs for salt tolerance in indica rice at 

maturity stage were identified based on phenotypic and genotypic data of F2 populations. 

 

For association mapping, 24 different rice varieties available in Pakistan were used. Those 

24 rice varieties were grown both in saline and normal conditions. Same agronomic and 

physiological data, recorded for QTL identification through linkage mapping, were collected from 

24 rice varieties grown under saline and normal conditions. DNA was collected from 24 rice 

varieties those were grown in saline and normal conditions. Same 111 polymorphic markers, used 

for QTL identification through linkage mapping, were used for genotyping the 24 rice varieties. 

Association mapping was carried out and QTLs associated with salinity tolerance at maturity 

stage in rice were detected by using phenotypic and genotypic data of 24 rice varieties. In that 

case STRUCTURE and TASSEL software were used. 
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Quantitative trait loci (QTL) for different agronomic and physiological traits were 

detected by using 113 indica rice F2 population and 24 different indica rice varieties through 

linkage mapping and association mapping, respectively.  

 

 In the present study, for the first time, in total, 85 QTLs for different agronomic traits 

including 26 QTLs under saline condition, 32 QTLs under normal condition and 27 QTLs under 

relative (saline/normal) condition were detected at maturity stage of indica rice using 113 F2 

population (through linkage mapping), and among them six QTLs were common for both saline 

and normal conditions. Twenty QTLs for 10 agronomic traits linked with all the rice 

chromosomes except chromosome 6, 9, 10 and 11 including two QTLs (QTLphs-1 and QTLphs-

2) for plant height, two QTLs (QTLtts-1 and QTLtts-2) for number of total tiller/plant, one QTL 

(QTLets) for number of effective tiller/plant, one QTL (QTLpls) for panicle length, five QTLs 

(QTLugs-1, QTLugs-2, QTLugs-3, QTLugs-4 and QTLugs-5) for number of unfilled 

grain/panicle, one QTL (QTLpfs) for panicle fertility, one QTL (QTLdffs) for days to 50% 

flowering, one QTL (QTLdms) for days to maturity, two QTLs (QTLgls-1 and QTLgls-2) for 

grain length, four QTLs (QTLhis-1, QTLhis-2, QTLhis-3 and QTLhis-4) for harvest index were 

detected in rice at maturity stage under absolutely saline condition and these 20 QTLs were 

important for agronomic traits in respect of salt tolerance in rice. 

 

Five common markers (RM310, RM210, RM110, RM530 and RM261) were found to 

control more than one QTL for agronomic traits under saline condition and thus these markers 

were important.  

 

Six QTLs including QTLugs-2, QTLugs-3 and QTLugs-5 for number of unfilled 

grain/panicle (detected on chromosome 4 and 7), QTLgls-2 for grain length (detected on 

chromosome 4), QTLhis-2 and QTLhis-3 for harvest index (detected on chromosome 2) were 

found as major quantitative trait loci controlling respective agronomic traits under salinity 

stress condition as they had higher phenotypic variance explained (R2) value.  

  

In the present work, for the first time, using 113 F2 population (through linkage mapping), 

72 QTLs for different physiological traits i.e. 12 QTLs under saline condition, 32 QTLs under 
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normal condition and 28 QTLs under relative (saline/normal) condition were detected at maturity 

stage of indica rice, and among them three QTLs were common for both saline and normal 

conditions. Nine QTLs related to chromosome 1, 2, 6, 10 and 12 including one each QTL for Na+ 

uptake (QTLsus), Ca++ uptake (QTLcus), Na+ uptake ratio (QTLsurs), K+ uptake ratio 

(QTLpurs), uptake ratio of Na+/K+ (QTLursps), and two each QTLs for total cation uptake 

(QTLtcus-1 and QTLtcus-2) and total cation uptake ratio (QTLtcurs-1 and QTLtcurs-2) were 

detected in rice at maturity stage under exclusively saline condition and these 9 QTLs were 

important QTLs for physiological traits in respect of salt tolerance in rice. 

 

One common marker (RM276) located on chromosome 6 was found to regulate more than 

one QTL for physiological traits under saline condition and thus it was imperative. 

 

Considering higher phenotypic variance explained (R2) value, three major QTLs 

including QTLsus for Na+ uptake, QTLtcurs-2 for total cation uptake ratio and QTLursps for 

uptake ratio of Na+/K+ were detected on chromosome 6, 2 and 6, respectively. 

  

In the present study, for the first time, for agronomic traits 140 QTLs under saline 

condition, 118 QTLs under normal condition and 140 QTLs under relative (saline/normal) 

condition were identified using 24 rice genotypes through association mapping, and among them 

47 QTLs were common for both normal and saline condition. Ninety three QTLs for 18 

agronomic traits including one QTL (QTLphs-3) for plant height, three QTLs (QTLtts-3, QTLtts-

4 and QTLtts-5) for number of total tiller/plant, five QTLs (QTLets-1, QTLets-2, QTLets-3, 

QTLets-4 and QTLets-5) for number of effective tiller/plant, two QTLs (QTLpls-1 and QTLpls-2 

) for panicle length, seventeen QTLs (QTLpws-1, QTLpws-2, QTLpws-3, QTLpws-1, QTLpws-

2, QTLpws-3, QTLpws-4, QTLpws-5, QTLpws-6, QTLpws-7, QTLpws-8, QTLpws-9, QTLpws-

10, QTLpws-11, QTLpws-12, QTLpws-13, QTLpws-14, QTLpws-15, QTLpws-16 and QTLpws-

17) for panicle weight, four QTLs (QTLnss-1, QTLnss-2, QTLnss-3 and QTLnss-4 for number of 

spikelet/panicle, eleven QTLs (QTLugs-6, QTLugs-7, QTLugs-8, QTLugs-9, QTLugs-10, 

QTLugs-11, QTLugs-12, QTLugs-13, QTLugs-14, QTLugs-15 and QTLugs-15) for number of 

unfilled grain/panicle, eight QTLs (QTLngs-1, QTLngs-2, QTLngs-3, QTLngs-4, QTLngs-5, 

QTLngs-6, QTLngs-7 and QTLngs-8) for number of grain/panicle, three QTLs (QTLpfs-1, 

QTLpfs-2, QTLpfs-3) for panicle fertility, fifteen QTLs (QTLdffs-1, QTLdffs-2, QTLdffs-3, 
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QTLdffs-4, QTLdffs-5, QTLdffs-6, QTLdffs-7, QTLdffs-8, QTLdffs-9, QTLdffs-10, QTLdffs-

11, QTLdffs-12, QTLdffs-13, QTLdffs-14 and QTLdffs-15) for days to 50% flowering, one QTL 

(QTLdms-1) for days to maturity, three QTLs (QTLgln-2, QTLgls-3 and QTLgls-4) for grain 

length, five QTLs (QTLgwn-3, QTLgws-3, QTLgws-4, QTLgws-5 and QTLgws-6) for grain 

width, two QTLs (QTLglwrs-3 and QTLglwrs-4) for grain length-width ratio, four QTLs 

(QTLtgws-3, QTLtgws-4, QTLtgws-5, QTLtgws-6) for thousand grain weight, one QTL 

(QTLgys-1) for grain yield, eight QTLs (QTLsys-1, QTLsys-2, QTLsys-3, QTLsys-4, QTLsys-5, 

QTLsys-6, QTLsys-7 and QTLsys-8) for straw yield and two QTLs (QTLhis-5 and QTLhis-6) for 

harvest index were identified in rice at maturity stage under exclusively saline condition and these 

93 QTLs were vital for agronomic traits in respect of salt tolerance in rice. 

 

Thirty eight common markers (RM441, RM254, RM473E, RM131, RM507, RM515, 

RM447, RM152, RM312, RM297, RM490, RM113, RM243, RM9, RM276 , RM111, 

RM197, RM115, RM136, RM204, RM314, RM469, RM480, RM473B, RM110, RM263, 

RM168, RM426, RM7, RM234, RM445, RM235, RM511, RM519, RM242, RM314, RM553, 

RM258) were observed to regulate more than one QTL for agronomical traits under saline 

condition. These markers were decisive as they controlled more than one QTL. 

 

Eleven major QTLs i.e. QTLpws-1, QTLpws-2, QTLpws-3, QTLpws-4, QTLpws-5, 

QTLpws-6 and QTLpws-1 for PW, QTLugs-6 for UG, QTLngs-1 for NG, QTLdffs-1 for DFF 

and QTLsys-1 for SY were detected under absolutely salinity stress condition and those were 

major due to had higher phenotypic variance explained (R2) value and were very highly 

significant (P<0.001).  

 

In the present work, for the first time, 189 QTLs for different physiological traits 

consisting 86 QTLs under normal condition and 103 QTLs under saline condition were identified 

at maturity stage of indica rice using 24 rice varieties (through association mapping), and among 

them twenty three QTLs were general for both saline and normal conditions. Eighty QTLs for 10 

physiological traits including eight QTLs (QTLsus, QTLsus-1, QTLsus-2, QTLsus-3, QTLsus-4, 

QTLsus-5, QTLsus-6 and QTLsus-7) for Na+ uptake, seven QTLs (QTLpus-1, QTLpus-2, 

QTLpus-3, QTLpus-4, QTLpus-5, QTLpus-6 and QTLpus-7) for K+ uptake, six QTLs (QTLcus-

1, QTLcus-2, QTLcus-3, QTLcus-4, QTLcus-5 and QTLcus-6) for Ca++ uptake, fourteen QTLs 
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(QTLtcus-3, QTLtcus-4, QTLtcus-5, QTLtcus-6, QTLtcus-7, QTLtcus-8, QTLtcus-9, QTLtcus-

10, QTLtcus-11, QTLtcus-12, QTLtcus-13, QTLtcus-14, QTLtcus-15 and QTLtcus-16) for total 

cations uptake, six QTLs ( QTLspus-1, QTLspus-2, QTLspus-3, QTLspus-4, QTLspus-5 and 

QTLspus-6) for Na+/K+ uptake, six QTLs (QTLsurs, QTLsurs-6, QTLsurs-7, QTLsurs-8, 

QTLsurs-9 and QTLsurs-10) for Na+ uptake ratio, five QTLs (QTLpurs-1, QTLpurs-2, QTLpurs-

3, QTLpurs-4 and QTLpurs-5) for K+ uptake ratio, ten QTLs (QTLcurs-1, QTLcurs-2, QTLcurs-

3, QTLcurs-4, QTLcurs-5, QTLcurs-6, QTLcurs-7, QTLcurs-8, QTLcurs-9 and QTLcurs-5) for 

Ca++ uptake ratio, nine QTLs (QTLtcurs-3, QTLtcurs-4, QTLtcurs-5, QTLtcurs-6, QTLtcurs-7, 

QTLtcurs-8, QTLtcurs-9, QTLtcurs-10 and QTLtcurs-11) for total cations uptake ratio and ten 

QTLs (QTLursps-1, QTLursps-2, QTLursps-3, QTLursps-4, QTLursps-5, QTLursps-6, 

QTLursps-7, QTLursps-8, QTLursps-9 and QTLursps-10) for uptake ratio of Na+/K+ were 

identified in rice at maturity stage under exclusively saline condition and those 80 QTLs were 

important for physiological traits in respect of salt tolerance in rice. 

 

Twenty five common markers (RM155, RM20A, RM247, RM201, RM242, RM257, 

RM20B, RM254, RM457, RM210, RM342A, RM42, RM515, RM216, RM225, RM276, 

RM469, RM243, RM297A, RM312, RM315, RM303, RM348, RM480 and RM530) found to 

control several QTL for physiological traits under saline condition and these markers were 

decisive because of their controlling capacity on more than one QTL. 

 

Four major QTLs (QTLtcus-3 for total cation uptake, QTLsurc-1 for Na+ uptake ratio, 

QTLcurs-1 for Ca++ uptake ratio and QTLursps-1 for uptake ratio of Na+/K+ were detected for 

respective physiological traits under absolutely salinity stress condition as they had higher 

phenotypic variance explained (R2) value and were very highly significant (P<0.001).  

 

In the present study, for the first time, interestingly, 8 common QTLs for linkage 

mapping (using F2 population) and association mapping (using different rice cultivars) for 

different agronomic and physiological traits were identified in rice at maturity stage. Among 8 

QTLs, two QTLs (QTLsus for Na+ uptake and QTLsurs for Na+ uptake ratio) were detected on 

chromosome 1 (associated marker RM276) under absolutely saline condition and definitely these 

two QTLs were major and associated with salt tolerant trait.  
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The results were discussed vis-a-vis the recent relevant research. Above mentioned all 

important and major QTLs along with their associated markers can be good candidates for MAS 

in molecular plant breeding programs intended for developing salt tolerant rice cultivars. 
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  1-INTRODUCTION 
 
 

Rice (Oryza sativa L.) is the most important food crop in the world. More than 2.7 billion 

people in the world take rice as a major source of food (Ammar et al., 2007). It is grown in about 

one-tenth of the cultivable land in the planet. It is the dominant staple food of Asia, accounting 

for more than 70% of caloric intake (Khush and Brar, 2002). Half of the world's population 

survives on rice by receiving the highest (26.2%) calories intake from it (FAO, 2009). It is 

especially important for Pakistan, Bangladesh and other countries of Asia where almost 91% of 

the total rice of the world is produced (Lee et al., 2007). Rice has taken third position next to 

wheat and cotton in respect of area and production in Pakistan. Area sown for rice in 2007-2008 

was 2515 thousand hectares and the amount of the production was 2212 kg/ha. It was cultivated 

on an area of 2883 thousand hectares with the total production of 6883 thousand tons in 2009-10 

and 2365 thousand hectares with the total production of 4823 thousand tons in 2010-11 (Pakistan 

Economic Survey, 2010-11). Rice is one of the main export items of Pakistan. It accounts for 

about 6.1% of the total value added in agriculture, about 1.3% to GDP and approximately 13% to 

the valuable foreign exchange earnings. Pakistan is the third largest rice exporting country in the 

world, After USA and Thailand (Riaz, 2001; Pakistan Real Estate Times, 2009). 

 

In spite of its importance, a series of biotic and abiotic stresses limits its productivity 

worldwide, among which abiotic stress alone contributes to about 50% of the total yield losses. 

Among the abiotic stresses soil salinity is a major barrier for yield reduction (Ren et. al., 2010). 

Salinity has affected approximately 7% of the total land area in the globe (Ghassemi et. al., 1995; 

Szabolcs, 1994) and about 15% of the total land area of the world has been affected due to soil 

erosion and physical and chemical degradation, including soil salinization (Wild, 2003). 

Approximately 30% of the total irrigated land worldwide is salt-affected (Rengasamy 2006) and 

that limits the total rice production in the planet. The saline area is still increasing as a 

consequence of irrigation or land clearing (Ammar et al., 2007).  

 

 In Pakistan, sustainable crop specially rice production is becoming threatened due to soil 

degradation by light to moderate salinities and/or use of salty ground water. The latest Pakistan 
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Economic Survey (2010-11) reports that about 11 million hectares of cultivable land is affected 

by water logging and more than 3 million hectare is affected by salinity and sodicity in Pakistan. 

The population of the country is increasing day by day. To feed the increasing population 

effective utilization of these saline soils either by reclamation of salinity or by growing salt 

tolerant varieties is required. Reclamation of salinity is difficult and expensive, and not the 

permanent solution of the problem. Breeding of salt-tolerant variety is the realistic approach to 

obtain better yield under saline conditions (Shannon et. al., 1998; Ashraf et. al., 2008). So 

introduction of salt-tolerant rice varieties is necessary for Pakistan and indeed for other rice 

producing countries of the world. 

 

Salinity affects rice growth and development in varying degrees mostly at all growth 

stages starting from germination to maturity. Seedling and maturity stages are the most sensitive 

to salinity for rice. By transplanting older seedlings (about 30 days old), sensitivity at seedling 

stage can be managed. But sensitivity at maturity stage can not be escaped and that leads to low 

rice productivity in saline areas.  

 

Scientists have been facing so many constraints to develop the salinity tolerant rice 

cultivar. Development of salinity tolerant rice cultivar is not easy task and is very slow due to its 

complex genetic background. Since salt tolerance is a polygenic or quantitative trait (Flowers, 

2004), it has generally low heritability. Breeding of salt-tolerant variety requires trustworthy 

screening or selection techniques. Screening or selection under field conditions is very difficult 

because of stress heterogeneity, existence of other stress of soil and significant influence of 

environmental factors like temperature, solar radiation and relative humidity. Because of these 

constraints, pace of progress in conventional breeding is relatively slow. Phenotypic selection of 

superior genotypes is the basis of conventional plant breeding (Munns et. al., 2006). Moreover, 

several phenotypic procedures are costly, time consuming or sometime unrealistic for particular 

characteristics. Therefore, marker assisted selection (MAS) is a technique that has emerged to 

address this problem. Molecular markers are not controlled by environment and are not 

influenced by the plant growing condition. In addition, these markers can be detected at all 

growth stages of plant. It has become possible to utilize MAS both for traits controlled by major 

genes and for quantitative trait loci (QTLs). Discrimination between molecular marker alleles can 
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be made by its capability in revealing polymorphism in the nucleotide sequence. Restriction 

Fragment Length Polymorphism (RFLP), Amplified Fragment Length Polymorphism (AFLP), 

Microsatellite or Simple sequence Repeats (SSR) etc. are the molecular techniques through which 

polymorphism can be revealed.   

 

With the advent of molecular markers, it is now feasible to identify the chromosomal 

regions associating with traits related to salt tolerance, known as quantitative trait loci-QTLs, 

(Yano and Sasaki, 1997). The genes governing salt tolerance could be independently traced in a 

segregating population and pyramided via molecular marker assisted selection (MAS) in the 

breeding of new varieties with strong tolerance to salt stress.  

 

Thus, in lieu of screening the rice genotypes based on morph-physiological parameters, 

DNA based screening would be beneficial by saving cost, time and labour. So far limited research 

work was carried out to investigate the genetic control of salinity for different agronomic and 

physiological traits in rice (Mahmood et. al., 2004). Most research work regarding salinity 

tolerance in rice was conducted to determine the effects of salinity by screening the genotypes at 

seedling stage (Javed et. al., 2006) or maturity stage (Javed et. al., 2003; Aslam et. al., 1995; 

Qureshi et. al., 1991). Quantitative trait loci (QTLs) analysis for salinity tolerance at seedling 

stage was conducted by a number of workers in recent years (Lee et. al., 2007; Javed, 2006; Lin 

et. al., 2004). However, molecular mapping of Quantitative Trait Loci (QTL) for salt tolerance at 

the maturity stage in rice has not been conducted yet.  

 

The quantitative traits are usually the products of many loci with varying degrees of effect 

upon the observed phenotypes. Recently, a new approach named association mapping has 

emerged to genetic mapping. Association mapping is a high-resolution method for mapping 

quantitative trait loci based on linkage disequilibrium and it holds great pledge for the dissection 

of complex genetic traits like quantitative traits.  

 

Linkage analysis and association mapping are two commonly used approaches for 

dissecting the genetic architecture of complex traits (Mackay, 2001; Doerge, 2002; Darvasi and 

Shifman, 2005). Linkage analysis usually detects broad chromosome regions of interest with 
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relatively low marker coverage, whereas association mapping provides high resolution with either 

prior information on candidate genes or a genome scan with very high marker coverage 

(Thornsberry et al. 2001; Hirschhorn and Daly 2005). For improving mapping resolution without 

requiring excessively dense marker maps, an integrated mapping strategy might be followed and 

it would combine the advantages of the two approaches.  

 

Integration of linkage analysis and association mapping in rice for salinity tolerance trait 

has not been conducted yet. Keeping these limitations in view, the present study was undertaken. 

 

 The study aimed at:  

i) To find out the Quantitative Trait Loci (QTL) related to salt tolerance in rice at the 

maturity stage through linkage mapping using indica rice F2 populations. 

ii) To find out the Quantitative Trait Loci (QTL) associated with salt tolerance in rice 

through association mapping using different rice varieties, and 

iii) To accelerate studies for the improvement of salt tolerance in rice by using 

microsatellite markers.   
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2-REVIEW OF LITERATURE 
 

2.1 Salinity tolerance in rice: 
Soil salinity is one of the most severe problems that reduce agricultural production and it 

is observed in 230 million hectares of the irrigated area in the world. Tolerance of salinity differs 

from plant to plant as well as, it differs at different ontogenetic stages. Rice (Oryza sativa) is the 

most sensitive, bread wheat (Triticum aestivum) is moderately tolerant, and barley (Hordium 

vulgare) the most tolerant among the cereal crops (Munns and Tester, 2008). 

 

Salinity tolerance in rice is a quantitative trait and it is influenced strongly by 

environment. Any change in environment, such as temperature, humidity or light, can 

dramatically change the transpiration rate and consequently the ion uptake (Yeo et al., 1990; 

Flowers and Yeo, 1997; Zeng et al., 2001). Such changes may alter the salt tolerance among the 

genotypes and therefore, precise selection for salt tolerance is not possible. 

  

 Differentiation between salt-susceptible and salt-tolerant lines is hard due to the 

quantitative character of salinity tolerance and the problems related with developing suitable and 

replicable assessment environments. Implementation of a quick and dependable screening 

procedure is crucial for developing more competent screening procedures for germplasm 

appraisal and improvement of salt tolerance (Ahmed, 2008). 

 

In Pakistan, rice-wheat cropping system is situated in world’s biggest irrigation system 

which resulted in the development of salinity in soil and water. About three million hectare of 

cultivable land and one million hectare under rice cultivation is reported to be salt affected 

(Pakistan Economic Survey, 2010-11) and it accounts for 40-70% reduction in rice yield (Aslam 

et al., 1995).  

 

 Salt tolerance varies all over the growing cycle in rice. Germination stage of rice is 

tolerant while seedlings are sensitive up to the minimum four weeks age. Rice plant is injured at 

the time of transplantation and that enhances salt-sensitivity. In rice, salt tolerance increases 
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during tillering and maturity stage, whereas at flowering stage it decreases (Pearson and Ayres, 

1960). 

   

 Different varieties of rice (Oryza sativa L.) had different sensitivity to NaCl. The rice 

seedlings of 3-week-old salt sensitive and tolerant varieties were given 0, 6 and 12 dS/m salinity 

levels for a week. Then antioxidant capacities and possible correlation, growth rate and Na+ 

uptake of the leaves was analyzed (Dionisio-Sese et al., 1998). A decrease in growth rate was 

observed at high salinity level in all the studied varieties excluding Pokkali. The salt-sensitive 

varieties, , showed A reduction in superoxide dismutase activity and an enhance in peroxidase 

activity were observed in Hitomebore and IR28 (salinity susceptible varieties) under high saline 

environment. Increase in lipid peroxidation and electrolyte leakage as well as higher Na+ 

accumulation in the leaves were also found in those varieties under salinity stress environment, 

while Pokkali (salt-tolerant cultivar) exibited only slight increase in superoxide dismutase and 

decrease in peroxidase activity and lipid peroxidation, Na+ accumulation and electrolyte leakage 

were stable under saline condition. Alternatively, a minor stimulation in growth rate same as 

Pokkali was observed in Bankat (a putative salt-tolerant cultivar) under modium salinity stress 

environment. It was evident in rice seedlings that free radical-mediated damage of membrane 

might cause of cellular toxicity of sodium chloride salt.  

 

 Ali et al. (2004) conducted an experiment regarding screening of ten superior rice lines in 

respect of salinity tolerance at seedling stage by using a speedy screening technique. Five were 

found tolerant, four were graded as moderately tolerant and one as susceptible. It was observed 

that tolerant lines had higher root and shoot ratio at seedling stage. That was important clue about 

salt tolerance potential of a genotype. Furthermore, it was revealed that salinity caused a marked 

reduction in yield and yield components in all the genotypes except in NR-2. Thus NR-2 variety 

showed better potential than Pokkali, a recognized salt tolerant variety, and it may be suggested to 

grow in salt affected areas. 

 

Many trials aimed at developing the salt tolerant had been conducted but to-date no 

endeavor was a success. Breeding objective was failed due to lack of knowledge on genetic 

mechanisms for salt tolerance. Yeo et. al. (1990) utilized advanced technique of identifying and 



7 
 

measuring physiological components like shoot sodium concentration, plant vigour and plant 

survival scores for detecting a complex physiological trait related to salt tolerance in rice.  

 

Several studies indicated that salinity tolerance is a complex character involving 

interactions of a number of component traits which are physiological in nature and may be 

inherited independently (Yeo and Flowers, 1993; Chaubey and Senadhira, 1994). The genetic 

studies of salt tolerance in rice revealed both additive and dominant effects (Mahmood et al., 

2004). 

  
 
 Most of studies suggested that salt tolerance in crops was controlled mainly by polygene 

with additive and dominant effects, while some credited the tolerance to major genes. Generally, 

the oligogene or polygene leading salt tolerance is difficult to be detected by classical methods of 

quantitative genetics due to environmental influence (Munns et. al., 2006; Ming-Zhe et al., 2005; 

Gong et. al., 2001; Singh et al., 2001 and Mishra et al., 1998). 

 

Plant growth and crop production was influenced by few components like Na+ uptake, ion 

compartmentation and ion balance. The shoot growth was reduced because of Na+ accumulation 

in leaves (Munns and Tester, 2008). Understanding the genetic control mechanisms of salt 

tolerance is essential for the development of new salt tolerant varieties (Lin et. al., 2004; Katori et 

al., 2010). 

 

 Potassium is one of the most important macronutrients for plants. OsAKT1, a potassium 

channel, was similar to AKT1 of Arabidopsis root inward rectifier was isolated. K+ channel 

mRNA decreased with the increase of salinity stress, and it was observed both in the root and 

shoot at four days old seedlings of rice. OsAKT1 was revealed as the dominant salt sensitive K+ 

uptake channel in rice roots (Fuchs et al., 2010). 

  

 Thai jasmine (KDML105), a salt susceptible rice cultivar and Homjan (HJ), a salt tolerant 

rice variety were cultivated under iso-osmotic stress for assessment of salinity tolerance. Na+ 

uptake and Na+/K+ uptake were increased but K+ uptake was decreased under salinity stress 

environment in salt sensitive variety (KDML105) [Cha-um et al., 2009]. 
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 Casparian band development and possessions of NaCl on the growth, ion content, and root 

cap structure were studied in four rice (Oryza sativa L.) cultivars of different salt sensitivity. Two 

salt-sensitive varieties-indica-type IR 24 and japonica-type Nipponbare and two salt-resistant 

varieties-indica-type Nona Bokra and Pokkali were used. Experiments were conducted to find the 

differences in salinity resistance during early seedling and developed seedling stages among the 

cultivars. Growth reduction by salinity was more prominent in the early seedling stage than in the 

developed seedling stage. The order of the salt sensitivity was IR24>Nipponbare>Nona Bokra 

>Pokkali on the basis of growth. The growth of NaCl-treated rice cultivars was significantly and 

negatively correlated with the Na+ content and Na+/K+ ratio in roots and shoots in both stages. 

An endodermal Casparian band was formed in the basal region of the root tip and formation of 

the Casparian band was more prominent in sensitive cultivars than in tolerant cultivars. Root cap 

proliferation might be related to NaCl resistance in rice seedlings, but the Casparian band may not 

function efficiently in Na+ exclusion. It was revealed that exclusion of Na+ from roots plays a 

critical role in expression of Na+ resistance in rice seedlings and the root cap is important for Na+ 

exclusion (Ferdose et al., 2009). 

 

 The rice genotypes varied significantly for salt tolerance at seedling stage. The genotypes 

differed significantly for the studied traits at the reproductive stage, as well. The salt- genotypes 

interactions was found to be significant for the traits unfilled grain number/panicle, pollen 

viability and grain yield. Grain yield reduced with the increase of salinity level. At the 

reproductive stage pollen viability was a crucial trait to screen the genotypes for salt tolerance 

(Mohammadi-Nejad et al., 2010). 

 
 Excess salt induced ionic and osmotic stresses that disturbed metabolism and led to 

reduction of plant development. Pathumthani1 (PT1), a salt-sensitive rice cultivar, was grown on 

MS culture medium for 7 days and was adjusted to salt stress under iso-osmotic conditions (-1.75 

± 0.20 MPa) by mannitol for 4 days. An enhanced salt stress increased Na+ and Na+: K+ in PT1 

roots and caused increased membrane injury, while the water content was decreased. 

Additionally, growth characters, including number, length, fresh weight and dry weight of roots, 

were inhibited. Sugar accumulations in PT1 roots were increased with the increase of NaCl. The 
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accumulation of sugars in PT1 roots may be a primary salt-defense mechanism and may function 

as an osmotic control (Siringam et al., 2011). 

 

2.2 Classical plant breeding versus molecular plant breeding 

for different polygenic traits: 
 

Conventional plant breeding is based on phenotypic selection of superior genotypes within 

segregating progenies obtained from crosses. Application of this method often encounters 

difficulties related to genotype and environment interactions (Munns et. al., 2006). Moreover, 

several phenotypic procedures are expensive, time consuming or sometime unreliable for 

particular traits. Salinity tolerance shows strong influence of environment. Therefore, marker 

assisted selection (MAS) is an approach that has been introduced to overcome the problems 

related to the conventional plant breeding by replacing the selection criteria- phenotypic selection 

with selection of genes directly or indirectly (Lang and Buu, 2008 and Francia et al., 2005).  

  

 To study quantitative traits, identification of quantitative trait loci (QTLs) has become an 

important approach, and it has been utilized for improving different agricultural crops. The 

introduction of high-resolution molecular linkage maps and the use of  segregating population, 

such as F2 population, doubled haploid (DH) population and recombinant inbred lines (RILs), 

have further facilitated the quantitative genetic studies (Gong et. al., 2001). 

 
 
Microsatellite markers detect Simple Sequence Length Polymorphism (SSLP) and are 

rapidly replacing Restriction Fragment Length Polymorphism (RFLP) for many kinds of genetic 

studies, largely because of their technical simplicity. In addition to that the small amount of 

starting DNA is required; the relatively low cost for the user, rapid turn-around time and high 

power of genetic resolution are the advantages of the use of microsatellite markers (Chen et. al., 

1997). 
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 The development of molecular markers has made it possible to investigate the inheritance 

of complex traits and to tag and manipulate individual QTLs involved (Yano and Sasaki, 1997). 

Some of the recent work on molecular markers eluadating the genetic base of salinity trait in rice 

and other crops is given below (section 2.3 and 2.4). 

   

2.3 QTL analysis in rice for different traits: 

  

 Marker assisted genetic dissection of variation in complex phenotypes of segregating 

materials is termed QTL (quantitative trait loci) mapping (Li 2001). QTL mapping related to 

environmental stresses, yield and quality is very important for the application of map-based 

cloning and marker-assisted selection (MAS) in rice breeding programs (Paterson et al. 1988; 

Lander and Botstein 1989; Tanksley 1993; Kang et al., 1999; Koyama et al., 2001; Kim et al., 

2004; Lin et al., 2004 and Kwon et al., 2008). 

  
In rice, many studies were conducted to identify QTLs under normal condition but few 

studies were performed to detect QTLs under stress condition. In rice considerable number of 

QTLs for different important traits has been identified, as for example, yield (Lin et. al., 1996a; 

Xiao et. al., 1996), heading date (Li et. al., 1995; Lin et. al., 1996b; Yano et. al., 1997, 2001) and 

disease resistance (Qing-Dian et. al., 2008). Limited research has been conducted on comparative 

study of QTLs for different agronomic traits under salinity stress environment and normal 

condition (Gong et al., 2001). 

 

 After the introduction of molecular markers especially RFLPs, four molecular linkage 

maps for different traits of rice have been developed by independent research groups (McCouch 

et al., 1988; Saito et al., 1991; Causse et al., 1995; Kurata et al., 1994). These detailed maps have 

been utilized for identification of QTLs associated with traits, like yield related traits (Xiao et al., 

1996); blast resistance (Wang et al., 1994); heading date (Yano et al., 1997); root morphology 

(Price and Tomos, 1997), seed dormancy (Lin et al., 1998) and allelopathic effect of rice (Ebana 

et al., 2001). 
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 Gu et al. (2000) detected three QTLs for STR (Standard Tolerance Ranking) on 

chromosome 5 and 9. They explored that QTLs associated with STR were located on 

chromosomes 1, 5 and 9. Gong et al. (1998) and Lin et al. (1998) have reported some QTLs for 

rice seedling survival days on chromosome 1 and 5, respectively. QTLs related to biomass dry 

matter have been mapped on chromosome 6 (Koyama et al., 2001; Prasad et al., 2000). However, 

QTLs for DWS (Dry matter Weight of Shoots) were found to be located on chromosomes 8 and 

9. The QTL associated with DWS in the region of RM278-RM215 on chromosome 9 was close to 

the QTL for STR. It was concluded that there was a relationship between DWS and STR, which 

may be controlled by the same gene or linked (Ming-Zhe, 2005). 

 

 In total eight QTLs for the four leaf size related traits were detected on three 

chromosomes of rice, including one QTL for leaf length (qLLnpt-1) located on chromosome 1 

associated with RM3709 SSR marker, two QTLs for flag leaf length ( qFLLnpt-2 and qFLLnpt-4) 

on chromosomes 2 and 4, respectively, one QTL for flag leaf width (qFLWnpt-4) on chromosome 

4 associated with RM17483, one QTL for flag leaf width (qFLWnpt-1) on chromosome 1 related 

with RM3252, one QTL for leaf width (qLWnpt-2) on chromosome 2 associated with RM7451, 

and two QTLs for leaf width (qLWnpt-4a and qLWnpt-4b) on chromosome 4 linked with RM7208 

and RM6909, respectively (Farooq et al., 2010). 

 

 Developing a deep root system is an important strategy for avoiding drought stress in rice. 

As molecular mapping population, 117 recombinant inbred lines (RILs) were developed by 

crossing between the lowland cultivar IR64 having shallow root system, and the upland cultivar 

Kinandang Patong (KP) having deep root system. A new major quantitative trait locus (QTL) 

associated with ratio of deep rooting (RDR) trait was identified on chromosome 9 by using 117 

recombinant inbred lines (RILs). This QTL explained 66.6% of the total phenotypic variance in 

RDR in the RILs. The RDR QTL Dro1 (Deeper rooting 1) was mapped between the markers 

RM24393 and RM7424, which delimit a 608.4 kb interval in the reference cultivar Nipponbare. A 

line homozygous for the KP allele of Dro1 (Dro1-KP) and IR64 did not show any difference for 

root dry weight in the shallow soil layers (0–25 cm). But root dry weight of Dro1-KP was 

significantly larger than that of IR64 in deep soil layers (25–50 cm). It revealed that Dro1 played 

an important role in increasing deep root system under upland field conditions (Uga et al., 2011). 
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 Lu (2011) compared QTL mapping for heading date loci between F2 and backcross inbred 

line (BIL) populations derived from the same parents of rice (Oryza sativa L.), N22 (indica) and 

Nanjing35 (japonica). Seven putative QTL were identified in the F2 population, qHd-3-1 and 

qHd-6 had the major effect in heading date, explained 18.12% and 16.72% trait variation, 

respectively; but only four QTL were detected in BIL approach, the major QTL qHd-2 explained 

21.62% trait variation. Three QTL (qHd-2, qHd-3-2 and qHd-10) were detected in both 

populations, but qHd-3-1 and qHd-6 as two major QTL in F2 population could not be detected in 

BIL population. 

 

 A mapping population of backcross inbred line (BIL) obtained from a backcross of 

Nipponbare (japonica rice having low biomass) and Kasalath (indica rice having high biomass) 

was used to identify quantitative trait loci (QTL) for the plant height, spike weight, the stalk 

weight, and the grain weight. A total of fifteen QTL were identified and among them three, three, 

one, five QTL associated with the plant height, the spike weight, the stalk weight, and the grain 

weight, respectively (Xiao-qing, 2011). 
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2.4 QTL studies on crops other then rice for different traits: 

 

QTLs have been mapped beside rice in other crop species as well e.g., tomato (Monforte 

et al., 1997), maize (Veldboom et al., 1994), and barley (Takeda and Mano, 1997). 

 

 Thirty QTLs were detected for ten different traits under salt stress and non-stress 

condition in barley. These loci may be useful in the breeding program of marker-assisted 

selection for improving salt tolerance of barley. It may be suggested that only the QTLs detected 

under salt stress are really associated with salt tolerance in barley and the markers linked with 

QTLs are important for marker assisted selection (Xue et. al., 2009). 
 

 QTL for salt tolerance was mapped on chromosome 3 in soybean.  QTL for alkaline salt 

tolerance was also detected and it was different from the QTL associated with salt tolerance. The 

identified QTLs and associated markers can be utilized for the development of salt and alkaline 

tolerant cultivars of soybean (Tuyen et. al., 2010). 
 

 For mapping quantitative trait locus (QTL) for nitrogen deficiency tolerance, a 

recombinant inbred line (RIL) population, consisting of 238 F12 lines derived from the cross 

between ‘R9308’ and ’Xieqingzao B’, the parents of a super hybrid rice in China, was developed. 

A genetic linkage map was constructed by using 198 simple sequence repeat (SSR) markers. To 

evaluate the N-deficiency tolerance six traits like root dry weight (RW), shoot dry weight (SW), 

plant dry weight (PW), maximum root length (RL), plant height (PH), chlorophyll content (Chl) 

were used. Seven QTLs were identified on chromosomes 1, 2, 3 and 8 related with N-deficiency 

tolerance in the mapping population and the QTLs explained 9.07–14.45% of the phenotypic 

variation. The ‘R9308’ alleles increased the relative traits except that of locus on chromosome 8. 

One of the major QTL clusters was detected in the interval RM5385–RM7192 on chromosome 1, 

which was associated with N recycling in rice. This chromosomal region may be enriched with 

the key N metabolism genes (Feng et al., 2010). 
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 Jemalong A17 (salt tolerant line) was crossed with F83005.5 (salt susceptible line) and 

recombinant inbred lines (RILs) was developed. By using that lines quantitative trait loci (QTLs) 

for salt tolerance was identified in Medicago truncatula. Ten QTLs were identified under normal 

condition and 19 QTLS under salinity stress environment. No major QTL was detected and it 

revealed that there were low effects of genes associated with salt tolerance. The QTLs mapped for 

saline condition were on different position for normal condition. Highest number of QTLs was 

detected on chromosome 8 (Arraouadi et. al., 2011). 
   

 The traits which were controlled by few important genes, like growth, flowering 

(Balasubramanian et al., 2006), freezing tolerance (Alonso-Blanco et al., 2005), Na+ 

accumulation (Rus et al., 2006), copper tolerance (Kobayashi et al., 2008) and powdery mildew 

resistance (Gollner et al., 2008) were detected in Arabidopsis accessions (Mitchell-Olds and 

Schmitt, 2006).  

 

 Nodal root angle is relevant to drought adaptation in sorghum because it influences 

horizontal and vertical root distribution in the soil profile. Molecular mapping of four QTL for 

nodal root angle (qRA), three QTL for root dry weight, two for shoot dry weight, and three for 

plant leaf area were reported in sorghum (Mace, 2011).  

 

 One hundred and seventy seven (177) double haploid (DH) lines of wheat 

(Savana/Renesansa) were used to detect quantitative trait loci (QTL) associated with heading and 

flowering time in the agro-climate region. Five microsatellite markers (GWM18, GWM194, 

GWM261, PSP3071 and PSP3200) were used for that purpose. The marker GWM261 was 

associated with QTL which explained from 20.2% to 30.7% of the total variance and from 13.6% 

to 28.8% of the total variance for flowering time in all analysed years (Dragana, 2011). 

 

 Eucalyptus is susceptible to a wide range of diseases. Puccinia psidii caused by the rust 

fungus is one of the most important diseases that affect Eucalyptus plantations throughout the 

world. By using a full genome scan with 114 genetic markers (microsatellites and expressed 

sequence tag derived microsatellites) the presence and segregation of a resistance locus, 

explaining 11.5% of the phenotypic variation, was detected on linkage group 3, associated with 
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Ppr1. The additive and epistatic QTLs were detected explaining between 29.8 and 44.8% of the 

phenotypic variability for rust resistance. The identification of both additive and non-additive 

genetic variation (epistasis) was responsible to control the rust resistance trait in eucalyptus. It 

revealed the complexity of the host-pathogen interaction and helped the explanation of the 

success that breeding was achieved by selecting rust-resistant clones, where all the additive and 

non-additive effects were readily captured. The positioning of epistatic QTLs also provided 

starting points to look for the underlying genes or genomic regions controlling this phenotype on 

the upcoming E. grandis genome sequence (Alves et al., 2011). 

 
 Identifying genomic regions associated with abiotic stress especially drought tolerance 

would help to develop cotton (Gossypium hirsutum L.) cultivars suitable for water-limited regions 

through molecular marker-assisted breeding. F2 population derived from a cross between drought 

sensitive cotton species G. hirsutum cv. FH-901 and drought tolerant cotton species G. hirsutum 

cv. RH-510 were used as molecular mapping population. In total, 7 QTLs associated with osmotic 

potential (2 QTL), osmotic adjustment (1 QTL), seed cotton yield (1 QTL), number of bolls/plant 

(1 QTL), boll weight (1 QTL) and plant height (1 QTL) were detected. Three QTLs (qtlOP-2, 

qtlOA-1, and qtlPH-1) were identified only in water-limited conditions, two QTLs (qtlSC-1 and 

qtlBW-1) were identified for relative values and two QTLs (qtlOP-1 and qtlBN-1) were identified 

for well-watered treatment (Saeed et al., 2011).  

 
 
  In total, 365 EST-SSR molecular markers having trinucleotide motifs were developed and 

assessed in 18 genotypes of sugarcane (15 varieties and 3 species). Out of them, 287 of the EST-

SSRs markers amplified fragments of the expected size and were detected as polymorphic to 

analyze sugarcane varieties. These EST-SSR markers could be efficiently utilized for molecular 

mapping of sugarcane segregating populations. The high Polymorphism Information Content 

(PIC) and Discriminated Power (DP) provided facilities for the QTL analysis and marker-assisted 

selection (MAS) because of the association with functional regions of the genome and it became 

an crucial tool for the sugarcane breeding program (Marconi et al., 2011). 
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2.5 QTL analysis for salinity tolerance in rice and other 

crops: 
 

Identification of molecular markers tightly linked to salt tolerant genes can serve as land mark 

for the physical localization of such genes facilitating marker assisted selection (MAS). The 

dissection of such a complex trait by means of the QTL mapping-approach would be of great 

significance for breeding by enhancing the salt tolerance of rice  (McCouch et al., 1988; Yeo 

and Flower, 1990; Tanksley, 1993; Li et al., 1995; Zhang et al., 1995; Cho et al., 1998; Lin et 

al., 1998; Kang et al., 1999; Gong et al., 1999; Koyama et al., 2001; Septiningsih, 2003; Kim 

et al., 2004; Lin et al., 2004 and Kwon et al., 2008).  

 

Several studies related to molecular genetics of salt tolerance have been conducted in 

many crops including rice (Zhang et. al., 1995; Mano and Takeda, 1997; Lin et. al., 1998; 

Foolad, 1999; Flowers et. al., 2000; Koyama et. al., 2001; Yao et. al., 2005).  

 
Some of the recent reports of QTL analysis for salinity tolerance in rice are discussed 

below: 

 

Few research works were conducted to identify the effects of salinity in rice by 

screening the genotypes at both seedling stage (Javed et al., 2006) and maturity stage (Javed 

et. al., 2003; Aslam et. al., 1995; Qureshi et. al., 1991). It was just explained the effect of 

salinity in rice but not the genetic basis of salinity in rice. Very limited research work was 

conducted to investigate the genetic control of salinity in rice (Mahmood et. al., 2004).  

 

 An F2 population was derived by crossing between salt tolerant rice mutant (M-20) 

and sensitive original (77–170). Using that F2 population of rice and 130 RFLP markers 

distributed throughout the rice genome, a major gene for salt tolerance was mapped on 

chromosome no. 7 (Zhang et al., 1995).   

 

 A salt tolerant rice mutant was obtained through tissue culture. The inheritance of salt 

tolerance in rice was studied under salt stress conditions by using an F2 population derived 

from salt tolerant rice mutant X original variety. Using Random Amplified Polymorphic DNA 
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(RAPD) markers, the gene associated with salt tolerance was tagged by a 1.0 kb DNA 

fragment named OPS12-10 which was located on chromosome 7 (Ding et al., 1998). 

 

Lang et al. (2001) detected one microsatellite marker (RM 223) that is associated with 

salt tolerance at vegetative stage of rice. Genotype-by-environment interactions (GxE) are 

commonly observed for quantitative traits.  

 

A comparative study of QTLs under salt stress and non-stress environments in rice was 

carried by using a doubled haploid (DH) population and its genetic linkage map. In total, 24 

QTLs were identified for five agronomic traits, which were associated with all the 

chromosomes except 9 and 11. Nine (37.5%) QTLs were identified, including one for plant 

height (PH), one for 1 000-grain weight (GW), two for grains per panicle (GPP), two for 

heading date (HD), and three for effective tillers (ET) under the saline condition. But 

seventeen (17) QTLs (70.8%) were identified, including five for GW, six for HD, three for 

PH, two for GPP, and one for ET under non-stress environment,. Two QTLs (8.3%) were 

common for both environments. One was identified on chromosome 4 for HD and the other 

on chromosome 6 for GPP. The QTLs detected under salt stress and non-stress environments 

were extremely different, suggesting that there were several QTLs for important agronomic 

traits on chromosome 8 which were affected significantly by salt stress (Jiming et al., 2001). 

 

Mikiko et al. (2001) reported that reducing sodium and chloride uptake into rice while 

maintaining potassium uptake are characteristics that would aid growth under saline 

conditions. The identified QTL independently controlled sodium uptake, potassium uptake, 

and sodium: potassium selectivity. The QTL for sodium and potassium uptake were located 

on different chromosomes. QTL for sodium transport are likely to act through the control of 

root development, whereas QTL for potassium uptake are likely to act through the structure or 

regulation of membrane-sited transport components. 

 

Sahi et al.(2003) found six novel clones which showed insignificant homology to any 

of the existing expressed sequenced tagged (EST) database and were differently regulated in 

salt tolerant (CSR27 and Pokkali) and sensitive (Pusa Basmati 1) rice varieties under salt 

stress. Several QTLs for salinity tolerance in rice were identified (Prasad et al., 2000). 
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 QTL mapping for physiological traits related to rice salt-tolerance were performed 

(Lin et al., 2004). An F2 and an equivalent F3 population were produced by crossing between 

Nona Bokra (a high salt-tolerance indica variety), and Koshihikari (a susceptible elite 

japonica variety). Three QTLs associated with survival days of seedlings (SDSs) under salt 

stress were detected on chromosomes 1, 6 and 7, respectively. Leaves damage was caused due 

to accumulation of Na+ in the shoot by transport of Na+ from the root to the shoot in external 

high concentration on the basis of the correlations between SDSs and other physiological 

traits. Eight QTLs (three for three traits of the shoots, and five for four traits of the roots) were 

detected on five chromosomal regions and those were controlled complex physiological traits 

related to rice salt-tolerance under salt stress. The two major QTLs (qSNC-7 for shoot Na+ 

concentration and qSKC-1 for shoot K+ concentration) explained 48.5% and 40.1% of the 

total phenotypic variance, respectively. The QTLs identified between the shoots and the roots 

were not on the same chromosome and it ensured that the genes regulating Na+ and K+ 

transport between the shoots and the roots might be different.  

  

 A molecular mapping population (F2 population) was developed by crossing between 

Jiucaiqing (japonica) and IR36 (indica) to analyze the inheritance of salt tolerance in rice by 

genetic model of major-genes plus polygenes, and to detect associated QTLs by SSR 

molecular markers. The linkage map was constructed by using 62 SSR molecular markers 

covered a total length of about 1 142 cM. Three QTLs were detected for salt tolerance rating 

(STR) located on chromosome 1, 5 and 9; two QTLs for dry matter weight of shoots (DWS) 

on chromosomes 8 and 9, and two QTLs for Na+/K+ on chromosomes 2 and 6, one on each 

chromosome, respectively (Ming-Zhe et al., 2005). 

   

  Recombinant inbred lines (MG RILs) were developed by crossing between Milyang 

23 (japonica/indica) and Gihobyeo (japonica) to assess salt tolerance at the young seedling 

stage of rice (Oryza sativa L.). Twenty two of 164 MG RILs were classified as tolerant with 

visual scores of 3.5−5.0 in 0.7% NaCl. Interval mapping of QTLs related to salt tolerance was 

conducted on the basis of the visual scores at the young seedling stage. Two QTLs (qST1 and 

qST3) for salt tolerance trait were identified on chromosome 1 and 3, respectively. The total 

phenotypic variance explained by the two QTLs was 36.9% in the MG RIL population. qST1 

was the major QTL explaining 27.8% of the total phenotypic variation. (Lee et al., 2006). 

 



19 
 

Ammar et al. (2007) constructed the QTLs mapping for salt tolerance trait in rice at 

seedling stage using Sequence Tagged Microsatellite sites (STMS) which are highly 

polymorphic, co-dominant, simple, abundant, distributed throughout the entire rice genome, 

besides Sequence Tagged Sites (STS). Two hundreds (200) F2 individuals were developed by 

crossing between CSR27 (high yielding, dwarf and salt tolerant rice variety) and MI-48 

(international sensitive check). Then F3 equivalent families were developed from F2 

individuals. In total, six QTLS were identified for salt injury at seedling stage. Two QTLs 

were located on chromosome 1, one QTL on chromosome 3, two QTLs on chromosome 4 and 

one QTL on chromosome 5. QTL 2 position was corresponding to saltol proposed gene on 

chromosome 1. The remaining QTLs (QTL 1, 3, 4, QTL 43, QTL 44) were novel ones. 

 

Assessment of rice genotypes for salt tolerance using microsatellite (SSR) markers 

associated with Saltol QTL was carried by Mohammadi-Nejad et al. (2008). Using F8 

recombinant inbred lines (RILs) derived from the cross between Pokkali and IR29 a major 

quantitative trait locus (QTL) for salt tolerance named Saltol was mapped on chromosome 1. 

The QTL was responsible for low Na+, high K+ uptake and maintaining Na+/K+ homeostasis in 

the rice shoots. Thirty six (36) genetically diverse rice genotypes were collected and used to 

test the usefulness of microsatellite (SSR) markers associated with Saltol QTL. Phenotypic 

response of the genotypes to salt stress with EC= 12 was evaluated under controlled 

environmental conditions at seedling stage using a visual score of 1 to 9 scale. For 

determination the impact of the markers associated with salt tolerance in rice, thirty three 

polymorphic SSR markers were used. Different rice genotypes showed different phenotypic 

response to salinity stress at the seedling stage. 

 

Koyama et al. (2001) identified the QTLs for Na and K uptake and Na : K ratio by 

using RFLP markers. Major QTLs were detected on chromosome 6, 4, 1 and 9. It was also 

reported that major gene for salinity tolerance on chromosome 1 which could be similar to the 

SalT gene of the rice Cornell map (IRRI, 1997). Gregorio et al. (2002) also tried to construct 

an AFLP map with the help of 206 markers and found major QTLs for high K absorption, low 

Na uptake and low Na : K ratio on different 5 chromosome (no. 4, 12, 3, 1 and 10) including 

the big affect QTL i.e. Saltol on chromosome 1.  
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To identify RFLP markers associated with QTLs for salinity tolerance, recombinant 

inbred (RI) lines obtained from a cross Tesanai 2 (moderately salt tolerant) X CB (salt 

sensitive) through single seed descent procedure were used. The RI population (F8) was 

assesed for six different parameters using Yoshida’s modified nutrient solution having an EC 

level of 12 dS/m. Seventy four (74) polymorphic RFLP markers were used for the genotyping 

of 96 RI lines. A linkage map was constructed from 12 linkage groups based on RI 

segregation data and the map covered 1349.5 cM of the rice genome with an average distance 

of 18.24cM between marker loci. One (1) marker locus was found significantly associated 

with seedling survival days, 14 with dry shoot weight, 8 with dry root weight, 2 with shoot 

Na+ and 3 each with K+ and Na+/K+ ratio and each QTLs explained phenotypic variation 

ranging from 4% to 15%. Common QTLs were identified for different traits (Masood et al., 

2004). 

  

Ren et al. (2005) mapped eight QTLs for the K+ and Na+ content by using F2 

recombinant inbred lines (RILs) derived from the cross between Nonabokra and Koshikari 

variety of rice. SKC1, a major QTL for shoot K+ content, was detected on chromosome 1. 

BC2F2 populations of 2,973 plants were utilized to generate high resolution map and also to 

find out the Koshikari background with clone of SKC1 from salt tolerant Nonabokra. Under 

saline condition, the shoot K+ content in the NIL (SKC1) having small Nonabokra region 

between caps markers K159 and K061 was substantially greater than that in the isogenic 

control Koshikari, hence controlling the K+/Na+ homeostasis under salt stress. 

 

Seedling and maturity stages are very sensitive to salinity in rice. Quantitative trait loci 

(QTL) for salinity tolerance were detected and mapped at seedling stage both in indica and 

japonica rice (Lee et al., 2007; Javed et al., 2006; Lin et al., 2004; Gu et al., 2000; Prasad et 

al., 2000).  

 

F2 population doubled haploid (DH) population and recombinant inbred line (RIL) 

population can be utilized as molecular mapping population. But F2 population, a segregating 

population having different genetic background with each other, is commonly utilized to 

identify the quantitative trait loci (QTL) for different traits of crops (Ming-Zhe, 2005). 

However, it is usually difficult to evaluate the reliability of the data due to the inability to 

carry out replicated field tests with F2 populations for data collection. F3 families instead of 

the F2 individuals frequently referred as F2-3 populations were used in several studies to solve 



21 
 

this problem partially in making field measurements of the quantitative traits (Wu et al., 

2009). However, Li et al. (2000) demonstrated to obtain replicated data from F2 mapping 

populations.  

 

 A major quantitative trait locus (QTL) for salt tolerance at seedling stage (Saltol) was 

identified on chromosome 1 of pokkali cultivar and it was utilized as reference for 

haplotyping. Thirty rice genotypes divided into 16 different haplotypes based on Saltol QTL. 

RM8094 and RM10745 microsatelite markers were found to be the most effective markers for 

discriminating the salinity tolerant genotypes (Mohammadi-Nejad et al., 2010). 

  

Limited research work was conducted to detect quantitative trait loci (QTL) for salt 

tolerance in different crops other than rice.  

 

QTLs for salt tolerance at late growth stage in barley, QTLs for salt tolerance in white 

clover and QTLs for salt tolerance in tomato were identified.  

 
 To identify quantitative trait loci (QTL) for yield and physiological components at the 

late growth stage under salt stress and non-stress environments in barley, a double haploid 

population produced by crossing between CM72 (salt-tolerant) and Gairdner (salt-sensitive) 

was used. A total of 30 QTLs for 10 traits, including tiller numbers (TN), plant height, spikes 

per line (SPL), spikes per plant (SPP), dry weight per plant, grains per plant, grain yield, shoot 

Na+ (NA) and K+ concentraitions (K) in shoot, and Na+/K+ ratio (NAK), were detected. 

Among them 17 and 13 QTLs were identified under non-stress and salt stress, respectively. 

The phenotypic variation explained by individual QTL ranged from 3.25 to 29.81%. QTL 

flanked by markers bPb-1278 and bPb-8437 on chromosomes 4 and was associated with TN, 

SPL, and SPP under salt stress (Xue et. al., 2009).  

 

 Wang et al. (2010) conducted research work to identify quantitative trait loci (QTLs) 

for salt tolerance at vegetative stage of white clover. By using simple sequence repeat (SSR) 

and single nucleotide polymorphism (SNP) markers two parental genetic maps were 

constructed and the maps had 213 and 159 marker loci as well as spanning 1973.0 and 1837.6 

cM, respectively. Eight unique genomic regions on 8 linkage groups (LGs) of the Haifa2 

parental map and 6 unique genomic regions on 5 linkage groups (LGs) of the LCL2 parental 

map and all were associated with plant growth under saline condition. The results revealed 
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that salt tolerance in white clover is controlled by multiple QTLs, some at common locations, 

but each of limited magnitude. The genetic basis and potential for pyramiding of salt tolerance 

genes in breeding improvement of white clover were provided by the location of those QTLs. 

 

 Using two introgression line (IL) libraries produced by crossing between two different 

wild species, Solanum pennellii LA716 and Solanum lycopersicoides LA2951, QTLs for salt 

tolerance was detected in the seedling stage of tomato. Four major QTLs were identified on 

chromosomes 6, 7 and 11 in Solanum pennellii. Six major QTLs were discovered on 

chromosomes 4, 6, 9 and 12 in   Solanum lycopersicoides (Li et al., 2011). 

  

 Many accessions (ecotypes) of Arabidopsis were collected. Although they had little 

variations among their nucleotide sequences but these slight differences induce large genetic 

variation in phenotypic traits such as stress tolerance and flowering time. To recognize the 

natural variability in salt tolerance, large-scale soil pot experiments were conducted to 

evaluate salt tolerance among 350 Arabidopsis thaliana accessions. The evaluation revealed a 

wide variation in the salt tolerance among accessions. The data obtained by the large-scale 

assay correlated well with the results of a salt acclimation (SA) assay, in which plants were 

transferred to high-salinity medium following placement on moderate-salinity medium for 7 d. 

It was revealed that the salt tolerance without SA is a quantitative trait controlled by many 

genes, whereas salt tolerance with SA is controlled by a single gene located on chromosome 5 

and that was common for the markedly salt-tolerant accessions. The findings provided 

imperative information for the perceptive mechanisms underlying natural variation of salt 

tolerance in Arabidopsis (Katori et al., 2010). 
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2.6 Association mapping in rice and other crops for 

different traits: 

 

A great interest has been generated in using association mapping to identify genes 

responsible for quantitative variation of complex traits with agricultural and evolutionary 

importance. Association mapping detects quantitative trait loci (QTLs) by investigating the 

marker-trait associations (Chengsong, 2008). 

 
For dissecting complex traits in many organisms from humans to model plant systems 

association studies are becoming popular experimental approach. The association approach 

based on candidate gene had several important advantages for complex trait dissection in 

many coniferous forest tree species, including random mating and unstructured populations, 

adequate levels of nucleotide diversity, rapid decay of linkage disequilibrium, and precise 

evaluation of phenotype from clonal or progeny testing. Allele discovery using association 

approaches would lead to more-efficient methods of marker-assisted breeding and a deeper 

understanding of genetic adaptation in forest trees (Neale and Savolainen, 2004). 

 
Arabidopsis thaliana, a highly selfing hermaphrodite, largely exists as a collection of 

naturally occurring inbred lines, or accessions, which could be genotyped once and 

phenotyped repeatedly. In addition, linkage disequilibrium in such a species would be much 

more extensive than in a comparable out crossing species. The feasibility of genome-wide 

association mapping was examined in A. thaliana by searching for associations with flowering 

time and pathogen resistance in a population of 95 accessions for which genome wide 

polymorphism data were available. In spite of an extremely high rate of false positives due to 

population structure, major genes for all phenotypes tested were identified. In that way it 

confirmed the potential of genome-wide association mapping in A. thaliana and other species 

with similar patterns of variation (Aranzana, 2005). 

 

Association mapping was performed on 95 cultivars of soft winter wheat. On the basis 

of 36 unlinked simple-sequence repeat (SSR) markers population structure was estimated. 

Association of 62 SSR loci was found on chromosomes 2D, 5A, and 5B with kernel 

morphology and milling quality was analyzed through a mixed-effects model considering 
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subpopulation as a random factor and the marker tested as a fixed factor. In agreement with 

previous QTL analysis, significant markers for kernel size were identified on the three 

chromosomes tested, and it revealed that for marker-assisted selection association mapping 

could complement and enhance previous QTL information (Breseghello and Sorrells, 2005).  

 

Ninety-seven highly polymorphic simple sequence repeats (SSR) and 166 amplified 

fragment length polymorphism (AFLP) markers were used to characterize 189 durum wheat 

accessions those were mainly cultivars and advanced breeding lines. Genome-wide significant 

and sizeable linkage disequilibrium (LD) indices at a centimorgan scale were observed, while 

LD mainly decayed within 10 cM. In contrast, effects due to spurious LD were remarkably 

lower than those previously observed in a durum wheat collection sampling durum gene pools 

of more diverse origin. Those results along with the high level of genetic variability identified 

for a number of important morpho-physiological traits and their high heritability indicated the 

appropriateness of that collection for association mapping studies targeting agronomically 

important traits (Maccaferril et al., 2006). 

 

Ninety-two rice germplasm accessions collected from seven geographic regions of 

Africa, Asia, and Latin America, and eleven US cultivars were evaluated for yield and kernel 

characteristics, and genotyping was done by using 123 SSR markers. The SSR markers 

showed highly polymorphism for all accessions. Many of the associated markers were located 

on the same regions where QTLs were detected earlier and thus it was proved that association 

mapping was a viable alternative technique to QTL mapping in rice (Agrama et al, 2007). 

 
Association mapping in populations applicable for wheat breeding had a large prospect 

for validating and fine-mapping QTLs detected in F2 or DH (double haploid) derived 

populations. By using linkage and association analysis approach associations between markers 

in the region of QSng.sfr-3BS, a major QTL for resistance to Stagonospora nodorum glume 

blotch (SNG), and SNG resistance were explored. Using 44 modern European winter wheat 

varieties association between SNG resistance and markers mapped in the region of QSng.sfr-

3BS. Two genetically dissimilar subpopulations were recognized within those lines. 

Association mapping could provide an effective mean of relating genotypes to complex 

quantitative phenotypes in hexaploid wheat. On the basis of 91 SSR and STS marker-pair 

comparisons, it was observed that linkage disequilibrium (r 2) in chromosome 3B extended 

less than 0.5 cM in 44 varieties, while it extended about 30 cM in 240 recombinant inbred 
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lines (RILs).It revealed that the association mapping population had a marker resolution 

potential at least 390-fold higher compared to the RIL population (Tommasini et al., 2007).  

 

Ninety five Arabidopsis thaliana accessions along with a number of flowering-related 

phenotypes and data-perturbation simulations were used to assess a wider range of methods 

for controlling for population structure. It was detected one previously known true positive 

and several promising new associations by combining the association results with results from 

linkage mapping in F2 crosses, but the presence of both false positives and false negatives was 

also displayed. The study was strictly under-powered both in terms of sample size and marker 

density. A striking demonstration of confounding by population structure was also revealed. 

Finally it might be stated that association mapping was a influential tool for detecting a list of 

candidates that was short enough to allow further genetic study (Zhao et al., 2007). 

 

For dissecting the genetic basis of complex quantitative traits, the genetic and 

statistical properties of the nested association mapping (NAM) design was implemented in 

maize (26 diverse founders and 5000 distinct immortal genotypes). The NAM design 

simultaneously takes advantage of both linkage analysis and association mapping. Using 

common-parent-specific (CPS) markers genotyping for the founders and the progenies were 

performed, and then the inheritance of chromosome segments nested within two adjacent CPS 

markers was inferred through linkage. By using 5000 genotypes, 30–79% of the simulated 

quantitative trait loci (QTL) were precisely detected. By integrating genetic design, genomics 

technologies, and natural diversity the new complex trait dissection strategy would greatly 

facilitate actions to link molecular variation with phenotypic variation for various complex 

traits (Yu et al., 2008).  

 
Three hundred seventy seven (377) accessions of sorghum representing all major 

cultivated races (tropical lines from diverse geographic and climatic regions), and important 

U.S. breeding lines and their progenitors were used for association mapping. Accessions were 

phenotyped for eight traits and genotyped by using 47 simple sequence repeat (SSR) loci. It 

revealed that association models that accounted for both population structure and kinship 

performed better than those that did not. It was also observed that the optimal number of 

subpopulations used to correct for population structure was trait dependent. The association 

models, genotypic data, and germplasm panel would provide a preparatory point for sorghum 
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researchers to start association studies of traits and markers or candidate genes of interest 

(Alexandra et al, 2008). 

 

Association mapping is a procedure for detecting QTLs as well as their alleles based 

on linkage disequilibrium (LD). Representative samples of 393 landraces of Glycine NKZX 

(L.) Merr. and 196 wild accessions of Glycine soja Sieb. et Zucc. were used as population.The 

genotyping data was collected by using 60 simple-sequence repeat (SSR) markers on that 

population. Linkage disequilibrium of painvise loci and population structure were firstly 

analyzed for the two populations, and then the association analysis between SSR loci and 16 

agronomic and quality traits was performed by using TASSEL GLM (general linear model) 

program. More LD loci pairs were detected in the cultivated soybean population compared to 

wild soybean population but it had higher degree and slower attenuation of LD than the 

cultivated soybean population. Twenty seven and thirty four SSR loci associated with the 

traits were detected from cultivated and wild populations, respectively. Some loci were found 

to associate with the same trait in both populations (Zi-Xiang et al., 2008). 

 

Association mapping concept was applied to barley and breeding activity was resulted 

in a high degree of population sub-structure. There is a major genotypic division between 

winter- and spring-sown varieties of barley, which differ in their prerequisite for vernalization 

to encourage consequent flowering. The use of association genetics in barley was 

authenticated by identifying major flowering time loci that control vernalization requirement 

(VRN-H1 and VRN-H2), in spite of their important role in formative population sub-structure 

(Cockram et al., 2008).  

 
The analysis of genome structure had confirmed the relationships between genomes 

and the generally high conservation of gene order or synteny between related species. Model 

species had provided helpful starting points, but the technological advances encouraged to 

take advantage of the extensive germplasm collections and phenotypic datasets that had been 

developed for many crop species. The use of those genetic resources through association 

mapping and related approaches provided the opportunity to identify and characterize genetic 

variations responsible for key agronomic traits (Fleury, 2012).  
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3-MATERIALS AND METHODS 
 
 

3.1 QTL identification through linkage mapping: 
 
3.1.1 Plant materials: 
Pokkali is traditional salinity tolerant rice variety (Javed et al., 2006; Lee et al., 2006 ; Xie et 

al., 2000). IR-36 rice is sensitive to salinity and performs poorly in saline fields (IRRI, 1994; 

Faustino, 1996). Salinity sensitive rice variety (IR-36) was crossed with salt tolerant cultivar 

(Pokkali) in 2008 at School of Biological Sciences, University of the Punjab, Lahore and F1 

seeds of the cross (IR-36 X Pokkali) were harvested. F1 seeds of the cross (IR-36 X Pokkali) 

were sown and F2 seeds were harvested during kharif 2009. F2 populations were developed by 

sowing F2 seeds in kharif 2010. F2 populations, developed from parent lines showing 

maximum polymorphism, were used in proposed study to detect the QTLs related to 

agronomic and physiological traits under saline condition.  

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3.1 Scematic diagram for the development of F2 population seeds. 
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Fig.3.2 Germination of parental variety (IR36 and Pokkali). 

[5 days after soaking in water] 
 

 

Fig.3.3 Growing seedlings (45 days aged) of parental variety (IR36 and Pokkali) 
and F1 (shown as 1E) 
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Fig. 3.4 Germination of F2 population (5 days after soaking in water). 

 

 

3.1.2 Salinity Blocks: 
 

Two salinity blocks (each of length 40 feet X width 20 feet X depth 5 feet) with glass roofs 

were constructed by using bricks, cement and other constructive materials to escape the 

experimental error. The glass roofs would not create any hindrance in light reception and 

dilution of salt by rainfall could be avoided. The salinity blocks were filled with soil collected 

from saline areas of District Sheikhupura in Punjab having electrical conductivity 6-8 ds/m. 

Leaching, percolation and surface runoff of soil water were strictly controlled so that electrical 

conductivity remained constant. 
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Fig.3.5 Transplantation of indica rice F2 population in salinity blocks 
(30 days old seedling; salinity level: 7.5 dS/m) 

 

 

Fig.3.6 Growing indica rice F2 population in salinity blocks 
(40 days after transplanting; salinity level: 7.5 dS/m) 
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3.1.3 Phenotyping the F2 populations for agronomic and 

physiological traits at maturity stage:  
 

Seeds of F1 population (F2 seed) were grown in beds maintaining seedling to seedling and row 

to row distances of 1 and 3 inches, respectively. One hundred and thirteen seedlings of F2 

population were grown and at the age of 30 days each plant was separated into three plantlets 

by peeling off the tillers. Two plantlets of similar genetic background were transplanted in 

salinity blocks as two replications and third plantlet was transplanted in normal soil as control. 

Plant to plant and row to row distance were maintained at 9 and 12 inches, respectively. The 

following agronomic and physiological traits were recorded at maturity stage under both 

saline and normal condition: 
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3.1.3.1 Agronomic traits for QTL analysis: 

 

i) Plant height (cm). 

ii) Number of tillers per plant. 

iii) Number of effective tillers per plant. 

iv) Presence of secondary tillers. 

v) Panicle weight (g). 

vi) Panicle length (cm). 

vii) Number of spikelets per panicle. 

viii) Number of unfilled grain/panicle. 

ix) Number of grain/panicle 

x) Panicle fertility (%). 

xi) Days to 50% flowering. 

xii) Days to maturity. 

xiii) Grain length (mm). 

xiv) Grain width (mm). 

xv) Grain length-width ratio. 

xvi) 1000 grain weight (g). 

xvii) Grain Yield (g per plant). 

xviii) Straw Yield (g per plant). 

xix) Harvest Index (%) 

 

Plant height, Panicle length, Grain length, and Grain width were measured by using measuring 

scale. Grain length-width ratio was recorded by dividing grain length with grain width. 

Number of tillers per plant, number of effective tillers per plant (panicle bearing tillers), and 

number of grain per panicle were counted. Panicle weight and 1000 grain weight (weight of 

1000 number of grain) were recorded by using weighing machine. Days required from 

germination to 50% flowering stage was recorded as Days to 50% flowering and Days 

required from germination to maturity stage was recorded as Days to maturity. Straw 

(excluding panicle and roots) for each plant was collected during maturity stage; it was 

weighed and thus straw yield was recorded.  
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Panicle fertility (%), Grain Yield per plant and Harvest index (%) were calculated by using the 

following formulae: 

                                             

Number of effective tiller X 100 
 
 

 

Grain yield (g/plant)= Number of effective tiller/plant X Number of grain/panicle 

                                   X Thousand grain weight (g) /1000 
 
 

Grain Yield X 100 
 
 

 

 

3.1.3.2 Physiological traits for QTL analysis: 

 
i) Sodium content in flag leaf (Sodium uptake). 

ii) Potassium content in flag leaf (Potassium uptake). 

iii) Calcium content in flag leaf (Calcium uptake). 

iv) Total cation content in flag leaf (Total cation uptake). 

v) Sodium and potassium ratio in flag leaf (Sodium/ Potassium uptake). 

vi) Sodium uptake ratio (compared to soil). 

vii) Potassium uptake ratio (compared to soil). 

viii) Calcium uptake ratio (compared to soil). 

ix) Total cation uptake ratio (compared to soil). 

x) Uptake ratio of sodium/ potassium (compared to soil). 

 

 

 

 

 

 

            Panicle fertility (%)= 
Number of total tiller 

              Harvest Index (%)= 
Straw Yield 
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3.1.3.2.1 Quantitative Measurement of sodium, potassium and calcium 

in flag leaf 
 

The above-mentioned physiological traits were measured using dried plant material following 

the method described by Gillingham et al. (1987) with slight modification. 

  

The following steps were followed for quantification of sodium, potassium and calcium 

content in flag leaf collected from both salinity blocks and normal field condition: 

1) Ten mg dried rice leaf sample for each plant was taken and cut into small pieces. 

2) It was placed in previously marked sample tube (plastic falcon tubes or Pyrex glass 

tubes) containing 0.5 ml of nitric acid. Separate sample tube was used for each leaf 

sample.  

3) The sample tubes were heated in a boiling water bath or in an oven for 6 hours. 

4) Afterward the sample tubes were autoclaved at 121ºC for 20 minutes and allowed 

those to cool at room temperature. 

5) Then the sample solution was filtered by using whatman filter paper and further 

filtered by injecting through micro filter. 

6) Six different standard solutions were prepared for sodium, potassium and calcium 

individually. 

7) Sample solutions were diluted as per reading of the Atomic Absorption 

Spectrophotometry so that reading would be within the range. 

8) Then sodium, potassium and calcium content were determined one by one by Atomic 

Absorption Spectrophotometry. Atomic Absorption Spectrophotometry included a 

flame burner to atomize the sample (a hollow cathode lamp), a monochromator, and a 

photon detector. 

9) Finally sodium, potassium and calcium content were calculated considering 

Spectrophotometry reading and dilution factor. 
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Sodium uptake ratio by plant was calculated by using the following formula: 

 

 
 
Sodium content in flag leaf 
Total sodium content in soil 
 

 
Total sodium content in soil= sodium content in soil during harvesting time + sodium content 

in flag leaf at maturity stage. 

 

Similarly, potassium, calcium and total cation uptakes by plant were calculated. 

 

Total cation was calculated by adding sodium, potassium and calcium (It is noted that other 

minor cations were not considered). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sodium uptake ratio by plant= 
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3.1.3.2.2 Soil analysis 
  

 Eight primary soil samples were collected both from different areas of salinity blocks 

and different areas of normal field at maturity stage of F2 rice plants in 2010. Afterward the 

eight primary soil samples collected from salinity blocks and normal field were mixed 

separately. Two working soil samples were taken randomly from the two soil samples. Soil 

samples representing salinity block and normal field were sent to Soil and Water Testing 

Laboratory for Research, Agriculture Department, Government of the Punjab, Lahore, 

Pakistan for measurement of sodium, potassium and calcium content and other information. 

Soil analysis report is given in table 3.1. 

 

Table 3.1.3.1 Analysis of soil collected from salinity blocks and normal field 

(in 2010) 

 

Parameter Soil sample collected from 

salinity block 

Soil sample collected from 

normal field 

EC (dS/m) 7.5 2.6 

Available Sodium 

(mg/kg or ppm) 

4140 470 

Available Potassiumm 

(mg/kg or ppm) 

130 96 

Available Calcium 

(mg/kg or ppm) 

120 60 

Available Phosphorus 

(mg/kg or ppm) 

13.9 8.5 

PH 8.2 8.0 

 

Organic matter (%) 0.42 0.77 

 

Saturation (%) 40 40 

 

Texture Loam Loam 
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3.1.4 Genotyping the F2 populations:  
 

3.1.4.1 Plant DNA Extraction (CTAB Method): 
The DNA extraction from parental rice plants (IR-36 and Pokkali) and F2 populations were 

carried out by CTAB method described by Doyle and Doyle (1990). Fresh leaf samples were 

used for DNA isolation. CTAB buffer composition is given in Appendix (i). 

 

The following steps were followed for DNA extraction: 

 

1) Mortar and pestle were wrapped in aluminum foil and sterilized by placing in an oven at 

180°C for at least 2 hours. After that mortar and pestle were taken out from oven and 

cooled to room temperature. 

2) Mortar and pestle were kept in freezer at - 20°C for at least one hour before DNA 

extraction. 

3) Twenty ml of 60°C pre warmed CTAB buffer was poured in 50 ml falcon tube. 

4) Two µl /ml mercaptoethanol was added just prior to use. 

5) Two gram of fresh leaf tissue was ground in mortar and pestle with liquid nitrogen until a 

fine powder was formed.  

6) Powdered plant material was transferred to CTAB containing falcon tube. Solution was 

mixed well by inverting falcon tube several times. 

7) The mixture was incubated for 30 min at 60 °C (either in water bath or oven).  It was 

shaken after intervals of 5 minutes. 

8) Twenty ml of chloroform/isomyl alcohol (24/1) was added to each tube. The solution was 

mixed well by inverting several times. 

9)  It was centrifuged at 6000 rpm for 10 min at 4 °C. 

10)  Upper 15 ml of aqueous phase was transferred to a new labelled falcon tube and equal 

volume of ice-cold isopropyl alcohol was added with the help of a pipette. 

11)  After that it was incubated at least for 1 hour to overnight at – 20 °C. 

12)  Centrifugation was performed at 6500 rpm for 10 min at 4 °C so as to settle the DNA 

containing pallet. The supernatant was dumped carefully.DNA containing pallet settled 

down in tube. 
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13)  Pellet was washed with 0.5 ml of 76% ethanol (4.8 ml 95% ethanol, 1.2 ml sterile H2O, 

15 µl 4M NaOAc). Centrifuged at 8000 rpm for 10 min at 4 °C. 

14)  Finally pellet was dried in Speed Vac for 30 min. 

15)  To the dried pallet, 300 µl of sterile water containing RNAase was added (40 µg/ml). It 

was kept in an incubator at 37 °C for 3~4 hours to dissolve pallet completely. 

 

3.1.4.2 DNA quantification:  

3.1.4.2.1 DNA quantification with agarose Gel 
 

Hundred ml of binary agarose gel was prepared according to following procedure: 

1- Gel tray and box was assembled and after checking level and insertion of appropriate 

comb it was placed in pre warmed incubator at 60°C. 

2- Hundred ml of 0.5 X TBE buffer was added to 500 ml flask. 

3- Agarose (0.8g) and synergel (0.4g) were added to flask. Swirled several times before 

heating in microwave. 

4- Agarose / buffer slurry was heated in microwave for one minute and this step was 

repeated 3-4 times until agarose/synergel completely dissolved in solution. 

5- Eight to ten µl of ethidium bromide was added to solution and solution was placed in 

60 °C incubator to equilibrate its temperature with gel tray. 

6- After 20 minutes gel was poured in tray and allowed it to polymerise. It took about 30 

minutes. 

7- Once gel was solidified comb was removed carefully and gel tray was placed in tank 

containing sufficient amount of 0.5X TBE buffer for electrophoresis. 

8- For loading DNA samples, one µl of 6 X DNA loading buffer was added to 5 µl of 

each DNA samples 

9- DNA samples and the DNA standard marker were loaded into the wells of the 

solidified gel submerged in 0.5X TBE buffer. Gel electrophoresis was carried out at 80 

volts until the blue dye travelLed near to the other end. 

10- After electrophoresis, amount of DNA in each sample was estimated visually by 

comparing the fluorescence produced by each sample with the DNA of known 

concentration. 
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3.1.4.2.2 Spectrophotometric quantification 
 

NanoDrop® ND-1000 Spectrophotometer was used for quantification of DNA. The 

NanoDrop® software was opened on computer first. From main menu DNA quantification tab 

was selected. Sensor of the instrument was cleaned with tissue paper and took the blank 

reading with 2 µl of distilled water. Water was removed from sensor with the help of pipette 

and 2 µl of the sample was placed on sensor for DNA measurement. DNA concentration 

appeared in ng/µl and 260/280 ratio of every sample was used to assess the quantiity of 

extracted DNA sample. 

 

3.1.4.3 Dilution of DNA samples 
After the initial estimation of DNA concentration of extracted DNA samples with agarose gel 

and NanoDrop, working DNA solution for each sample was prepared using formula- 

C1V1=C2V2.  

Where, 

C1= Initial concentration of DNA sample 

V1= Initial volume of DNA sample 

C2= Final concentration of DNA sample 

V2= Final volume of DNA sample 

 

Five hundreds (500) µl of each DNA sample having final concentration of 50ng/ µl was 

prepared. The DNA concentration was further confirmed by performing gel electrophoresis of 

each diluted sample.  

 

 

3.1.4.4 PCR amplification: 
 

 A PCR plate having 96 wells was taken and for each DNA template 20 l PCR 

reaction was prepared. Microsatellites were amplified by standard PCR procedures described 

by Zhang et al. (2000). 
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The PCR reaction volume of 20 l consisted of the following ingredients: 

 

1-  DNA sample                         ……………..   1.50 µl 

2-  10X Buffer   ……………..   2.00 µl 

3- 25mM MgCl2   ……………..   1.50 µl 

4- Mixture of forward primer      

       and reverse primer (2 µM) ……………..   2.00 µl 

5-  dNTP ( 2 mM)   ……………..    2.00  µl  

6- Taq DNA polymerase       ……………..    0.20 µl 

7- Autoclaved deionized water ……………..    10.8 µl 

 

PCR amplification reactions were conducted in a PCR machine (Eppendorf 

Mastercycler) under the following programme. 

 

PCR conditions were as follows: 

 

Serial No. Cycles Temperature Reaction time 
1 1 cycle 94 °C 5 minutes 
2 1 cycle 94 °C 1 minute 
3 1 cycle Varying annealing temperatures 

(Mostly 55 °C) 
1 minute 

4 1 cycle 72 °C 2 minute 
5  

35 cycles 
Repeatation serial no. 2 to 4 

 
 

6 1 cycle 72 °C 5 minutes 
7 1cycle 16 °C Holding 
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3.1.4.5 Microsatellite primers 
 

3.1.4.5.1 Primer information 
 

The unique sequences flanking microsatellite repeats have already been reported by Wu and 

Tanksley (1993), Panuad et al. (1996) and Temnykh et al. (2001). They designed to produce 

well-matched primers, 17-22 nucleotides long, with a GC contents around 50% (melting 

temperature approximately 60º C), a low frequency of primer dimmers and preferably G or C 

rich at 3´ end. Primers were selected to produce a PCR product mostly in the range of 80-320 

bps.  

 

Five hundred and thirty three primers were collected from Gene LinkTM, 190 Saw Mill River 

Rd, Hawthorne, NY 10532-1530, USA. List of primers used in experiment and primers 

information (as per Provider Company) are given in table.3.1.4.1. 
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 Table 3.1.4.1 List of primers and their information 
 

Serial 
No. 

Primer/ 
SSR marker 

name 

Chrom
osome 

location 

Distance on 
chromosome 

*Repeat 
type  

and length 

No. of 
alleles 

PCR 
product 

in 

Size 
range 

Forward primer Reverse primer Anneal 
temp 
(ºC) Min Max 

1 RM3 6 74.3 75.5 (GA)2GG
(GA)25 

5 145 118-148 acactgtagcggccactg cctccactgctccacatctt 55 

2 RM4A 12 5.2  (AG)n 4 n.a. 141-155 ttgacgaggtcagcactgac agggtgtatccgactcatcg 55 
3 RM4B 11 0  (AG)16 4 159 149-159 ttgacgaggtcagcactgac agggtgtatccgactcatcg 55 
4 RM5 1 94.9  (GA)14 6 113 108-130 tgcaacttctagctgctcga gcatccgatcttgatggg 55 
5 RM6 2 154.7  (AG)16 5 163 147-165 gtcccctccacccaattc tcgtctactgttggctgcac 55 
6 RM7 3 64  (GA)19 5 180 168-182 ttcgccatgaagtctctcg cctcccatcatttcgttgtt 55 
7 RM8 2 28.7 34.7 (GA)14C(

GA)2 
5 252 250-262 cacgtggcgtaaatacacgt ggccaaaccctaaccctg 55 

8 RM9 1 92.4  (GA)15G
T(GA)2 

8 136 124-194 ggtgccattgtcgtcctc acggccctcatcaccttc 55 

9 RM10 7 63.5  (GA)15 5 159 159-177 ttgtcaagaggaggcatcg cagaatgggaaatgggtcc 55 
10 RM11 7 47  (GA)17 7 140 123-147 tctcctcttcccccgatc atagcgggcgaggcttag 55 
11 RM13 5 28.6 34.7 (GA)6-

(GA)16 
6 141 131-147 tccaacatggcaagagagag ggtggcattcgattccag 55 

12 RM14 1 194.1  (GA)18 5 191 174-191 ccgaggagaggagttcgac gtgccaatttcctcgaaaaa 55 
13 RM16 3 131.5  (TCG)5(G

A)16 
6 181 168-230 cgctagggcagcatctaaa aacacagcaggtacgcgc 55 

14 RM12 12 109.1  (GA)21 4 184 162-184 tgccctgttattttcttctctc ggtgatcctttcccatttca 55 
15 RM17 12 109.1  (GA)21 4 184 162-184 tgccctgttattttcttctctc ggtgatcctttcccatttca 55 
16 RM18 7 90.4  (GA)4AA

(GA)(AG)
16 

4 157 151-165 ttccctctcatgagctccat gagtgcctggcgctgtac 55 
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17 RM19 12 20.9  (ATC)10 6 226 219-252 caaaaacagagcagatgac ctcaagatggacgccaaga 55 
18 RM20A 12 3.2  (ATT)14 7 165 162-198 atcttgtccctgcaggtcat gaaacagaggcacatttcattg 55 
19 RM20B 11 0  (ATT)n 3 140 116-140 atcttgtccctgcaggtcat gaaacagaggcacatttcattg 55 
20 RM21 11 85.7  (GA)18 9 157 132-170 acagtattccgtaggcacgg gctccatgagggtggtagag 55 
21 RM22 3 11 13 (GA)22 6 194 183-201 ggtttgggagcccataatct ctgggcttctttcactcgtc 55 
22 RM23 1 71.6  (GA)15 7 145 134-150 cattggagtggaggctgg gtcaggcttctgccattctc 55 
23 RM24 1 78.4 83.5 (GA)29 8 192 152-198 gaagtgtgatcactgtaacc tacagtggacggcgaagtcg 55 
24 RM25 8 52.2  (GA)18 8 146 130-158 ggaaagaatgatcttttcatgg ctaccatcaaaaccaatgttc 55 
25 RM26 5 118.8 126.6 (GA)15 3 112 102-112 gagtcgacgagcggcaga ctgcgagcgacggtaaca 55 
26 RM27 2 66  (GA)7 3 158 155-161 ttttccttctcacccacttca tctttgacaagaggaaagaggc 55 
27 RM29 2 68.9  (GA)7 2 250 188-200 cagggacccacctgtcatac aacgttggtcatatcggtgg 55 
28 RM30 6 125.4  (AG)9A(

GA)12 
4 105 78-106 ggttaggcatcgtcacgg tcacctcaccacacgacacg 55 

29 RM31 5 118.8 129.2 (GA)15 6 140 141-153 gatcacgatccactggagct aagtccattactctcctccc 55 
30 RM32 8 60.9 85.8 (TC)3A(C

T)9(TC)5 
n.a. 168 n.a. agtctacgtggtgtacacgtgg tgcggcctgccgtttgtgag 55 

31 RM34 1 104.2  (CT)17(T
C)2 

n.a 161 n.a. gaaatggcaatgtgtgcg gccggagaaccctagctc 55 

32 RM35 1 57.3 71.6 (GA)19 4 207 204-214 tggttaatcgatcggtcgcc cgacggcagatatacacgg 55 
33 RM36 3 40.5 67.8 (GA)23 n.a 192 n.a. caactatgcaccattgtcgc gtactccacaagaccgtacc 55 
34 RM38 8 28  (GA)16 7 250 246-278 acgagctctcgatcagccta tcggtctccatgtcccac 55 
35 RM39 5 78.7 80.1 (CT)17CC

A(TC)3 
n.a. 115 n.a. gcctctctcgtctccttcct aattcaaactgcggtggc 55 

36 RM41 9 0 20 (GA)15 n.a. 265 n.a. aagtctagtttgcctccc aatttctacgtcgtcgggc 55 
37 RM42 8 78.4  (AG)6-

(AG)2T(G
A)5 

5 166 161-171 atcctaccgctgaccatgag tttggtctacgtggcgtaca 55 

38 RM44 8 60.9 69 (GA)16 5 99 93-131 acgggcaatccgaacaacc tcgggaaaacctaccctacc 55 
39 RM47 7 90.4 96.9 (AG)7- 3 229 230-234 actccactccactccccac gtcagcaggtcggacgtc 55 
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(AG)11 
40 RM48 2 190.2 191.2 (GA)17 7 204 199-221 tgtcccactgctttcaagc cgagaatgagggacaaataacc 55 
41 RM49 3 158.6 161.1 (GA)27 2 189 101-103 ttcggaagttggttactgatca ttggagcggattcggagg 55 
42 RM50 6 39.5  (CTAT)4(

CT)15 
6 201 180-202 actgtaccggtcgaagacg aaattccacgtcagcctcc 55 

43 RM51 7 0 4.4 (GA)13 6 142 130-144 tctcgattcaatgtcctcgg ctacgtcatcatcgtcttccc 55 
44 RM52 8 24.8 28 (AG)19 n.a. 240 n.a. ctactcgcgcgtggagtt tgtcttactggtgaagctgg 55 
45 RM53 2 32.7  (GA)14 6 182 168-208 acgtctcgacgcatcaatgg cacaagaacttcctcggtac 55 
46 RM55 3 168.2  (GA)17 4 226 217-235 ccgtcgccgtagtagagaag tcccggttattttaaggcg 55 
47 RM60 3 0  (AATT)5

AATCT(
AATT) 

2 165 167-171 agtcccatgttccacttccg atggctactgcctgtactac 55 

48 RM70 7 64.6  (ATT)33 9 170 134-215 gtggacttcatttcaactcg gatgtataagatagtccc 55 
49 RM71 2 49.8  (ATT)10T

(ATT)4 
4 149 125-149 ctagaggcgaaaacgagatg gggtgggcgaggtaataatg 55 

50 RM72 8 60.9  (TAT)5C(
ATT)15 

7 166 152-198 ccggcgataaaacaatgag gcatcggtcctaactaaggg 55 

51 RM80 8 103.7  (TCT)25 7 142 116-173 ttgaaggcgctgaaggag catcaacctcgtcttcaccg 55 
52 RM81A 1 77.5  (TCT)10 n.a. 110 n.a. gagtgcttgtgcaagatcca cttcttcactcatgcagttc 55 
53 RM81B 3 0 13  n.a.  n.a. gagtgcttgtgcaagatcca cttcttcactcatgcagttc 55 
54 RM82 7 4.4 30.1 (TCT)11 4 186 108-120 tgcttcttgtcaattcgcc cgactcgtggaggtacgg 55 
55 RM83 12 46.8  (TCA)6(T

CT)8 
n.a. 142 n.a. actcgatgacaagttgagg cacctagacacgatcgag 55 

56 RM84 1 26.2  (TCT)10 3 113 111-126 taagggtccatccacaagatg ttgcaaatgcagctagagtac 55 
57 RM85 3 231  (TGG)5(T

CT)12 
4 107 85-107 ccaaagatgaaacctggattg gcacaaggtgagcagtcc 55 

58 RM86 1 28.4  (CTT)16 n.a. 160 n.a. tacacctcatcgatcaatcg ctttcgaatctgaagatc 55 
59 RM87 5 129.2  (CTT)3T(

CTT)11 
5 151 124-151 cctctccgatacaccgtatg gcgaaggtacgaaaggaaag 55 
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60 RM88 8 60.9 85.8 (TCT)11 n.a. 180 n.a. actcatcagcatggccttgctc taatgctccaccttcaccac 55 
61 RM100 1 143.2 154.8 (GA)27 n.a. 204 n.a. catggagaggaactggtgtt ctctgatttctacctctctc 55 
62 RM101 12 49.5  (CT)37 6 324 258-334 gtgaatggtcaagtgacttaggtggc acacaacatgttccctcccatgc 55 
63 RM102 1 152.2  (GGC)7(C

G)6 
3 311 428-444 aactttcccaccaccaccgcgg agcagcagcaagccagcaagcg 61 

64 RM103 6 143.7 149.7 (GAA)5 3 336 334-340 cttccaattcaggccggctggc cgccacagctgaccatgcatgc 55 
65 RM104 1 186.6  (GA)9 3 222 222-238 ggaagaggagagaaagatgtgtgtcg tcaacagacacaccgccaccgc 61 
66 RM105 9 32.1  (CCT)6 5 134 131-140 gtcgtcgacccatcggagccac tggtcgaggtggggatcgggtc 55 
67 RM106 2 123.2  (GAA)5 2 297 288-297 cgtcttcatcatcgtcgccccg ggcccatcccgtcgtggatctc 55 
68 RM107 9 82.4  (GA)7 3 189 180-189 agatcgaagcatcgcgcccgag actgcgtcctctgggttcccgg 67 
69 RM108 9 73.3  (GGT)10 3 80 69-80 tctcttgcgcgcacactggcac cgtgcaccaccaccaccaccac 67 
70 RM109 2 0 6.9 (AG)16 6 97 89-101 gccgccggagagggagagagag ccccgacgggatctccatcgtc 67 
71 RM110 2 6.9  (GA)15 5 156 138-156 tcgaagccatccaccaacgaag tccgtacgccgacgaggtcgag 55 
72 RM111 6 35.3  (GA)9 3 124 118-126 cacaacctttgagcaccgggtc acgcctgcagcttgatcaccgg 55 
73 RM112 2 166  (GAA)5 2 128 124-127 gggaggagaggcaagcggagag agccggtgcagtggacggtgac 55 
74 RM113 1 78.4 94.9 (CA)8 4 151 146-152 caccattgcccatcagcacaac tcgccctctgctgcttgatggc 55 
75 RM114 3 208.2 231 (GA)7 2 209 167-175 cagggacgaatcgtcgccggag ttggcccccttgaggttgtcgg 55 
76 RM115 6 26.2 35.3 (AG)7 2 190 186-188 ttgccgcagtggccgttaccac aggaggcggcggaaatggaagg 61 
77 RM116 11 41.7 54 (CT)9 3 258 274-278 tcacgcacagcgtgccgttctc caagatcaagccatgaaaggaggg 55 
78 RM117 12 32.3 49.5 (AG)7 3 208 203-207 cgatccattcctgctgctcgcg cgcccccatgcatgagaagacg 55 
79 RM118 7 96.9  (GA)8 3 156 156-160 ccaatcggagccaccggagagc cacatcctccagcgacgccgag 67 
80 RM119 4 76.1  (GTC)6 3 166 166-172 catccccctgctgctgctgctg cgccggatgtgtgggactagcg 67 
81 RM120 11 41.7  (GA)9TA

G(ATC)4 
n.a. 173 n.a. cacacaagccctgtctcacgacc cgctgcgtcatgagtatgta  

82 RM121 6 43.8  (CT)7 3 170 258-264 accgtcgccttccactttcccc ttcggggttgccggtgatgttg 55 
83 RM122 5 0 2.3 (GA)7A(

GA)2A(G
A)11 

4 227 227-233 gagtcgatgtaatgtcatcagtgc gaaggaggtatcgctttgttggac  
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84 RM124 4 150.1  (TC)10 3 271 265-271 atcgtctgcgttgcggctgctg catggatcaccgagctcccccc 67 
85 RM125 7 24.8  (GCT)8 3 127 124-136 atcagcagccatggcagcgacc aggggatcatgtgccgaaggcc 55 
86 RM126 8 57  (GA)7 3 171 167-171 cgcgtccgcgataaacacaggg tcgcacaggtgaggccatgtcg 55 
87 RM127 4 150.1  (AGG)8 3 223 209-226 gtgggatagctgcgtcgcgtcg aggccagggtgttggcatgctg 55 
88 RM128 1 134.8  (GAA)9 4 157 148-166 agcttgggtgatttcttggaagcg acgacgaggagtcgccgtgcag 55 
89 RM129 1 78.4 83.5 (CGG)8 3 205 203-214 tctctccggagccaaggcgagg cgagccacgacgcgatgtaccc 55 
90 RM130 3 208.2  (GA)10 3 85 80-87 tgttgcttgccctcacgcgaag ggtcgcgtgcttggtttggttc 55 
91 RM131 4 148.8  (CT)9 4 215 209-217 tcctccctcccttcgcccactg cgatgttcgccatggctgctcc 61 
92 RM132 3 7  (CGG)8 2 83 83-86 atcttgttgtttcggcggcggc catggcgagaatgcccacgtcc 67 
93 RM133 6 0  (CT)8 3 230 226-232 ttggattgttttgctggctcgc ggaacacggggtcggaagcgac 61 
94 RM134 7 96.9 116.6 (CCA)7 2 93 84-93 acaaggccgcgagaggattccg gctctccggtggctccgattgg 55 
95 RM135 3 157.3  (CGG)10 3 131 119-131 ctctgtctcctcccccgcgtcg tcagcttctggccggcctcctc 61 
96 RM136 6 51.2  (AGG)7 3 101 98-104 gagagctcagctgctgcctctagc gaggagcgccacggtgtacgcc 55 
97 RM137 8 69  (CT)7 3 218 221-227 gacatcgccaccagcccaccac cgggtggtccccgaggatcttg 55 
98 RM138 2 196.8  (GT)14 2 233 203-217 agcgcaacaaccaatccatccg aagaagctgcctttgacgctatgg 55 
99 RM139 11 121.3  (CT)5 3 386 396-410 gagagggaggaagggaggcggc ctgccatggcagagaaggggcc 55 

100 RM140 1 78.4  (CT)12 3 261 259-263 tgcctcttccctggctcccctg ggcatgccgaatgaaatgcatg 55 
101 RM141 6 143.7 149.7 (CT)12 3 136 126-145 caccaccaccaccacgcctctc tcttggagaggaggaggcgcgg 55 
102 RM142 4 68.5  (CGG)7 2 240 235-238 ctcgctatcgccatcgccatcg tcgagccatcgctggatggagg 67 
103 RM143 3 207.3  (CGG)7 3 207 195-207 gtcccgaaccctagcccgaggg agaggccctccacatggcgacc 67 
104 RM144 11 123.2  (ATT)11 6 237 214-255 tgccctggcgcaaatttgatcc gctagaggagatcagatggtagtgcat

g 
55 

105 RM145 2 49.8  (GA)31 4 215 179-220 ccggtaggcgccctgcagtttc caaggaccccatcctcggcgtc 67 
106 RM146 5 78.7 80.1 (CT)11-

(CT)7 
3 345 340-348 ctattattccctaacccccataccctcc agagccactgcctgcaaggccc 55 

107 RM147 10 99.8  (TTCC)5(
GGT)5 

2 97 94-97 tacggcttcggcggctgattcc cccccgaatcccatcgaaaccc 55 

108 RM148 3 224.2 231 (TG)12 3 129 129-135 atacaacattagggatgaggctgg tccttaaaggtggtgcaatgcgag  
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109 RM149 8 103.7  (AT)10 4 253 243-303 gctgaccaacgaacctaggccg gttggaagcctttcctcgtaacacg 55 
110 RM150A 1 78.4 94.9 (CGT)6(C

GG)5 
n.a. n.a. n.a. cacgacgacgacgagcagcagc gctcgagggagagcgacctgcc 61 

111 RM150B 4 4L  - n.a. n.a. n.a. cacgacgacgacgagcagcagc gctcgagggagagcgacctgcc  
112 RM150C 6 6C  - n.a. n.a. n.a. cacgacgacgacgagcagcagc gctcgagggagagcgacctgcc  
113 RM151 1 36.2  (TA)23 10 197 205-317 ggctgctcatcagctgcatgcg tcggcagtggtagagtttgatctgc 55 
114 RM152 8 9.4  (GGC)10 4 151 142-157 gaaaccaccacacctcaccg ccgtagaccttcttgaagtag 55 
115 RM153 5 0 2.3 (GAA)9 4 201 189-204 gcctcgagcatcatcatcag atcaacctgcacttgcctgg 55 
116 RM154 2 4.8  (GA)21 5 183 165-199 accctctccgcctcgcctcctc ctcctcctcctgcgaccgctcc 61 
117 RM155 12 12L  (CTT)7 3 255 271-273 gagatggccccctccgtgatgg tgccctcaatcggccacacctc 55 
118 RM156 3 125.7  (CGG)8 2 160 150-160 gccgcaccctcactccctcctc tcttgccggagcgcttgaggtg 67 
119 RM157A 3 76.7  (CT)11(T

C)10 
6 137 112-134 cctcctcctcacgaatcccgcc gggcttcttctccgccggcttc 55 

120 RM157B 1 78.4 83.5 - 3 106 104-107 cctcctcctcacgaatcccgcc gggcttcttctccgccggcttc 55 
121 RM158 1 78.4 94.9 (GGC)9 2 231 260-263 atggtgagagttgctgccgccg gatgacgcagaacggcatcgcc 55 
122 RM159 5 0 2.3 (GA)19 7 248 238-252 ggggcactggcaagggtgaagg gcttgtgcttctctctctctctctctctc 55 
123 RM160 9 82.4 85.4 (GAA)23 5 131 86-130 agctagcagctatagcttagctggaga

tcg 
tctcatcgccatgcgaggcctc 55 

124 RM161 5 96.9  (AG)20 6 187 165-189 tgcagatgagaagcggcgcctc tgtgtcatcagacggcgctccg 61 
125 RM162 6 108.3  (AC)20 3 229 217-239 gccagcaaaaccagggatccgg caaggtcttgtgcggcttgcgg 61 
126 RM163 5 78.7 80.1 (GGAGA)

4(GA)11C
(GA)20 

n.a. 124 n.a. atccatgtgcgcctttatgagga cgctacctccttcacttactagt  

127 RM164 5 78.7 80.1 (GT)16TT
(GT)4 

9 246 246-304 tcttgcccgtcactgcagatatcc gcagccctaatgctacaattcttc  

128 RM165 1 186.6 196.5 (CT)13 3 185 180-184 ccgaacgcctagaagcgcgtcc cggcgaggtttgctaatggcgg 67 
129 RM166 2 183  (T)12 2 321 n.a. ggtcctgggtcaataattgggttacc ttgctgcatgatcctaaaccgg 61 
130 RM167 11 37.5  (GA)16 5 128 127-159 gatccagcgtgaggaacacgt agtccgaccacaaggtgcgttgtc  
131 RM168 3 171.2  T15(GT)1 7 116 96-116 tgctgcttgcctgcttccttt gaaacgaatcaatccacggc  
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4 
132 RM169 5 57.9  (GA)12 6 167 164-194 tggctggctccgtgggtagctg tcccgttgccgttcatccctcc 67 
133 RM170 6 2.2 7.4 (CCT7 5 121 106-119 tcgcgcttcttcctcgtcgacg cccgcttgcagaggaagcagcc 55 
134 RM171 10 73 87.1 (GATG)5 5 328 318-343 aacgcgaggacacgtacttac acgagatacgtacgcctttg 55 
135 RM172 7 115.3  (AGG)6 3 159 159-165 tgcagctgcgccacagccatag caaccacgacaccgccgtgttg 55 
136 RM173 5 99.8  (GA)9 2 186 186-188 cctacctcgcgatccccccctc ccatgaggaggaggcggcgatc 67 
137 RM174 2 47.5  (AGG)7(

GA)10 
7 208 207-222 agcgacgccaagacaagtcggg tccacgtcgatcgacacgacgg 67 

138 RM175 3 23.9 37.2 (CCG)8 2 95 92-95 cttcggcgccgtcatcaaggtg cgttgagcagcgcgacgttgac 67 
139 RM176 6 145.2 149.7 (CCG)8 3 134 133-139 cggctcccgctacgacgtctcc agcgatgcgctggaagaggtgc 67 
140 RM177 4 50.8 80.1 (AG)8 2 195 192-195 ccctcttagacagaggccagaggg gtagccgaagatgaggccgccg 61 
141 RM178 5 118.8  (GA)5(A

G)8 
4 117 117-123 tcgcgtgaaagataagcggcgc gatcaccgttccctccgcctgc 67 

142 RM179 12 46.8 57.2 (TG)7 2 190 188-190 ccccattagtccactccaccacc ccaatcagcctcatgcctcccc 61 
143 RM180 7 30.1 36.1 (ATT)10 6 110 107-204 ctacatcggcttaggtgtagcaacacg acttgctctacttgtggtgagggactg 55 
144 RM181 11 54 73.9 (CT)13(A

T)19 
2 240 240-242 acgggagcttctccgacagcgc tatgcttttgccgtgtgccgcg 67 

145 RM182 7 61  (AT)16 3 346 336-346 tgggatgcagagtgcagttggc cgcaggcacggtgccttgtaag 67 
146 RM183 2 2L  (GA)8 n.a. 222 n.a. ggagcgggagagagagcccacg tgccgatgaaggactgcgacgc 55 
147 RM184 10 58.3  (CA)7 3 219 207-221 atcccattcgccaaaaccggcc tgacacttggagagcggtgtgg 55 
148 RM185 4 50.8  (AGG)9 2 197 194-197 agttgttgggagggagaaaggcc aggaggcgacggcgatgtcctc 61 
149 RM186 3 168.2  (CGG)5 3 124 116-130 tcctccatctcctccgctcccg gggcgtggtggccttcttcgtc 61 
150 RM187 11 85.7 106.5 (AT)29(G

T)7 
7 146 136-164 ccaagggaaagatgcgacaattg gtggacgctttatattatggg 55 

151 RM188 5 100.6  (CA)8 2 210 210-212 tccgcctctcctctcgcttccc gcaacgcacaaccgaaccgagc 61 
152 RM189 9 90.7 105.5 (AG)11 n.a. 126 n.a. cgtcttccccaacgctaaaa cgccgggcttcgcttc 61 
153 RM190 6 7.4  (CT)11 8 124 104-124 ctttgtctatctcaagacac ttgcagatgttcttcctgatg 55 
154 RM191 2 51.9 70.2 (AG)7 1 227 n.a. cccatcctcaccgatctctctaaac gtgcgcacggaggaggaaaggg 61 
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155 RM192 7 0 4.4 (TGG)5 1 267 n.a. gcggcggatcatgaattgcgag cttgttccccggcgtcgagtcc 61 
156 RM193 6 6L  (GCT)5 1 189 n.a. cgcctcttcttcctcgcctccg cgggtccatcccccctctcctc 61 
157 RM194 5 34.7 52.5 (GA)6 1 250 n.a. gccctgcttcttgcccaccacc tccagggagggcaaggctgagc 55 
158 RM195 8 60.9 85.8 (GA)9-

(CT)8 
2 311 308-310 agaaagagaggccgtcggcggc gggctcacccccaaacctgcag 61 

159 RM196 6 6C  n.a. n.a. n.a. n.a. n.a. n.a n.a 
160 RM197 6 2.2 26.2 (ACC)7 n.a. 106 n.a. gatccgtttttgctgtgccc cctcctctccgccgatcctg 61 
161 RM200 1 143.2 154.8 (GA)16 n.a. 122 n.a. cgctagggaatttggattga cgatgagcaggtatcgatgagaag 55 
162 RM201 9 81.2  (CT)17 4 158 144-158 ctcgtttattacctacagtacc ctacctcctttctagaccgata 55 
163 RM202 11 54  (CT)30 6 189 158-189 cagattggagatgaagtcctcc ccagcaagcatgtcaatgta 55 
164 RM203 3 165.9 171.2 (AT)21 n.a. 203 n.a. cctatcccattagccaaacattgc gatttacctcgacgccaacctg 55 
165 RM204 6 25.1  (CT)44 9 169 106-194 gtgactgacttggtcataggg gctagccatgctctcgtacc 55 
166 RM205 9 114.7  (CT)25 5 122 123-161 ctggttctgtatgggagcag ctggcccttcacgtttcagtg 55 
167 RM206 11 102.9  (CT)21 9 147 128-202 cccatgcgtttaactattct cgttccatcgatccgtatgg 55 
168 RM207 2 191.2  (CT)25 9 118 71-139 ccattcgtgagaagatctga cacctcatcctcgtaacgcc 55 
169 RM208 2 186.4  (CT)17 5 173 166-180 tctgcaagccttgtctgatg taagtcgatcattgtgtggacc 55 
170 RM209 11 73.9  (CT)18 7 134 127-165 atatgagttgctgtcgtgcg caacttgcatcctcccctcc 55 
171 RM210 8 90.3  (CT)23 9 140 141-165 tcacattcggtggcattg cgaggatggttgttcacttg 55 
172 RM211 2 14.4  (TC)3A(T

C)18 
4 161 144-163 ccgatctcatcaaccaactg cttcacgaggatctcaaagg 55 

173 RM212 1 148.7  (CT)24 5 136 112-134 ccactttcagctactaccag cacccatttgtctctcattatg 55 
174 RM213 2 186.4  (CT)17 4 139 127-141 atctgtttgcaggggacaag aggtctagacgatgtcgtga 55 
175 RM214 7 34.7  (CT)14 6 112 114-152 ctgatgatagaaacctcttctc aagaacagctgacttcacaa 55 
176 RM215 9 99.4  (CT)16 4 148 147-153 caaaatggagcagcaagagc tgagcacctccttctctgtag 55 
177 RM216 10 17.6  (CT)18 4 146 127-143 gcatggccgatggtaaag tgtataaaaccacacggcca 55 
178 RM217 6 26.2 38.7 (CT)20 8 133 120-166 atcgcagcaatgcctcgt gggtgtgaacaaagacac 55 
179 RM218 3 67.8  (TC)24A

CT5(GT)1
1 

8 148 120-148 tggtcaaaccaaggtccttc gacatacattctacccccgg 55 
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180 RM219 9 11.7  (CT)17 9 202 192-222 cgtcggatgatgtaaagcct catatcggcattcgcctg 55 
181 RM220 1 28.4  (CT)17 5 127 106-124 ggaaggtaactgtttccaac gaaatgcttcccacatgtct 55 
182 RM221 2 143.7  (TC)4T3C

3(TC)(CT
)2 

3 192 187-193 acatgtcagcatgccacatc tgcaagaatctgacccgg 55 

183 RM222 10 11.3  (CT)18 6 213 199-215 cttaaatgggccacatgcg caaagcttccggccaaaag 55 
184 RM223 8 80.5  (CT)25 6 165 139-163 gagtgagcttgggctgaaac gaaggcaagtcttggcactg 55 
185 RM224 11 120.1  (AAG)8(

AG)13 
9 157 124-158 atcgatcgatcttcacgagg tgctataaaaggcattcggg 55 

186 RM225 6 26.2  (CT)18 5 140 125-145 tgcccatatggtctggatg gaaagtggatcaggaaggc 55 
187 RM226 1 154.8  (AT)38 8 274 264-342 agctaaggtctgggagaaacc aagtaggatggggcacaagctc 55 
188 RM227 3 3L  (CT)10 4 106 99-107 acctttcgtcataaagacgag gattggagagaaaagaagcc 55 
189 RM228 10 96.3 118.3 (CA)6(G

A)36 
7 154 108-154 ctggccattagtccttgg gcttgcggctctgcttac 55 

190 RM229 11 77.8  (TC)11(C
T)5C3(CT

)5 

7 116 106-131 cactcacacgaacgactgac cgcaggttcttgtgaaatgt 55 

191 RM230 8 112.2  (AGG)4(
GA)9A(A

G)13 

5 257 237-257 gccagaccgtggatgttc caccgcagtcacttttcaag 55 

192 RM231 3 15.7  (CT)16 5 182 169-191 ccagattatttcctgaggtc cacttgcatagttctgcattg 55 
193 RM232 3 76.7  (CT)24 6 158 142-166 ccggtatccttcgatattgc ccgacttttcctcctgacg 55 
194 RM233A 2 16.3  (CT)20 n.a. 162 n.a. ccaaatgaacctacatgttg gcattgcagacagctattga 55 
195 RM233B 5 110  (CT)20 n.a. 162 n.a. ccaaatgaacctacatgttg gcattgcagacagctattga 55 
196 RM234 7 88.2  (CT)25 7 156 133-163 acagtatccaaggccctgg cacgtgagacaaagacggag 55 
197 RM235 12 91.3 109.1 (CT)24 6 124 96-134 agaagctagggctaacgaac tcacctggtcagcctctttc 55 
198 RM236 2 14.4 16.3 (CT)18 3 191 190-192 gcgctggtggaaaatgag ggcatccctctttgattcctc 55 
199 RM237 1 115.2  (CT)18 5 130 126-136 caaatcccgactgctgtcc tgggaagagagcactacagc 55 
200 RM238A 1 77.5 83.5 (CT)15 n.a. 147 n.a. gatggaaagcacgtgcacta acaggcaatccgtagactcg 55 
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201 RM238B 6 46.1 75.5 (CT)15 n.a. 147 n.a. gatggaaagcacgtgcacta acaggcaatccgtagactcg 55 
202 RM239 10 25.2  (AG)5TG(

AG)2 
3 144 143-147 tacaaaatgctgggtacccc acatatgggacccacctgtc 55 

203 RM240 2 158  (CT)21 4 132 121-137 ccttaatgggtagtgtgcac tgtaaccattccttccatcc 55 
204 RM241 4 106.2  (CT)31 5 138 102-142 gagccaaataagatcgctga tgcaagcagcagatttagtg 55 
205 RM242 9 73.3  (CT)26 7 225 193-225 ggccaacgtgtgtatgtctc tatatgccaagacggatggg 55 
206 RM243 1 57.3  (CT)18 7 116 96-122 gatctgcagactgcagttgc agctgcaacgatgttgtcc 55 
207 RM244 10 15  (CT)4(CG

)3C(CT)6 
4 163 157-163 ccgactgttcgtccttatca ctgctctcgggtgaacgt 55 

208 RM245 9 112.3  (CT)14 3 150 140-150 atgccgccagtgaatagc ctgagaatccaattatctgggg 55 
209 RM246 1 115.2  (CT)20 6 116 97-118 gagctccatcagccattcag ctgagtgctgctgcgact 55 
210 RM247 12 32.3  (CT)16 9 131 130-176 tagtgccgatcgatgtaacg catatggttttgacaaagcg 55 
211 RM248 7 116.6  (CT)25 6 102 80-104 tccttgtgaaatctggtccc gtagcctagcatggtgcatg 55 
212 RM249 5 5C  (AG)5A2(

AG)14 
7 121 120-146 ggcgtaaaggttttgcatgt atgatgccatgaaggtcagc 55 

213 RM250 2 170.1  (CT)17 4 153 154-174 ggttcaaaccaagctgatca gatgaaggccttccacgcag 55 
214 RM251 3 79.1  (CT)29 7 147 114-150 gaatggcaatggcgctag atgcggttcaagattcgatc 55 
215 RM252 4 99  (CT)19 6 216 196-262 ttcgctgacgtgataggttg atgacttgatcccgagaacg 55 
216 RM253 6 37  (GA)25 7 141 125-143 tccttcaagagtgcaaaacc gcattgtcatgtcgaagcc  
217 RM254 11 110  (TC)6AT

T(CT)11 
7 165 183-193 agccccgaataaatccacct ctggaggagcatttggtagc 55 

218 RM255 4 135.4 137.9 (AGG)5(
AG)2-

(GA)16 

5 144 141-151 tgttgcgtgtggagatgtg cgaaaccgctcagttcaac 55 

219 RM256 8 101.5  (CT)21 4 127 107-139 gacagggagtgattgaaggc gttgatttcgccaagggc 55 
220 RM257 9 66.1  (CT)24 7 147 121-173 cagttccgagcaagagtactc ggatcggacgtggcatatg 55 
221 RM258 10 70.8  (GA)21(G

GA)3 
6 148 133-152 tgctgtatgtagctcgcacc tggcctttaaagctgtcgc 55 

222 RM259 1 54.2  (CT)17 8 162 156-175 tggagtttgagaggaggg cttgttgcatggtgccatgt 55 
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223 RM260 11 61.7  (CT)34 9 111 64-122 actccactatgacccagag gaacaatcccttctacgatcg 55 
224 RM261 4 35.4  C9(CT)8 5 125 122-126 ctacttctccccttgtgtcg tgtaccatcgccaaatctcc 55 
225 RM262 2 70.2 90.3 (CT)16 5 154 141-157 cattccgtctcggctcaact cagagcaaggtggcttgc 55 
226 RM263 2 127.5  (CT)34 5 199 158-198 cccaggctagctcatgaacc gctacgtttgagctaccacg 55 
227 RM264 8 128.6  GA)27 8 178 148-178 gttgcgtcctactgctacttc gatccgtgtcgatgattagc 55 
228 RM265 1 155.9  (GA)8 3 106 106-110 cgagttcgtccaagtgagc catccaccattccaccaatc 55 
229 RM266 2 192.2  (GA)19 10 127 121-137 tagtttaaccaagactctc ggttgaacccaaatctgca 55 
230 RM267 5 28.6 34.7 (GA)21 6 156 137-160 tgcagacatagagaaggaagtg agcaacagcacaacttgatg 55 
231 RM269 10 69.6  (GA)17 5 182 182-188 gaaagcgatcgaaccagc gcaaatgcgcctcgtgtc 55 
232 RM270 12 91.3  (GA)13 5 108 104-117 ggccgttggttctaaaatc tgcgcagtatcatcggcgag 55 
233 RM271 10 59.4  (GA)15 4 101 92-105 tcagatctacaattccatcc tcggtgagacctagagagcc 55 
234 RM272 1 37.3  (GA)9 2 119 119-121 aattggtagagaggggagag acatgccattagagtcaggc 55 
235 RM273 4 94.4  (GA)11 3 207 199-207 gaagccgtcgtgaagttacc gtttcctacctgatcgcgac 55 
236 RM274 5 126.6  (GA)15-7-

(CGG)5 
3 160 146-160 cctcgcttatgagagcttcg cttctccatcactcccatgg 55 

237 RM275 6 108.3  (GA)15 2 114 110-114 gcattgatgtgccaatcg cattgcaacatcttcaacatcc 55 
238 RM276 6 40.3  (AG)8A3(

GA)33 
7 149 85-153 ctcaacgttgacacctcgtg tcctccatcgagcagtatca 55 

239 RM277 12 57.2  (GA)11 3 124 118-124 cggtcaaatcatcacctgac caaggcttgcaagggaag 55 
240 RM278 9 77.5  (GA)17 5 141 131-146 gtagtgagcctaacaataatc tcaactcagcatctctgtcc 55 
241 RM279 2 17.3  (GA)16 6 174 148-174 gcgggagagggatctcct ggctaggagttaacctcgcg 55 
242 RM280 4 152.3  (GA)16 5 155 148-181 acacgatccactttgcgc tgtgtcttgagcagccagg 55 
243 RM281 8 128.6  (GA)21 5 138 126-138 accaagcatccagtgaccag gttcttcatacagtccacatg 55 
244 RM282 3 100.6  (GA)15 3 136 128-136 ctgtgtcgaaaggctgcac cagtcctgtgttgcagcaag 55 
245 RM283 1 31.4  (GA)18 3 151 147-155 gtctacatgtacccttgttggg cggcatgagagtctgtgatg 55 
246 RM284 8 83.7  (GA)8 4 141 141-149 atctctgatactccatccatcc cctgtacgttgatccgaagc 55 
247 RM285 9 1.8  (GA)12 5 205 203-213 ctgtgggcccaatatgtcac ggcggtgacatggagaaag 55 
248 RM286 11 0  (GA)16 6 110 99-128 ggcttcatctttggcgac ccggattcacgagataaactc 55 
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249 RM287 11 68.6  (GA)21 7 118 98-118 ttccctgttaagagagaaatc gtgtatttggtgaaagcaac 55 
250 RM288 9 74.6  (GA)7G6(

GA)7 
2 125 121-125 ccggtcagttcaagctctg acgtacggacgtgacgac 55 

251 RM289 5 56.7  G11(GA)
16 

4 108 88-180 ttccatggcacacaagcc ctgtgcacgaacttccaaag 55 

252 RM290 2 66 68.9 (GA)12 5 142 142-182 acccttattcctgctctcctc gtgctgtagatggaagggag 55 
253 RM291 5 78.7 80.1 (GAT)4G

A(GT)4-
(GT)4 

2 245 245-251 gttgcactacgtattctgag gatccagataaatgaggcac 55 

254 RM292 1 66.4 71.6 (GT)10-6-
(TGA)2T
GT(TGA)

4 

3 159 154-162 actgctgttgcgaaacgc tgcagcaaatcaagctggaa 55 

255 RM293 3 193.4  (GT)20 4 207 202-211 tcgttgggaggtatggtacc ctttatctgatccttgggaagg 55 
256 RM294A 10 87.1  {(GT)3T2

AGGGAC
A}2 

n.a. 173 n.a. ttggcctagtgcctccaatc gagggtacaacttaggacgca 55 

257 RM294B 1 78.4 83.5 - n.a. n.a. n.a. ttggcctagtgcctccaatc gagggtacaacttaggacgca 55 
258 RM295 7 0 17.7 (GA)2A(

GA)3G2(
GA)9 

5 180 176-190 cgagacgagcatcggataag gatctggtggaggggagg 55 

259 RM296 9 0 26.6 (GA)10 2 123 117-123 cacatggcaccaacctcc gccaagtcattcactactctgg 55 
260 RM297 1 155.9 186.6 (GA)13 6 148 148-191 tctttggaggcgagctgag cgaagggtacatctgcttag 55 
261 RM298 7 0 4.4 (GT)10 n.a. 135 n.a. ctgatcactggatcgatcatg catgccaagatgcaacag 55 
262 RM300 2 66 68.9 (GTT)14 4 121 121-163 gcttaaggacttctgcgaacc caacagcgatccacatcatc 55 
263 RM301 2 66 68.9 (GT)5G2(

GT)8T2(
GT)3 

2 153 151-153 ttactctttgtgtgtgtgtgag ctacgacacgtcatagatgacc 55 

264 RM302 1 147.8  (GT)30(A
T)8 

6 156 120-191 tcatgtcatctaccatcacac atggagaagatggaatacttgc 55 
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265 RM303 4 116.9  [AC(AT)2
-

10]9(GT)
7(ATGT)

6 

6 200 143-205 gcatggccaaatattaaagg ggttggaaatagaagttcggt 55 

266 RM304 10 73  (GT)2(AT
)10(GT)3

3 

6 160 128-160 tcaaaccggcacatataagac gatagggagctgaaggagatg 55 

267 RM305 5 96.9  (GT)4+de
gener 

2 203 203-207 tactgccaaaggcgagcttc gtgagaggctacagctaacc 55 

268 RM306 1 98.1  (GT)18(A
T)8CT(G

T)6 

5 155 135-175 caaggtcaagaatgcaatgg gccactttaatcattgcatc 55 

269 RM307 4 0  (AT)14(G
T)21 

7 174 124-176 gtactaccgacctaccgttcac ctgctatgcatgaactgctc 55 

270 RM308 8 104.8  (AT)4-6-
(GT)2T2(

GT)7 

2 132 132-146 ggctgcacacgcacactata ttacgcatatggtgagtaggc 55 

271 RM309 12 74.5  (GT)13 3 169 165-169 gtagatcacgcacctttctgg agaaggcctccggtgaag 55 
272 RM310 8 57  (GT)19 6 105 85-120 ccaaaacatttaaaatatcatg gcttgttggtcattaccattc 55 
273 RM311 10 25.2  (GT)3(GT

AT)8(GT)
5 

4 179 164-186 tggtagtataggtactaaacat tcctatacacatacaaacatac 55 

274 RM312 1 71.6  (ATTT)4(
GT)9 

4 97 97-103 gtatgcatatttgataagag aagtcaccgagtttaccttc 55 

275 RM313 12 65.5  (GT)6CA(
CG)5-6-
(GT)8 

4 111 111-117 tgctacaagtgttcttcaggac gctcaccttttgtgttccac 55 

276 RM314 6 33.6  (GT)8(CG
)3(GT)5 

4 118 108-118 ctagcaggaactcctttcagg aacattccacacacacacgc 55 

277 RM315 1 165.3  (AT)4(GT 3 133 133-139 gaggtacttcctccgtttcac agtcagctcactgtgcagtg 55 



55 
 

)10 
278 RM316 9 1.8  (GT)8-

(TG)9(TT
TG)4(TG)

4 

5 192 192-212 ctagttgggcatacgatggc acgcttatatgttacgtcaac 55 

279 RM317 4 118.3  (GC)4(GT
)18 

4 155 146-166 catacttaccagttcaccgcc ctggagagtgtcagctagttga 55 

280 RM318 2 150.8 154.7 (GT)15 4 140 134-154 gtacggaaaacatggtaggaag tcgagggaaggatctggtc 55 
281 RM319 3 150.5  (GT)10 2 134 132=134 atcaaggtacctagaccaccac tcctggtgcagctatgtctg 55 
282 RM320 7 36.1 47 (AT)11G

TAT(GT)
13 

8 167 153-254 caacgtgatcgaggatagatc ggatttgcttaccacagctc 55 

283 RM321 9 32.1  (CAT)5 2 200 200-203 ccaacactgccactctgttc gaggatggacaccttgatcg 55 
284 RM322 2 49.8  (CAT)7 2 112 106-112 caagcgaaaatcccagcag gatgaaactggcattgcctg 55 
285 RM323 1 1 26.2 (CAT)5 2 244 241-244 caacgagcaaatcaggtcag gttttgatcctaaggctgctg 55 
286 RM324 2 66 68.9 (CAT)21 6 175 135-180 ctgattccacacacttgtgc gattccacgtcaggatcttc 55 
287 RM325A 8 69  (CAT)4T

AG(CAT)
5 

n.a. 201 n.a. gacgatgaatcaggagaacg ggcatgcatctgagtaatgg 55 

288 RM325B 7 33.3   n.a. n.a. n.a. gacgatgaatcaggagaacg ggcatgcatctgagtaatgg 55 
289 RM327 2 51.9 70.2 (CAT)11(

CTT)5 
3 213 207-216 ctactcctctgtccctcctctc ccagctagacacaatcgagc 55 

290 RM328 9 82.4  (CAT)5 2 172 172-181 catagtggagtatgcagctgc ccttctcccagtcgtatctg 55 
291 RM329 1 78.4 83.5 (CAT)7 3 153 144-153 cattcggctgctgctattc gcttgtcacatcttgcacag 55 
292 RM330A 10 2.4  (CAT)5 n.a. 177 n.a. caatgaagtggatctcggag catcaatcagcgaaggtcc 55 
293 RM330B 8 60.9   n.a. n.a. n.a. caatgaagtggatctcggag catcaatcagcgaaggtcc 55 
294 RM331 8 69  [(CTT)4G

TT]2(CTT
)11 

5 176 149-179 gaaccagaggacaaaaatgc catcatacatttgcagccag 55 

295 RM332 11 27.9  (CTT)5- 5 183 162-183 gcgaaggcgaaggtgaag catgagtgatctcactcaccc 55 
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12-
(CTT)14 

296 RM333 10 110.4  (TAT)19(
CTT)19 

8 191 164-215 gtacgactacgagtgtcaccaa gtcttcgcgatcactcgc 55 

297 RM334 5 141.8  (CTT)20 7 182 146-197 gttcagtgttcagtgccacc gactttgatctttggtggacg 55 
298 RM335 4 21.5  (CTT)25 8 104 104-155 gtacacacccacatcgagaag gctctatgcgagtatccatgg 55 
299 RM336 7 61  (CTT)18 6 154 148-193 cttacagagaaacggcatcg gctggtttgtttcaggttcg 55 
300 RM337 8 1.1  (CTT)4-

19-
(CTT)8 

3 192 156-192 gtaggaaaggaagggcagag cgatagatagctagatgtggcc 55 

301 RM338 3 108.4  (CTT)6 2 183 180-183 cacaggagcaggagaagagc ggcaaaccgatcactcagtc 55 
302 RM339 8 72.2  (CTT)8C

CT(CTT)
5 

4 148 142-160 gtaatcgatgctgtgggaag gagtcatgtgatagccgatatg 55 

303 RM340 6 133.5  (CTT)8T3
(CTT)14 

4 163 119-189 ggtaaatggacaatcctatggc gacaaatataagggcagtgtgc 55 

304 RM341 2 82.7  (CTT)20 4 172 136-172 caagaaacctcaatccgagc ctcctcccgatcccaatc 55 
305 RM342A 8 78.4  (CAT)12 n.a. 141 n.a. ccatcctcctacttcaatgaag actatgcagtggtgtcaccc 55 
306 RM342B 9 14.3   n.a. n.a. n.a. ccatcctcctacttcaatgaag actatgcagtggtgtcaccc 55 
307 RM343 6 115.8  (CAT)5(C

AC)5CAT
(CAC)4 

2 233 230-233 ccacgaaccctttgcatc gtgatgatgcgtcggttg 55 

308 RM344 8 8C  (TTC)2-5-
(CTT)3-
(CTT)4 

2 163 160-163 cagagacaatagtccctgcac gtaggaggagatggatgatgg 55 

309 RM345 6 145.2 149.7 (CTT)9 4 167 152-167 attggtagctcaatgcaagc gtgcaacaaccccacatg 55 
310 RM346 7 47 63.5 (CTT)18 6 175 140-175 cgagagagcccataactacg acaagacgacgaggagggac 55 
311 RM347 3 131.5 161.1 (GGC)5(

AT)7 
5 207 214-300 cacctcaaacttttaaccgcac tccggcaagggatacggcgg 55 

312 RM348 4 137.9 146.8 (CAG)7 2 136 130-139 ccgctactaatagcagagag ggagctttgttcttgcgaac 55 
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313 RM349 4 146.8 155.8 (GA)16 5 136 132-146 ttgccattcgcgtggaggcg gtccatcatccctatggtcg 55 
314 RM350 8 60.9 85.8 (CT)10 4 208 200-210 tgatcgtcgcgattcccggc ccccaccctgcgcctctccc 55 
315 RM351 7 63.5 64.6 (CCG)9(C

GAAG)4 
2 134 129-134 ccatcctccaccgcctctcg tggaggaaggaaaggggacg 55 

316 RM400 6 134.5  (ATA)63 8 321 195-321 acaccaggctacccaaactc cggagagatctgacatgtgg 55 
317 RM401 4 8.5  (CT)15 n.a. 283 multiple tggaacagatagggtgtaaggg ccgttcacaacactatacaagc 55 
318 RM402 6 40.3  (ATA)7 2 133 133-136 gagccatggaaagatgcatg tcagctggcctatgacaatg 55 
319 RM403 1 131.2  (GA)8 2 241 239-241 gctgtgcatgcaagttcatg atggtcctcatgttcatggc 55 
320 RM404 8 60.9 69 (GA)33 5 236 204-240 ccaatcattaacccctgagc gccttcatgcttcagaagac 55 
321 RM405 5 28.6  (AC)14 4 110 98-110 tcacacactgacagtctgac aatgtggcacgtgaggtaag 55 
322 RM406 2 186.4 190.2 (GA)17 3 146 126-146 gagggagaaaggtggacatg tgtgctccttgggaagaaag 55 
323 RM407 8 5.7  (AG)13 4 172 166-174 gattgaggagacgagccatc ctttttcagatctgcgctcc 55 
324 RM408 8 0 1.1 (CT)13 3 128 120-128 caacgagctaacttccgtcc actgctacttgggtagctgacc 55 
325 RM409 9 45.6  (AGC)8 4 96 89-96 ccgtctcttgctagggattc ggggtgttttgctttctctg 55 
326 RM410 9 64.4  (TA)13 8 183 173-269 gctcaacgtttcgttcctg gaagatgcgtaaagtgaacgg 55 
327 RM411 3 127.9  (GTT)7 3 110 106-110 acaccaactcttgcctgcat tgaagcaaaaacatggctagg 55 
328 RM412 6 142.4  (GA)22 4 198 170-198 cacttgagaaagttagtgcagc cccaaacacacccaaatac 55 
329 RM413 5 26.7  (AG)11 6 79 69-105 ggcgattcttggatgaagag tccccaccaatcttgtcttc 55 
330 RM414 1 191.1  (TGCA)6 2 223 219-223 attgcagtcatgcagcagtc atatctccaatgtggcaggg 55 
331 RM415 12 0  (AT)21 7 227 215-271 cttcgatccatcatccatgg attgctgtacgcagtttcgg 55 
332 RM416 3 191.6  (GA)9 2 114 112-114 gggagttagggttttggagc tccagtttcacactgcttcg 55 
333 RM417 4 56.2  (GA)7 2 265 263-265 cggatccaagaaacagcag ttcggtatcctccacacctc 55 
334 RM418 7 42.1  (ATT)21 7 283 253-304 tcgcgtatcgtcatgcatag gagcacatatgccacgtacg 55 
335 RM419 8 95.2 114.9 (AG)12 n.a 209 n.a tctcctttggtatgcgtgtg gctgctgctccacttttctc 55 
336 RM420 7 115.3 116.6 (AAAT)7 3 197 181-197 ggacagaatgtgaagacagtcg actaatccaccaacgcatcc 55 
337 RM421 5 111.2  (AGAT)6 2 234 234-242 agctcaggtgaaacatccac atccagaatccattgacccc 55 
338 RM422 3 205.4  (AG)30 8 385 350-389 ttcaacctgcatccgctc ccatccaaatcagcaacagc 55 
339 RM423 2 28.7  (TTC)9 4 273 270-294 agcacccatgccttatgttg cctttttcagtagccctccc 55 
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340 RM424 2 66 68.9 (CAT)9 6 239 239-290 tttgtggctcaccagttgag tggcgcattcatgtcatc 55 
341 RM425 2 166 170.1 (CGG)9 2 126 120-126 ccaacgaagattcgaagctc cagcaccatgaagtcgcc 55 
342 RM426 3 157.3  (CA)10 8 150 150-224 atgagatgagttcaaggccc aactctgtacctccatcgcc 55 
343 RM427 7 1.1  (TG)11 2 185 173-185 tcactagctctgccctgacc tgatgagagttggttgcgag 55 
344 RM428 1 19.3  (AG)15 6 266 262-288 aacagatggcatcgtcttcc cgctgcatccactactgttg 55 
345 RM429 7 96.9  (TG)10 5 159 139-185 tccctccagcaatgtctttc ccttcatcttgctttccacc 55 
346 RM430 5 78.7  (GA)25 6 173 141-181 aaacaacgacgtccctgatc gtgcctccgtggttatgaac 55 
347 RM431 1 178.3  (AG)16 6 251 247-257 tcctgcgaactgaagagttg agagcaaaaccctggttcac 55 
348 RM432 7 43.5  (CATC)9 4 187 167-187 ttctgtctcacgctggattg agctgcgtacgtgatgaatg 55 
349 RM433 8 116  (AG)13 5 224 222-232 tgcgctgaactaaacacagc agacaaacctggccattcac 55 
350 RM434 9 57.7  (TC)12 4 152 148-164 gcctcatccctctaaccctc caagaaagatcagtgcgtgg 55 
351 RM435 6 2.2  (ATG)7 2 166 163-166 attacgtgcatgtctggctg cgtacctgaccatgcatctg 55 
352 RM436 7 0  (TAA)6 2 81 81-84 attcctgcagtaaagcacgg cttcgtgtacctccccaaac 55 
353 RM437 5 43.4  (AG)13 3 275 265-277 acaccaaccagatcagggag tgctcgtcaatggtgagttc 55 
354 RM438 2 58.4  (TC)13 5 137 120-141 cttatccccccgtctctctc ctctctgccaccgatcctac 55 
355 RM439 6 139.9  (AAT)13 6 269 248-281 tcataacagtccactccccc tggtactccatcatcccatg 55 
356 RM440 5 92.7  (CTT)22 9 169 160-232 catgcaacaacgtcaccttc atggttggtaggcaccaaag 55 
357 RM441 11 43.9  (AG)13 n.a 189 n.a acaccagagagagagagagagag tctgcaacggctgatagatg 55 
358 RM442 3 224.2  (AAG)10 4 257 257-269 cttaagccgatgcatgaagg atcctatcgacgaatgcacc 55 
359 RM443 1 122.7  (GT)10 3 124 118-124 gatggttttcatcggctacg agtcccagaatgtcgtttcg 55 
360 RM444 9 3.3  (AT)12 8 162 162-226 gctccacctgcttaagcatc tgaagaccatgttctgcagg 55 
361 RM445 7 39.3  (AG)12 3 251 249-261 cgtaacatgcatatcacgcc atatgccgatatgcgtagcc 55 
362 RM446 1 78.4 83.5 (AGA)7 3 169 163-172 acagcgaatactccagacgg tatctccccccaaattcctc 55 
363 RM447 8 124.6  (CTT)8 4 111 105-119 cccttgtgctgtctcctctc acgggcttcttctccttctc 55 
364 RM448 3 171.2 191.6 (GA)23 3 228 208-228 tctgatcttgatgcaggcac tctcccgatttggacagatc 55 
365 RM449 1 78.4 83.5 (AG)12 7 116 116-138 ttgggaggtgttgataaggc accaccagcgtctctctctc 55 
366 RM450 2 150.8  (AG)17 7 143 133-143 aaaccacagtagtacgccgg tccatccacatctccctctc 55 
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367 RM451 4 115.5  (GAT)8 2 207 201-207 gatcccctccgtcaaacac cccttctcctttcctcaacc 55 
368 RM452 2 58.4  (GTC)9 3 209 200-209 ctgatcgagagcgttaaggg gggatcaaaccacgtttctg 55 
369 RM453 12 28.2  (TC)10 6 178 172-184 cgcatctctctcccttatcg ctctcctcctcgttgtcgtc 55 
370 RM454 6 99.3  (GCT)8 4 268 267-290 ctcaagcttagctgctgctg gtgatcagtgcaccatagcg 55 
371 RM455 7 65.7  (TTCT)5 2 131 127-131 aacaacccaccacctgtctc agaaggaaaagggctcgatc 55 
372 RM456A 4 99  (TA)36 n.a. 232 multiple ttgtagtccgggtcgtaacc gatagaatagggaggggggg 55 
373 RM456B 4 42.7   n.a. n.a. n.a. ttgtagtccgggtcgtaacc gatagaatagggaggggggg 55 
374 RM456C 11 117   n.a. n.a. n.a. ttgtagtccgggtcgtaacc gatagaatagggaggggggg 55 
375 RM457 11 83  (TTAA)5 2 228 228-232 ctccagcatggcctttctac acctgatggtcaaagatggg 55 
376 RM458 8 121.8 124.6 (TAG)8 3 180 171-189 ggtgatctgcattgtcaacg tgcaatggatctagcgactg 55 
377 RM459 5 93.7  (CATC)6 5 63 55-79 ctgcaatgctgcatgacc cactttctctgcagcaccag 55 
378 RM460 9 45.6  (AT)11 3 265 261-165 tgatcgacagcgttcttgac gcctggcccacataattaag 55 
379 RM461 6 139.9  (AAAC)6 2 195 191-195 gagaccggagagacaactgc tgatgcggtttgactgctac 55 
380 RM462 1 2.8  (GA)12 3 243 243-247 acggcccatataaaagcctc aagatggcggagtagctcag 55 
381 RM463 12 75.5  (TTAT)5 3 192 192-198 ttcccctccttttatggtgc tgttctcctcagtcactgcg 55 
382 RM464 9 3.3  (AT)21 3 262 259-265 aacgggcacattctgtcttc tggaagacctgatcgtttcc 55 
383 RM465A 2 66 68.9 (CAT)12 n.a. 212 multiple gtgcctccatcatcatcatc taggacaagcgaagaaaccg 55 
384 RM465B 6 75.5   n.a. n.a. n.a. gtgcctccatcatcatcatc taggacaagcgaagaaaccg 55 
385 RM465C 5 68.3   n.a. n.a. n.a. gtgcctccatcatcatcatc taggacaagcgaagaaaccg 55 
386 RM466 1 78.4 83.5 (AG)17 4 230 216-232 tccatcaccacattcccc acccttctctcgctctctcc 55 
387 RM467 10 46.8  (TC)21 6 221 206-223 ggtctctctctctctctctctctc ctcctgacaattcaactgcg 55 
388 RM468 3 202.3  (TAT)8 3 265 259-268 cccttccttgttgtggctac tgatttctgagagccaaccc 55 
389 RM469 6 2.2  (AG)15 3 105 93-105 agctgaacaagccctgaaag gacttgggcagtgtgacatg 55 
390 RM470 4 115.5  (CTT)14 5 83 83-122 tcctcatcggcttcttcttc agaacccgttctacgtcacg 55 
391 RM471 4 53.8  (GA)12 5 106 108-120 acgcacaagcagatgatgag gggagaagacgaatgtttgc 55 
392 RM472 1 171.6  (GA)21 6 296 256-272 ccatggcctgagagagagag agctaaatggccatacggtg 55 
393 RM473A 1 120.2  (TCTA)14 n.a. 97 multiple tatcctcgtctccatcgctc aaggatgtggcggtagaatg 55 
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394 RM473B 5 78.7   n.a. n.a. n.a. tatcctcgtctccatcgctc aaggatgtggcggtagaatg 55 
395 RM473C 7 88.2   n.a. n.a. n.a. tatcctcgtctccatcgctc aaggatgtggcggtagaatg 55 
396 RM473D 3 113.2   n.a. n.a. n.a. tatcctcgtctccatcgctc aaggatgtggcggtagaatg 55 
397 RM473E 11 95.6   n.a. n.a. n.a. tatcctcgtctccatcgctc aaggatgtggcggtagaatg 55 
398 RM474 10 0  (AT)13 5 252 226-256 aagatgtacgggtggcattc tatgagctggtgagcaatgg 55 
399 RM475 2 92.5  (TATC)8 6 235 188-235 cctcacgattttcctccaac acggtgggattagactgtgc 55 
400 RM476A 1 16.3  (AG)12 n.a. 148 multiple ccgcagcgatagagagagag tcaagatgatccacacgcc 55 
401 RM476B 1 152.2   n.a. n.a. n.a. ccgcagcgatagagagagag tcaagatgatccacacgcc 55 
402 RM477 8 121.8 124.6 (AATT)5 2 223 219-223 tctcgcggtatagtttgtgc accactaccagcagcctctg 55 
403 RM478 7 93.8  (AG)12 7 205 197-211 cagctggggaagagagagag tcagaaactaaacgcacccc 55 
404 RM479 11 50.6  (TC)9 2 253 253-255 ccccttgctagcttttggtc ccatacctcttctcctcccc 55 
405 RM480 5 130.6  (AC)30 5 225 199-225 gctcaagcattctgcagttg gcgcttctgcttattggaag 55 
406 RM481 7 3.2  (CAA)12 9 169 136-172 tagctagccgattgaatggc ctccacctcctatgttgttg 55 
407 RM482 2 187.5  (AT)9 5 188 184-196 tctgaaagcctgactcatcg gtcaattgcagtgccctttc 55 
408 RM483 8 60.9 69 (AT)26 8 325 293-345 cttccaccataaaaccggag acaccggtgatcttgtagcc 55 
409 RM484 10 97.3  (AT)9 3 299 291-299 tctccctcctcaccattgtc tgctgccctctctctctctc 55 
410 RM485 2 0  (TA)18 9 291 291-361 cacactttccagtcctctcc catcttcctctcttcggcac 55 
411 RM486 1 153.5  (CT)14 5 104 100-112 cccccctctctctctctctc tagccacatcaacagcttgc 55 
412 RM487 3 127.9  (AC)10 3 176 170-176 tttctcgaacgcaggagaac gctaggaacatcaacccgag 55 
413 RM488 1 101.4  (GA)17 8 177 157-195 cagctagggttttgaggctg tagcaacaaccagcgtatgc 55 
414 RM489 3 29.2  (ATA)8 4 271 235-271 acttgagacgatcggacacc tcacccatggatgttgtcag 55 
415 RM490 1 51  (CT)13 6 101 93-107 atctgcacactgcaaacacc agcaagcagtgctttcagag 55 
416 RM491 12 34.3  (AT)14 5 263 263-400 acatgatgcgtagcgagttg ctctcccttcccaattcctc 55 
417 RM492 2 53  (GA)11 5 224 124-138 ccaaaaatagcgcgagagag aagacgtacatgggtcaggc 55 
418 RM493 1 79.7  (CTT)9 6 211 211-259 tagctccaacaggatcgacc gtacgtaaacgcggaaggtg 55 
419 RM494 6 145.2  (AGA)16 2 203 175-203 gggaggggatcgagatagac tttaaccttccttccgctcc 55 
420 RM495 1 2.8  (CTG)7 3 159 147-159 aatccaaggtgcagagatgg caacgatgacgaacacaacc 55 
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421 RM496 10 113  (TC)14 5 267 263-291 gacatgcgaacaacgacatc gctgcggcgctgttatac 55 
422 RM497 2 150.8  (CAC)11 2 213 210-213 tcctcttcacctatgggtgg gccagtgctaggagagttgg 55 
423 RM498 2 194.6  (CA)10 4 213 211-219 aatctgggcctgctcttttc tcctagggtgaagaaagggg 55 
424 RM499 1 0  (TA)22 7 116 80-150 taccaaacaccaacactgcg acctgcagtatccaagtgtacg 55 
425 RM500 7 36.1  (AAG)9 5 259 244-261 gagcttgccagagtggaaag gttacaccgagagccagctc 55 
426 RM501 7 33.3 34.7 (TC)10(T

A)21 
n.a. 179 multiple gcccaattaatgtacaggcg atatcgtttagccgtgctgc 55 

427 RM502 8 121.8  (TG)10 4 266 258-266 gcgatcgatggctacgac acaacccaacaagaaggacg 55 
428 RM503 3 153.9  (CA)59(T

A)26 
n.a 268 n.a cacctttcacacacacacac gccccactaacaaaaccaag 55 

429 RM504 3 158.6  (CA)9 2 180 0,180 tctataatgtagcccccccc tttcaggggcttctaccaac 55 
430 RM505 7 78.6  (CT)12 3 199 179-203 agagttatgagccgggtgtg gatttggcgatcttagcagc 55 
431 RM506 8 0  (CT)13 3 123 115-123 cgagctaacttccgttctgg gctacttgggtagctgaccg 55 
432 RM507 5 0  (AAGA)7 2 258 254-258 cttaagctccagccgaaatg ctcaccctcatcatcgcc 55 
433 RM508 6 0  (AG)17 4 235 213-235 ggatagatcatgtgtggggg acccgtgaaccacaaagaac 55 
434 RM509 5 65.8  (TC)11 4 141 133-145 tagtgagggagtggaaacgg atcgtccccacaatctcatc 55 
435 RM510 6 20.8  (GA)15 3 122 112-122 aaccggattagtttctcgcc tgaggacgacgagcagattc 55 
436 RM511 12 59.8  (GAC)7 4 130 118-133 cttcgatccggtgacgac aacgaaagcgaagctgtctc 55 
437 RM512 12 43.2  (TTTA)5 3 214 214-218 ctgcctttcttacccccttc aacccctcgctggattctag 55 
438 RM513 1 78.4 83.5 (TC)11 3 262 262-266 tctagtggcctcaaaaaggg gcaacgaaatcatccctagc 55 
439 RM514 3 216.4  (AC)12 6 259 247-273 agattgatctcccattcccc cacgagcatattactagtgg 55 
440 RM515 8 80.5  (GA)11 7 211 205-231 taggacgaccaaagggtgag tggcctgctctctctctctc 55 
441 RM516 5 59.6  (AT)16 n.a. 206 multiple gtttcctgcatgcttggaac atgtgattgtatcaggctcg 55 
442 RM517 3 42.9  (CT)15 5 266 260-282 ggcttactggcttcgatttg cgtctcctttggttagtgcc 55 
443 RM518 4 25.5  (TC)15 7 171 153-187 ctcttcactcactcaccatgg atccatctggagcaagcaac 55 
444 RM519 12 62.6  (AAG)8 4 122 122-140 agagagcccctaaatttccg aggtacgctcacctgtggac 55 
445 RM520 3 191.6  (AG)10 4 247 247-269 aggagcaagaaaagttcccc gccaatgtgtgacgcaatag 55 
446 RM521 2 58.4 66 (TC)14 4 260 260-270 ttcccttattcctgctctcc gggatttgcagtgagctagc 55 
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447 RM522 1 33.9  (AAT)6 2 143 140-143 accagagaagccctcctagc gttctgtggtggtcacgttg 55 
448 RM523 3 11 13 (TC)14 4 148 130-150 aaggcattgcagctagaagc gcacttgggaggtttgctag 55 
449 RM524 9 13.2  (AT)11 n.a. 198 multiple tgaagagcaggaaccgtagg tctgatatcggttccttcgg 55 
450 RM525 2 143.7  (AAG)12 5 131 107-137 ggcccgtccaagaaatattg cggtgagacagaatccttacg 55 
451 RM526 2 136.3  (TAAT)5 4 240 240-266 cccaagcaatacgtccctag acctggtcatgacaaggagg 55 
452 RM527 6 61.2  (GA)17 5 233 221-239 ggctcgatctagaaaatccg ttgcacaggttgcgatagag 55 
453 RM528 6 121.6  (AGAT)9 5 232 232-260 ggcatccaattttacccctc aaatggagcatggaggtcac 55 
454 RM529 1 189.6  (CT)12 3 273 269-275 ccctcccttctgtaagctcc gaagaacaatggggttctgg 55 
455 RM530 2 158  (GA)23 4 161 161-173 gcactgaccacgactgtttg accgtaacccggatctatcc 55 
456 RM531 8 90.3  (AT)15 4 128 108-180 gaaacatcccatgttcccac tcggtttttcagactcggtc 55 
457 RM532 3 158.6 161.1 (CA)9 4 180 166-180 tctataatgtagcccccccc tttcaggggcttctaccaac 55 
458 RM533 7 39.3  (CT)16 4 257 257-259 gcaactgctctacgcctctc cctgaggcttcacctactcg 55 
459 RM534 5 100.6 110 (CGC)8 2 156 156-159 acaaaaccaagggcctaacc cttcgtgcgagccatctc 55 
460 RM535 2 195.7  (AG)11 3 138 138-410 actacatacacggcccttgc ctacgtggacaccgtcacac 55 
461 RM536 11 55.1  (CT)16 5 243 219-243 tctctcctcttgtttggctc acacaccaacacgaccacac 55 
462 RM537 4 8.5 23.7 (CCG)9 3 236 230-236 ccgtccctctctctcctttc acagggaaaccatcctcctc 55 
463 RM538 5 132.7  (GA)14 6 274 272-282 ggtcgttgaagcttaccagc acaagctctcaaaactcgcc 55 
464 RM539 6 45.1  (TAT)21 6 272 272-302 gagcgtccttgttaaaaccg agtagggtatcacgcatccg 55 
465 RM540 6 0  (AG)16 5 172 162-172 gccttctggctcatttatgc ctaggcctgccagattgaac 55 
466 RM541 6 75.5  (TC)16 9 158 156-192 tataaccgacctcagtgccc ccttactcccatgccatgag 55 
467 RM542 7 34.7  (CT)22 5 113 91-113 tgaatcaagcccctcactac ctgcaacgagtaaggcagag 55 
468 RM543 1 145.6  (GCG)10 7 98 96-104 ctgctgcagactctactgcg aaatattacccatccccccc 55 
469 RM544 8 57  (TC)9 5 248 240-252 tgtgagcctgagcaataacg gaagcgtgtgatatcgcatg 55 
470 RM545 3 35.3  (GA)30 7 226 212-230 caatggcagagacccaaaag ctggcatgtaacgacagtgg 55 
471 RM546 3 46.4  (CCT)7 2 268 0,268 gagatgtagacgtagacggcg gatcatcgtccttcctctgc 55 
472 RM547 8 58.1  (ATT)19 10 235 202-247 taggttggcagaccttttcg gtcaagatcatcctcgtagcg 55 
473 RM548 5 28.6  (CT)12 5 259 257-271 tcggtgagaaactgagagtacg aaggaggccatctcaatgtg 55 
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474 RM549 6 42.7  (CCG)9 3 148 145-154 acgaactgatcatatccgcc ctgtggttgatccctgaacc 55 
475 RM550 2 58.4 66 (CCT)8 3 231 228-234 ctgagctctggtccgaagtc ggtggtggaagaacaggaag 55 
476 RM551 4 8.5 23.7 (AG)18 8 192 168-214 agcccagactagcatgattg gaaggcgagaaggatcacag 55 
477 RM552 11 40.6  (TAT)13 n.a. 195 multiple cgcagttgtggatttcagtg tgctcaacgtttgactgtcc 55 
478 RM553 9 76.7  (CT)10 4 162 158-170 aactccacatgattccaccc gagaaggtggttgcagaagc 55 
479 RM554 3 100.6  (GA)14 5 259 251-259 gttcgtccgtctctcgtctc cccaaaaatctgtgcctctc 55 
480 RM555 2 34.7  (AG)11 4 223 223-231 ttggatcagccaaaggagac cagcattgtggcatggatac 55 
481 RM556 8 90.3  (CCAG)6 3 93 85-97 actccaaacctcactgcacc tagcacactgaacagctggc 55 
482 RM557 6 41.9  (AC)13 4 211 207-213 gtggcgagatctatgtggtg gctttgtgtgtgtgtgtgtg 55 
483 RM558A 12 5.2 13.2 (ATTG)5 n.a. 246 multiple gaactcctcgaactcgatgc aggcattcaacctgttcgac 55 
484 RM558B 11 0 11.9  n.a. n.a. n.a. gaactcctcgaactcgatgc aggcattcaacctgttcgac 55 
485 RM559 4 155.8  (AACA)6 2 160 156-160 acgtacacttggccctatgc atgggtgtcagtttgcttcc 55 
486 RM560 7 54.2  (CT)12 4 239 235-241 gcaggaggaacagaatcagc agcccgtgatacggtgatag 55 
487 RM561 2 74.1  (GA)11 4 190 188-198 gagctgttttggactacggc gagtagctttctcccacccc 55 
488 RM562 1 78.4 83.5 (AAG)13 6 243 219-267 cacaacccacaaacagcaag cttcccccaaagttttagcc 55 
489 RM563 3 89  (CCT)6 3 185 182-188 cgaccctagggtttctcc ctcgacgtcgtggaaagc 55 
490 RM564 4 73.1  (GT)14 n.a. 228 multiple catggccttgtgtatgcatc atgcagaggattggcttgag 55 
491 RM565 3 215.5  (GA)11 4 172 154-172 agtaacgagcatagcaggcg gcaaagccttcaggaatcag 55 
492 RM566 9 47.7  (AG)15 8 239 230-306 acccaactacgatcagctcg ctccaggaacacgctctttc 55 
493 RM567 4 153.6  (GA)21 7 261 239-261 atcagggaaatcctgaaggg ggaaggagcaatcaccactg 55 
494 RM568 1 196.5  (CT)10 2 266 264-266 ccgagctcgaattcaatgtg gtgagagagagagagagagagagtg 55 
495 RM569 3 11  (CT)16 6 175 167-185 gacattctcgcttgctcctc tgtcccctctaaaaccctcc 55 
496 RM570 3 221.1  (AG)15 6 208 208-282 gttcttcaactcccagtgcg tgacgatgtggaagagcaag 55 
497 RM571 3 205.4  (GT)11(A

G)13 
5 188 282-194 ggaggtgaaagcgaatcatg cctgctgctctttcatcagc 55 

498 RM572 1 66.4 71.6 (TC)14 8 159 147-181 cggttaatgtcatctgattgg ttcgagatccaagactgacc 55 
499 RM573 2 143.7  (GA)11 3 201 193-211 ccagcctttgctccaagtac tcttcttccctggaccacac 55 
500 RM574 5 41  (GA)11 5 155 147-160 ggcgaattctttgcacttgg acggtttggtagggtgtcac 55 
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501 RM575 1 51 54.2 (AG)24 7 201 193-207 caatttccataggctgcatg gcttgggttagcgacgac 55 
502 RM576 1 51 54.2 (AT)10(G

T)14 
n.a. 241 n.a. ggacggcgagttcataaatag cttgatgggataaaagcatcag 55 

503 RM577 1 61.3  (TA)9(CA
)8 

4 193 191-270 gctttccctctaacccctct ggatgtaccgctgacatgaa 55 

504 RM578 1 61.3  (GA)19 3 226 224-228 ggcgtcgtgttttctctctc caaaaaggaggagcagatcg 55 
505 RM579 1 61.3  (GA)25 6 182 162-190 tccgagtggttatgcaaatg aattgtgtccaatgggctgt 55 
506 RM580 1 68.2  (CTT)19 8 221 200-230 gatgaactcgaatttgcatcc cactcccatgtttggctcc 55 
507 RM581 1 66.4  (GA)12 4 143 135-145 acatgcgtgatcaacaatcg aattggatgtggatgcacg 55 
508 RM582 1 66.4  (TC)20 7 231 215-239 tctgttgccgatttgttcg aaatggcttacctgctgtctc 55 
509 RM583 1 58.9  (CTT)20 5 192 156-192 agatccatccctgtggagag gcgaactcgcgttgtaatc 55 
510 RM584 6 26.2  (CT)14 5 169 159-181 agaaagtggatcaggaaggc gatcctgcaggtaaccacac 55 
511 RM585 6 25.1  (TC)45 9 233 171-259 cagtcttgctccgtttgttg ctgtgactgacttggtcatagg 55 
512 RM586 6 7.4  (CT)23 6 271 241-281 acctcgcgttattaggtaccc gagatacgccaacgagatacc 55 
513 RM587 6 10.7  (CTT)18 4 217 190-217 acgcgaacaaattaacagcc ctttgctaccagtagatccagc 55 
514 RM588 6 7.4  (TGC)9 3 126 114-126 gttgctctgcctcactcttg aacgagccaacgaagcag 55 
515 RM589 6 3.2  (GT)24 7 186 174-204 atcatggtcggtggcttaac caggttccaaccagacactg 55 
516 RM590 10 117.2  (TCT)10 3 137 137-143 catctccgctctccatgc ggagttggggtcttgttcg 55 
517 RM591 10 118.3  (AC)10 n.a. 258 n.a. ctagctagctggcaccagtg tggagtccgtgttgtagtcg 55 
518 RM592 5 31.4  (ATT)20 11 270 210-400 tctttggtatgaggaacacc agagatccggtttgttgtaa 55 
519 RM593 5 31.4  (CT)15(C

A)10 
7 217 205-221 tcccgtatgtaacgtgcca gacaagagaacatcgctagg 55 

520 RM594 1 78.4 83.5 (GA)n 8 300 290-312 gccaccagtaaaagcaatac ttgatctgctagtgagaccc 55 
521 RM595 1 78.4 83.5 (AG)13 6 189 187-209 ccttgaccctcctcttactt tcctatcaaaatttggcaac 55 
522 RM596 10 54.7  (GAC)10 2 188 0,188 atctacacggacgaattgcc agaagcttcagcctctgcag 55 
523 RM597 6 3.2  (CT)11 2 176 0,176 cctgatgcacaactgcgtac tcagagagagagagagagagagag 55 
524 RM598 5 68.3  (GCA)9 2 159 156-159 gaatcgcacacgtgatgaac atgcgactgatcggtactcc 55 
525 RM599 2 139.6  (GCG)8 2 203 0,203 ctgaccgttgttggtcattg ttcccagagaaccaaggatg 55 
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526 RM600 1 61.3 68.2 (TTA)19 10 220 208-247 aaacgtgtgttagcctgttagg catatgctagtggtgctagcg 55 
527 OSR13 3 53.1  (GA)n n.a. n.a. n.a. catttgtgcgtcacggagta agccacagcgcccatctctc 55 
528 OSR14 2 6.9  (GA)n n.a. n.a. n.a. aaatccacgcacactttgcg aggtaaacgagcttgaggtg 55 
529 OSR16 3 42.9  (GA)n n.a. n.a. n.a. aaaactagcttgcaaagggga tgccggctgatcttgttctc 55 
530 OSR17 2 1.1  (AATT)n n.a. n.a. n.a. gctggttgattcagctagtc gcctcgttgtcgttccacac 55 
531 OSR21 6 143.7 149.7 (CT)n n.a. n.a. n.a. atttctttggccacaggcga cccagattcggaacaagaagaac 55 
532 OSR23 1 186.6  (CT)n n.a. n.a. n.a. tgatacgtggtacgtgacgc taatcgcttccctacccctg 55 
533 OSR28 9 85.4  (AGA)n n.a. n.a. n.a. agcagctatagcttagctgg actgcacatgagcagagaca 55 
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3.1.4.5.2 Dilution of selected primers/markers: 
Primers were obtained in solid form and molarity as nanomole was written on each primer 

bottle.  

It is known that 1 molar= 1mol/L= 1 mol in 1 liter 

Molarity was calculated by dividing the weight (in gram) by molecular weight. Similarly, 

micromole= weight (in microgram)/ molecular weight 

As for example, 

The weight of RM 18R (reverse primer)= 315.8 µg (microgram). 

The molecular weight of RM 18R= 5979 

Molarity of RM 18R= 315.8/5979=0.0528 µM (micromole)= 52.8 nanomol 

 

Preparation of 1st stock (100 µM) primer solution: 
100 µM (micromole)= 100 µM (micromole)/liter= 100 nanomol/ml= 100 nanomol/1000 µl 

(microliter)  

In order to make 100 µM (micromole) RM 18R primer solution 528 µl (microliter) TE buffer 

was added to 52.8 nanomol solid primer. 

 

Preparation of 2nd stock (10 µM) primer solution: 
In order to make 10 µM (micromole) primer solution, 1st stock i.e 100 µM (micromole) primer 

solution was diluted 10 times. 

For making 10 µM (micromole) RM 18R primer solution 900 µl (microliter) TE buffer was 

added to 100 µl of 1st stock primer solution. 

 

Preparation of working (2 µM) primer solution: 
In order to make 2 µM (micromole) primer solution, 2nd stock i.e 10 µM (micromole) primer 

(both forward and reverse) solution was diluted 5 times. 

For preparing 2 µM (micromole) RM 18 primer solution, 100 µl 2nd stock of both forward 

primer (RM 18F) and reverse primer (RM 18R) were taken in an eppendorf and then 600 µl  

TE buffer was added to it. 
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As per above protocol, 1st stock and 2nd stock was prepared for 533X2=1066 (one thousand 

sixty six) forward and reverse primers. After that working primer solution was made for 533 

number of primers by mixing of both forward and reverse primers. 

 

 

3.1.4.6 Non-radioactive detection of microsatellite alleles 
3.1.4.6.1 Polyacrylamide gel electrophoresis (PAGE) of DNA 
 

The amplified products having microsatellite regions were analyzed by electrophoresis in 9% 

polyacrylamide gel using direct PCR products with 1.0 X TBE buffer.  

 

Required chemicals and buffer preparation for Polyacrylamide gel electrophoresis (PAGE) are 

given in Appendix (ii). 

 
 
3.1.4.6.1.1 Polyacrylamide gel electrophoresis (PAGE) protocol 

 

3.1.4.6.1.1.1 Preparation of polyacrylamide gel 
 

Electrophoresis Cell (Model: DYCZ-30C, Beijing Liuyi Instrument Factory, China) 

was used as polyacrylamide gel electrophoresis apparatus. As per instrument guide gel 

preparation, gel loading, and gel running were performed. 

The following steps were followed for polyacrylamide gel preparation: 

1. Both gel plates were thoroughly cleaned twice with 95% ethanol and kimwipes tissue. 

2. It was waited for five (5) minutes to dry the gel plates. 

3. The glass plates assembled and the set of rubber protector were used to hold them in 

place. The side spacer was fixed with large glass plates to make space between two glass 

plates.   

4. It was made sure the bottom of both plates and spacers were attached with one another 

to prevent leaking.  

5. Space between rubber protector and bottom side of the large glass plate was sealed by 

using 1.5% agarose gel.   
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6. The assembled plates were placed in the loading part of the gel apparatus.  It was 

confirmed that the tooth comb would fit between the plates.  

7. The fine space of the apparatus was also sealed by using 1.5% agarose gel to prevent 

leaking of buffer.   

8. Finally, it was made sure the gel would not leak by filling the area between the plates 

with deionized water.  If the water leaked, all spaces were checked thoroughly and 

sealed with 1.5% agarose gel. When the gel did not leak, the water was drained and the 

area between the plates was dried with a paper towel.    

9. Nine percent (9%) polyacrylamide solution was prepared as per recepi (Appendix-ii). 

10.  To finalize the gel solution, APS and TEMED were added to 9% polyacrylamide 

solution and quickly but gently mixed.  Upon the addition of APS and TEMED, the gel 

was poured immediately, otherwise the solution could polymerize before the entire gel 

could be poured.   

11. Using a sterile plastic pipette, the gel was carefully poured between the glass plates.  It 

was poured at one side with a constant flow to prevent bubble formation.  If any bubbles 

were noticeable, the bubble was gently removed by using suitable plastic spacer that 

could be inserted in between the glass plates.   

12. Remaining gel solution was kept into a carefully labelled container and was used as a 

polymerization control. 

13. The tooth comb was inserted into the gel so that the wells were submerged in the gel 

solution, but leaving a bit of air in the top to prevent bubble formation and to allow for 

the addition of extra gel as the result of leakage prior to polymerization.   

14. The gel was allowed to set for at least an hour. 

15. Using the polymerization control it was verified that the gel polymerized between the 

plates.   

 

3.1.4.6.1.1.2 Preparation of gel run 

  
1.  The glass plates along with gel were moved into the tank compartment of the 

electrophoresis chamber.   

2. Using a 1X TBE buffer solution, the tip of the comb was washed, and then the comb 

was removed gently.   
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3. The wells and the remaining top part of the gel were filled with the same buffer.  

4. The wells of gel particles and bubbles were flushed thoroughly by using a needle-like 

pipette filled with 1X TBE buffer to push out the leftover solid and bubbles. 

5.  Central chamber (in between two gel glass plates) of the apparatus was filled with 1X 

TBE buffer and both side chambers were partially filled with 1X TBE buffer ensuring 

the platinum wires of the apparatus were submerged at both ends. 

 

3.1.4.6.1.1.3 Sample Preparation           

 

PCR samples were prepared by mixing 10 µL of each sample (PCR product) with 3 µL 

of STR 3X Loading Solution or 6X DNA loading dye in the wells of PCR plate. 

Protocol for the preparation of STR 3X loading solution and 6X DNA loading dye is given in 

Appendix (ii). 

3.1.4.6.1.1.4 Sample Loading and Electrophoresis 
 

1. Three microliter (3 µL) of the each sample (PCR product + loading dye) was loaded 

into the wells using a micropipette, ensuring that each well was labelled with the 

appropriate sample in a notebook.   

2. The leads were connected to a power supply.  The power supply was turned on, 

ensuring that DC power was on.  The setting was adjusted to ~180 volts. Start button 

was pressed on the power supply.  

3. The gel was allowed to run until the dye had moved the appropriate distance based on 

the size of the bands in each sample. 

4. Once the gel was run to experimental specifications, the power source was cut off and 

the leads were disconnected.   

5. The buffer was poured to a pot and the chambers of the apparatus were made empty. 

The apparatus was disassembled and unclamped the glass plates, leaving only the gel 

attached between the two plates.   

6. Using some sort of wedge (i.e. razor blade, etc.), the two glass plates were separated 

carefully.  The gel was loosely affixed to the gel plate. Afterward, the gel was 

separated carefully and was ready for silver staining. 
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3.1.4.6.2 Silver staining 
Banding patterns was visualized by non-radioactive silver staining method described by 

Panaud et. al.(1996). 

Required chemicals for silver staining are given in Appendix (iii). 
 

3.1.4.6.2.1 Silver staining protocol 
 
1) The gel was dipped in fixation solution and kept until disappearing of the blue 

marking colour (Usually 20 min). 
 
2) The fixation solution was removed. The staining solution was added to gel and 

kept at least for 12 min.  
 
3) The staining solution was removed and the gel was washed 3 times with d H2O. 
 
4) The gel was placed in pre-chilled developer solution and shook till bands 

appeared (About 8-10 min). 
 
5) The developer solution was removed and the gel was washed with d H2O for 2 

min. 
 

6) The above steps were done on reciprocating shaker. 
 

 
7) The gel was saved in plastic sheet. 

 

3.1.4.6.3 Gel documentation 
 

The gel was wrapped with cling film and dried with a paper towel. After that the gel having 

different bands was placed on the Gel-Doc UV-Transilluminator. White light was used to 

observe the band pattern and an image of the electrophoresis patterns was printed. 
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3.1.4.7 Polymorphism survey of parental cultivars:  
 

The DNA was extracted from the leaves of twenty five days old seedlings of parental 

lines/cultivars (IR-36 and Pokkali) by CTAB method. Polymorphism survey was carried out 

using 533 (five hundred and thirty three) microsatellite markers, randomly distributed through 

out the rice genome. F2 population was used as mapping population based on maximum 

polymorphism between the parent lines/cultivars of that mentioned cross. The polymorphic 

microsatellite markers were used further for the genotyping of F2 populations. 

 

 

 

 

 

 

 

 

 

Fig. Hypothetical band pattern (shown by arrow) of polymorphic and 

monomorphic marker 
 

Here, MW= Molecular Weight Marker (DNA ladder) 

A, B, C and D= Different hypothetical Markers 

Source: Collard et al., 2005 
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3.1.4.8 Genotyping of F2 population 
 

 The DNA was extracted from the leaves of twenty five days old seedlings of 113 F2 

populations by CTAB method. Among 533 SSR or microsattelite markers, 111 markers were 

found polymorphic. Genotyping of one hundred and thirteen (113) F2 populations was done 

by using each of the polymorphic markers. Using each marker with DNA templates of 113 F2 

populations PCR reaction was done. After that the PCR sample was mixed with loading dye 

and loaded in Electrophoresis Cell (Model: DYCZ-30C, Beijing Liuyi Instrument Factory, 

China). Then the run gel was silver stained. After ward, the band pattern was observed and 

genotypes of F2 populations were recorded. 

 

In case of codominant marker, 

The band pattern of F2 population matched with P1 (IR 36) was coded as 1. 

The band pattern of F2 population matched with P2 (Pokkali) was coded as 2. 

The band pattern of F2 population matched with both P1 (IR 36) and P2 (Pokkali) or F1 was    

coded as 3. 

 

In case of dominant marker, 

The band pattern of F2 population that was dominant like P2 (Pokkali) was coded as 4. 

The band pattern of F2 population that was dominant like P1 (IR 36) was coded as 5. 

 

In case of missing band – was used for both type of markers. 

 

Thus genotyping of 113 number of F2 populations were performed for all 111 (one hundred 

and eleven) polymorphic SSR/microsattelite markers. 
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3.1.5 Mapping of microsatellite markers and further 

construction of molecular linkage maps: 
 

Mapping of microsatellite markers were carried out based on polymorphic survey of parental 

lines/cultivars of respective F2 population. The molecular linkage map was constructed by 

using the program JoinMap v.3.0 (Van Ooijen and Voorrips, 2001) based on the genotype data 

of each F2 population. Map distances between the microsatellite loci was presented in 

centiMorgan (cM), using the Kosambi function (Kosambi, 1944).  

 

3.1.6 Data analysis and identification of QTLs:  
 

QTL Cartographer 2.5 (Basten et. al., 1994, 2001) was used to identify the QTL association 

with salinity tolerance at maturity stage in rice. QTL for agronomic and physiological traits 

were detected both under saline and normal condition at maturity stage in rice. Mapping 

analysis was carried out for the replicated phenotyping data of the F2 population. 
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3.2 QTL identification through Association 
Mapping: 
 

3.2.1 Plant materials: 
 

Seeds of 24 different rice varieties/lines including all recommended rice varieties of Pakistan 

were collected from Rice Research Institute, Kala Shah Kaku, Lahore, Pakistan. Rice 

varieties/lines are shown in Table 3.3.  

 

Table 3.3 List of rice varieties/lines 
  

Sl. No. 
  

Variety Origin 

1 IR 36 International Rice Research Institute, Philippines 
2 Pokkali Kerala Agricultural University, India 
3 Shaheen Basmati Rice Research Institute, Pakistan 
4 Basmati 2000 Rice Research Institute, Pakistan 
5 Basmati 198 Rice Research Institute, Pakistan 
6 Super Basmati Rice Research Institute, Pakistan 
7 Pak Basmati Rice Research Institute, Pakistan 
8 Basmati 370 Rice Research Institute, Pakistan 
9 Basmati 385 Rice Research Institute, Pakistan 
10 Super Kernal Rice Research Institute, Pakistan 
11 PB-95 Rice Research Institute, Pakistan 
12 B-515 Rice Research Institute, Pakistan 
13 Basmati 6129 Rice Research Institute, Pakistan 
14 IR-6 Rice Research Institute, Pakistan 
15 KS-282 Rice Research Institute, Pakistan 
16 KSK-133 Rice Research Institute, Pakistan 
17 Sathra 278 Rice Research Institute, Pakistan 
18 TN-1 Rice Research Institute, Pakistan 
19 SRI-8 Rice Research Institute, Pakistan 
20 SRI-12 Rice Research Institute, Pakistan 
21 SHP Rice Research Institute, Pakistan 
22 IRP-1 Rice Research Institute, Pakistan 
23 IRP-2 Rice Research Institute, Pakistan 
24 SN 4365 Rice Research Institute, Pakistan 

 

The above mentioned different 24 rice varieties were used for Association Mapping. 
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3.2.2 Salinity Blocks: 
Same salinity blocks constructed for QTL identification through linkage mapping were used 

for Association Mapping. It is noted that leaching, percolation and surface runoff of soil water 

were strictly controlled so that electrical conductivity remains constant. 

 

3.2.3 Raising of seedling 
Twenty four large size glass Petri plates (14.6 cm diameter) were taken and washed 

thoroughly with distilled water. Petri plates were marked as variety/line name mentioned in 

table.1. Two Whatman filter papers was placed on the bottom of each Petri plate. Sterilized 

distilled water was poured in to those 24 Petri plates such a way that bottom parts of the Petri 

plates were just dipped and filter papers were soaked. Rice seeds of 24 varieties/lines were 

washed thoroughly one by one. One hundred seeds of each variety/line were placed in 

previously marked large size Petri plates (14.6 cm diameter). Water of all Petri plates were 

changed with sterilized distilled water daily. After five days seeds were nicely sprouted (both 

radicle and plumule) in all Petri plates. 

 

Twenty four plastic pots of 40 cm diameter were collected and washed thoroughly with clean 

water. Plastic pots were marked for each variety. The pots were filled-up with normal crop 

land soil. Soils of pots were irrigated properly and the pots were kept undisturbed for about 

two hours. After that soil of each pot was mixed well with water and mud was prepared. 

Straws, inert matters and debris were removed from the soil.  

 

Then following fertilizers were applied in each large plastic pot. 

 

Sl. No. Name of the fertilizer Amount of fertilizer/pot 

1 Di-Ammonium Phosphate (DAP) 1 g 

2 Urea 1.5 g 

3 Potassium Sulphate 0.5 g 

4 Zinc Sulphate 0.1 g 
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Forty sprouted seeds of each variety/line were then transferred from Petri plates to marked 

large plastic pot one by one. The plastic pots were kept in glass-house. Rice seedlings in each 

plastic pot were taken care and given proper and timely irrigation. 

 

 

3.2.4 Transplantation of seedling 
Both salinity blocks and normal field were prepared as randomized block design with three 

replications. Seventy two (variety 24 X replication 3) blocks were prepared in both salinity 

block and normal field. Each block size was 0.63 squares meter and contained 9 seedlings 

with spacing of 22.8 cm × 30.5 cm. Thirty days old seedlings of each variety/line grown in 

large plastic pots were uprooted carefully and transplanted in both salinity blocks and normal 

field on July 1, 2011 at a hill spacing of 22.8 cm × 30.5 cm. with one seedling per hill. 

Transplanting was done as randomized block design with three replications. Twenty seven 

seedlings (seedling 7 X replication 3) of each of twenty four varieties/lines were transplanted 

in both salinity blocks and normal field.  

 

A common fertilizer dose was applied in both saline and normal field. Common fertilizer dose 
given below: 
 

 

Sl. No. 

Name of the fertilizer Amount of fertilizer 

(kg/ha) 

1 Nitrogen (N) 148 

2 Phosphorus (P) 74 

3 Potassium (K) 62 

4 Zinc (Zn) 5 

 

Full doses of Phosphorus (P), Potassium (K), Zinc (Zn) and one-third of Nitrogen (N) were 

applied as basal dose during final land preparation. One-third of Nitrogen (N) was applied at 

28 days after transplanting (DAT) and remaining one-third of Nitrogen (N) was applied at 45 

days after transplanting (DAT) as top dressing. Weeds, diseases and insect pests were 

controlled throughout the whole rice growth period. Irrigation was done according to the 

requirement of the plant and soil condition. 
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Fig.3.8 Growing of different rice varieties in salinity blocks. 

(45 days after transplanting; Salinity level: 7.2 dS/m) 

 

3.2.5 Phenotyping the 24 varieties for agronomic and 

physiological traits at maturity stage:  
 

Agronomic and physiological traits (except days to 50% flowering) as for QTL identification 

through linkage mapping (Page-43 and 44, Section- 3.1.3.1 and 3.1.3.2) were recorded at 

maturity stage and days to 50% flowering were recorded at 50% flowering stage under both 

saline and normal condition. 

 

3.2.5.1 Quantitative Measurement of sodium, potassium and calcium in 

flag leaf 
The above-mentioned physiological traits were measured using dried plant material following 

the method described earlier for QTL analysis through linkage mapping part (page no.44 and 

45, section-3.1.3.2.1) 
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3.2.5.2.2 Soil analysis  
 Soil samples were collected both from salinity block and normal field where 24 

different rice varieties were grown in 2011. Collection of primery soil samples and 

preparation of working soil samples were done as earlier for QTL identification through 

linkage mapping part. One working soil sample for salinity block and another working soil 

sample for normal field were sent to Soil and Water Testing Laboratory for Research, 

Agriculture Department, Government of the Punjab, Lahore, Pakistan for measurement of 

sodium, potassium and calcium content and other information. Soil analysis report is shown in 

table 3.4. 

 

Table 3.4 Analysis of soil collected from salinity blocks and normal field  

(in 2011) 

 

Parameter Soil sample collected from 

salinity block 

Soil sample collected from 

normal field 

EC (dS/m) 7.5 2.3 

Available Sodium 

(mg/kg or ppm) 

4120 450 

Available Potassiumm 

(mg/kg or ppm) 

123 101 

Available Calcium 

(mg/kg or ppm) 

115 62 

Available Phosphorus 

(mg/kg or ppm) 

12.5 8.8 

PH 8.2 8.0 

 

Organic matter (%) 0.40 0.70 

 

Saturation (%) 41 41 

 

Texture Loam Loam 
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3.2.6 Genotyping of different rice varieties:  
 

3.2.6.1 Plant DNA Extraction (CTAB Method): 
The DNA extraction from 24 rice varieties was carried out by CTAB method described in 

QTL identification through linkage mapping part (Page-37, Section- 3.1.4.1). 

 

  

3.2.6.2 DNA quantification, Dilution of DNA samples, PCR 
amplification, microsatellite primers information and 
dilution, and non-radioactive detection of microsatellite 
alleles 
 

These steps were carried the same way as given for QTL identification through linkage 

mapping part (Page-38-70), Section- 3.1.4.2, 3.1.4.3, 3.1.4.4, 3.1.4.5 and 3.1.4.6). 
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3.2.6.3 Genotyping of varieties 
 

 Genotyping of twenty four (24) rice varieties was done by using same one hundred 

and eleven (111) SSR markers used for QTL identification through linkage mapping. 

Procedure except band pattern observation was carried the same way as given for QTL 

identification through linkage mapping part (Page-67, Section-3.1.4.6). 

 

The band pattern was observed and genotypes of 24 rice varieties were recorded by using the 

following codes. 

Presence of specific band pattern of the marker was coded as 1. 

Absence of specific band pattern of the marker was coded as 2. 

Band distance of the marker was also recorded in base pair (bp). 

 

Thus genotyping of twenty four (24) rice varieties were performed for all one hundred and 

eleven (111) polymorphic SSR/microsattelite markers. 

 

3.2.7 Association Mapping:  
 
Association mapping was carried out and QTL associated with salinity tolerance at maturity 

stage in rice by using genotypic and phenotypic data of different 24 rice varieties/lines. In that 

case STRUCTURE and TASSEL software were used.
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4- RESULTS 
 

4.1 QTL identification through linkage mapping: 
 

4.1.1 Statistical parameters for agronomic traits of indica 
rice F2 populations grown under saline and normal 
condition 

 

Statistical parameters for agronomic traits of indica rice F2 populations grown under 

saline and normal condition is presented in table 4.1.1.1 to 4.1.1.3.  

 

a. Plant height 
 

Minimum, maximum and average plant height of indica rice F2 populations were 

73cm, 175cm and 121.94cm, respectively under normal condition, whereas under saline 

condition those were 61cm, 120cm and 90.52cm, respectively. Lower standard deviation 

and skewness were obtained under saline condition compared to normal (control) and those 

values were 15.324cm and 0.2084cm, respectively (Table 4.1.1.1). It indicated that plant 

height of F2 populations was reduced under salinity stress. 

 

b. Number of total and effective tiller per plant 
 

In case of number of total tiller per plant of indica rice F2 populations, minimum, 

maximum and average were 6, 12 and 9.28, respectively under normal condition, whereas 

under saline condition those were 1, 12 and 5.56, respectively. Standard deviation was 

higher and skewness was lower in saline condition compared to normal and those values 

were 2.80605 and - 0.2952, respectively (Table 4.1.1.1). It revealed that total tiller per plant 

of F2 populations were reduced under salinity stress and number of total tiller per plant was 

much varied among F2 populations. 
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Minimum, maximum and average number of effective tiller per plant of indica rice 

F2 populations was 5, 11 and 8.09, respectively under normal condition, while those were 1, 

10 and 4.51, respectively under saline condition. Higher standard deviation and lower 

skewness was found under saline condition compared to control and those values were 

2.431619 and 0.084, respectively (Table 4.1.1.1). It revealed that effective tiller per plant of 

F2 populations were reduced under salinity stress. 

 

c. Panicle length and panicle weight 
 

Twenty five (25) cm, 34cm and 29.25cm were the lowest, heighest and mean panicle 

length of indica rice F2 populations, respectively under normal condition, while under 

saline condition those were 13cm, 32cm and 22.45cm, respectively. Standard deviation was 

higher and skewness was lower in saline condition compared to control and those values 

were 5.6757cm and -0.3965cm, respectively (Table 4.1.1.1). It indicated that panicle length 

of F2 populations was reduced under salinity stress and panicle length was much varied 

among F2 populations. 

 

For normal condition, lowest, highest and mean panicle weight of indica rice F2 

populations were 4.53g, 7.50g and 5.53g, respectively, whereas for saline condition those 

were 0.50g, 7.31g and 3.17g, respectively. Higher standard deviation and lower skewness 

were observed under saline condition compared to normal and those values were 2.11965 

and 0.5044cm, respectively (Table 4.1.1.1). It showed that panicle length of F2 populations 

was reduced under salinity stress. 

 

d. Number of spikelet, unfilled grain and grain per panicle 
 

In case of number of spikelet per plant of indica rice F2 populations, minimum, 

maximum and average were 245, 332 and 281, respectively under normal condition, 

whereas those were 40, 305 and 163.32, respectively under saline condition. Higher 

standard deviation and lower skewness was observed under saline condition compared to 

control and those values were 77.59974 and 0.3002, respectively (Table 4.1.1.1). It revealed 

that number of spikelet per plant of F2 populations was reduced under salinity stress. 
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Eight, 25 and 14 were minimum, maximum and average number of unfilled grain 

per plant of indica rice F2 populations, respectively under normal condition, while those 

were 10, 39 and 21.77, respectively under saline condition. Standard deviation was higher 

and skewness was lower in saline condition compared to normal and those values were 

6.408 and 0.1322, respectively (Table 4.1.1.1). It showed that number of unfilled grain per 

plant of F2 populations was increased under salinity stress. 

 

Minimum, maximum and average number of grain per plant of indica rice F2 

populations were 223, 324 and 267, respectively for normal condition, whereas 14, 285 and 

141.55, respectively were for saline condition. Higher standard deviation (81.3111) and 

lower skewness (0.3244) were observed under saline condition compared to normal (Table 

4.1.1.1). It revealed that number of grain per plant of F2 populations was reduced under 

salinity stress. 

 

e. Panicle fertility 
 

Under normal condition, 90.44%, 97.59% and 94.91% were lowest, highest and 

mean panicle fertility of indica rice F2 populations, respectively, whereas under saline 

condition those were 35.00%, 96.43% and 80.42%, respectively. Higher standard deviation 

and lower skewness (negative) were obtained under saline condition compared to normal 

and those values were 16.0387% and -1.4297%, respectively (Table 4.1.1.1). It proved that 

panicle fertility of F2 populations was reduced under salinity stress and panicle fertility was 

much varied among F2 populations. 

 

f. Days to 50% flowering and maturity 
 

Eighty, 95 and 86.83 were minimum, maximum and mean days to 50% flowering of 

indica rice F2 populations, respectively under normal condition, while 82, 98 and 89.35 

were under saline condition, respectively. Standard deviation (3.9549) and skewness             

(-0.1086) were lower in saline condition compared to control (Table 4.1.1.1). It showed that 

flowering of F2 populations was delayed under salinity stress. 
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In case of days to maturity of indica rice F2 populations, 110, 125 and 116.83 were 

minimum, maximum and average, respectively under normal condition, whereas 112, 128 

and 119.35, respectively under saline condition. Lower standard deviation (3.9549) and 

lower skewness (-0.1086) was observed under saline condition compared to control (Table 

4.1.1.1). It revealed that maturity period delayed under salinity stress. 

 

g. Grain length, width and length/width ratio 
 

For normal condition, lowest, highest and average grain length of indica rice F2 

populations were 7.00mm, 8.00mm and 7.51mm, respectively, whereas for saline condition 

those were 6.30mm, 7.80mm and 7.27mm, respectively. Lower standard deviation and 

lower skewness were observed under saline condition compared to normal and those values 

were 0.3359mm and 0.0682mm, respectively (Table 4.1.1.1). It showed that grain length of 

F2 populations was littlebit reduced under salinity stress. 

 

Under normal condition, 2.00mm, 3.00mm and 2.55mm were lowest, highest and 

average grain width of indica rice F2 populations, respectively, while 1.80mm, 3.00mm and 

2.41mm, respectively under saline condition. Slightly lower standard deviation (0.3746) and 

lower skewness (0.1310) were obtained under saline condition compared to control (Table 

4.1.1.1). It proved that grain width of F2 populations was very littlebit reduced under 

salinity stress. 

 

Minimum, maximum and mean grain length-width ratio of indica rice F2 

populations were 2.33, 4.00 and 3.03, respectively under normal condition, whereas under 

saline condition those were 2.33, 4.33 and 3.11, respectively. Little bit lower standard 

deviation and skewness were obtained under saline condition compared to normal and those 

values were 0.5917 and 0.3848, respectively (Table 4.1.1.1). It indicated that grain length-

width ratio of F2 populations was increased slightly under salinity stress. 
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h. Thousand grain weight 
 

In case of 1000 grain weight of indica rice F2 populations, 17.00g, 25.00g and 

20.32g were minimum, maximum and average, respectively under normal condition, while 

16.50g, 24.50g and 19.85g, respectively under saline condition. Lower standard deviation 

(2.5366) and skewness (0.2257) was observed under saline condition compared to control 

(Table 4.1.1.1). It revealed that 1000 grain weight of indica rice F2 populations was very 

slightly reduced under salinity stress. 

 

i. Grain yield, straw yield and harvest index 
 

Under normal condition, 26.57 g/plant, 60.59 g/plant and 43.38 g/plant were lowest, 

highest and mean grain yield of indica rice F2 populations, respectively, whereas under 

saline condition 0.23 g/plant, 60.28 g/plant and 17.60 g/plant, respectively. Higher standard 

deviation (17.2583) and lower skewness (1.0068) were obtained under saline condition 

compared to normal (Table 4.1.1.1). It proved that grain yield of F2 populations was 

reduced under salinity stress. 

 

In case of straw yield of indica rice F2 populations, 44.36 g/plant, 270.35 g/plant 

and 108.06 g/plant were minimum, maximum and average, respectively under normal 

condition, whereas 0.70 g/plant, 269.80 g/plant and 61.16 g/plant, respectively under saline 

condition. Higher standard deviation (79.2053) and lower skewness (1.2496) was observed 

under saline condition compared to control (Table 4.1.1.1). It revealed that straw yield of F2 

populations was reduced under salinity stress. 

 

Minimum, maximum and mean harvest index of indica rice F2 populations were 

11.48%, 83.11% and 49.88%, respectively for normal condition, whereas under saline 

condition those were 21.49%, 82.33% and 45.44%, respectively. Standard deviation 

(16.1240) was lower and skewness (0.1522) was higher in saline condition compared to 

control (Table 4.1.1.1). It indicated that harvest index of F2 populations was reduced under 

salinity stress. 
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All F2 populations showed marked differences in studied agronomic traits under 

saline conditions compared to the control treatments (Table 4.1.1.1). Traits which showed 

reduction under saline conditions were plant height, number of total tillers/plant, number of 

effective tillers/plant, panicle length, panicle weight, number of spikelets/panicle, number of 

grains/panicle, panicle fertility (%), grain length, grain width, 1000 grain weight, grain 

yield, straw yield and harvest index (%). Traits which showed increase under saline 

conditions were number of unfilled grains/panicle, days to 50% flowering, days to maturity 

and grain length-width ratio. Number of unfilled grains/panicle was clearly higher under the 

saline conditions compared to the control. This showed that salinity adversely affected grain 

formation. Number of grains/panicle was reduced under saline conditions and this trait was 

significantly responsible for reduced grain yield/plant under saline conditions.  
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Table 4.1.1.1 Statistical parameters for agronomic traits of indica rice F2 populations grown under normal and saline condition 

 

Traits Minimum value Maximum value Mean value Standard deviation Skewness 

Normal Saline Normal Saline Normal Saline Normal Saline Normal Saline 

Plant height 
(cm) 

73 61 175 120 121.94 
 

90.52 29.65495 
 

15.32434 0.546601 
 

0.20841 

No. of total tiller 
/plant 

6 1 12 12 9.28 
 

5.56 1.278036 
 

2.80605 
 
 

0.235203 
 

-0.2952 
 
 

No. of effective 
tiller /plant 
 
 

5 
 

1 11 10 8.09 
 

4.51 1.359868 
 

2.43162 
 
 
 

0.270853 0.084084 
 

Panicle length 
(cm) 

25 13 34 32 29.25 
 

22.45 1.739925 
 

5.67575 
 
 

0.490482 
 

-0.39654 
 
 

Panicle weight 
(g) 

4.53 0.50 7.50 7.31 5.53 
 

3.17 
 
 

0.503486 
 
 

2.11965 
 
 

0.993449 
 

0.5044 

Number of 
spikelets/ 
panicle 

245 40 332 305 281 
 

163.32 18.73785 
 
 

77.59974 
 

0.898318 
 

0.3002 
 
 

Number of 
unfilled 
grain/panicle 

8 10 25 39 14 
 

21.77 
 
 

5.346053 
 

6.408 
 
 

0.963366 
 

0.1322 

Number of 
grain/panicle 

223 14 324 285 267 
 

141.55 22.83031 
 
 

81.3111 0.46999 
 

0.324 
 
 

Panicle fertility 
 (%) 

90.44 35 97.59 96.43 94.91 
 

80.42 
 
 

2.212601 
 
 

16.0387 
 
 

-0.92416 
 

-1.4297 



 88 

 
Table 4.1.1.1 Statistical parameters for agronomic traits of indica rice F2 populations grown under normal and saline condition (Continued)  

 

Traits Minimum value Maximum value Mean value Standard deviation Skewness 

Normal Saline Normal Saline Normal Saline Normal Saline Normal Saline 

Days to 50% 
flowering 80 82 95 98 86.83 89.35 3.9617 3.9549 -0.0845 -0.1086 
Days to 
maturity 110 112 125 128 116.83 119.35 3.9617 3.9549 -0.0845 -0.1086 
Grain Length 
(mm) 7.00 6.30 8.00 7.80 7.51 7.27 0.4028 0.3359 -0.0624 -0.0682 
Grain Width 
(mm) 2.00 1.80 3.00 3.00 2.55 2.41 0.3894 0.3746 -0.1721 0.1310 
Grain Length-
Width ratio 2.33 2.33 4.00 4.33 3.03 3.11 0.5953 0.5917 0.4247 0.3848 
1000 Grain 
Weight (g) 17.00 16.50 25.00 24.5 20.32 19.85 2.5293 2.5366 0.2267 0.2257 
Grain Yield 
(g/plant) 26.57 0.23 60.59 60.28 43.38 17.60 7.1988 17.2583 0.2311 1.0068 
Straw yield 
(g/plant) 44.36 0.70 270.35 269.8 108.06 61.16 54.5574 79.2053 1.2696 1.2496 
Harvest index 
(%) 11.48 21.49 83.11 82.33 49.88 45.44 21.6272 16.1240 -0.1554 0.1522 
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Analysis of variance for agronomic traits of F2 populations indicated that plant height (cm), 

number of total tillers per plant, number of effective tillers per plant, panicle length (cm), panicle 

weight (g), number of spikelets per panicle, number of unfilled grain/panicle, number of 

grain/panicle, panicle fertility (%), grain yield (g/plant), straw yield (g/plant) and harvest index 

(%) showed very highly significant (P < 0.001) differences found for salt, genotypes (F2 

population) and salt and genotype interactions (Table 4.1.1.2). Days to 50% flowering, days to 

maturity and 1000 grain weight showed very highly significant (P < 0.001) differences for salt 

and genotypes treatments but non-significant for salt and genotype interactions indicating that 

these parameters were affected little by salt and genotype interactions. Grain length showed 

highly significant (P < 0.01) differences for salt treatment but non-significant for genotype, and 

salt and genotype interactions indicating that this parameter was affected little by genotype, and 

salt and genotype interactions. Grain length-width ratio showed highly significant (P < 0.01) 

differences for genotype treatment but non-significant for salt, and salt and genotype interactions 

indicating that salt treatment affected this parameter a little. Grain width showed non-significant 

differences for salt, genotypes and salt and genotype interactions indicating that salt treatment 

did not affect this parameter too much.  

 

Analysis of variance showed that significant differences were found for salt, genotypes 

(F2 population) and salt and genotype interactions for all the traits except grain width and grain 

length-width ratio, for which there were non-significant differences for salt treatment indicating 

that salt treatment affected these parameters a little (Table 4.1.1.2). It revealed that all the 

studied agronomic traits were affected under salinity stress and obviously important for salt 

tolerance in indica rice. 
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Table 4.1.1.2 Analysis of variance estimates for agronomic traits of indica rice F2 
population grown under normal versus saline conditions 

 

Source of variation/Trait 
Genotype  

(F2 population) Salt 
Genotype X 

Salt 
Plant height (cm) 2963.73*** 170129.20*** 379.03*** 

No. of total tiller /plant 8.48*** 2352.76*** 20.04*** 
No. of effective tiller /plant 4.81*** 2166.58*** 18.48*** 

Panicle length (cm) 30.35*** 7829.52*** 75.38*** 
Panicle weight (g) 8.34*** 942.03*** 5.91*** 

Number of spikelets/ 
panicle 6201.78*** 2347391.20*** 12916.69*** 

Number of unfilled 
grain/panicle 39.44*** 10256.30*** 169.52*** 

Number of grain/panicle 5954.97*** 2667973.39*** 15443.20*** 
Panicle fertility(%) 321.82*** 35589.34*** 464.59*** 

Days to 50% flowering 93.63*** 1078.21*** 0.378NS 
Days to maturity 93.63*** 1078.21*** 0.378NS 

Grain Length (mm) 0.769NS 9.32** 0.056NS 
Grain Width (mm) 0.847NS 3.484NS 0.029NS 

Grain Length-Width ratio 2.073** 1.203NS 0.040NS 
1000 Grain Weight (g) 38.49*** 36.727*** 0.005NS 
Grain Yield (g/plant) 307.00*** 112620.10*** 742.04*** 
Straw Yield (g/plant) 26518.65*** 372716.65*** 1231.25*** 

Harvest index(%) 1924.57*** 3340.64*** 258.59*** 
 

NS = non-significant; * = significant (P < 0.05); ** = highly significant (P < 0.01); 
 *** = very highly significant (P < 0.001) 
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Plant height, number of total tillers/plant, number of effective tillers/plant, panicle 

length, panicle weight, number of spikelets/panicle, number of grains/panicle, panicle fertility 

(%), grain length, days to 50% flowering and days to maturity showed positive correlation with 

grain yield/plant under saline condition (Table 4.1.1.3). Under normal field conditions, days to 

50% flowering and days to maturity had very highly significant negative correlation with grain 

yield/plant (r = -0.47; P < 0.01) whereas under saline conditions these traits had very highly 

significant positive correlation (r = 0.80; < 0.001) [Table 4.1.1.3]. Number of unfilled 

grains/panicle had very highly significant negative correlation with grain yield/plant under saline 

(r = -0.614; P < 0.001) and normal condition (r = -0.600; P < 0.001). Plant height had highly 

significant correlation with days to 50% flowering and days to maturity under both saline and 

normal conditions. Plant height also had very highly significant positive correlation with grain 

yield under saline condition, whereas under normal field conditions it had negative correlation 

with the grain yield (r= - 0.6194; P>0.05). Days to 50% flowering and days to maturity had very 

highly significant positive correlation with number of total tillers/plant, number of effective 

tillers/plant, panicle length, number of spikelet/panicle, number of grain/panicle, panicle fertility 

and grain yield under saline condition whereas under normal field conditions, the correlation 

was negative (Table 4.1.1.3).   
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Table 4.1.1.3. Correlation coefficients for agronomic traits of indica rice F2 population grown under normal versus saline conditions 
 

 PH TTP ETP PaL PaW SpPa UfGpa GPa PaF DFF DM GL GW GLWR TGW GY SY HI 

PH 1 
-0.7051*** 
0.8741*** 

-0.7741*** 
0.8863*** 

-0.7746*** 
0.9246*** 

0.3633*** 
0.9491*** 

-0.7678*** 
0.9398*** 

0.9517*** 
-0.6037*** 

-0.8531*** 
0.9445*** 

-0.9581*** 
0.7954*** 

0.8619*** 
0.8525*** 

0.8619*** 
0.8525*** 

-0.7609*** 
-0.6577*** 

0.8647*** 
0.9271*** 

-0.8889*** 
-0.9136*** 

0.7986*** 
0.7915*** 

-0.6194*** 
0.8875*** 

0.9089*** 
0.8412*** 

-0.9638*** 
-0.7627*** 

TTP  1 
0.8948*** 
0.9679*** 

0.6307*** 
0.9063*** 

-0.2160* 
0.8653*** 

0.6137*** 
0.8713*** 

-0.6831*** 
-0.5454*** 

0.6636*** 
0.9445*** 

0.6943*** 
0.8329*** 

-0.5971*** 
0.8735*** 

-0.5971*** 
0.8735*** 

0.5987*** 
-0.6279*** 

-0.5931*** 
0.8253*** 

0.6366*** 
-0.8541*** 

-0.5695*** 
0.7207*** 

0.8101*** 
0.8358*** 

-0.5817*** 
0.7504*** 

0.6783*** 
-0.6404*** 

ETP   1 
0.6850*** 
0.9037*** 

-0.3281*** 
0.9044*** 

0.6833*** 
0.9038*** 

-0.7171*** 
-0.5922*** 

0.7287*** 
0.9092*** 

0.7314*** 
0.8098*** 

-0.6916*** 
0.8611*** 

-0.6916*** 
0.8611*** 

0.6066*** 
-0.6528*** 

-0.7248*** 
0.8547*** 

0.7598*** 
-0.8655*** 

-0.6832*** 
0.7309*** 

0.8593*** 
0.9111*** 

-0.6435*** 
0.8418*** 

0.7874*** 
-0.6945*** 

PaL    1 
-0.0654NS 
0.9381*** 

0.9604*** 
0.9376*** 

-0.7360*** 
-0.5322*** 

0.9606*** 
0.9367*** 

0.7791*** 
0.8462*** 

-0.6804*** 
0.9108*** 

-0.6804*** 
0.9108*** 

0.5765*** 
-0.6753*** 

-0.7296*** 
0.9005*** 

0.7422*** 
-0.9255*** 

-0.6389*** 
0.8130*** 

0.6958*** 
0.8541*** 

-0.6798*** 
0.7786*** 

0.7896*** 
-0.7014*** 

PaW     1 
-0.0770NS 
0.9860*** 

0.3052*** 
-0.6019*** 

-0.1346NS 
0.9884*** 

-0.2777** 
0.7699*** 

0.4589*** 
0.8730*** 

0.4589*** 
0.8730*** 

-0.0349*** 
-0.6694*** 

0.6005*** 
0.9353*** 

-0.4870*** 
-0.9123*** 

0.7830*** 
0.8143*** 

0.1905* 
0.9632*** 

0.3394*** 
0.9281*** 

-0.3494*** 
-0.7942*** 

SpPa      1 
-0.7065*** 
-0.5517*** 

0.9862*** 
0.9978*** 

0.7524*** 
0.8274*** 

-0.7068*** 
0.8728*** 

-0.7068*** 
0.8728*** 

0.5370*** 
-0.6768*** 

-0.7501*** 
0.9135*** 

0.7674*** 
-0.8996*** 

-0.6586*** 
0.7941*** 

0.6824*** 
0.9026*** 

-0.6442*** 
0.9026*** 

0.8086*** 
-0.7104*** 

UfGpa       1 
-0.8140*** 
-0.6053*** 

-0.9966*** 
-0.5921*** 

0.7794*** 
-0.5621*** 

0.7794*** 
-0.5621*** 

-0.7492*** 
0.5609*** 

0.7915*** 
-0.6224*** 

-0.8009*** 
0.6304*** 

0.7397*** 
-0.5206*** 

-0.5998*** 
-0.6136*** 

0.9135*** 
-0.6032*** 

-0.9079*** 
0.5948*** 

GPa        1 
0.8509*** 
0.8363*** 

-0.7626*** 
0.8772*** 

-0.7626*** 
0.8772*** 

0.6161*** 
-0.6901*** 

-0.8010*** 
0.9208*** 

0.8174*** 
-0.9082*** 

-0.7138*** 
0.7989*** 

0.7005*** 
0.9507*** 

-0.7427*** 
0.9089*** 

0.8762*** 
-0.7249*** 

PaF         1 
-0.7851*** 
0.8132*** 

-0.7851*** 
0.8132*** 

0.7496*** 
-0.6236*** 

-0.8009*** 
0.7537*** 

0.8108*** 
-0.8099*** 

-0.7426*** 
0.7080*** 

0.6288*** 
0.6830*** 

-0.9136*** 
0.5900*** 

0.9188*** 
-0.3763*** 

DFF          1 1 
-0.6252*** 
-0.6236*** 

0.8475*** 
0.8346*** 

-0.8699*** 
-0.8611*** 

0.7993*** 
0.7815*** 

-0.4700*** 
0.8037*** 

0.7579*** 
0.7301*** 

-0.8758*** 
-0.6355*** 

DM           1 
-0.6252*** 
-0.6336*** 

0.8475*** 
0.8346*** 

-0.8699*** 
-0.8611*** 

0.7993*** 
0.7815*** 

-0.4700*** 
0.8037*** 

0.7579*** 
0.7301*** 

-0.8758*** 
-0.6355*** 

GL            1 
-0.5777*** 
-0.6078*** 

0.7236*** 
0.7532*** 

-0.4217*** 
-0.4327*** 

0.6133*** 
-0.6455*** 

-0.6995*** 
-0.6183*** 

0.7404*** 
0.5926*** 

GW             1 
-0.9686*** 
-0.9663*** 

0.9224*** 
0.8526*** 

-0.4334*** 
0.8836*** 

0.7652*** 
0.8385*** 

-0.8787*** 
-0.7755*** 

GLWR              1 
-0.8512*** 
-0.8186*** 

0.5266*** 
-0.8424*** 

-0.7650*** 
-0.7799*** 

0.9145*** 
0.7495*** 

TGW               1 
-0.2971*** 
0.7538*** 

0.7228*** 
0.6771*** 

-0.7984*** 
-0.5511*** 

GY                1 
-0.5010*** 
0.9830*** 

0.6379*** 
-0.7908*** 

SY                 1 
-0.8991*** 
-0.8048*** 

HI                  1 

 
PH = plant height; TTP = No. of total tillers/plant; ETP = No. of effective tillers/plant; PaL = panicle length; PaW = panicle weight; SpPa = No. of 
spikelets/panicle; UfGPa = No. of unfilled grains/panicle; GPa = No. of grains/panicle; PaF = panicle fertility (%); DFF = days to 50% flowering; DM = days to 
maturity; GL = grain length; GW = grain width; GLWR = grain length- width ratio; TGW = 1000 grain weight; GY = grain yield; SY = straw yield; HI  = harvest 
index (%); NS = non-significant; * = significant (P < 0.05); ** = highly significant (P < 0.01); *** = very highly significant (P < 0.001); Normal-sized font values 
= normal field; bold-sized font values = salinity block
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4.1.2 Frequency distribution of indica rice F2 populations 
for agronomic traits under saline and normal condition 
 
 
 

Frequency distribution of indica rice F2 populations for different agronomic traits was 

made by using same ranges for both saline and normal condition. Frequency distribution of F2 

populations is discussed below (Fig. 4.1.2.1 to Fig. 4.1.2.19). 

 

a) Plant height 
 

Minimum number of F2 populations (1) and maximum number of F2 populations (49) 

were observed in the ranges of plant height <75cm and >119cm, respectively under normal 

condition, whereas under saline condition lowest (2) and highest (32) number of F2 

populations were observed in the ranges of plant height >119cm and 90-104cm, respectively 

(Fig. 4.1.2.1). It indicated that maximum F2 populations belong to lower ranges of plant height 

under salinity stress condition. 
 

b) Number of total and effective tiller per plant 
 

Lowest (1) and highest (68) number of F2 populations were observed in the ranges of 

<7 and 9-10 tiller per plant, respectively under normal condition, whereas under saline 

condition lowest (1) and highest (70) number of F2 populations were observed in the ranges of 

11-12 and <7 tiller per plant, respectively (Fig. 4.1.2.2). It indicated that maximum F2 

populations exist on lower ranges of number of total tiller per plant under salinity stress 

condition. 
 
In case of number of effective tiller per plant lowest (1) and highest (60) number of F2 

populations were observed in the ranges of <6 and 8-9, respectively under normal condition, 

whereas lowest (1) and highest (78) number of F2 populations were observed in the ranges of 

10-11 and <6, respectively under saline condition (Fig. 4.1.2.3). It revealed that maximum F2 

populations fall on lower ranges of number of effective tiller per plant under salinity stress 

condition. 
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Fig.4.1.2.1 Frequency distribution of F2 populations for plant height under saline and  

normal condition 
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Fig.4.1.2.2 Frequency distribution of F2 populations for number of total tiller/plant  

under saline and normal condition 
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Fig.4.1.2.3 Frequency distribution of F2 populations for number of effective tiller/plant  

under saline and normal condition 
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c) Secondery tillering 
 

Secondery tillering was found in 28 F2 populations among 113 under both normal and 

saline condition indicating that salinity did not affect this trait (Fig. 4.1.2.4).  

 
d) Panicle length and panicle weight 
 

In case of panicle length minimum and maximum number of F2 populations were 1 and 

49 and those were observed in the ranges of <26cm and 28-29cm, respectively under normal 

condition, whereas under saline condition, frequency number 1 and 80 were located in the 

ranges of >31 and <26, respectively (Fig. 4.1.2.5). It indicated that most F2 populations located 

on lower ranges of panicle length under salinity stress condition. 
 

Minimum (1) and maximum (89) number of F2 populations were observed in the 

ranges of panicle weight 7-8g and 4.8-5.8g, respectively, under normal condition, while lowest 

(2) and highest (84) number of F2 populations were found in the ranges of panicle weight 7-8g 

and <4.8g, respectively under saline condition (Fig. 4.1.2.6). It showed that maximum F2 

populations exist on lower ranges of panicle weight under salinity stress condition. 
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Fig.4.1.2.4 Frequency distribution of F2 populations for presence of secondary tillering  

under saline and normal condition 
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Fig.4.1.2.5 Frequency distribution of F2 populations for panicle length under saline 

and normal condition 
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Fig.4.1.2.6 Frequency distribution of F2 populations for panicle weight under saline  

and normal condition 
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e) Number of spikelet, unfilled grain and grain per panicle 
 

For number of spikelet per panicle under normal condition, lowest F2 populations (1) in 

the range <250 and highest F2 populations (48) in the range <266-281 were observed while 

lowest (5) in the range 282-297 and highest (84) in the range <250 were found under saline 

condition (Fig. 4.1.2.7). It showed that maximum F2 populations exist on lower ranges of 

number of spikelet per panicle under salinity stress condition. 
 
 

In case of number of unfilled grain per panicle minimum and maximum number of F2 

populations were 12 and 54 and those were observed in the ranges of >22 and 11-14, 

respectively under normal condition, whereas under saline condition those were 5 and 52 and 

located in the ranges of <11 and >22, respectively (Fig. 4.1.2.8). It indicated that most F2 

populations located on higher ranges of unfilled grain per panicle under salinity stress 

condition. 
 

Lowest (9) and highest (39) number of F2 populations were observed in the ranges of 

number of grain per panicle <235 and 267-282, respectively under normal condition, whereas 

lowest (3) and highest (83) number of F2 populations were observed in the ranges of number 

of grain per panicle >282 and <235, respectively under saline condition (Fig. 4.1.2.9). It 

showed that maximum F2 populations belong to lower ranges of number of grain per panicle 

under salinity stress condition. 
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Fig.4.1.2.7 Frequency distribution of F2 populations for number of spikelet/panicle under 

saline and normal condition 
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Fig.4.1.2.8 Frequency distribution of F2 populations for number of unfilled grain/panicle  

under saline and normal condition 
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Fig.4.1.2.9 Frequency distribution of F2 populations for number of grain/panicle under 

 saline and normal condition 
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f) Panicle fertility 
 

In case of panicle fertility minimum and maximum number of F2 populations were 6 

and 51 and those were observed in the ranges of <90.8% and 94.4-96.1%, respectively under 

normal condition, whereas under saline condition those were 1 and 81 and located in the ranges 

of >96.1 and <90.8, respectively (Fig. 4.1.2.10). It indicated that most F2 populations located 

on lower ranges of panicle fertility under salinity stress condition. 
 

g) Days to 50% flowering and maturity 
 

For parameter days to 50% flowering lowest (2) and highest (52) number of F2 

populations were observed in the ranges of 95-98 and 87-90, respectively under normal 

condition, while lowest (3) and highest (38) number of F2 populations were found in the 

ranges <83 and 87-90, respectively under saline condition (Fig. 4.1.2.11). It showed that 

maximum F2 populations exist on medium to higher ranges of days to 50% flowering under 

salinity stress condition. 
 

For data days to maturity under normal condition lowest F2 populations (2) in the range 

125-128 and highest F2 populations (52) in the range 117-120 were observed. Whereas, lowest 

(2) in the range <113 and highest (38) in the range 117-120 were found under saline condition 

(Fig. 4.1.2.12). It revealed that maximum F2 populations located on medium to higher ranges 

of days to maturity under salinity stress condition. 
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Fig.4.1.2.10 Frequency distribution of F2 populations for panicle fertility (%) under saline 

and normal condition 
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Fig.4.1.2.11 Frequency distribution of F2 populations for days to 50% flowering under  

saline and normal condition 
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Fig.4.1.2.12 Frequency distribution of F2 populations for days to maturity under saline  

and normal condition 
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h) Grain length, width and length/width ratio 
 

Lowest (6) and highest (36) number of F2 populations were observed in the ranges of 

grain length 7.6-7.7mm and >7.7mm, respectively under normal condition, whereas lowest (3) 

and highest (46) number of F2 populations were observed in the ranges of grain length 7.6-7.7 

and <7.2, respectively under saline condition (Fig. 4.1.2.13). It indicated that maximum F2 

populations belonged to lower ranges of grain length under salinity stress condition. 
 
In case of grain width lowest (29) and highest (44) number of F2 populations were 

observed in the ranges of <2.1mm and 2.4-2.6, respectively under normal condition, whereas 

under saline condition lowest (13) and highest (32) number of F2 populations were observed in 

the ranges of 3.0-3.2 and 2.4-2.6, respectively (Fig. 4.1.2.14). It revealed that maximum F2 

populations fall on medium to lower ranges of grain width under salinity stress condition. 
 
 

Lowest F2 populations (11) in the range 3.42-3.92 and highest F2 populations (35) in 

the range 2.91-3.41 were observed for grain length-width ratio under normal condition, while 

lowest (12) in the range 3.42-3.92 and highest (48) in the range 2.91-3.41 were found under 

saline condition (Fig. 4.1.2.15). It showed that maximum F2 populations exist on higher ranges 

of grain length-width ratio under salinity stress condition. 
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Fig.4.1.2.13 Frequency distribution of F2 populations for grain length under saline  

and normal condition 
 
 

0
5

10
15
20
25
30
35
40
45
50

<2.1 2.1-2.3 2.4-2.6 2.7-2.9 3.0-3.2

Grain width (mm)

Nu
m

be
r o

f p
op

ul
at

io
n

Saline
Normal

 
Fig.4.1.2.14 Frequency distribution of F2 populations for grain width under saline  

and normal condition 
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Fig.4.1.2.15 Frequency distribution of F2 populations for grain length-width ratio  

under saline and normal condition 
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i) Thousand grain weight 
 

In case of 1000 grain weight minimum and maximum number of F2 populations were 

15 and 32, and those were observed in the ranges of 23.8-25.8g and 17.5-19.5g, respectively 

under normal condition, whereas under saline condition those were 5 and 36, and located in the 

ranges of 23.8-25.8g and 17.5-19.5g, respectively (Fig. 4.1.2.16). It indicated that most F2 

populations located on lower ranges of 1000 grain weight under salinity stress condition. 

 
 

j) Grain yield, straw yield and harvest index 
 

Lowest (1) and highest (53) number of F2 populations were observed in the ranges of 

grain yield <27g/plant and 35.6-44.1g/plant, respectively under normal condition, while lowest 

(2) and highest (84) number of F2 populations were found in the ranges of grain yield 27.0-

35.5g/plant and <27g/plant, respectively under saline condition (Fig. 4.1.2.17). It showed that 

maximum F2 populations exist on lower ranges of grain yield under salinity stress condition. 
 

Lowest F2 populations (2) in the range <48g/plant and highest F2 populations (77) in 

the range 48-104g/plant were observed for straw yield under normal condition, while lowest 

(1) in the range 48-104g/plant and highest (82) in the range <48g/plant were obtained under 

saline condition (Fig. 4.1.2.18). It showed that maximum F2 populations exist on lower ranges 

of straw yield under salinity stress condition. 
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Fig.4.1.2.16 Frequency distribution of F2 populations for 1000-grain weight under  

saline and normal condition 
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Fig.4.1.2.17 Frequency distribution of F2 populations for grain yield/plant under  

saline and normal condition 
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Fig.4.1.2.18 Frequency distribution of F2 populations for straw yield/plant under  

saline and normal condition 
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In case of harvest index minimum and maximum number of F2 populations were 11 

and 42, and those were observed in the ranges of 21.6-37.6% and 37.7-53.7%, respectively 

under normal condition, whereas under saline condition those were 3 and 55, and located in the 

ranges of <21.6% and 37.7-53.7%, respectively (Fig. 4.1.2.19). It indicated that most F2 

populations located on lower to medium ranges of harvest index under salinity stress condition. 
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Fig.4.1.2.19 Frequency distribution of F2 populations for harvest index (%) under  
saline and normal condition 

 
 
 
 

Frequency distribution of the agronomic traits showed that there was reduction in 

greater number of F2 populations/individuals under saline condition with respect to plant 

height, number of total tiller/plant, number of effective tiller/plant, panicle length, number of 

spikelet/panicle, number of grain/panicle, panicle fertility, grain width, grain length-width ratio 

and grain yield/plant. 

 
 



 106

4.1.3 Statistical parameters for different physiological 
traits of indica rice F2 populations grown under normal 
versus saline conditions 
 

Statistical parameters for different physiological traits of indica rice F2 

populations, i.e. Na+, K+, Ca++ uptake individually and in combination grown under 

normal versus saline conditions are presented in Table 4.1.3.1 to 4.1.3.3 
 

1) Na+ uptake 

 

Minimum, maximum and average Na+ uptake (mg/g) of indica rice F2 

populations were 10.6810 mg/g, 79.8735 mg/g and 28.2675 mg/g, respectively under 

normal condition, whereas under saline condition the values were 25.4953 mg/g, 

122.5223 mg/g and 60.8106 mg/g, respectively. Higher standard deviation and lower 

skewness were obtained under saline condition compared to normal (control) and those 

values were 21.3322 mg/g and 0.4221 mg/g, respectively (Table 4.1.3.1). Data indicated 

that Na+ uptake of F2 populations was increased under salinity stress. 

 

2) K+ uptake  

 

In case of K+ uptake (mg/g)  of indica rice F2 populations, minimum, maximum 

and average were 2.2597 mg/g, 17.5450 mg/g and 7.2219 mg/g, respectively under 

normal condition, whereas under saline condition those were 2.7948 mg/g, 19.2429 mg/g 

and 11.7346 mg/g, respectively. Standard deviation was higher and skewness was lower 

(negative) in saline condition compared to normal and those values were 3.6779 and        

- 0.1566, respectively (Table 4.1.3.1). It revealed that K+ uptake of F2 populations was 

increased under salinity stress and K+ uptake was much varied among F2 populations. 
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3) Ca++ uptake  

 

Minimum, maximum and average Ca++ uptake (mg/g) of indica rice F2 

populations were 1.7771 mg/g, 29.0385 mg/g and 10.1060 mg/g, respectively under 

normal condition, while those were 2.5387 mg/g, 41.4836 mg/g and 19.0381 mg/g, 

respectively under saline condition. Higher standard deviation and lower skewness was 

found under saline condition compared to control and those values were 9.1049 and 

0.5958, respectively (Table 4.1.3.1). It revealed that F2 populations uptook higher 

amount of Ca++ under salinity stress. 

 

4) Total cation uptake  

 

Under normal condition, the lowest, heighest and mean total cations uptake of 

indica rice F2 populations was 25.3319 mg/g, 96.0339 mg/g and 45.5954 mg/g, 

respectively, while under saline condition those were 38.0689 mg/g, 156.6428 mg/g and 

91.5833 mg/g, respectively. Standard deviation was higher and skewness was lower in 

saline condition compared to control and those values were 24.1606 mg/g and 0.2777 

mg/g, respectively (Table 4.1.3.1). It indicated that F2 populations uptook higher amount 

of total cations under salinity stress. 

 

5) Na+/ K+ uptake  

 

For normal condition, lowest, highest and mean Na+ / K+  uptake of indica rice 

F2 populations were 0.8111, 20.0380 and 4.7545, respectively, whereas for saline 

condition uptake was 2.0468, 30.4432 and 5.9604, respectively. Higher standard 

deviation and skewness were observed under saline condition compared to normal and 

those values were 3.8666 and 3.2112, respectively (Table 4.1.3.1). It showed that Na+ / 

K+ uptake of F2 populations was increased under salinity stress. 
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6) Na+ uptake ratio  

 

Minimum, maximum and average Na+ uptake ratio of indica rice F2 populations 

were 0.9579, 0.9942 and 0.9808, respectively under normal condition, whereas under 

saline condition those were 0.8603, 0.9673 and 0.9286, respectively. Higher standard 

deviation and skewness were obtained under saline condition compared to normal 

(control) and those values were 0.0250 and -0.7972, respectively (Table 4.1.3.1). Data 

indicated that Na+ uptake ratio of F2 populations was reduced under salinity stress. 

7) K+ uptake ratio 

 

In case of K+ uptake ratio of indica rice F2 populations, minimum, maximum 

and average were 0.9592, 0.9946 and 0.9841, respectively under normal condition, 

whereas under saline condition those were 0.9556, 0.9933 and 0.9875, respectively. 

Standard deviation was lower and skewness was lower (negative) in saline condition 

compared to normal and those values were 0.0056 and – 2.5142, respectively (Table 

4.1.3.1). It revealed that K+ uptake ratio of F2 populations was slightly increased under 

salinity stress and K+ uptake ratio was much varied among F2 populations. 

 

8) Ca++ uptake ratio  

 

Minimum, maximum and average Ca++ uptake ratio of indica rice F2 

populations were 0.9673, 0.9979 and 0.9924, respectively under normal condition, while 

those were 0.9549, 0.9971 and 0.9916, respectively under saline condition. Higher 

standard deviation and lower skewness was found under saline condition compared to 

control and those values were 0.0063 and -2.9760, respectively (Table 4.1.3.1). It 

revealed that Ca++ uptake ratio of indica rice F2 populations was slightly reduced under 

salinity stress. 
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9) Total cation uptake ratio  

 

Under normal condition, 0.9759, 0.9935 and 0.9854 were the lowest, heighest 

and mean total cations uptake ratio of indica rice F2 populations, respectively, while 

under saline condition those were 0.8966, 0.9727 and 0.9511, respectively. Standard 

deviation was higher and skewness was lower in saline condition compared to control 

and those values were 0.0135 and -1.1319, respectively (Table 4.1.3.1). It indicated that 

total cations uptake ratio of indica rice F2 populations was reduced under salinity stress. 
 

 

10) Uptake ratio of Na+/K 

 

In case of uptake ratio of Na+/K+ of indica rice F2 populations, minimum, 

maximum and average were 0.9653, 1.0249 and 0.9968, respectively under normal 

condition, whereas under saline condition those were 0.8749, 0.9980 and 0.9404, 

respectively. Standard deviation was higher and skewness was lower (negative) in saline 

condition compared to normal and those values were 0.0259 and –0.6296, respectively 

(Table 4.1.3.1). It revealed that ratio of Na+/K+ uptake of F2 populations was slightly 

reduced under salinity stress. 

 

All F2 populations showed marked differences in studied physiological traits 

under saline condition compared to the control treatments. Traits which showed increase 

under saline conditions were Na+ uptake, K+ uptake, Ca++ uptake, total cations uptake, 

Na+/K+ uptake. Rest 5 traits related to cations uptake ratio compared to soil were 

decreased under saline conditions (Table 4.1.3.1). It indicated that rice plant bound to 

uptake higher amount of Na+, K+, Ca++ and total cations under salinity stress and thus 

these traits were more important for salt tolerance in indica rice. 
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Table 4.1.3.1 Statistical parameters for different physiological traits of indica rice F2 populations grown under normal versus saline conditions 
  

Name of the trait  
  

Minimum 
 

Maximum 
 

Mean 
 

Standard Deviation 
 

Skewness 
  

Normal Saline Normal Saline Normal Saline Normal Saline Normal Saline 
●Na+ uptake (mg/g) 10.6810 25.4953 79.8735 122.5223 28.2675 60.8106 11.6701 21.3322 1.2092 0.4221 
●K+ uptake (mg/g) 2.2597 2.7948 17.5450 19.2429 7.2219 11.7346 3.1385 3.6779 0.7968 -0.1566 
●Ca+ +  uptake 
(mg/g) 1.7771 2.5387 29.0385 41.4836 10.1060 19.0381 5.0283 9.1049 1.5237 0.5958 
●Total Cation 
uptake (mg/g) 25.3319 38.0689 96.0339 156.6428 45.5954 91.5833 13.2271 24.1606 1.0297 0.2777 
●Na+ / K+  uptake 0.8111 2.0468 20.0380 30.4432 4.7545 5.9604 3.0845 3.8666 1.9989 3.2112 
▲Na+ uptake ratio 0.9579 0.8603 0.9942 0.9673 0.9808 0.9286 0.0080 0.0250 -1.0174 -0.7972 
▲K+ uptake ratio 0.9592 0.9556 0.9946 0.9933 0.9841 0.9875 0.0077 0.0056 -1.2927 -2.5142 
▲Ca++ uptake ratio 0.9673 0.9549 0.9979 0.9971 0.9924 0.9916 0.0048 0.0063 -2.9760 -3.5356 
▲Total cations 
uptake ratio 0.9759 0.8966 0.9935 0.9727 0.9854 0.9511 0.0040 0.0135 -0.4873 -1.1319 
▲ Uptake ratio of 
Na+/K+ 0.9653 0.8749 1.0249 0.9980 0.9968 0.9404 0.0111 0.0259 -0.2090 -0.6296 

 
● = Cation content in flag leaf 
 
▲= Cation uptake ratio by plant= Cation content in flag leaf / Total cation content in soil 
 
Total cation content in soil= Cation content in soil during harvesting time + Cation content in flag leaf at maturity stage 
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Analysis of variance showed that considerable differences occurred for salt, 

genotypes and salt-genotype interactions for all indica rice F2 populations in respect of 

almost all the studied physiological traits except Na+ uptake ratio, K+ uptake ratio, Ca++ 

uptake ratio, total cations uptake ratio, ratio of Na+/K+ uptake for which there were non-

significant difference for salt-genotype interaction i.e., salt-genotype interaction affected 

these parameter a little. There were non-significant differences for genotype and salt-

genotype interactions for the traits Na+ uptake ratio, K+ uptake ratio, Ca++ uptake ratio, total 

cations uptake ratio and ratio of Na+/K+ uptake i.e., genotype and salt-genotype interaction 

did not affect these parameters too much (Table 4.1.3.2). As significant differences were 

observed in all the physiological traits under salinity treatment so it revealed that all the 

studied physiological traits were affected under salinity stress and obviously important for 

salt tolerance in indica rice (Table 4.1.3.2). 

 
Table 4.1.3.2 Analysis of variance estimates for physiological traits of F2 population 

grown under normal versus saline conditions 
 

Source of 
variation/trait 

Genotype  
(F2 population) Salt Genotype X Salt 

●Na+ uptake (mg/g) 1379.23*** 179509.65*** 394.53*** 
●K+ uptake (mg/g) 56.57*** 3451.64*** 13.56*** 
●Ca+ +  uptake 
(mg/g) 253.57*** 13523.14*** 70.97*** 
●Total Cation uptake 
(mg/g) 1723.30*** 358472.21*** 552.77*** 
●Na+ / K+  uptake 64.14*** 246.49*** 9.25*** 
▲Na+ uptake ratio 0.0114NS 0.4619** 0.0007NS 
▲K+ uptake ratio 0.0122NS 0.022* 0.0001 NS 
▲Ca++ uptake ratio 0.0022NS 0.0101* 0.00002 NS 
▲Total cations 
uptake ratio 0.0404NS 0.1997* 0.0002 NS 
▲ Uptake ratio of 
Na+/K+ 0.0116NS 0.5389** 0.0008 NS 

 
NS = non-significant; * = significant (P < 0.05); ** = highly significant (P < 0.01); 

 *** = very highly significant (P < 0.001) 
 

● = Cation content in flag leaf 
 
▲= Cation uptake ratio by plant= Cation content in flag leaf / Total cation content in soil 
 
Total cation content in soil= Cation content in soil during harvesting time + Cation content in flag leaf 
at maturity stage 
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All the physiological traits except Ca++ uptake, Na+/K+ uptake and uptake ratio of 

Na+/K+ showed significant negative correlation with grain yield under normal condition 

whereas, all the physiological traits except K+ uptake, K+ uptake ratio showed significant 

negative correlation with grain yield under saline condition. K+ uptake (r = 0.2314; P < 0.05) 

and K+ uptake ratio (r = 0.2362; P < 0.05) showed positive correlation with grain yield under 

saline condition. It evident that lower uptake of Na+, higher uptake of K+ and lower uptake 

ratio of Na+/K+ were responsible for higher grain yield under salinity stress condition and 

these traits should be given priority in respect of salt tolerance in indica rice (Table 4.1.3.3). 
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Table 4.1.3.3 Correlation coefficients for physiological traits of indica rice F2 population grown under normal versus saline conditions 

 

 

Grain 
yield 
(g/plant) 

Na+ uptake 
(mg/g) 

K+ uptake 
(mg/g) 

Ca++uptake 
(mg/g) 

Total Cation 
uptake 
(mg/g) 

Na+ / K+  
uptake 

Na+ uptake 
ratio 

K+ uptake 
ratio 

Ca++ 
uptake 
ratio 

Total 
cations 
uptake 
ratio 

Uptake ratio 
 of Na+/K+ 

Grain yield 
(g/plant) 

1 -0.1871* 
-0.1797* 

-0.1440NS 
0.2314* 

0.0697NS 
-0.0138NS 

-0.1727* 
-0.1286NS 

0.0171NS 
-0.2793** 

-0.1820* 
-0.1447NS 

-0.2230* 
0.2362* 

-0.0095NS 
0.0543NS 

-0.1715NS 
-0.0991NS 

0.0260NS 
-0.1910NS 

●Na+ uptake 
(mg/g)  1 

-0.0194NS 
-0.0388NS 

0.0640NS 
0.0742NS 

0.9020*** 
0.9050*** 

0.6339*** 
0.5896*** 

0.8744*** 
0.9362*** 

0.0357NS 
-0.0336NS 

0.1036NS 
0.1238NS 

0.8158*** 
0.8296*** 

0.6101*** 
0.9208*** 

●K+ uptake 
(mg/g)   1 

-0.0776NS 
0.1422NS 

0.1906* 
0.1716* 

-0.6326*** 
-0.6479*** 

-0.0241NS 
0.0146NS 

0.8616*** 
0.8790*** 

0.0274NS 
0.2616** 

0.2545** 
0.2429** 

-0.6264*** 
-0.1696NS 

●Ca++  uptake 
(mg/g)    1 

0.4182*** 
0.4640*** 

0.0861NS 
-0.0264NS 

-0.0684NS 
0.0455NS 

-0.0152NS 
0.1497NS 

0.7021*** 
0.7105*** 

0.4103*** 
0.4616*** 

-0.0391NS 
0.0139NS 

●Total Cation 
uptake (mg/g)     1 

0.4419*** 
0.4120*** 

0.7397*** 
0.8460*** 

0.2301** 
0.1605NS 

0.3648*** 
0.4169*** 

0.9361*** 
0.9435*** 

0.3748*** 
0.7924*** 

●Na+/K+  uptake      1 
0.5329*** 
0.5277*** 

-0.6892*** 
-0.7861*** 

-0.0055NS 
-0.1211NS 

0.3364*** 
0.3426*** 

0.8778*** 
0.6827*** 

▲Na+ uptake 
ratio       1 

0.0305NS 
-0.0062NS 

0.0077NS 
0.0976NS 

0.7721*** 
0.8618*** 

0.7047*** 
0.9774*** 

▲K+ uptake 
ratio        1 

0.1032NS 
0.3296*** 

0.3111*** 
0.2181*** 

-0.6877*** 
-0.2175* 

▲Ca++ uptake 
ratio         1 

0.4041*** 
0.4686*** 

-0.0683NS 
0.0269NS 

▲Total cations 
uptake ratio          1 

0.3411*** 
0.7963*** 

▲Uptake ratio 
of Na+/K+             1 

 
NS = non-significant; * = significant (P < 0.05); ** = highly significant (P < 0.01); 
Normal-sized font values = normal field; bold-sized font values = salinity block 

 
● = Cation content in flag leaf 
 
▲= Cation uptake ratio by plant= Cation content in flag leaf / Total cation content in soil 
 
Total cation content in soil= Cation content in soil during harvesting time + Cation content in flag leaf at maturity stage 
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4.1.4 Frequency distribution of indica rice F2 populations 
for physiological traits under saline and normal condition 

 
 

Frequency distribution of indica rice F2 populations for different physiological traits 

was made by using same ranges for both saline and normal condition. Frequency 

distribution of F2 populations is discussed below and shown in Fig. 4.1.4.1 to Fig. 4.1.4.10. 
 

a) Na+ uptake 
 

Lowest number of F2 populations (1) and highest number of F2 populations (60) 

were observed in the ranges of Na+ uptake >79.51 mg/g or 62.02-79.51 mg/g and ≤27.00 

mg/g, respectively under normal condition, whereas lowest (1) and highest (30) number of 

F2 populations were observed in the ranges of Na+ uptake ≤27.00 mg/g and 44.51-62.01 

mg/g, respectively under saline condition (Fig. 4.1.4.1). It indicated that maximum F2 

populations belong to higher ranges of Na+ uptake under salinity stress condition. 
 

b) K+ uptake 

 
Lowest (1) and highest (58) number of F2 populations were observed in the ranges 

of K+ uptake 16.01-20.00 mg/g and 4.01-8.00 mg/g, respectively under normal condition, 

whereas lowest (1) and highest (48) number of F2 populations were observed in the ranges 

of K+ uptake ≤4.00 mg/g and 12.01-16.00 mg/g, respectively under saline condition (Fig. 

4.1.4.2). It indicated that maximum F2 populations exist on higher ranges of K+ uptake 

under salinity stress condition. 
 

c) Ca++ uptake 
 

 

In case of Ca++ uptake, lowest (1) and highest (81) number of F2 populations were 

observed in the ranges of >28.50 mg/g and 3.01-11.50 mg/g, respectively under normal 

condition, whereas lowest (1) and highest (48) number of F2 populations were observed in 

the ranges of ≤3.00 mg/g and 11.51-20.00 mg/g, respectively under saline condition (Fig. 

4.1.4.3). It revealed that maximum F2 populations located on higher ranges of Ca++ uptake 

under salinity stress condition. 
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Fig.4.1.4.1 Frequency distribution of F2 populations for Na+ uptake (mg/g) under  

normal and saline condition 
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Fig.4.1.4.2 Frequency distribution of F2 populations for K+ uptake (mg/g) under  

normal and saline condition 
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Fig.4.1.4.3 Frequency distribution of F2 populations for Ca++ uptake (mg/g)  

under normal and saline condition 
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9) Total cation uptake 
 

In case of total cation uptake (mg/g), minimum and maximum number of F2 

populations were 1 and 58 and those were observed in the ranges of >95.53 or 76.53-95.53 

and 38.51-57.51, respectively under normal condition, whereas under saline condition those 

were 1 and 48 and located in the ranges of ≤38.5 mg/g and >95.53 mg/g, respectively (Fig. 

4.1.4.4). It indicated that most F2 populations located on higher ranges of total cation 

uptake under salinity stress condition. 

 
 
d) Na+/K+ uptake 

 

For Na+/K+ uptake lowest (1) and highest (78) number of F2 populations were 

observed in the ranges  >17.13 and 2.11-7.11, respectively under normal condition, while 

lowest (1) and highest (79) number of F2 populations were found in the ranges of 12.13-

17.13 and 2.11-7.11, respectively under saline condition (Fig. 4.1.4.5). It showed that 

maximum F2 populations exist on medium to higher ranges of Na+/K+ uptake under 

salinity stress condition. 
 

 

f) Na+ uptake ratio 
 

Lowest F2 populations (1) in the range ≤0.9584 and 0.9585-0.9627, and highest F2 

populations (102) in the range >0.9671 were observed for Na+ uptake ratio between flag 

leaf and soil under normal condition, whereas lowest (1) in the range >0.9671 and highest 

(103) in the range ≤0.9584 were found under saline condition (Fig. 4.1.4.6). It revealed that 

maximum F2 populations located on lower ranges of Na+ uptake ratio under salinity stress 

condition. 
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Fig.4.1.4.4 Frequency distribution of F2 populations for total cation uptake (mg/g)  

under normal and saline condition 
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Fig.4.1.4.5 Frequency distribution of F2 populations for Na+/K+ uptake under  

normal and saline condition 
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Fig.4.1.4.6 Frequency distribution of F2 populations for *Na+ uptake ratio under  

normal and saline condition 
 

*Na+ uptake ratio = Na+ content in flag leaf / Total Na+ content in soil 
 
Total Na+ content in soil= Na+ content in soil during harvesting time + Na+ content in flag leaf at 
maturity stage 
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 g) K+ uptake ratio 
 

Lowest number of F2 populations (9) and highest number of F2 populations (48) 

were observed in the ranges of K+ uptake ratio (between flag leaf and soil) to be 0.9714-

0.9774 and 0.9836-0.9896, respectively under normal condition, whereas lowest (2) and 

highest (57) number of F2 populations were observed in the ranges ≤0.9713 and 0.9897-

0.9957, respectively under saline condition (Fig. 4.1.4.7). It indicated that maximum F2 

populations belonged to higher ranges of K+ uptake ratio under salinity stress condition. 
 

h) Ca++ uptake ratio 
 

Lowest (1) and highest (69) number of F2 populations were observed in the ranges 

of Ca++ uptake ratio (between flag leaf/soil) 0.9751-0.9809 and 0.9928-0.9986, 

respectively under normal condition, whereas lowest (1) and highest (55) number of F2 

populations were observed in the ranges of 0.9751-0.9809 and 0.9928-0.9986, respectively 

under saline condition (Fig. 4.1.4.8). It indicated that maximum F2 populations exist on 

higher ranges of Ca++ uptake ratio under salinity stress condition. 
 

i) Total cation uptake ratio 
 

In case of total cations uptake ratio, lowest (2) and highest (49) number of F2 

populations were observed in the ranges of ≤0.9760 and 0.9850-0.9894, respectively under 

normal condition, whereas lowest (2) and highest (41) number of F2 populations were 

observed in the ranges of ≤0.9180 and 0.9459-0.9597, respectively under saline condition 

(Fig. 4.1.4.9). It revealed that maximum F2 populations located on higher ranges of total 

cations uptake ratio under salinity stress condition. 
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Fig.4.1.4.7 Frequency distribution of F2 populations for *K+ uptake ratio under  

normal and saline condition 
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Fig.4.1.4.8 Frequency distribution of F2 populations for *Ca++ uptake ratio  

under normal and saline condition 
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Fig.4.1.4.9 Frequency distribution of F2 populations for total cations uptake ratio under 
normal and saline condition 

 

* Cation uptake ratio by plant= Cation content in flag leaf / Total cation content in soil 
 
Total cation content in soil= Cation content in soil during harvesting time + Cation content in flag 
leaf at maturity stage 
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j) Uptake ratio of Na+/K+ 
 

Lowest F2 populations (1) in the range ≤0.9660 and highest F2 populations (68) in 

the range 0.9919-1.0004 were observed for ratio of Na+/K+ uptake under normal condition, 

whereas lowest (1) in the range 0.9833-0.9918 and 0.9919-1.0004, and highest (100) in the 

range ≤0.9660 were found under saline condition (Fig. 4.1.4.10). It revealed that maximum 

F2 populations located on lower ranges of ratio of Na+/K+ uptake under salinity stress 

condition. 
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Fig.4.1.4.10 Frequency distribution of F2 populations for uptake ratio of Na+/K+   

under normal and saline condition 
 

 
Frequency distribution of the indica rice F2 populations for physiological traits 

showed that maximum F2 populations/individuals located in higher ranges in case of all 

physiological traits except ratio of Na+/K+ uptake and Na+ uptake ratio under salinity stress 

condition compared to normal condition. It indicated that rice plants were bound to uptake 

higher amount of Na+, K+ and Ca++ under saline condition compared to normal condition.  
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4.1.5 Genotyping of F2 population 
4.1.5.1 Polymorphism survey and selection of polymorphic 
marker 
 

Polymorphism survey was performed for 533 pairs of SSR markers. The markers 

which showed bands in different position for parental cultivars (IR 36 and Pokkali) were 

treated as polymorphic markers. Among 533 pairs of SSR markers 111 pairs of SSR 

markers showed polymorphism. Polymorphism survey was done by using the technique 

described in section 3.1.4.7 (page- 82). Details of polymorphic and other markers are given 

in table 3.1.4.1 (page no. 42).  

 

Summary of number and location of polymorphic markers in relation to specific 

chromosome as revealed by PAGE is given in Table 4.1.5.1 and the list of polymorphic 

markers along with their location on the relative chromosome is given in Table 4.1.5.2. 

 

4.1.5.1 Summery of number and location of polymorphic markers  
in relation to specific chromosome 

 
Sl. No. Number of  

polymorphic 

marker 

Rice chromosome 

number 

1 9 1 
2 11 2 
3 10 3 
4 7 4 
5 6 5 
6 12 6 
7 7 7 
8 17 8 
9 8 9 

10 7 10 
11 11 11 
12 6 12 

 Total                   111  
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4.1.5.2 The list of polymorphic markers along with their location on the  

relative chromosome 

 

Name of the polymorphic marker Rice 
chromosome 

number 
RM009, RM113, RM140, RM243, RM283, RM297, 

RM312, RM315 and RM490 1 
OSR14, RM110, RM207, RM208, RM263, RM266, 

RM324, RM424, RM525, RM526 and RM530 2 
RM007, RM85, RM114, RM130, RM168, 

 RM203, RM426, RM473D, RM503 and RM520 3 
RM124, RM131, RM261, RM303, RM335, RM348 and 

RM518 4 
RM274, RM437, RM440, RM473B, RM480 and RM507 

 5 
RM111, RM115, RM121, RM136, RM170, RM197, 

RM204, RM225, RM276, RM314, RM469 and RM528 6 
RM18, RM172, RM234, RM248, RM336, RM429 and 

RM445 7 
RM42, RM88, RM137, RM149, RM152, RM210, 

RM223, RM230, RM264, RM281, RM284, RM310, 
RM342A, RM407, RM447, RM515 and RM547 8 

RM201, RM242, RM257, RM316, RM410, RM434, 
RM553 and RM566 9 

RM216, RM222, RM258, RM294A, RM304, RM467 and 
RM496 10 

RM20B, RM167, RM181, RM187, RM206, RM224, 
RM254, RM287, RM441, RM457 and RM473E 11 

RM20A, RM155, RM235, RM247, RM511 and RM519 12 
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4.1.5.3 Polyacrylamide gel electrophoresis image for 

polymorphism survey of markers 
 

Polyacrylamide gel electrophoresis image for polymorphism survey of markers are shown 

in Fig.4.1.5.3.1 to Fig. 4.1.5.3.3 as sample. 
 

Twenty four SSR markers (RM302, RM303, RM304, RM307, RM310, RM311, RM312, 

RM313, RM314, RM315, RM316, RM321, RM324, RM331, RM333, RM334, RM335, 

RM336, RM339, RM341, RM346, RM348, RM349 and RM350) were used for 

polymorphism survey and among them 10 markers showed polymorphism. Name of those 

polymorphic markers along with their band position for parental cultivars is given in Table 

4.1.5.3.1. Band pair for polymorphic markers indicated with arrow in gel image (Fig. 

4.1.5.3.1).      

  

Table 4.1.5.3.1 Polymorphic markers and their band position for IR-36 and Pokkali for Fig. 
4.1.5.3.1. 
 

Serial no. Name of the 
Polymorphic 

marker 

Rice 
chromosome 

number 

Band position for parental cultivars (bp) 
IR-36 Pokkali 

1 RM303 4 60 65 
2 RM304 10 100 105 
3 RM310 8 60 40 
4 RM312 1 45 50 
5 RM314 6 55 70 
6 RM315 1 80 75 
7 RM316 9 150 105 
8 RM324 2 130 100 
9 RM335 4 100 110 

10 RM336 7 105 70 
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Fig. 4.1.5.3.1 Polymorphism survey of simple sequence repeats (SSR) marker. 
RM303 (located on chromosome 4), RM304 (located on chromosome 10), RM310 (located on chromosome 

8), RM312 (located on chromosome 1), RM314 (located on chromosome 6), RM315 (located on chromosome 

1), RM316 (located on chromosome 9), RM324 (located on chromosome 2), RM335 (located on chromosome 

4) and RM336 (located on chromosome 7) showed polymorphism.      

 Here, L= DNA ladder, 1= Parental variety-1 (IR 36), 2= Parental variety-2 (Pokkali), bp = base pair 

a= RM302, b= RM303, c= RM304, d= RM307, e= RM310, f= RM311, g= RM312, h= RM313, i= RM314, j= 

RM315, k= RM316, l= RM321, m= RM324, n= RM331, o= RM333, p= RM334, q= RM335, r= RM336, s= 

RM339, t= RM341, u= RM346, v= RM348, w= RM349, x= RM350  
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For polymorphism survey, twenty four SSR markers (RM503, RM504, RM505, RM507, 

RM508, RM509, RM510, RM511, RM512, RM513, RM516, RM519, RM521, RM522, 

RM524, RM526, RM529, RM530, RM531, RM534, RM535, RM537, RM544 and RM546) 

were used and among them 6 markers were found as polymorphic. List polymorphic 

markers with their band positions for parental cultivars are given in Table 4.1.5.3.2. Band 

pair for polymorphic markers indicated with arrow in gel image (Fig.4.1.5.3.2).      
 

Table 4.1.5.3.2 Polymorphic markers and their band position for IR-36 and Pokkali for 
Fig.4.1.5.3.2 
 
Serial no. Name of the 

Polymorphic 
marker 

Rice 
chromosome 

number 

Band position for parental cultivars (bp) 
IR-36 Pokkali 

1 RM503 3 150 160 
2 RM507 5 200 230 
3 RM511 12 70 90 
4 RM519 12 90 75 
5 RM526 2 200 220 
6 RM530 2 100 90 
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Fig. 4.1.5.3.2 Polymorphism survey of simple sequence repeats (SSR) marker. 
RM503 (located on chromosome 3), RM507 (located on chromosome 5), RM511 (located on chromosome 

12), RM519 (located on chromosome 12), RM526 (located on chromosome 2) and  RM530 (located on 

chromosome 2) showed polymorphism.      

 Here, L= DNA ladder, bp = base pair, 1= Parental variety-1 (IR 36), 2= Parental variety-2 (Pokkali),  

a= RM503, b= RM504, c= RM505, d= RM507, e= RM508, f= RM509, g= RM510, h= RM511, i= RM512, 

 j= RM513, k= RM516, l= RM519, m= RM521, n= RM522, o= RM524, p= RM526, q= RM529, r= RM530, 

s= RM531, t= RM534, u= RM535, v= RM537, w= RM544, x= RM546  
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Twenty four SSR markers i.e. RM222, RM223, RM224, RM227, RM247, RM248, RM260, 

RM261, RM263, RM264, RM266, RM270, RM271, RM273, RM274, RM278, RM281, 

RM287, RM228, RM229, RM230, RM234, RM235 and RM237 were used for 

polymorphism survey and among them 14 showed polymorphism (Fig.4.1.5.3.3). RM266 

was found as dominant marker as it showed band for one parent (IR-36) but not for another 

parent (Pokkali), whereas all other markers were codominant. Name of those polymorphic 

markers and their band positions for parental cultivars is given in Table 4.1.5.3.3. Band pair 

for polymorphic markers indicated with arrow in gel image (Fig.4.1.5.3.3).      

 
Table 4.1.5.3.3 Polymorphic markers and their band position for IR-36 and Pokkali for 
Fig.4.1.5.3.3 
 
Serial no. Name of the 

Polymorphic 
marker 

Rice 
chromosome 

number 

Band position for parental cultivars (bp) 
IR-36 Pokkali 

1 RM222 10 205 200 
2 RM223 8 105 90 
3 RM224 11 95 80 
4 RM247 12 70 90 
5 RM248 7 50 40 
6 RM261 4 70 105 
7 RM263 2 140 130 
8 RM264 8 130 110 
9 *RM266 2 70 - 

10 RM274 5 100 90 
11 RM281 8 70 80 
12 RM287 7 30 50 
13 RM230 8 90 70 
14 RM234 7 90 80 

 

* RM266 was found as dominant marker and it showed band for IR-36 but not for Pokkali. 
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Fig. 4.1.5.3.3 Polymorphism survey of simple sequence repeats (SSR) marker. 
RM222 (located on chromosome 10), RM223 (located on chromosome 8), RM224 (located on chromosome 

11), RM247 (located on chromosome 12), RM248 (located on chromosome 7), RM261 (located on 

chromosome 4), RM263 (located on chromosome 2), RM264 (located on chromosome 8), RM266 (located on 

chromosome 2), RM274 (located on chromosome 5), RM281 (located on chromosome 8), RM287 (located on 

chromosome 11), RM230 (located on chromosome 8) and RM234 (located on chromosome 7) showed 

polymorphism.      

 Here, L= DNA ladder, bp = base pair, 1= Parental variety-1 (IR 36), 2= Parental variety-2 (Pokkali),  

a= RM222, b= RM223, c= RM224, d= RM227, e= RM247, f= RM248, g= RM260, h= RM261, i= RM263, 

 j= RM264, k= RM266, l= RM270, m= RM271, n= RM273, o= RM274, p= RM278, q= RM281, r= RM287, 

s= RM228, t= RM229, u= RM230, v= RM234, w= RM235, x= RM23
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4.1.5.4 Genotyping of F2 population using polymorphic marker 

 
Genotyping of F2 population was done using the technique described in section 3.1.4.8 

(page no. 72). For genotyping the F2 population 111 polymorphic markers were used. 

In case of codominant marker, the band pattern of F2 population matched with P1 (IR 36) 

was coded as 1, the band pattern of F2 population matched with P2 (Pokkali) was coded as 

2, the band pattern of F2 population matched with both P1 (IR 36) and P2 (Pokkali) or F1 

was coded as 3. But in case of dominant marker, the band pattern of F2 population that was 

dominant like P2 (Pokkali) was coded as 4 and the band pattern of F2 population that was 

dominant like P1 (IR 36) was coded as 5. For missing band, just - was used in case of both 

codominant and dominant markers. 

 

Few polyacrylamide gel electrophoresis images for the genotyping of F2 populations are 

shown below (Fig. 4.1.5.4.1 to Fig. 4.1.5.4.4) as representative. 

 

In case of Fig. 4.1.5.4.1, RM225 polymorphic marker was used for genotyping 45 F2 

populations (no. 1- 46 except 41). Numerics mentioned above the image indicates code of 

indica rice F2 population number like 1= F2 population no. 1, 2= F2 population no. 2 and 

3= F2 population no. 3 etc. This marker showed band at 140bp for IR 36 and at 125bp for 

Pokkali. All the bands found in polyacrylamide gel electrophoresis image were used for 

genotyping the F2 populations. The band which matched with P1 (IR 36) was coded as 1, 

matched with P2 (Pokkali) was coded as 2, and matched with both P1 (IR 36) and P2 

(Pokkali) or F1 was coded as 3. In another word, the bands of 140bp position where IR 36 

showed band were coded as 1, the bands of 125bp position where Pokkali showed band 

were coded as 2, and the double bands of 140bp and 125bp position where IR 36 and 

Pokkali showed band were coded as 3. Just – was used for missing band. Thus genotype of 

46 F2 populations for RM225 was recorded and it was: 1 2 3 2 3 2 3 1 3 1 1 3 3 2 2 2 1 1 3 

2 2 3 3 2 2 1 3 3 3 3 3 2 2 2 1 2 3 2 3 3 2 3 3 1 2 2 – 2 (mentioned below the image) where 

first 1 and 2 for IR 36 and Pokkali, respectively. 
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(Genotype recorded according to the coding system described in section 3.1.4.8, page no. 71)  
 

Fig. 4.1.5.4.1 Genotyping of F2 population (partial) by using RM 225 marker. 
Here, L= DNA ladder, bp = base pair, P1= Parental variety-1 (IR 36), P2= Parental variety-2 (Pokkali), 
1, 2, 3 …. etc numerics mentioned above the image = Number of F2 populations 
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In case of Fig. 4.1.5.4.2, for genotyping 44 F2 populations (no. 1- 45 except 41) RM511 

polymorphic marker was used. Numerics mentioned above the image indicates code of 

indica rice F2 population number like 1= F2 population no. 1, 2= F2 population no. 2 and 

3= F2 population no. 3 etc. This marker showed band at 65 bp for IR 36 and at 78 bp for 

Pokkali. All the bands found in polyacrylamide gel electrophoresis image were important 

and considered for genotyping the F2 populations. The band which matched with P1 (IR 36) 

i.e. at 65 bp was coded as 1, matched with P2 (Pokkali) i.e. at 78 bp was coded as 2, and 

matched with both P1 (IR 36) and P2 (Pokkali) or F1 i.e. double band at 65 bp and 78 bp 

was coded as 3. In this way genotype of 44 F2 population for RM511 was recorded and it 

was: 1 2 2 3 3 1 3 1 3 3 3 3 2 3 2 3 3 3 1 1 1 1 3 3 3 3 1 3 3 2 1 3 3 3 3 1 3 3 1 1 1 2 2 3 3 3 

(mentioned below the image) where first 1 and 2 code for IR 36 and Pokkali, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 132

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(Genotype recorded according to the coding system described in section 3.1.4.8, page no. 71)  
 

Fig. 4.1.5.4.2 Genotyping of F2 population (partial) by using RM 511 marker. 
Here, L= DNA ladder (50 bp), bp = base pair, P1= Parental variety-1 (IR 36), P2= Parental variety-2 (Pokkali), 
1, 2, 3 …. etc numerics mentioned above the image = Number of F2 populations 
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In Fig. 4.1.5.4.3 it was depicted the results of RM7 polymorphic marker was used for 

genotyping 46 F2 populations (no. 1- 47 except 41). Code of indica rice F2 population 

number like 1= F2 population no. 1, 2= F2 population no. 2 and 3= F2 population no. 3 etc 

shown above the image as numerics. This marker showed band at 135bp for IR 36 and at 

115bp for Pokkali. All the bands found in polyacrylamide gel electrophoresis image were 

interested for genotyping the F2 populations. The band which matched with P1 (IR 36) was 

coded as 1, matched with P2 (Pokkali) was coded as 2, and matched with both P1 (IR 36) 

and P2 (Pokkali) or F1 was coded as 3. In another word, the bands of 135bp position where 

IR 36 showed band were coded as 1, the bands of 115bp position where Pokkali showed 

band were coded as 2, and the double bands of 115bp and 135bp position where IR 36 and 

Pokkali showed band were coded as 3. Just – was used for missing band. Thus genotype of 

46 F2 populations for RM7 was recorded and it was: 1 2 1 2 3 3 3 3 3 3 1 1 3 1 3 2 3 3 2 3 3 

2 3 3 3 3 3 1 2 3 1 1 3 1 3 2 3 1 2 2 3 3 1 3 3 3 3 2 (mentioned below the image) where first 

1 and 2 code for IR 36 and Pokkali, respectively. 
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(Genotype recorded according to the coding system described in section 3.1.4.8, page no. 71)  
 

Fig. 4.1.5.4.3 Genotyping of F2 population (partial) by using RM 7 marker. 
Here, L= DNA ladder, bp = base pair, P1= Parental variety-1 (IR 36), P2= Parental variety-2 (Pokkali), 
1, 2, 3 …. etc numerics mentioned above the image = Number of F2 populations 
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In case of Fig. 4.1.5.4.4, for genotyping 48 F2 populations (no. 48-100 except 86, 95, 96, 98 

and 99) RM7 polymorphic marker was used. Numerics mentioned above the image 

indicates code of indica rice F2 population number like 48= F2 population no. 48, 49= F2 

population no. 49 and 50= F2 population no.50 etc.This marker showed band at 115bp for 

IR 36 and at 135bp for Pokkali (Fig. 4.1.5.4.3). All the bands found in polyacrylamide gel 

electrophoresis image were important and considered for genotyping the F2 populations. 

The band which matched with P1 (IR 36) i.e. at 135bp was coded as 1, matched with P2 

(Pokkali) i.e. at 115bp was coded as 2, and matched with both P1 (IR 36) and P2 (Pokkali) 

or F1 i.e. double band at 135bp and 115bp was coded as 3. In this way genotype of 48 F2 

population for RM7 was recorded and it was: 3 3 2 2 1 2 2 3 3 3 3 1 3 3 2 3 2 3 3 3 3 2 3 2 3 

3 1 2 2 2 1 2 2 3 2 3 1 1 3 3 1 2 3 3 2 3 2 3 (mentioned below the image). 
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(Genotype recorded according to the coding system described in section 3.1.4.8, page no. 71) 

 

Fig. 4.1.5.4.4 Genotyping of F2 population (partial) by using RM 7 marker. 
Here, L= DNA ladder, bp = base pair,  
48, 49, 50 …. etc numerics mentioned above the image = Number of F2 populations 
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4.1.6 Linkage mapping using genotypic data of indica rice 

F2 population 

 
Linkage maps were constructed according to the technique described in section 3.1.5 

(page-83). Linkage maps having 19 linkage group associated with all 12 rice chromosomes 

showing 74 polymorphic markers position were constructed by using the program JoinMap 

v.3.0. Markers positions have been shown in cM (centimorgan). 

 

 Linkage maps (indicating chromosome number and linkage group) are discussed and shown 

below (Fig. 4.1.6.1- Fig. 4.1.6.9): 
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Fig. 4.1.6.1 Linkage map for chromosome 1 and chromosome 2 
(Linkage group- 3 and 4) 

 
Six markers (RM9, RM113, RM140, RM312, RM490 and RM243) located on chromosome 1 

with position of 0, 26, 42, 55, 69 and 88 centimorgan (cM), respectively were linked each 

other. This markers group belonged to linkage group-3 (Fig. 4.1.6.1).  

 

Six markers i.e. RM266, RM207, RM530, RM526, RM525 and RM263 were linked each 

other and those were located on chromosome 2 with position of 0, 6, 10, 23, 36 and 45 

centimorgan (cM), respectively. This markers group was under linkage group-4 (Fig. 4.1.6.1).  
 

 

 
 
Map information for 
chromosome 2 (1st part) 
[Linkage Group-4] 
 

                     

 

Map information for 
chromosome 1 

(Linkage group-3 ) 
 
 
 

RM0090

RM11326

RM14042

RM31255

RM49069

RM24388

RM2660

RM2076

RM53010

RM52623

RM52536

RM26345
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Map information for 
chromosome 2 (2nd part) 

[Linkage group-16] 
 
 
 
 
 
 

Fig. 4.1.6.2 Linkage map for chromosome 2 
(Linkage group- 16 and 19) 

 
 
 
 
 
 
 

RM110 and OSR14 were linked and mapped on chromosome 2 with position of 0 and 26cM 

respectively. This markers group was under linkage group-16 (Fig. 4.1.6.2). 

 

Under linkage group-19 RM424 and RM324 were found to be linked and located on 

chromosome 2 with position of 0 and 35cM, respectively (Fig. 4.1.6.2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

                                   
Map information for 

chromosome 2 (3rd  part) 
[Linkage group-19]: 

 

RM4240 

RM32435

RM110 0

OSR1426
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Fig. 4.1.6.3 Linkage map for chromosome 3 
(Linkage group- 13 and 12) 

 
 
 
 
 
 
 
 

Three markers (RM85, RM130 and RM114) located on chromosome 3 with position of 0, 32 

and 65cM, respectively were linked each other. This markers group falls on linkage group-13 

(Fig. 4.1.6.3).  

 

RM203 and RM426 were linked and mapped on chromosome 2 with position of 0 and 30cM, 

respectively. This markers group was under linkage group-12 (Fig. 4.1.6.3). 
 

 
 
 
 

                                     

Map information for  
chromosome 3 (2nd part)       

[Linkage group-12] 
    

 

 

                  

Map information for 
chromosome 3 (1st part) 
[Linkage group-13] 
 
            

RM203 0

RM426 30

RM850

RM13032

RM11465
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Map information for  
chromosome 3 (3rd part) 

 [Linkage group-10] 

 

                                
 

 Map information for  
chromosome 4  

[Linkage group-8] 

 
 
 

Fig. 4.1.6.4 Linkage map for chromosome 3 and 4 
(Linkage group- 10 and 8) 

 
 
 
Under linkage group-10 RM7 and RM473D were found to be linked and located on 

chromosome 3 with position of 0 and 39cM, respectively (Fig. 4.1.6.4). 

 

Three markers i.e. RM518, RM261 and RM335 were linked each other and those were located 

on chromosome 4 with position of 0, 23 and 46cM, respectively. This markers group was 

under linkage group-8 (Fig. 4.1.6.4).  

 

RM5180

RM26123

RM33546

RM0070

RM473D39
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Map information for 

chromosome 5 
 [Linkage group-7] 

 

 
 

                                                                  
        Map information for  

        chromosome 6  
        [Linkage group-2] 

 
 
 
 
 

Fig. 4.1.6.5 Linkage map for chromosome 5 and 6 
(Linkage group- 7 and 2) 

 
 
 
 
 
 
 

Four markers (RM473B, RM440, RM480 and RM274) to be found on chromosome 5 with 

position of 0, 13, 29 and 34cM respectively were linked each other. This markers group fell on 

linkage group-7 (Fig. 4.1.6.5).  

 

Eight markers (RM121, RM314, RM276, RM225, RM197, RM204, RM136 and RM469) 

located on chromosome 6 with position of 0, 22, 29, 41, 50, 63, 73 and 74 cM, respectively 

were linked each other. This markers group belonged to linkage group-2 (Fig. 4.1.6.5).  
 

RM1210

RM31422

RM27629

RM22541

RM19750

RM20463

RM13673 RM46974

RM473B0

RM44013

RM48029

RM27434
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Map information for  
chromosome 7 (1st part) 

[Linkage group-15] 

 

 

                                                  
 

Map information for 
chromosome 7 (2nd part) 

[Linkage group-9] 

 
 
 
 
 

Fig. 4.1.6.6 Linkage map for chromosome 7 
(Linkage group- 15 and 9) 

 
 
 
 
 
 
 

RM336 and RM445 were linked and mapped on chromosome 7 with position of 0 and 17cM, 

respectively. This markers group was under linkage group-15 (Fig. 4.1.6.6). 

 

Under linkage group-9 RM18 and RM429 were found to be linked and located on 

chromosome 7 with position of 0 and 14cM, respectively (Fig. 4.1.6.6). 
 

RM18 0

RM42914

RM336 0

RM445 17
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Fig. 4.1.6.7 Linkage map for chromosome 7 and 8 
(Linkage group- 17 and 1) 

 
 
 
 
 
 
 
 
 

RM248 and RM172 were linked and mapped on chromosome 7 with position of 0 and 36cM 

respectively. This markers group was under linkage group-17 (Fig. 4.1.6.7). 

 

Fifteen markers (RM223, RM284, RM515, RM210, RM342A, RM42, RM310, RM547, 

RM88, RM137, RM149, RM230, RM264, RM447 and RM281) located on chromosome 8 

with position of 0, 9, 15, 17, 25, 27, 30, 40, 46, 56, 67, 74, 100, 103 and 106 cM, respectively 

were linked each other. This markers group belonged to linkage group-1 (Fig. 4.1.6.7).  
 
 
 
 
 

 
 
 

                                          
 

Map information  
for chromosome 7 (3rd part) 

[Linkage group-17] 

 

 

                                               
 

Map information for  
chromosome 8 (1st part)  

[Linkage group-1] 

 

RM223 0

RM284 9
RM515 15
RM210 17

RM342A25
RM4227
RM310 30

RM547 40
RM8846

RM137 56

RM149 67

RM230 74

RM264 100
RM447 103
RM281 106

RM248 0

RM172 36
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Map information for  
chromosome 8 (2nd part) 

 [Linkage group-18] 

 
 

 

                                                                         
                                Map information for  

                     chromosome 9 
                     [Linkage group-5] 

 
 
 
 
 

Fig. 4.1.6.8 Linkage map for chromosome 8 and 9 
(Linkage group- 18 and 5) 

 
 
 
 
 
 
 
 
 
 

RM407 and RM152 were under linkage group-18 and linked each other. Those markers were 

mapped on chromosome 8 with position of 0 and 34cM respectively (Fig. 4.1.6.8). 

 

Four markers i.e. RM410, RM257, RM242 and RM201 were linked each other and were 

located on chromosome 9 at the position of 0, 27, 41 and 57 cM, respectively. This markers 

group was under linkage group-5 (Fig. 4.1.6.8).  
 
 

RM4100

RM25727

RM24241

RM20157

RM407 0

RM152 34
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Map information  
for chromosome 10 
 [Linkage group-11] 

 

 

                                               
 

                                                                                       Map information for  
                chromosome 11 

                   [Linkage group-14] 

 
 
 
 
 

Fig. 4.1.6.9 Linkage map for chromosome 10 and 11 
(Linkage group- 11 and 14) 

 
 
 
 
 
 
 
 

Under linkage group-11 RM294A and RM496 were found to be linked and located on 

chromosome 10 with position of 0 and 28cM, respectively (Fig. 4.1.6.9). 

 

Chromosome 11 contained three linked markers i.e. RM224, RM254 and RM206 with 

position of 0, 24 and 50cM, respectively. This markers group belonged to linkage group-14 

(Fig. 4.1.6.9). 

 
 

RM2240

RM25424

RM20650

RM294A0

RM496 28
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Map information for  
chromosome 12 

 [Linkage group-6] 

 
 
 

Fig. 4.1.6.10 Linkage map for chromosome 12 
(Linkage group- 6) 

 
 
 
 

Four markers (RM511, RM519, RM247 and RM20A) to be found on chromosome 12 with 

position of 0, 9, 25 and 42cM respectively were linked each other. This markers group was 

under linkage group-6 (Fig. 4.1.6.10).  
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4.1.7 QTL identification using genotypic and phenotypic 
data of indica rice F2 population 
 

4.1.7.1 QTL identification for agronomic traits of indica rice 

through linkage mapping 
 

QTL information for identification of agronomic traits under normal and saline 

conditions is shown in table 4.1.7.1.1 and 4.1.7.1.2. 

 

For the first time, in total, 58 QTLs for different agronomic traits of indica rice at 

maturity stage were identified, and among them 32 QTLs were detected under normal 

condition and 26 QTLs were under saline condition (Table 4.1.7.1.1 and Table 4.1.7.1.2).  

 

4.1.7.1.1 QTL identification for agronomic traits of indica rice 

under normal condition through linkage mapping 
 

Under normal condition 32 QTLs were detected for 13 agronomic traits, which were 

associated with all the chromosomes except chromosome 6, 7, 9, 10 and 11 (Table 4.1.7.1.1). 

Two QTLs (QTLttn-1 and QTLttn-2) for number of total tiller/plant (number of total tiller per 

plant ), three QTLs (QTLetn-1, QTLetn-2 and QTLetn-3) for number of effective tiller/plant 

(ET), three QTLs (QTLpln-1, QTLpln-2 and QTLpln-3) for panicle length (PL), four QTLs 

(QTLpwn-1, QTLpwn-2, QTLpwn-3 and QTLpwn-4) for panicle weight (PW), three QTLs 

(QTLnsn-1, QTLnsn-2 and QTLnsn-3) for number of spikelet/panicle (NS), one QTL 

(QTLngn) for number of grain/panicle (NG), two QTLs (QTLgln-1 and QTLgln-2) for grain 

length (GL), three QTLs (QTLgwc-1, QTLgwc-2 and QTLgwn-1) for grain width (GW), three 

QTLs (QTLglwrc-1, QTLglwrc-2 and QTLglwrn-3) for grain length-width ratio (GLWR), 

two QTLs (QTLtgwc-1 and QTLtgwc-2) for thousand grain weight (TGW), two QTLs 

(QTLgyn-1 and QTLgyn-2) for grain yield (GY), two QTLs (QTLsyn-1 and QTLsyn-2) for 

straw yield (SY) and two QTLs (QTLhin-1 and QTLhin-2) for harvest index (HI) were 

identified in rice at maturity stage under normal condition (Table 4.1.7.1.1).  
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a) QTL for number of total tiller and effective tiller per plant 
 

For number of total tiller/plant, under normal condition two QTL (QTLttn-1 and 

QTLttn-2) which were located on chromosome 8 and 4, respectively. The associated markers 

for these QTL were RM42 and RM518 with LOD of 1.7485 and 1.2658, R2 value of 0.0278 

and 0.0712, respectively (Table 4.1.7.1.1). 

 

For number of effective tiller/plant, three QTLs (QTLetn-1, QTLetn-2 and QTLetn-3) 

associated with the markers RM342A, RM310 and RM473B were detected on chromosome 8, 

8 and 5, respectively under normal condition. For those QTL, LOD values were 2.1061, 

1.1220 and 1.3134, and R2 values were 0.0393, 0.0725 and 0.0328 (Table 4.1.7.1.1).  

 

b) QTL for panicle length and weight 
 

Three QTL (QTLpln-1, QTLpln-2 and QTLpln-3) for panicle length with LOD of 

1.3026, 1.3767 and 1.9305, and R2 value of 0.0702, 0.0353 and 0.0550 were identified on 

chromosome 12, 5 and 2, respectively under normal condition and RM519, RM573B and 

RM424 were associated markers, respectively (Table  4.1.7.1). 

 

Under normal condition four QTL (QTLpwn-1, QTLpwn-2, QTLpwn-3 and QTLpwn-

4) for panicle weight were detected on chromosome 8, 8, 4 and 3, respectively and their 

associated markers were RM210, RM137, RM261 and RM203, respectively. In that case LOD 

values were 2.0359, 1.7579, 1.2334 and 1.1296, and R2 values were 0.0411, 0.0314, 0.1230 

and 0.0408 (Table 4.1.7.1.1).  

 

c) QTL for number of spikelet and grain per panicle 

 

For number of spikelet per panicle, under normal condition three QTLs (QTLnsn-1, 

QTLnsn-2 and QTLnsn-3) located on chromosome 8, 12 and 2, respectively were identified. 

The associated markers for these QTL were RM42, RM519 and RM424 with LOD of 1.1494, 

1.0099 and 1.5797, R2 value of 0.1393, 0.0772 and 0.0485, respectively (Table 4.1.7.1.1). 

 

For number of grain per panicle, one QTL (QTLngn) associated with the marker 

RM424 was detected on chromosome 1 under normal condition. For this QTL, LOD value 

was 1.2665 and R2 value was 0.0406 (Table 4.1.7.1.1).  
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d) QTL for grain length, width and length-width ratio 
 

Two QTL (QTLgln-1 and QTLgln-2) for grain length with LOD of 1.6065 and 1.4801, 

and R2 value of 0.0429 and 0.0643 were identified on chromosome 8 and 12, respectively 

under normal condition and RM223 and RM511 were associated markers, respectively (Table  

4.1.7.1). 

 

Under normal condition three QTLs (QTLgwc-1, QTLgwc-2 and QTLgwn-1) for grain 

width were detected on chromosome 8, 8 and 5, respectively and their associated markers 

were RM210, RM310 and RM473B, respectively. In that case LOD values were 1.2677, 

1.2396 and 1.1491, and R2 values were 0.0280, 0.0759 and 0.0229, respectively (Table 

4.1.7.1.1).  

 

For grain length-width ratio under normal condition, three QTLs (QTLglwrc-1, 

QTLglwrc-2 and QTLglwrn-3) located on chromosome 8, 8 and 5, respectively were 

identified. The associated markers for these QTL were RM210, RM310 and RM473B with 

LOD of 1.6779, 1.0160 and 1.0688, and R2 value of 0.0324, 0.0589 and 0.0174, respectively 

(Table 4.1.7.1.1). 

 

e) QTL for thousand grain weight 
 

For thousand grain weight, two QTLs (QTLtgwc-1 and QTLtgwc-2) associated with 

the markers RM473B and RM110 were detected on chromosome 5 and 2, respectively under 

normal condition. For those QTL, LOD values were 1.0359 and 1.0467, and R2 values were 

0.0313 and 0.0319 (Table 4.1.7.1.1). 

 

f) QTL for grain yield, straw yield and harvest index 
  

Two QTLs (QTLgyn-1 and QTLgyn-2) for grain yield with LOD of 1.2888 and 

1.1468, and R2 value of 0.0693 and 0.0607 were identified on chromosome 8 and 12, 

respectively under normal condition and RM230 and RM511 were associated markers, 

respectively (Table  4.1.7.1). 
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Under normal condition two QTLs (QTLsyn-1 and QTLsyn-2) for straw yield were 

detected on chromosome 8 and 1, respectively and their associated markers were RM210 and 

RM312, respectively. In that case LOD values were 1.1650 and 1.2629, and R2 values were 

0.0191 and 0.0344 (Table 4.1.7.1.1).  

 

For harvest index, under normal condition two QTLs (QTLhin-1 and QTLhin-2) 

located on chromosome 8 and 2, respectively were identified. The associated markers for 

these QTL were RM310 and RM424 with LOD of 1.1090 and 1.0610, R2 value of 0.0641 and 

0.0486, respectively (Table 4.1.7.1.1). 

 

Under normal condition QTL for number of total tiller per plant (QTLttn-1) and NS 

(QTLnsn-1) shared the common marker (RM42) that was located on chromosome 8. QTL for 

number of effective tiller per plant (QTLetn-2), QTL for grain width (QTLgwc-2), QTL for 

grain length-width ratio (QTLglwrc-2) and QTL for harvest index (QTLhin-1) shared the 

common marker (RM310) that was located on chromosome 8. QTL for panicle weight 

(QTLpwn-1), QTL for grain width (QTLgwc-1), QTL for grain length-width ratio 

(QTLglwrc-1) and QTL for straw yield (QTLsyn-1) shared the common marker (RM210) that 

was located on chromosome 8. QTL for number of effective tiller per plant (QTLetn-3), QTL 

for PL (QTLpln-2), QTL for grain width (QTLgwn-3) and QTL for grain length-width ratio 

(QTLglwrn-3) shared the common marker (RM473B) located on chromosome 5. A common 

marker (RM519) associated with QTL for PL (QTLpln-1) and QTL for number of spikelet per 

panicle (QTLnsn-2) was observed and the marker was located on chromosome 12. Another 

common marker (RM424) associated with QTL for panicle length (QTLpln-3), QTL for 

number of spikelet per panicle (QTLnsn-3), QTL for number of grain per panicle (QTLngn) 

and QTL for harvest index (QTLhin-2) was obtained and the marker was located on 

chromosome 2. 
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Table 4.1.7.1.1 QTL identification for agronomic traits of indica rice under 

normal condition through linkage mapping 

 

Trait Treatment Number 
of QTL 

identified 

Name of 
the QTL 

Chrom
osome 

No. 

Associated 
Marker 

LOD R2 value 

Number of total 
tiller/plant 

Normal 2 QTLttn-1 8 RM42 1.7485 0.0278 

QTLttn-2 4 RM518 1.2658 0.0712 

Number of 
effective 

tiller/plant 

Normal 3 QTLetn-1 8 RM342A 2.1061 0.0393 

QTLetn-2 8 RM310 1.1202 0.0725 

QTLetn-3 5 RM473B 1.3134 0.0328 

Panicle length Normal 3 QTLpln-1 12 RM519 1.3026 0.0702 

QTLpln-2 5 RM473B 1.3767 0.0353 

QTLpln-3 2 RM424 1.9305 0.0550 

Panicle weight Normal 4 QTLpwn-1 8 RM210 1.0359 0.0411 

 QTLpwn-2 8 RM137 1.7579 0.0314 

 QTLpwn-3 4 RM261 1.2334 0.1230 

 QTLpwn-4 3 RM203 1.1296 0.0408 

Number of 
spikelet/panicle 

Normal 3 QTLnsn-1 8 RM42 1.1494 0.1393 

 QTLnsn-2 12 RM519 1.0099 0.0772 

 QTLnsn-3 2 RM424 1.5797 0.0485 

Number of 
grain/panicle 

Normal 1 QTLngn 2 RM424 1.2665 0.0406 
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Table 4.1.7.1.1 QTL identification for agronomic traits of indica rice under 

normal condition through linkage mapping (Continued) 

 
Trait Treatment Number 

of QTL 

identified 

Name of the 

QTL 

Chromo 

some 

No. 

Associated 

Marker 

LOD R2 

value 

Grain length Normal 2 QTLgln-1 8 RM223 1.6025 0.0429 

QTLgln-2 12 RM511 1.4801 0.0643 

Grain width Normal 3 QTLgwc-1 8 RM210 1.2677 0.0280 

QTLgwc-2 8 RM310 1.2396 0.0759 

QTLgwn-3 5 RM473B 1.1491 0.0229 

Grain length-

width ratio 

Normal 3 QTLglwrc-1 8 RM210 1.6779 0.0324 

QTLglwrc-2 8 RM310 1.0160 0.0589 

QTLglwrn-3 5 RM473B 1.0688 0.0174 

Thousand 

grain weight 

Normal 2 QTLtgwc-1 5 RM473B 1.0359 0.0313 

QTLtgwc-2 2 RM110 1.0467 0.0319 

Grain yield Normal 2 QTLgyn-1 8 RM230 1.2888 0.0693 

QTLgyn-2 12 RM511 1.1468 0.0607 

Straw yield Normal 2 QTLsyn-1 8 RM210 1.1650 0.0191 

QTLsyn-2 1 RM312 1.2629 0.0344 

Harvest index Normal 2 QTLhin-1 8 RM310 1.1090 0.0641 

QTLhin-2 2 RM424 1.0610 0.0486 

Total QTL identified under 

normal condition = 

32 

Total QTL identified under 
saline and normal 
condition for agronomic 
traits= 

58 
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4.1.7.1.2 QTL identification for agronomic traits of indica rice 
under saline condition through linkage mapping 

 

Under saline condition 26 QTLs were identified for 10 agronomic traits, which were 

associated with all the chromosomes of rice except chromosome 6, 9, 10 and 11 (Table 

4.1.7.1.2). Two QTLs (QTLphs-1 and QTLphs-2) for plant height (PH), two QTLs (QTLtts-1 

and QTLtts-2) for number of total tiller/plant, one QTL (QTLets) for number of effective 

tiller/plant, one QTL (QTLpls) for panicle length, five QTLs (QTLugs-1, QTLugs-2, QTLugs-

3, QTLugs-4 and QTLugs-5) for number of unfilled grain/panicle (UG), one QTL (QTLpfs) 

for panicle fertility, one QTL (QTLdffs) for days to 50% flowering (DFF), one QTL 

(QTLdms) for days to maturity (DM), two QTLs (QTLgls-1 and QTLgls-2) for grain length, 

four QTLs (QTLhis-1, QTLhis-2, QTLhis-3 and QTLhis-4) for harvest index were detected in 

rice at maturity stage under exclusively saline condition.  

 

a) QTL for plant height 
 

For plant height under saline condition two QTL (QTLphs-1 and QTLphs-2) located 

on chromosome 8 were identified. The associated markers for these QTL were RM342A and 

RM310 with LOD of 1.5642 and 1.3328, R2 value of 0.0244 and 0.0783, respectively (Table 

4.1.7.1.2). 

 

b) QTL for number of total and effective tiller per plant 
 

For number of total tiller per plant two QTL (QTLtts-1 and QTLtts-2) associated with 

the markers RM210 and RM110 were detected on chromosome 8 and 2, respectively under 

saline condition. For those QTL, LOD values were 1.2974 and 1.0256, and R2 values were 

0.0214 and 0.0155, respectively (Table 4.1.7.1.2) 

 

For number of effective tiller per plant one QTL (QTLets) associated with the marker 

RM519 was detected on chromosome 12 under saline condition. LOD value was 1.1160 and 

R2 value was 0.0625 for that QTL (Table 4.1.7.1.2).  

 

 

 

 



 155 

c) QTL for panicle length 
 

One QTL (QTLpls) for panicle length with LOD of 1.1158 and R2 value of 0.0165 was 

identified on chromosome 2 under saline condition and RM110 was associated marker (Table 

4.1.7.1.2). 

 

d) QTL for number of unfilled grain per panicle and panicle fertility 
 

Under saline condition five QTLs (QTLugs-1, QTLugs-2, QTLugs-3, QTLugs-4 and 

QTLugs-5) for number of unfilled grain per panicle were detected on chromosome 8, 4, 4, 3 

and 7, respectively and their associated markers were RM547, RM518, RM261, RM130  and 

RM336, respectively. In that case LOD values were 1.4446, 1.7994, 1.7160, 1.0250 and 

2.0899, and R2 values were 0.0535, 0.1265, 0.1236, 0.0422 and 0.1527, respectively (Table 

4.1.7.1.2).  

 

For panicle fertility under saline condition one QTL (QTLpfs) located on chromosome 

8 was identified. The associated marker for this QTL was RM407 with LOD of 1.6605 and R2 

value of 0.0450 (Table 4.1.7.1.2). 

 

e) QTL for days to 50% flowering and maturity 
 

For days to 50% flowering one QTL (QTLdffs) associated with the marker RM210 

was detected on chromosome 8 under saline condition. For this QTL, LOD value was 1.8499 

and R2 value was 0.0480 (Table 4.1.7.1.2).  

 

Under saline condition one QTL (QTLdms) for days to maturity with LOD of 1.8499 

and R2 value of 0.0480 was identified on chromosome 1 and RM210 was associated marker 

(Table 4.1.7.1.2). 

 

f) QTL for grain length, width and length-width ratio 
 

Two QTL (QTLgls-1 and QTLgls-2) for grain length with LOD of 1.6533 and 1.3014, 

and R2 value of 0.0577 and 0.1115 were identified on chromosome 2 and 4, respectively under 

saline condition, and RM530 and RM261 were associated markers, respectively (Table  

4.1.7.1). 
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Under saline condition two QTL (QTLgwc-1 and QTLgwc-2) for grain width were 

detected on chromosome 8 and their associated markers were RM210 and RM310, 

respectively. In that case LOD values were 1.1330 and 1.2173, and R2 values were 0.0203 and 

0.0675, respectively (Table 4.1.7.1.2).  

 

For grain length-width ratio under saline condition two QTL (QTLglwrc-1 and 

QTLglwrc-2) located on chromosome 8 were identified. The associated markers for these 

QTL were RM210 and RM310 with LOD of 1.6787 and 1.2279, and R2 value of 0.0375 and 

0.0795, respectively (Table 4.1.7.1.2). 

 

g) QTL for thousand grain weight 
 

For thousand grain weight two QTL (QTLtgwc-1 and QTLtgwc-2) associated with the 

markers RM473B and RM110 were detected on chromosome 5 and 2, respectively under 

saline condition. For those QTL, LOD values were 1.0190 and 1.0587, and R2 values were 

0.0307 and 0.0316 (Table 4.1.7.1.2). 

 

h) QTL for harvest index 
  

For harvest index under saline condition four QTLs (QTLhis-1, QTLhis-2, QTLhis-3 

and QTLhis-4) located on chromosome 1, 2, 2 and 4, respectively were identified. The 

associated markers for these QTL were RM312, RM530, RM525 and RM261 with LOD of 

1.3760, 1.8023, 2.7057 and 1.6990, R2 value of 0.0292, 0.1609, 0.1033 and 0.0883, 

respectively (Table 4.1.7.1.2). 

 

Under saline condition QTL for plant height (QTLphs-2), grain width (QTLgwc-2) 

and grain length-width ratio (QTLglwrc) shared the common marker (RM310) located on 

chromosome 8. QTL for number of total tiller per plant (QTLtts-1), days to 50% flowering 

(QTLdffs), days to maturity (QTLdms), grain width (QTLgwc-1) and grain length-width ratio 

(QTLglwrc-1) shared the common marker (RM210) that was also located on chromosome 8. 

A common marker (RM110) associated with QTL for number of total tiller per plant (QTLtts-

2), panicle length (QTLpls) and thousand grain weight (QTLtgwc-2) was identified and the 

marker was located on chromosome 2. QTL for number of unfilled grain per panicle 

(QTLugs-3), grain length (QTLgls-2) and harvest index (QTLhis-4) shared thecommon 
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marker (RM261) located on chromosome 4. QTL for grain length (QTLgls-1) and harvest 

index (QTLhis-2) shared the common marker (RM530) located on chromosome 2.  
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Table 4.1.7.1.2 QTL identification for agronomic traits of indica rice under saline 
condition through linkage mapping 

 

Trait Treatme
nt 

Number 
of QTL 

identified 

Name of 
the QTL 

Chrom
osome 

No. 

Associated 
Marker 

LOD R2 value 

Plant height Saline 2 QTLphs-1 8 RM342A 1.5642 0.0244 

QTLphs-2 8 RM310 1.3328 0.0783 

Number of total 
tiller/plant 

Saline 

 

2 QTLtts-1 8 RM210 1.2974 0.0214 

QTLtts-2 2 RM110 1.0256 0.0155 

Number of 
effective 
tiller/plant 

Saline 1 QTLets 12 RM519 1.1160 0.0625 

Panicle length Saline 1 QTLpls 2 RM110 1.1158 0.0165 

Number of 
unfilled 
grain/panicle 

Saline 5 QTLugs-1 8 RM547 1.4446 0.0535 

QTLugs-2 4 RM518 1.7994 0.1265 

QTLugs-3 4 RM261 1.7160 0.1236 

QTLugs-4 3 RM130 1.0250 0.0422 

QTLugs-5 7 RM336 2.0899 0.1527 

Panicle fertility Saline 1 QTLpfs 8 RM407 1.6605 0.0450 

Days to 50% 
flowering 

Saline 1 QTLdffs 8 RM210 1.8499 0.0480 

Days to maturity Saline 1 QTLdms 8 RM210 1.8499 0.0480 

Grain length Saline 2 QTLgls-1 2 RM530 1.6533 0.0577 

QTLgls-2 4 RM261 1.3014 0.1115 

Grain width Saline 2 QTLgwc-1 8 RM210 1.1330 0.0203 

QTLgwc-2 8 RM310 1.2173 0.0675 

Grain length-

width ratio 

Saline 2 QTLglwrc-
1 

8 RM210 1.6787 0.0375 

QTLglwrc-
2 

8 RM310 1.2279 0.0795 

Thousand grain 

weight 

Saline 2 QTLtgwc-1 5 RM473B 1.0190 0.0307 

QTLtgwc-2 2 RM110 1.0587 0.0316 

Harvest index Saline 4 QTLhis-1 1 RM312 1.3760 0.0292 

QTLhis-2 2 RM530 1.8023 0.1609 

QTLhis-3 2 RM525 2.7057 0.1033 

QTLhis-4 4 RM261 1.6990 0.0883 

Total QTL under saline 
condition = 

26 
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Six QTLs including two QTLs for grain width (QTLgwc-1, QTLgwc-2), two QTLs 

for grain length-width ratio (QTLglwrc-1, QTLglwrc-2) and two QTLs for thousand grain 

weight (QTLtgwc-1 and QTLtgwc-2) were common for both saline and normal conditions 

(Table 4.1.7.1.1 and Table 4.1.7.1.2). 

 
 
4.1.7.2 QTL identification for physiological traits of indica rice 
through linkage mapping 
 

Information of QTL for physiological traits under normal and saline conditions is 

shown in table 4.1.7.2.1 and 4.1.7.2.2. 

 

For the first time, in total, 44 QTLs for different physiological traits of indica rice at 

maturity stage were identified, and among them 32 QTLs were detected under normal 

condition and 12 QTLs under saline condition (Table 4.1.7.2.1 and 4.1.7.2.2).  

 

 

4.1.7.2.1 QTL identification for physiological traits of indica rice 

under normal condition through linkage mapping 
 

Under normal condition 32 QTLs were detected for 9 physiological traits, which 

were associated with all the chromosomes except chromosome 2, 6 and 11 (Table 4.1.7.2.1). 

Seven QTLs (QTLsun-1, QTLsun-2, QTLsun-3, QTLsun-4, QTLsun-5, QTLsun-6 and 

QTLsun-7) for Na+ uptake (SU), two QTLs (QTLcun-1 and QTLcun-2) for Ca++ uptake 

(CU), one QTL (QTLtcun) for total cations uptake (TCU), four QTLs (QTLspun-1, 

QTLspuc-1, QTLspuc-2 and QTLspun-2) for Na+/K+ uptake (SPU), five QTLs (QTLsurn-

1, QTLsurn-2, QTLsurn-3, QTLsurn-4 and QTLsurn-5) for Na+ uptake ratio (SUR), three 

QTLs (QTLpurn-1, QTLpurn-2 and QTLpurn-3) for K+ uptake ratio (PUR), one QTL 

(QTLcurc) for Ca++ uptake ratio (CUR), four QTLs (QTLtcurn-1, QTLtcurn-2, QTLtcurn-

3 and QTLtcurn-4) for total cations uptake ratio (TCUR), and five QTLs (QTLurspn-1, 

QTLurspn-2, QTLurspn-3, QTLurspn-4 and QTLurspn-5) for uptake ratio of Na+/K+ 

(URSP) were identified in rice at maturity stage under normal condition.  
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a) QTL for Na+ uptake 

 

For Na+ uptake under normal condition seven QTL (QTLsun-1, QTLsun-2, 

QTLsun-3, QTLsun-4, QTLsun-5, QTLsun-6 and QTLsun-7) located on chromosome 8, 8, 

8, 1, 1, 5 and 3, respectively were identified. The associated markers for these QTL were 

RM284, RM210, RM42, RM113, RM140, RM480 and RM7 with LOD of 1.0778, 1.1064, 

1.5145, 1.9801, 1.9819, 1.1242 and 1.0228, R2 value of 0.0235, 0.0353, 0.0446, 0.1389, 

0.2023, 0.0352 and 0.0285, respectively (Table 4.1.7.2.1). 

 

b) QTL for Ca++ uptake 

 

For Ca++ uptake two QTLs (QTLcun-1 and QTLcun-2) associated with the markers 

RM210 and RM519 were detected on chromosome 8 and 12, respectively under normal 

condition. For those QTL, LOD values were 1.3412 and 1.5288, and R2 values were 0.0773 

and 0.0571 (Table 4.1.7.2.1). 

  

c) QTL for total cation uptake 

 

One QTL (QTLtcun) for total cations uptake with LOD of 2.1243 and R2 value of 

0.0846 was identified on chromosome 5 under normal condition and RM440 was associated 

marker (Table 4.1.7.2.1). 

 

d) QTL for Na+/K+ uptake 

 

Under normal condition four QTLs (QTLspun-1, QTLspuc-1, QTLspuc-2 and 

QTLspun-2) for Na+/K+ uptake were detected on chromosome 8, 1, 1 and 7, respectively 

and their associated markers were RM137, RM113, RM140 and RM336, respectively. In 

that case LOD values were 1.4330, 1.6008, 1.9442 and 1.5324, and R2 values were 0.0484, 

0.0971, 0.1012 and 0.0283 (Table 4.1.7.2.1).  
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e) QTL for Na+ uptake ratio 

 

For Na+ uptake ratio under normal condition five QTLs (QTLsurn-1, QTLsurn-2, 

QTLsurn-3, QTLsurn-4 and QTLsurn-5) located on chromosome 8, 8, 1, 1 and 3, 

respectively were identified. The associated markers for these QTL were RM210, RM42, 

RM9, RM113 and RM7 with LOD of 1.3740, 1.6550, 1.0486, 1.0666 and 1.1161, R2 value 

of 0.0281, 0.0345, 0.1305, 0.0810 and 0.0201, respectively (Table 4.1.7.2.1). 

 

f) QTL for K+ uptake ratio 

 

For K+ uptake ratio three QTLs (QTLpurn-1, QTLpurn-2 and QTLpurn-3) 

associated with the marker RM137, RM257 and RM473B were detected on chromosome 8, 

9 and 5 under normal condition. For these QTL, LOD values were 3.4051, 1.2809 and 

1.5086 and R2 values were 0.1520, 0.0201 and 0.0644, respectively (Table 4.1.7.2.1).  

 

g) QTL for Ca++ uptake ratio 

 

One QTL (QTLcurc) for Ca++ uptake ratio with LOD of 1.4578 and R2 value of 

0.0913 was identified on chromosome 12 under normal condition and RM519 was 

associated marker (Table  4.1.7.2). 

 

h) QTL for total cation uptake ratio 

 

Under normal condition four QTLs (QTLtcurn-1, QTLtcurn-2, QTLtcurn-3 and 

QTLtcurn-4) for total cations uptake ratio were detected on chromosome 5, 5, 4 and 3, 

respectively and their associated markers were RM440, RM480, RM261 and RM130, 

respectively. In that case LOD values were 1.1839, 1.3586, 1.0598 and 1.4409, and R2 

values were 0.0738, 0.1084, 0.0530 and 0.0748, respectively (Table 4.1.7.2.1).  
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i) QTL for uptake ratio of Na+/K+ 

 

For uptake ratio of Na+/K+ under normal condition five QTLs (QTLurspn-1, 

QTLurspn-2, QTLurspn-3, QTLurspn-4 and QTLurspn-5) located on chromosome 8, 1, 5, 3 

and 10, respectively were identified. The associated markers for these QTL were RM137, 

RM113, RM473B, RM7 and RM294A with LOD of 1.2524, 2.1313, 1.3494, 2.2530 and 

1.0960, and R2 values of 0.0592, 0.1112, 0.0352, 0.0552 and 0.0485, respectively (Table 

4.1.7.2.1). 

 

Under normal condition QTL for Na+ uptake (QTLsun-2) and CU (QTLcun-1) 

shared the common marker (RM210), QTL for Na+ uptake (QTLsun-3) and Na+ uptake 

ratio (QTLsurn-2) shared the common marker (RM42) and QTL for Na+/K+ uptake 

(QTLspun-1) and K+ uptake ratio (QTLpurn-1) shared the common marker (RM137) those 

were located on chromosome 8. QTL for Na+ uptake (QTLsun-4), Na+/K+ uptake 

(QTLspuc-1), Na+ uptake ratio (QTLsurn-4) and uptake ratio of Na+/K+ (QTLurspn-2) 

shared the common marker (RM113) and QTL for Na+ uptake (QTLsun-5) and Na+/K+ 

uptake (QTLspuc-2) shared the common marker (RM140) those were located on 

chromosome 1. QTL for total cation uptake (QTLtcun) and total cation uptake (QTLtcurn) 

shared the common marker (RM440), QTL for Na+ uptake (QTLsun-6) and total cation 

uptake ratio (QTLtcurn-2) shared the common marker (RM480), and QTL for K+ uptake 

ratio (QTLpurn-3) and uptake ratio of Na+/K+ (QTLurspn-3) shared the common marker 

(RM473B) those were located on chromosome 5. A common marker (RM7) associated 

with QTL for Na+ uptake (QTLsun-7), Na+ uptake ratio (QTLsurn-5) and uptake ratio of 

Na+/K+ (QTLurspn-4) was found on chromosome 3. QTL for Ca++ uptake (QTLcun-2) 

and Ca++ uptake ratio (QTLcurc) shared the common marker (RM519) located on 

chromosome 12. 
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Table 4.1.7.2.1 QTL identification for physiological traits of indica rice under 
normal condition through linkage mapping 

 
 

Trait Treatment Number 
of QTL 

identified 

Name of the 
QTL 

Chromos
ome 
No. 

Associated 
Marker 

LOD R2 value 

Na+ uptake Normal 7 QTLsun-1 8 RM284 1.0778 0.0235 

QTLsun-2 8 RM210 1.1064 0.0353 

QTLsun-3 8 RM42 1.5145 0.0446 

QTLsun-4 1 RM113 1.9801 0.1389 

QTLsun-5 1 RM140 1.9819 0.2023 

QTLsun-6 5 RM480 1.1242 0.0352 

QTLsun-7 3 RM7 1.0228 0.0285 

Ca++ uptake Normal 2 QTLcun-1 8 RM210 1.3412 0.0773 

QTLcun-2 12 RM519 1.5288 0.0571 

Total cations 
uptake 

Normal 1 QTLtcun 5 RM440 2.1243 0.0846 

Na+/K+ uptake Normal 4 QTLspun-1 8 RM137 1.4330 0.0484 

   QTLspuc-1 1 RM113 1.6008 0.0971 

   QTLspuc-2 1 RM140 1.9442 0.1012 

   QTLspun-2 7 RM336 1.5324 0.0283 

Na+ uptake 
ratio 

Normal 5 QTLsurn-1 8 RM210 1.3740 0.0281 

   QTLsurn-2 8 RM42 1.6550 0.0345 

   QTLsurn-3 1 RM9 1.0486 0.1305 

   QTLsurn-4 1 RM113 1.0666 0.0810 

   QTLsurn-5 3 RM7 1.1161 0.0201 

K+ uptake ratio Normal 3 QTLpurn-1 8 RM137 3.4051 0.1520 

   QTLpurn-2 9 RM257 1.2809 0.0201 

   QTLpurn-3 5 RM473B 1.5086 0.0644 

Ca++ uptake 
ratio 

Normal 1 QTLcurc 12 RM519 1.4578 0.0913 

Total cations 
uptake ratio 

Normal 4 QTLtcurn-1 5 RM440 1.1839 0.0738 

   QTLtcurn-2 5 RM480 1.3586 0.1084 

   QTLtcurn-3 4 RM261 1.0598 0.0530 

   QTLtcurn-4 3 RM130 1.4409 0.0748 
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Uptake ratio of 
Na+/K+ 

Normal 5 QTLurspn-1 8 RM137 1.2524 0.0592 

   QTLurspn-2 1 RM113 2.1313 0.1112 

   QTLurspn-3 5 RM473B 1.3494 0.0352 

   QTLurspn-4 3 RM7 2.2530 0.0552 

   QTLurspn-5 10 RM294A 1.0960 0.0485 

Total QTL identified under 

normal condition = 

32 

 

 

4.1.7.2.2 QTL identification for physiological traits of indica rice 

under saline condition through linkage mapping 
 

Under saline condition 12 QTLs were identified for 9 physiological traits, which 

were associated with rice chromosome no. 1, 2, 6, 10 and 11 (Table 4.1.7.2.2). Nine QTLs 

including one each QTL for Na+ uptake (QTLsus), Ca++ uptake (QTLcus), Na+ uptake 

ratio (QTLsurs), K+ uptake ratio (QTLpurs), uptake ratio of Na+/K+ (QTLursps), and two 

each QTLs for total cation uptake (QTLtcus-1 and QTLtcus-2) and total cation uptake ratio 

(QTLtcurs-1 and QTLtcurs-2) were detected in rice at maturity stage under exclusively 

saline condition. Nine QTLs for 7 physiological traits associated with chromosome 1, 2, 6, 

10 and 12 were detected at maturity stage of rice under absolutely saline condition. 

 

a) QTL for Na+ uptake 

 

For Na+ uptake under saline condition (QTLsus) located on chromosome 6 was 

identified. The associated marker for this QTL was RM276 with LOD of 2.1057, R2 value 

of 0.1107 (Table 4.1.7.2.2). 
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b) QTL for Ca++ uptake 

 

For Ca++ uptake one QTL (QTLcus) associated with the marker RM9 was detected 

on chromosome 1 under saline condition. LOD value was 1.0021 and R2 value was 0.0699 

for this QTL (Table 4.1.7.2.2) 

 

c) QTL for total cation uptake 

 

For total cations uptake two QTL (QTLtcus-1 and QTLtcus-2) associated with the 

markers RM121 and RM276 were detected on chromosome 6 under saline condition. For 

those QTL, LOD values were 1.0712 and 1.0773, and R2 values were 0.0443 and 0.0522 

(Table 4.1.7.2.2).  

 

d) QTL for Na+/K+ uptake 

 

Two QTL (QTLspuc-1 and QTLspuc-2) for Na+/K+ uptake with LOD of 1.3575 

and 1.2431, and R2 value of 0.0551 and 0.0872 were identified on chromosome 1 under 

saline condition and RM113 and RM140 were associated marker, respectively (Table 

4.1.7.2.2). 

 

e) QTL for Na+ uptake ratio 

 

Under saline condition one QTL (QTLsurs) for Na+ uptake ratio was detected on 

chromosome 6 and it’s associated marker was RM276. In that case LOD value was 1.2944 

and R2 value was 0.0391 (Table 4.1.7.2.2).  

 

f) QTL for K+ uptake ratio 

 

For K+ uptake ratio under saline condition one QTL (QTLpurs) located on 

chromosome 10 was identified. The associated marker for this QTL was RM294A with 

LOD of 1.1102 and R2 value of 0.0433 (Table 4.1.7.2.2). 
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g) QTL for Ca++ uptake ratio 

 

For Ca++ uptake ratio one QTL (QTLcurc) associated with the marker RM519 was 

detected on chromosome 12 under saline condition. For this QTL, LOD value was 1.1834 

and R2 value was 0.0638 (Table 4.1.7.2.2).  

 

h) QTL for total cation uptake ratio 

 

Under saline condition two QTL (QTLtcurs-1 and QTLtcurs-2) with LOD of 1.8890 

and 1.0304, and R2 value of 0.0672 and 0.0905 were identified on chromosome 6 and 2, and 

RM276 and RM110 were associated marker, respectively (Table 4.1.7.2.2). 

 

i) QTL for uptake ratio of Na+/K+ 

 

One QTL (QTLursps) for uptake ratio of Na+/K+ with LOD of 2.0277 and R2 value 

of 0.0910 was identified on chromosome 6 under saline condition, and RM276 was 

associated marker (Table  4.1.7.2). 

 

 

QTLs for Na+ uptake (QTLsus), total cation uptake (QTLtcus-2), Na+ uptake ratio 

(QTLsurs), total cation uptake ratio (QTLtcurs-1) and uptake ratio of Na+/K+ (QTLursps-2) 

shared the common marker (RM276) located on chromosome 6 under saline condition.  
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Table 4.1.7.2.2 QTL identification for physiological traits of indica rice under 

saline condition through linkage mapping 

 

Trait Treatment Number 

of QTL 

identified 

Name of 

the QTL 

Chrom

osome 

No. 

Associated 

Marker 

LOD R2 value 

Na+ uptake Saline 1 QTLsus 6 RM276 2.1057 0.1107 

Ca++ uptake Saline 1 QTLcus 1 RM9 1.0021 0.0699 

Total cations 

uptake 

Saline 2 QTLtcus-1 6 RM121 1.0712 0.0443 

QTLtcus-2 6 RM276 1.0773 0.0522 

Na+/K+ uptake Saline 2 QTLspuc-1 1 RM113 1.3575 0.0551 

QTLspuc-2 1 RM140 1.2431 0.0872 

Na+ uptake 

ratio 

Saline 1 QTLsurs 6 RM276 1.2944 0.0391 

K+ uptake ratio Saline 1 QTLpurs 10 RM294A 1.1102 0.0433 

Ca++ uptake 

ratio 

Saline 1 QTLcurc 12 RM519 1.1834 0.0638 

Total cations 

uptake ratio 

Saline 2 QTLtcurs-1 6 RM276 1.8890 0.0672 

QTLtcurs-2 2 RM110 1.0304 0.0905 

Uptake ratio of 

Na+/K+ 

Saline 1 QTLursps 6 RM276 2.0277 0.0910 

Total QTL identified under 

saline condition = 

12 

 

 
Three QTLs including two QTLs for Na+/K+ uptake (QTLspuc-1, QTLspuc-2) and 

one QTL for Ca++ uptake ratio (QTLcurc) were common for both saline and normal 

conditions (Table 4.1.7.2.1 and Table 4.1.7.2.2). 
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4.1.7.3 Summary information about QTL identification for agronomic and 

physiological traits through linkage mapping 
 

Summary information about QTL identification for agronomic and physiological 

traits through association mapping is shown in table 4.1.7.3 

 

In total, 26 QTL and 32 QTL for different agronomic traits were detected under 

saline and normal condition, respectively on all 12 rice chromosomes except 6, 9, 10 and 11 

(Table 4.1.7.3).  

 

For physiological traits 12 QTL under saline condition and 32 QTL under normal 

condition were identified on all 12 rice chromosomes except 11 (Table 4.1.7.3). 

 

 

 
Table 4.1.7.3 Summary information about QTL identification for agronomic and 

physiological traits 

 

Chromo 
some 
no. 

For agronomic traits For physiological traits Total QTL for 
agronomic and 
physiological 

traits 
Normal Saline Total Normal Saline Total  

1 1 1 2 7 3 10 12 
2 5 6 11 0 1 1 12 
3 1 1 2 4 0 4 6 
4 2 4 6 1 0 1 7 
5 5 1 6 6 0 6 12 
6 0 0 0 0 6 6 6 
7 0 1 1 1 0 1 2 
8 14 11 25 9 0 9 34 
9 0 0 0 1 0 1 1 
10 0 0 0 1 1 2 2 
11 0 0 0 0 0 0 0 
12 4 1 5 2 1 3 8 
Total= 32 26 58 32 12 44 102 
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4.2 QTL identification through Association Mapping: 
 
4.2.1 Statistical parameters for agronomic traits of 
different 24 rice varieties grown under saline and normal 
condition 
 
 

Statistical parameters for agronomic traits of 24 different rice varieties grown under normal 

and saline condition is presented in table 4.2.1.1 to 4.2.1.3.  

 

a) Plant height 
 

Minimum, maximum and average plant height of indica rice varieties were 75cm, 

169.6cm and 125.68cm, respectively under normal condition, whereas under saline 

condition those were 55cm, 151cm and 106.5cm, respectively. Lower standard deviation 

and skewness were obtained under saline condition compared to normal (control) and those 

values were 23.783cm and -0.3437cm, respectively (Table 4.2.1.1). It indicated that plant 

height of studied rice varieties was reduced under salinity stress. 

 

b) Number of total and effective tiller per plant 
 

In case of number of total tiller per plant of indica rice varieties, minimum, 

maximum and average were 10, 23 and 16.14, respectively under normal condition, whereas 

under saline condition those were 8, 20 and 13.29, respectively. Standard deviation and 

skewness were lower in saline condition compared to normal and those values were 3.4533 

and 0.4128, respectively (Table 4.2.1.1). It revealed that total tiller per plant of studied rice 

varieties was reduced under salinity stress 

 

Minimum, maximum and average number of effective tiller per plant of indica rice 

varieties were 8, 22 and 13.72, respectively under normal condition, while those were 7, 16 

and 11.29, respectively under saline condition. Lower standard deviation and skewness 

were found under saline condition compared to control and those values were 2.6289 and 

0.1479, respectively (Table 4.2.1.1). It revealed that effective tiller per plant of studied rice 

varieties was reduced under salinity stress. 
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c) Panicle length and weight 
 

Nineteen (19) cm, 36.6cm and 26.64cm were the lowest, heighest and mean panicle 

length of indica rice varieties, respectively under normal condition, while under saline 

condition those were 16.3cm, 35.6cm and 24.83cm, respectively. Standard deviation was 

higher and skewness was lower in saline condition compared to control and those values 

were 4.7801cm and 0.1615cm, respectively (Table 4.2.1.1). It indicated that panicle length 

of studied rice varieties was reduced under salinity stress. 

  

For normal condition, lowest, highest and mean panicle weight of indica rice 

varieties were 0.77g, 3.71g and 2.15g, respectively, whereas for saline condition those were 

0.69g, 3.47g and 2.01g, respectively. Lower standard deviation and higher skewness were 

observed under saline condition compared to normal and those values were 0.8796 and 

0.3017, respectively (Table 4.2.1.1). It showed that panicle length of studied rice varieties 

was reduced under salinity stress. 

 

d) Number of spikelet, unfilled grain and grain per panicle 
 

In case of number of spikelet per plant of indica rice varieties, minimum, maximum 

and average were 52, 187 and 127.17, respectively under normal condition, whereas those 

were 43, 185 and 108.94, respectively under saline condition. Higher standard deviation and 

lower skewness was observed under saline condition compared to control and those values 

were 35.801 and 0.5326, respectively (Table 4.2.1.1). It revealed that number of spikelet per 

plant of studied rice varieties was reduced under salinity stress. 

 

Six, 25 and 12.93 were minimum, maximum and average number of unfilled grain 

per plant of indica rice varieties, respectively under normal condition, while those were 7, 

92 and 21.76, respectively under saline condition. Standard deviation and skewness were 

higher in saline condition compared to normal and those values were 17.698 and 3.1203, 

respectively (Table 4.2.1.1). It showed that number of unfilled grain per plant of studied rice 

varieties was increased under salinity stress. 
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Minimum, maximum and average number of grain per plant of indica rice varieties 

were 42, 181 and 114.24, respectively for normal condition, whereas 28, 173 and 87.18, 

respectively were for saline condition. Higher standard deviation (37.38) and skewness 

(0.7403) were observed under saline condition compared to normal (Table 4.2.1.1). It 

revealed that number of grain per plant of studied rice varieties was reduced under salinity 

stress. 

 

e) Panicle fertility 
 

Under normal condition, 80.28%, 96.43% and 89.47% were lowest, highest and 

mean panicle fertility of indica studied rice varieties, respectively, whereas under saline 

condition those were 30.82%, 95.58% and 78.95%, respectively. Higher standard deviation 

and lower skewness (negative) were obtained under saline condition compared to normal 

and those values were 14.9526% and -2.0808%, respectively (Table 4.2.1.1). It proved that 

panicle fertility of studied rice varieties was reduced under salinity stress and panicle 

fertility was much varied among rice varieties. 

 

f) Days to 50% flowering and maturity 
 

Seventy one (71), 99 and 86.22 were minimum, maximum and mean days to 50% 

flowering of indica rice varieties, respectively under normal condition, while 73, 101 and 

88.56 were under saline condition, respectively. Standard deviation (7.988) was lower and 

skewness (-0.51004) was slightly higher in saline condition compared to control (Table 

4.2.1.1). It showed that flowering of studied rice varieties was delayed under salinity stress. 

 

In case of days to maturity of indica rice varieties, 101, 129 and 116.22 were 

minimum, maximum and average, respectively under normal condition, whereas 103, 131 

and 118.56, respectively under saline condition. Lower standard deviation (7.988) and lower 

skewness (-0.7202) was observed under saline condition compared to control (Table 

4.2.1.1). It revealed that maturity period of studied rice varieties delayed under salinity 

stress. 
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g) Grain length, width and length/width ratio 
 

For normal condition, lowest, highest and average grain length of indica rice 

varieties were 6.6mm, 10.1mm and 7.96mm, respectively, whereas for saline condition 

those were 6.18mm, 9.68mm and 7.56mm, respectively. Higher standard deviation and 

lower skewness were observed under saline condition compared to normal and those values 

were 1.1313mm and 0.4523mm, respectively (Table 4.2.1.1). It showed that grain length of 

studied rice varieties was littlebit reduced under salinity stress. 

 

Under normal condition, 1.7mm, 3.1mm and 2.00mm were lowest, highest and 

average grain width of indica rice varieties, respectively, while 1.5mm, 2.83mm and 

1.83mm, respectively under saline condition. Slightly lower standard deviation (0.3111) and 

skewness (1.8821) were obtained under saline condition compared to control (Table 

4.2.1.1). It proved that grain width of studied rice varieties was very littlebit reduced under 

salinity stress. 

 

Minimum, maximum and mean grain length-width ratio of indica rice varieties were 

2.29, 5.53 and 4.08, respectively under normal condition, whereas under saline condition 

those were 2.46, 5.48 and 4.22, respectively. Higher standard deviation and skewness were 

obtained under saline condition compared to normal and those values were 0.8381 and         

-0.02796, respectively (Table 4.2.1.1). It indicated that grain length-width ratio of studied 

rice varieties was increased slightly under salinity stress. 

 

h) Thousand Grain Weight 
 

In case of 1000 grain weight of indica rice varieties, 17.43, 27.53 and 22.28 were 

minimum, maximum and average, respectively under normal condition, while 15.73, 26.40 

and 21.00, respectively under saline condition. Higher standard deviation (2.5927) and 

skewness (0.1576) was observed under saline condition compared to control (Table 4.2.1.1). 

It revealed that 1000 grain weight of studied rice varieties was reduced under salinity stress. 
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i) Grain yield, straw yield and harvest index 
 

Under normal condition, 8.08 g/plant, 65.30 g/plant and 35.90 were lowest, highest 

and mean grain yield of indica rice varieties, respectively, whereas under saline condition 

4.49 g/plant, 48.40 g/plant and 20.89 g/plant, respectively. Lower standard deviation 

(10.399) and higher skewness (0.739) were obtained under saline condition compared to 

normal (Table 4.2.1.1). It proved that grain yield of studied rice varieties was reduced under 

salinity stress. 

 

In case of straw yield of indica rice varieties, 39.53 g/plant, 806.10 g/plant and 

168.14 g/plant were minimum, maximum and average, respectively under normal condition, 

whereas 24.00 g/plant, 259.66 g/plant and 108.77 g/plant, respectively under saline 

condition. Lower standard deviation (74.672) and skewness (0.6062) was observed under 

saline condition compared to control (Table 4.2.1.1). It revealed that straw yield of studied 

rice varieties was reduced under salinity stress. 

 

Minimum, maximum and mean harvest index of indica studied rice varieties were 

4.53%, 90.71% and 32.56%, respectively for normal condition, whereas under saline 

condition those were 3.93%, 86.88% and 29.77%, respectively. Standard deviation (23.78) 

and skewness (1.1325) was higher in saline condition compared to control (Table 4.2.1.1). It 

indicated that harvest index of studied rice varieties was reduced under salinity stress. 

 

All rice varieties showed marked differences in studied traits under saline conditions 

compared to the control treatments (Table 4.2.1.1). Traits which showed reduction under 

saline conditions were plant height, number of total tillers/plant, number of effective 

tillers/plant, panicle length, panicle weight, number of spikelets/panicle, number of 

grains/panicle, panicle fertility (%), grain length, grain width, 1000 grain weight, grain 

yield, straw yield and harvest index (%). Traits which showed increase under saline 

conditions were number of unfilled grains/panicle, days to 50% flowering, days to maturity, 

and grain length-width ratio. Number of unfilled grains/panicle was markedly higher under 

the saline conditions compared to the control. 
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Table 4.2.1.1 Statistical parameters for agronomic traits of different 24 rice varieties 
grown under normal and saline condition 

 

Sl. 
No. Traits 

Minimum Maximum Mean Standard Deviation Skewness 

Normal Saline Normal Saline Normal Saline Normal Saline Normal Saline 

1 Plant height (cm) 75 55 169.6 151 125.68 106.5 26.184 23.783 
-

0.07405 -0.3437 

2 
No. of total tiller 
/plant 10 8 23 20 16.14 13.29 3.80556 3.4533 0.4492 0.4128 

3 
No. of effective 
tiller /plant 8 7 22 16 13.72 11.29 

3.9009 
2.6289 

0.726 
0.1479 

4 
Panicle length 
(cm) 19 16.3 36.6 35.6 26.64 24.83 

3.9285 
4.7801 

0.338 
0.1615 

5 Panicle weight (g) 0.77 0.69 3.71 3.47 2.15 2.01 0.9072 0.8796 0.2175 0.3017 

6 
Number of 
spikelets/ panicle 52 43 187 185 127.17 108.94 28.695 35.801 0.1229 0.5326 

7 
Number of unfilled 
grain/panicle 6 7 25 92 12.93 21.76 4.7803 17.698 0.4227 3.1203 

8 
Number of 
grain/panicle 42 28 181 173 114.24 87.18 28.4138 37.38 0.204 0.7403 

9 Panicle fertility(%) 80.28 30.82 96.43 95.58 89.47 78.95 4.1923 14.9526 -0.6488 -2.0808 

10 
Days to 50% 
flowering 71 73 99 101 86.22 88.56 8.056 7.988 

-
0.52088 

- 
0.51004 

11 Days to maturity 101 103 129 131 116.22 118.56 8.056 7.988 
-

0.52088 
 

-0.7202 

12 
Grain Length 
(mm) 6.6 6.18 10.1 9.68 7.96 7.56 1.0818 1.1313 0.5563 0.4523 

13 Grain Width (mm) 1.7 1.5 3.1 2.83 2.00 1.83 0.34325 0.3111 1.922 1.8821 

14 
Grain Length-
Width ratio 2.29 2.46 5.53 5.48 4.08 4.22 0.7847 0.8381 

-
0.17864 

-
0.02796 

15 
1000 Grain Weight 
(g) 17.43 15.73 27.53 26.40 22.28 21.00 2.449 2.5927 0.119 0.1576 

16 
Grain Yield 
(g/plant) 8.08 4.49 65.30 48.40 35.90 20.89 15.168 10.399 0.2998 0.739 

17 
Straw yield 
(g/plant) 39.53 24.00 806.10 259.66 168.14 108.77 152.595 74.672 3.404 0.6062 

18 Harvest index (%) 4.53 3.93 90.71 86.88 32.56 29.77 25.335 23.78 1.1704 1.1325 
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Analysis of variance showed that considerable differences occurred for salt, 

genotypes and salt and genotype interactions for all the traits except panicle length and 

grain length/width ratio, for which there were non-significant differences for salt treatment 

i.e., salt treatment affected these parameters a little (Table 4.2.1.2). 

 
 

Table 4.2.1.2 Analysis of variance estimates for agronomic traits of 24 rice varieties 
grown under normal versus saline conditions 

 
Source of 
variation/Trait  Block  Salt  Genotype  

Salt X 
Genotype  

Plant height (cm)  72.2153**  13244.174***  3269.5359***  484.3330***  
No. of total tillers 
/plant  34.6736*  291.8403**  43.9345***  35.2896***  
No. of effective 
tillers /plant  34.3819*  212.6736**  41.6156***  24.0649***  
Panicle length 
(cm)  83.0278NS  117.3611NS  115.5060***  5.2742***  
Panicle weight (g)  0.1405NS  0.7526*  4.7641***  0.0266***  
Number of 
spikelets/ panicle  161.7778NS  12506.694***  6139.1582***  376.9843***  
Number of unfilled 
grains/panicle  45.6736*  2809***  621.7669***  389.4638***  
Number of 
grains/panicle  35.8958NS  27170.028***  5995.8261***  672.6944***  
Panicle fertility 
(%)  19.1203*  4012.7798***  450.7969***  269.8470***  
Days to 50% 
flowering  56.5069**  196***  384.8068***  1.3478***  
Days to maturity  56.5069**  196***  384.8068***  1.3478***  
Grain Length 
(mm)  0.5296**  5.5068***  7.4824***  0.0212***  
Grain Width (mm)  0.2534NS  0.9967*  0.6409***  0.0030***  
Grain Length-
Width ratio  0.5258NS  0.7178NS  4.0139***  0.0216***  
1000 Grain Weight 
(g)  2.7204**  59.3413***  37.8938***  0.2673***  
Grain Yield 
(g/plant)  289.9381NS  8238.4102**  762.7072***  252.3910***  
Straw Yield 
(g/plant)  47.2063**  126849.25***  67339.588***  19244.479***  
Harvest index (%)  247.9523*  306.8930*  3619.8146***  7.8321***  
 

NS = non-significant; * = significant (P < 0.05); ** = highly significant (P < 0.01); *** = highly 
highly significant (P < 0.001) 
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Under normal condition number of total tillers/plant, number of effective 

tillers/plant, panicle length, panicle weight, number of spikelets/panicle, number of 

grains/panicle, panicle fertility 1000 grain weight and harvest index showed significant 

positive correlation with grain yield/plant (Table 4.2.1.3). Whereas, plant height, number of 

total tillers/plant, number of effective tillers/plant, panicle length, panicle weight, number of 

spikelets/panicle, number of grains/panicle, panicle fertility and harvest index showed 

significant positive correlation with grain yield/plant but days to 50% flowering, grain 

length, grain width and 1000 grain weight showed non-significant positive correlation with 

grain yield/plant under saline condition (Table 4.2.1.3). Under normal field conditions, days 

to 50% flowering and days to maturity had highly significant negative correlation with grain 

yield/plant (r = -0.3195; P < 0.01) whereas under saline conditions these traits had non-

significant negative correlation (r = 0.0752; P > 0.05). Under saline conditions, number of 

unfilled grains/panicle had significant negative correlation with grain yield/plant (r = -

0.2428; P < 0.05) while under normal condition it showed significant negative correlation. 

The trait which had significant positive correlation with grain yield/plant under normal 

conditions but became non-significant under saline conditions was 1000 grain weight. Plant 

height had highly significant correlation with days to 50% flowering and days to maturity 

under saline conditions (r = 0.322 and 0.3219; P < 0.01), whereas its correlation with these 

traits under normal field conditions was non-significant (r = 0.2025; P > 0.05). Plant height 

also had significant positive correlation with grain yield under saline conditions, whereas 

under normal field conditions it had negative correlation with the grain yield. Days to 50% 

flowering and days to maturity had significant or highly significant positive correlation with 

number of total tillers/plant, number of effective tillers/plant and number of unfilled 

grains/panicle under saline conditions where under normal field conditions, the correlation 

was negative. Panicle weight and panicle fertility (%) had highly significant negative 

correlation with days to 50% flowering and days to maturity under both saline conditions, 

whereas under normal field conditions this correlation was highly significant negative and 

non-significant, respectively (Table 4.2.1.3). 
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Table 4.2.1.3 Correlation coefficients for agronomic traits of 24 rice varieties grown under normal versus saline conditions 
 
  PH TTP ETP PaL PaW SpPa UfGPa GPa PaF DFF DM GL GW GL-W R 1000 GW GY  

TTP 
-0.1541NS 
0.3591**  1                             

ETP 
-0.3429** 
0.1735NS  

0.9408**    
0.8343**  1                           

PaL 
0.2524*  
0.6683**  

0.2942*  
0.3241**  

0.1744NS 
0.1542NS  1                         

PaW 
0.1979NS 
0.3229**  

0.1339NS   
0.1421NS  

0.0165NS                       
-0.0625NS  

0.5052** 
0.5863**  1                       

SpPa 
0.1579NS 
0.4399**  

0.4096** 
0.4243**  

0.2389*  
0.2137NS 

0.7386** 
0.7258** 

0.6067** 
0.7470** 1                     

UfGPa 
0.3784** 
0.4249** 

-0.2001NS   
0.1600NS 

-0.2074NS 
0.1709NS 

0.2022NS 
0.2301NS 

0.5353** 
 -0.0800NS 

0.2699* 
 0.1651NS 1                   

GPa 
0.0966NS 
0.2238NS 

0.4583** 
0.3335** 

0.2832*  
0.1254NS 

0.7275** 
0.5909** 

0.5327** 
0.7573** 

0.9856** 
 0.8857** 

0.1031NS 
 -0.3118** 1                 

PaF 
-0.2495*  
-0.2325* 

0.4475** 
0.0104NS 

0.3880**    
 -0.0716NS 

0.2758* 
0.0461NS 

-0.1565NS 
0.3694** 

0.3812**  
0.2156NS 

-0.7412**  
-0.8953** 

0.5241** 
0.6292** 1               

DFF 
0.2025NS 
0.3220** 

-0.3448** 
0.2374* 

-0.3172** 
0.2701* 

0.0585NS 
0.0248NS 

-0.4201** 
 -0.4176** 

0.0066NS  
0.0090NS 

-0.0480NS 
0.3520** 

0.0152NS  
-0.1570NS 

0.0997NS 
 -0.3452** 1             

DM 
0.2025NS 
0.3219** 

-0.3448** 
0.2374* 

-0.3172** 
0.2701* 

0.0585NS 
0.0248NS 

-0.4201**  
-0.4176** 

0.0066NS  
0.0090NS 

-0.0480NS 
0.3520** 

0.0152NS  
-0.1570NS 

0.0997NS 
 -0.3452** 1***1*** 1           

GL 
-0.2426*               
- 0.2136NS 

-0.1074NS 
 -0.1528NS 

-0.0681NS 
0.0896NS 

0.1239NS 
 -0.0128NS 

-0.1786NS 
- 0.1915NS 

-0.1876NS  
-0.1769NS 

-0.4840** 
 -0.2939* 

-0.1088NS  
-0.0320NS 

0.2659* 
0.2112NS 

0.2929* 
0.2928* 

0.2929* 
0.2928* 1         

GW 
0.3130** 
0.3289** 

-0.1808NS  
-0.0593NS 

-0.1425NS 
 -0.0526NS 

0.0511NS 
0.1076NS 

0.4347** 
0.4154** 

0.0967NS  
0.2021NS 

0.5950** 
0.1819NS 

-0.0047NS 
0.1091NS 

-0.4731** 
 -0.0825NS 

0.0532NS 
0.0651NS 

0.0532NS 
0.0651NS 

-0.0392NS 
0.0249NS 1       

GL-W R 
-0.3681**            
-0.4224** 

0.0008NS 
-0.0695NS 

-0.0028NS 
0.0925NS 

-0.0217NS 
 -0.1460NS 

-0.4622** 
-0.4561** 

-0.2360*  
-0.3009* 

-0.7329**  
-0.3785** 

-0.1150NS  
-0.1117NS 

0.4867** 
0.2463* 

0.1712NS 
0.1786NS 

0.1712NS 
0.1786NS 

0.7045** 
0.7178** 

-0.7140**  
-0.6569** 1     

1000 
GW 

0.2573* 
0.1516NS 

0.2146NS  
-0.3236** 

0.2041NS  
-0.2032NS 

0.3372** 
0.3238** 

0.3586** 
0.3887** 

0.1040NS  
0.0503NS 

0.0295NS  
-0.1275NS 

0.1023NS 
0.1084NS 

0.1091NS 
0.2351* 

-0.2118NS  
-0.2064NS 

-0.2118NS 
 -0.2064NS 

0.1872NS 
0.2066NS 

0.3791** 
0.3837** 

-0.1451NS 
 -0.1141NS 1   

GY  
-0.1355NS 
0.2551* 

0.9103**  
0.5278** 

0.8485**  
0.4701** 

0.5066** 
0.6069** 

0.35186** 
0.6695** 

0.6171**  
0.8048** 

-0.1181NS  
-0.2428* 

0.6583** 
0.8896** 

0.5165** 
0.5340** 

-0.3195** -
0.0752NS 

-0.3195** 
 -0.0752NS 

-0.0504NS 
0.1138NS 

-0.0182NS 
0.1741NS 

-0.0859NS 
 -0.0517NS 

0.4440** 
0.2088NS 1 

HI  
-0.4694**      
-0.3605** 

0.5830**          
 -0.0880NS 

0.5927**  
0.1620NS 

0.1909NS 
0.0877NS 

0.2591* 
 0.2390* 

0.2985*  
0.2482* 

-0.2705*        
-0.3540** 

0.3559** 
0.4058** 

0.4082** 
0.4360** 

-0.3578**          
-0.3419** 

-0.3578**          
-0.3419** 

0.3078** 
0.3207** 

-0.0451NS       
-0.0447NS 

0.2034NS 
0.2312NS 

0.1791NS 
0.2266NS 

0.6272** 
0.4778** 

PH = plant height; TTP = No. of total tillers/plant; ETP = No. of effective tillers/plant; PaL = panicle length; PaW = panicle weight; SpPa = No. of 
spikelets/panicle; UfGPa = No. of unfilled grains/panicle; GPa = No. of grains/panicle; PaF = panicle fertility (%); DFF = days to 50% flowering; 
DM = days to maturity; GL = grain length; GW = grain width; GL-W R = grain length- width ratio; 1000 GW = 1000 grain weight; GY = grain yield; 
HI  = harvest index (%); NS = non-significant; * = significant (P < 0.05); ** = highly significant (P < 0.01); Normal-sized font values = normal field; 
bold-sized font values = salinity block
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4.2.2 Frequency distribution of different 24 rice varieties 
for agronomic traits under saline and normal condition 
 

 

Frequency distribution of indica rice varieties for different agronomic traits was 

made by using same ranges for both normal and saline conditions. Frequency distribution of 

studied rice varieities is shown below (Fig. 4.2.2.1 to Fig. 4.2.2.18). 

 

a) Plant height 
 

Minimum number of rice varieties (3) and maximum number of rice varieties (9) 

were observed in the ranges of plant height >100cm and 124-147cm, respectively under 

normal condition, whereas lowest (1) and highest (10) number of rice varieties were 

observed in the ranges of plant height 148-171cm and >100cm, respectively under saline 

condition (Fig. 4.2.2.1). It indicated that maximum rice varieties belonged to lower ranges 

of plant height under salinity stress condition. 
 

b) Number of total and effective tiller per plant 

 
Lowest (2) and highest (12) number of rice varieties were observed in the ranges of 

number of total tiller per plant ≤11 and 12-15, respectively under normal condition, whereas 

lowest (2) and highest (10) number of rice varieties were observed in the ranges of number 

of total tiller per plant 20-23 and 12-15, respectively under saline condition (Fig. 4.2.2.2). It 

indicated that maximum rice varieties exist on lower ranges of number of total tiller per 

plant under salinity stress condition. 
 
In case of number of effective tiller per plant lowest (1) and highest (9) number of 

rice varieties were observed in the ranges of <9 and 9-11, respectively under normal 

condition, whereas lowest (4) and highest (8) number of rice varieties were observed in the 

ranges of ≥15 and 9-11, respectively under saline condition (Fig. 4.1.2.3). It revealed that 

maximum rice varieties fell on lower to medium ranges of number of effective tiller per 

plant under salinity stress condition. 
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Fig.4.2.2.1 Frequency distribution of different rice varieteis for plant height (cm)  

under normal and saline condition 
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Fig.4.2.2.2 Frequency distribution of different rice varieties for number of total tiller/plant 

under normal and saline condition 
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Fig.4.2.2.3 Frequency distribution of different rice varieties for number of effective 
tiller/plant under normal and saline condition 
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c) Panicle length and weight 
 

In case of panicle length minimum and maximum number of rice varieties were 1 

and 12 and located in the ranges of 35-39cm and 25-29cm, respectively under normal 

condition, whereas under saline condition those were 1 and 10 and those were observed in 

the ranges of 35-39cm and 25-29cm, respectively (Fig. 4.2.2.4). It indicated that most rice 

varieties located on medium ranges of panicle length under salinity stress condition. 
 

Lowest (1) and highest (8) number of rice varieties were found in the ranges of 

panicle weight <1.0g and 1.0-1.6g, respectively under normal condition, while lowest (2) 

and highest (9) number of rice varieties were observed in the ranges of panicle weight <1.0g 

and 1.0-1.6g, respectively under saline condition (Fig. 4.2.2.5). It showed that maximum 

rice varieties exist on lower ranges of panicle weight under salinity stress condition. 
 
d) Number of spikelet, unfilled grain and grain per panicle 
 

Lowest number of rice varieties (1) in the range <90 and highest number of rice 

varieties (12) in the range 116-141 were observed for number of spikelet per panicle under 

normal condition, while lowest number of rice varieties (3) in the range 168-193 and highest 

number of rice varieties (10) in the range 90-115 were found under saline condition 

(Fig.4.2.2.6). It showed that maximum rice varieties exist on lower ranges of number of 

spikelet per panicle under salinity stress condition. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 181

0

2

4

6

8

10

12

14

<20 20-24 25-29 30-34 35-39

Panicle length (cm)

Nu
m

be
r o

f i
nd

iv
id

ua
l

Normal
Saline

 
Fig.4.2.2.4 Frequency distribution of different rice varieteis for panicle length (cm)  

under normal and saline condition 
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Fig.4.2.2.5 Frequency distribution of different rice varieties for panicle weight (g)  

under normal and saline condition 
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Fig.4.2.2.6 Frequency distribution of different rice varieties for number of spikelet/panicle 

under normal and saline condition 
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In case of number of unfilled grain per panicle minimum and maximum number of 

rice varieties were 1 and 14 and those were observed in the ranges of >24 and 7-15, 

respectively under normal condition, whereas under saline condition those were 1 and 10 

and located in the ranges of <7 and 7-15, respectively (Fig. 4.2.2.7). It indicated that most 

rice varieties located on higher ranges of unfilled grain per panicle under salinity stress 

condition. 
 

Lowest (1) and highest (15) number of rice varieties were observed in the ranges of 

number of grain per panicle <60 and 91-121, respectively under normal condition, whereas 

lowest (1) and highest (11) number of rice varieties were observed in the ranges of number 

of grain per panicle 122-152 and 60-90, respectively under saline condition (Fig. 4.2.2.8). It 

showed that maximum rice varieties belong to lower ranges of number of grain per panicle 

under salinity stress condition. 
 

e) Panicle fertility 
 

In case of panicle fertility minimum and maximum number of rice varieties were 1 

and 15 and those were observed in the ranges of <81% and 87-92%, respectively under 

normal condition, whereas under saline condition those were 1 and 9 and located in the 

ranges of 93-98 and <81, respectively (Fig. 4.2.2.9). It indicated that most rice varieties 

located on lower ranges of panicle fertility under salinity stress condition. 
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Fig.4.2.2.7 Frequency distribution of different rice varieties for number of unfilled 

grain/panicle under normal and saline condition 
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Fig.4.2.2.8 Frequency distribution of different rice varieties for number of grain/panicle 

under normal and saline condition 
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Fig.4.2.2.9 Frequency distribution of different rice varieties for panicle fertility (%)  

under normal and saline condition 
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f) Days to 50% flowering and maturity 
 

Lowest (2) and highest (12) number of rice varieties were observed in the ranges of 

days to 50% flowering <75 and 89-95, respectively under normal condition, while lowest 

(1) and highest (10) number of rice varieties were found in the ranges of days to 50% 

flowering 75-81 and 82-88, respectively under saline condition (Fig. 4.2.2.10). It showed 

that maximum rice varieties exist on medium to higher ranges of days to 50% flowering 

under salinity stress condition. 
 

Lowest rice varieties (1) in the range <104 and highest rice varieties (10) in the 

range 118-124 were observed for days to maturity under normal condition, whereas lowest 

(2) in the range 104-110 and highest (10) in the range 118-124 were found under saline 

condition (Fig. 4.2.2.11). It revealed that maximum rice varieties located on higher ranges 

of days to maturity under salinity stress condition. 
 
g) Grain length, width and length/width ratio 
 

Lowest (1) and highest (12) number of rice varieties were observed in the ranges of 

grain length <6.7mm and 6.7-7.5, respectively under normal condition, whereas lowest (1) 

and highest (9) number of rice varieties were observed in the ranges of grain length 9.4-10.2 

and 6.7-7.5, respectively under saline condition (Fig.4.2.2.12). It indicated that maximum 

rice varieties belonged to lower ranges of grain length under salinity stress condition. 
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Fig.4.2.2.10 Frequency distribution of different rice variety for days to 50% flowering  

under normal and saline condition 
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Fig.4.2.2.11 Frequency distribution of different rice varieties for days to maturity  

under normal and saline condition 
 

0

2

4

6

8

10

12

14

<6.7 6.7-7.5 7.6-8.4 8.5-9.3 9.4-10.2

Grain length (mm)

Nu
m

be
r o

f i
nd

iv
id

ua
l

Normal
Saline

 
Fig.4.2.2.12 Frequency distribution of different rice varieties for grain length (mm)  

under normal and saline condition 
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In case of grain width lowest (1) and highest (15) number of rice varieties were 

observed in the ranges of <1.71mm (or 2.77-3.12mm) and 1.71-2.05mm, respectively under 

normal condition, whereas lowest (1) and highest (13) number of rice varieties were 

observed in the ranges of 2.77-3.12mm and <1.71mm, respectively under saline condition 

(Fig.4.2.2.13). It revealed that maximum rice varieties fell on lower ranges of grain width 

under salinity stress condition. 
 
 

Lowest rice varieties (2) in the range <3.00 and highest rice varieties (10) in the 

range 3.72-4.42 were observed for grain length-width ratio under normal condition, while 

lowest (2) in the range <3.00 and highest (9) in the range 3.72-4.42 were found under saline 

condition (Fig.4.2.2.14). It showed that maximum rice varieties exist on higher ranges of 

grain length-width ratio under salinity stress condition. 
 
 
h) Thousand grain weight 
 

In case of 1000 grain weight minimum and maximum number of rice varieties were 

1 and 12, and those were observed in the ranges of <18.0g and 20.52-23.02g, respectively 

under normal condition, whereas under saline condition those were 2 and 9, and located in 

the ranges of 25.54-28.04g and 20.52-23.02g, respectively (Fig. 4.2.2.15). It indicated that 

most rice varieties located on lower ranges of 1000 grain weight under salinity stress 

condition. 
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Fig.4.2.2.13 Frequency distribution of different rice varieties for grain width (mm)  

under normal and saline condition 
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Fig.4.2.2.14 Frequency distribution of different rice varieties for grain length-width ratio 

under normal and saline condition 
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Fig.4.2.2.15 Frequency distribution of different rice varieties for thousand grain weight (g) 

under normal and saline condition 
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i) Grain yield, straw yield and harvest index 
 

Lowest (1) and highest (11) number of rice varieties were observed in the ranges of 

grain yield <9.0g/plant and >39.03g/plant, respectively under normal condition, while 

lowest (1) and highest (8) number of rice varieties were found in the ranges of grain yield 

>39.03g/plant and 9.01-19.01g/plant (or 19.02-29.02g/plant), respectively under saline 

condition (Fig. 4.2.2.16). It showed that maximum rice varieties exist on lower ranges of 

grain yield under salinity stress condition. 
 

Lowest rice varieties (1) in the range <40g/plant and highest rice varieties (9) in the 

range 102-162g/plant were observed for straw yield under normal condition, while lowest 

(2) in the range >223g/plant and highest (7) in the range 41-101g/plant were obtained under 

saline condition (Fig. 4.2.2.17). It showed that maximum rice varieties exist on lower ranges 

of straw yield under salinity stress condition. 
 

 
In case of harvest index minimum and maximum number of rice varieties were 2 

and 14, and those were observed in the ranges of 30.52-51.02% (or 51.03-70.53%) and 

10.01-30.51%, respectively under normal condition, whereas under saline condition those 

were 2 and 12, and located in the ranges of 30.52-51.02% (or 51.03-70.53%) and 10.01-

30.51%, respectively (Fig. 4.2.2.18). It indicated that most rice varieties located on lower 

ranges of harvest index under salinity stress condition. 
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Fig.4.2.2.16 Frequency distribution of different rice varieties for grain yield/plant (g)  

under normal and saline condition 
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Fig.4.2.2.17 Frequency distribution of different rice varieties for straw yield/plant (g)  

under normal and saline condition 
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Fig.4.2.2.18 Frequency distribution of different rice varieties for harvest index (%) under 

normal and saline condition 
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Frequency distribution of the agronomic traits showed that there was reduction in greater 

number of individuals/varieties/lines with respect to plant height, days to 50% flowering, 

grain width, 1000 grain weight and grain yield/plant. 

 

4.2.3 Statistical parameters for different physiological 
traits of 24 rice varieties grown under normal versus 
saline conditions 
 

Statistical parameters for different physiological traits of 24 rice varieties grown under 

normal versus saline conditions are presented in table 4.2.3.1 to 4.2.3.3  

 

a) Na+ uptake 
 

Minimum, maximum and average Na+ uptake (mg/g) of indica rice varieties were 

12.2195 mg/g, 38.3754 mg/g and 24.0098 mg/g, respectively under normal condition, 

whereas under saline condition those were 36.4985 mg/g, 69.9140 mg/g and 51.6636 mg/g, 

respectively. Higher standard deviation and skewness were obtained under saline condition 

compared to normal (control) and those values were 10.4035 mg/g and 0.0030 mg/g, 

respectively (Table 4.2.3.1). Data indicated that studied rice varieties uptook higher amount 

of Na+ under salinity stress. 

 

b) K+ uptake 
 

In case of K+ uptake (mg/g)  of indica rice varieties, minimum, maximum and 

average were 4.2879 mg/g, 16.8773 mg/g and 7.8285 mg/g, respectively under normal 

condition, whereas under saline condition those were 9.9559 mg/g, 21.2050 mg/g and 15.45 

mg/g, respectively. Standard deviation and skewness were lower in saline condition 

compared to normal and those values were 2.6198 and - 0.1222, respectively (Table 4.2.3.1). 

It revealed that K+ uptake of studied rice varieties were increased under salinity stress and 

K+ uptake was much varied among rice varieties. 
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c) Ca+ uptake 
 

Minimum, maximum and average Ca++ uptake (mg/g) of indica rice varieties were 

5.7043 mg/g, 21.4823 mg/g and 13.3425 mg/g, respectively under normal condition, while 

those were 13.1043 mg/g, 56.9286 mg/g and 29.9027 mg/g, respectively under saline 

condition. Higher standard deviation and skewness was found under saline condition 

compared to control and those values were 13.2365 and 0.9158, respectively (Table 

4.2.3.1). It revealed that studied rice varieties uptook higher amount of Ca++ under salinity 

stress. 

 

d) Total cation uptake 
 

Under normal condition, 28.4466 mg/g, 64.5016 mg/g and 13.3425 mg/g were the 

lowest, heighest and mean total cations uptake (mg/g) of indica rice varieties, respectively, 

while under saline condition those were 62.8482 mg/g, 133.4761 mg/g and 97.0163 mg/g, 

respectively. Standard deviation and skewness were higher in saline condition compared to 

control and those values were 18.4043 mg/g and 0.0531 mg/g, respectively (Table 4.2.3.1). 

It indicated that studied rice varieties uptook higher amount of total cations under salinity 

stress. 

 

e) Na+/K+ uptake 
 

For normal condition, lowest, highest and mean Na+ / K+  uptake of indica rice 

varieties were 1.8615, 4.8730 and 3.2620, respectively, whereas for saline condition those 

were 1.8634, 4.9287 and 3.4125, respectively. Higher standard deviation and lower 

skewness were observed under saline condition compared to normal and those values were 

0.7172 and -0.3330, respectively (Table 4.2.3.1). It showed that Na+ / K+ uptake of studied 

rice varieties was increased under salinity stress. 
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f) Na+ uptake ratio 
 

Minimum, maximum and average Na+ uptake ratio of indica studied rice varieties 

were 0.9643, 0.9884 and 0.9803, respectively under normal condition, whereas under saline 

condition those were 0.8985, 0.9443 and 0.9235, respectively. Higher standard deviation 

and lower skewness were obtained under saline condition compared to normal (control) and 

those values were 0.0148 and -0.3961, respectively (Table 4.2.3.1). Data indicated that Na+ 

uptake ratio of studied rice varieties was reduced under salinity stress. 

 

g) K+ uptake ratio 
 

In case of K+ uptake ratio of indica rice varieties, minimum, maximum and average 

were 0.9762, 0.9940 and 0.9856, respectively under normal condition, whereas under saline 

condition those were 0.9877, 0.9942 and 0.9918, respectively. Standard deviation and 

skewness was lower in saline condition compared to normal and those values were 0.0015 

and – 1.1109, respectively (Table 4.2.3.1). It revealed that K+ uptake ratio of studied rice 

varieties was slightly increased under salinity stress and K+ uptake ratio was much varied 

among rice varieties. 

 

h) Ca++ uptake ratio 
 

Minimum, maximum and average Ca++ uptake ratio of indica rice varieties were 

0.9890, 0.9971 and 0.9948, respectively under normal condition, while those were 0.9913, 

0.9980 and 0.9955, respectively under saline condition. Lower standard deviation and 

higher skewness was found under saline condition compared to control and those values 

were 0.0018 and -0.5034, respectively (Table 4.2.3.1). It revealed that Ca++ uptake ratio of 

studied rice varieties was slightly increased under salinity stress. 
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i) Total cation uptake ratio 
 

Under normal condition, 0.9788, 0.9906 and 0.9859 were the lowest, heighest and 

mean total cations uptake ratio of indica rice varieties, respectively, while under saline 

condition those were 0.8966, 0.9391 and 0.9684, respectively. Standard deviation and 

skewness were higher in saline condition compared to control and those values were 0.0086 

and -0.7680, respectively (Table 4.2.3.1). It indicated that total cations uptake ratio of 

studied rice varieties was reduced under salinity stress. 
 

j) Uptake ratio of Na+/K+ 
 

In case of uptake ratio of Na+/K+ of indica studied rice varieties, minimum, 

maximum and average were 0.9851, 1.0017 and 0.9947, respectively under normal 

condition, whereas under saline condition those were 0.9041, 0.9510 and 0.9311, 

respectively. Standard deviation and skewness were higher in saline condition compared to 

normal and those values were 0.0145 and –0.4622, respectively (Table 4.2.3.1). It revealed 

that ratio of Na+/K+ uptake of studied rice varieties was slightly reduced under salinity 

stress. 

 

All 24 rice varieties showed marked differences in studied physiological traits under 

saline condition compared to the control treatments. Na+ uptake, K+ uptake, Ca++ uptake, 

total cations uptake, Na+/K+ uptake, K+ uptake ratio and Ca++ uptake ratio showed 

increase under saline condition. Traits which showed reduction under saline condition were 

Na+ uptake ratio, total cation uptake ratio and uptake ratio of Na+/K+ (Table 4.2.3.1). 
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Table 4.2.3.1 Statistical parameters for different physiological traits of 24 rice varieties grown under normal versus saline conditions 
  

Name of the trait  
  

Minimum 
 

Maximum 
 

Mean 
 

Standard 
Deviation 

 
Skewness 

  
Normal Saline Normal Saline Normal Saline Normal Saline Normal Saline 

●Na+ uptake (mg/g) 12.2195 36.4985 38.3754 69.9140 24.0098 51.6636 5.8166 10.4035 -0.0294 0.0030 
●K+ uptake (mg/g) 4.2879 9.9559 16.8773 21.2051 7.8285 15.4500 2.8807 2.6198 1.4188 -0.1222 
●Ca+ +  uptake (mg/g) 5.7043 13.1043 21.4823 56.9286 13.3425 29.9027 4.1708 13.2365 0.1543 0.9158 
●Total Cation uptake 
(mg/g) 28.4466 62.8482 64.5016 133.4761 13.3425 97.0163 9.7916 18.4043 -0.0251 0.0531 
●Na+ / K+  uptake 1.8615 1.8634 4.8730 4.9287 3.2620 3.4125 0.7130 0.7172 -0.0203 -0.3330 
▲Na+ uptake ratio 0.9643 0.8985 0.9884 0.9443 0.9803 0.9235 0.0057 0.0148 -1.4699 -0.3961 
▲K+ uptake ratio 0.9762 0.9877 0.9940 0.9942 0.9856 0.9918 0.0047 0.0015 -0.3801 -1.1109 
▲Ca++ uptake ratio 0.9890 0.9913 0.9971 0.9980 0.9948 0.9955 0.0019 0.0018 -1.3638 -0.5034 
▲Total cations uptake 
ratio 0.9788 0.9351 0.9906 0.9684 0.9859 0.9555 0.0033 0.0086 -0.7831 -0.7680 
▲ Uptake ratio of Na+/K+ 0.9851 0.9041 1.0017 0.9510 0.9947 0.9311 0.0037 0.0145 -0.5918 -0.4622 

 
         ● = Cation content in flag leaf 
 
        ▲= Cation uptake ratio by plant= Cation content in flag leaf / Total cation content in soil 
 
        Total cation content in soil= Cation content in soil during harvesting time + Cation content in flag leaf at maturity stage 
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Analysis of variance showed that considerable differences occurred for salt, genotypes and 

salt-genotype interactions for all rice varieties in respect of Na+ uptake, K+ uptake, Ca++ uptake 

and total cations uptake. For Na+/K+ uptake, there was non-significant difference for salt treatment 

and salt-genotype interaction i.e., salt treatment and salt-genotype interaction affected this 

parameter a little. There were non-significant differences for salt-genotype interactions for the traits 

Na+ uptake ratio, K+ uptake ratio, Ca++ uptake ratio, total cations uptake ratio and uptake ratio of 

Na+/K+  i.e., salt-genotype interaction did not affect these parameters too much (Table 4.2.3.2). 

 
 

Table 4.2.3.2 Analysis of variance estimates for physiological traits of 24 rice varieties grown 
under normal versus saline conditions 

 
Source of 
variation/Trait  Genotype  Salt 

Genotype X 
Salt 

●Na+ uptake (mg/g) 118.2422*** 3737.937*** 120.9154*** 
●K+ uptake (mg/g) 40.4420*** 324.6923*** 1.5483NS 
●Ca+ +  uptake (mg/g) 64.2387*** 1841.577***     13.9368*** 
●Total Cation uptake 
(mg/g) 40.1397* 14901.4489*** 77.2269** 
●Na+ / K+  uptake 3.9096*** 0.1170 NS 0.0141 NS 

▲Na+ uptake ratio 0.0002 NS 0.0221 NS 0.0003 NS 
▲K+ uptake ratio 0.000035 NS 0.000183 NS 0.000012 NS 
▲Ca++ uptake ratio 0.0000037 NS 0.0000022 NS 0.00000293 NS 
▲Total cations uptake 
ratio 0.00000616 NS 0.005715 NS 0.0000052 NS 
▲Uptake ratio of 
Na+/K+  0.000417 NS 0.026708 NS 0.000182 NS 

 
NS = non-significant; * = significant (P < 0.05); ** = highly significant (P < 0.01);  

*** = very highly significant (P < 0.001) 
 
 
                    ● = Cation content in flag leaf 
 
                  ▲= Cation uptake ratio by plant= Cation content in flag leaf / Total cation content in soil 
 
                  Total cation content in soil= Cation content in soil during harvesting time + Cation content in flag      
                  leaf at maturity stage 
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All the physiological traits except Na+ uptake, Na+/K+ uptake and uptake ratio of Na+/K+ 

showed negative correlation with grain yield under normal condition and among those K+ uptake, 

total cations uptake, K+ uptake ratio, total cations uptake ratio showed very highly significant 

negative correlation (Table 4.2.3.3). Whereas, all the physiological traits except K+ uptake, Ca++ 

uptake, K+ uptake ratio, Ca++ uptake ratio showed negative correlation with grain yield under 

saline condition and among those Na+ uptake (r = -0.7082; P < 0.01), Na+/K+ uptake (r = -0.6133; 

P < 0.05), Na+ uptake ratio (r = -0.6286; P < 0.05) and uptake ratio of Na+/K+ (r = -0.6225; P < 

0.05)  had highly significant or significant negative correlation. K+ uptake, Ca++ uptake (r = 

0.7484; P < 0.01), K+ uptake ratio, Ca++ uptake ratio showed positive correlation with grain yield 

under saline condition (Table 4.2.3.3). 
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Table 4.2.3.3 Correlation coefficients for grain yield and physiological traits of 24 rice varieties grown under normal versus saline conditions 
 
 
 

 
Grain yield 
(g/plant) 

Na+ uptake 
(mg/g) 

K+ uptake 
(mg/g) 

Ca++uptake 
(mg/g) 

Total Cation 
uptake (mg/g) 

Na+ / K+  
uptake 

Na+ uptake 
ratio 

K+ uptake 
ratio 

Ca++ uptake 
ratio 

Total cations 
uptake ratio 

Uptake 
ratio 
of 
Na+/K+ 

Grain yield (g/plant) 1           

●Na+ uptake (mg/g) 
0.5699* 
-0.7082** 1          

●K+ uptake (mg/g) 
-0.8762*** 
0.2603NS 

0.5997* 
-0.6129* 1         

●Ca+ +  uptake (mg/g) 
-0.4469NS 

0.7484** 
-0.1648 NS 

-0.9142*** 
0.5934* 
0.7672** 1        

●Total Cation uptake 
(mg/g) 

-0.8510*** 
-0.4389 NS 

0.6532* 
0.6412* 

0.9815*** 
0.1554 NS 

0.6121* 
-0.3031 NS 1       

●Na+ / K+  uptake 
0.8275*** 
-0.6133* 

-0.3228 NS 

0.9049*** 
-0.9150*** 
-0.8777*** 

-0.7982** 
-0.9612*** 

-0.9015*** 
0.2680 NS 1      

▲Na+ uptake ratio 
-0.5216 NS 

-0.6286* 
0.9772*** 
0.9911*** 

0.5727* 
-0.6525* 

-0.2152 NS 

-0.8877*** 
0.6115* 
0.6312 * 

-0.2601 NS 

0.9118*** 1     

▲K+ uptake ratio 
-0.8779*** 
0.3308 NS 

-0.8779*** 
-0.6049* 

0.9617*** 
0.9877*** 

0.5588 NS 

0.7926** 
0.9757*** 
0.1913 NS 

-0.9131*** 
-0.8847*** 

0.6248* 
-0.6334* 1    

▲Ca++ uptake ratio 
-0.4626 NS 

0.7214** 
-0.1451 NS 

-0.9000*** 
0.6129* 
0.7680** 

0.9823*** 
0.9951*** 

0.6238* 
-0.2806 NS 

-0.8030** 
-0.9545*** 

-0.1784 NS 

-0.8772*** 
0.5754* 
0.7963** 1   

▲Total cations uptake 
ratio 

-0.8496*** 
-0.2802 NS 

0.7622** 
0.4036 NS 

0.9540*** 
0.3961 NS 

0.4809 NS 

-0.0289 NS 
0.9809*** 
0.9581*** 

-0.8447*** 
-0.0007 NS 

0.7279** 
0.3961 NS 

0.9851*** 
0.4370 NS 

0.4990 NS 

-0.0020 NS 1  
▲Ratio of Na+/K+ 
uptake  

0.6981* 
-0.6225* 

-0.0568 NS 

0.9876*** 
-0.7628** 
-0.6959 NS 

-0.8909*** 
-0.9040*** 

-0.7494** 
0.5841* 

0.9567*** 
0.9340*** 

0.0168 NS 

0.9982*** 
-0.7701** 
-0.6788* 

-0.8818*** 
-0.8944*** 

-0.6667* 
0.3420 NS 1 

 
NS = non-significant; * = significant (P < 0.05); ** = highly significant (P < 0.01); *** = very highly significant (P < 0.001); 

Normal-sized font values = normal field; bold-sized font values = salinity block 
 
 
● = Cation content in flag leaf 
 
▲= Cation uptake ratio by plant= Cation content in flag leaf / Total cation content in soil 
 
Total cation content in soil= Cation content in soil during harvesting time + Cation content in flag leaf at maturity stage 
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4.2.4 Frequency distribution of different 24 rice varieties for 
physiological traits under normal and saline condition 
 

 

Frequency distributions for physiological traits of different 24 rice varieties grown under 

normal versus saline conditions are given below (Fig. 4.2.4.1 to Fig. 4.2.4.10). 

 

a) Na+ uptake 
 

Lowest number of indica rice varieties (1) and highest number of indica rice varieties (10) 

were observed in the ranges of Na+ uptake 36.01-42 mg/g and 24.01-30 mg/g, respectively under 

normal condition, whereas lowest (3) and highest (7) number of rice varieties were observed in the 

ranges of Na+ uptake 50.01-57 mg/g (or 64.01-71 mg/g) and 57.01-64 mg/g, respectively under 

saline condition (Fig. 4.2.4.1). It indicated that maximum studied rice varieties belong to higher 

ranges of Na+ uptake under salinity stress condition. 
 

b) K+ uptake 
 

Lowest (1) and highest (9) number of indica rice varieties were observed in the ranges of K+ 

uptake 14.01-17.00 mg/g and 5.01-8.00 mg/g, respectively under normal condition, whereas lowest 

(1) and highest (9) number of indica rice varieties were observed in the ranges of K+ uptake 19.9-

22.4 mg/g and 14.7-17.2 mg/g, respectively under saline condition (Fig. 4.2.4.2). It indicated that 

maximum studied rice varieties exist on higher ranges of K+ uptake under salinity stress condition. 
 

c) Ca+ uptake 
 

In case of Ca++ uptake, lowest (1) and highest (10) number of indica rice varieties were 

observed in the ranges of 21.01-24 mg/g and 9.01-13 mg/g, respectively under normal condition, 

whereas lowest (1) and highest (11) number of indica rice varieties were observed in the ranges of 

38.01-48 mg/g and 18.01-28 mg/g, respectively under saline condition (Fig. 4.2.4.3). It revealed that 

maximum studied rice varieties located on higher ranges of Ca++ uptake under salinity stress 

condition. 
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Fig.4.2.4.1 Frequency distribution of different rice varieties for Na+ uptake (mg/g)  

under normal and saline conditions 
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Fig.4.2.4.2 Frequency distribution of different rice varieties for K+ uptake (mg/g)  

under normal and saline conditions 
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Fig.4.2.4.3 Frequency distribution of different rice varieties for Ca++ uptake (mg/g)  

under normal and saline conditions 
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d) Total cation uptake 

 

In case of total cation uptake (mg/g), minimum and maximum number of indica rice 

varieties were 2 and 8 and those were observed in the ranges of ≤30 (or 57.01-66) and 48.01-57, 

respectively under normal condition, whereas under saline condition those were 2 and 7 and located 

in the ranges of ≤75 mg/g (or 120.01-135 mg/g) and 90.01-105 mg/g (or 105.01-120 mg/g), 

respectively (Fig. 4.2.4.4). It indicated that most studied rice varieties located on higher ranges of 

total cation uptake under salinity stress condition. 
 
e) Na+/K+ uptake 

Lowest (2) and highest (12) number of indica rice varieties were observed in the ranges of 

Na+/K+ uptake ≤2.0 (or 4.26-5.0) and 2.76-3.5, respectively under normal condition, while lowest 

(1) and highest (13) number of indica rice varieties were found in the ranges of Na+/K+ uptake 

2.01-2.75 and 2.76-3.5, respectively under saline condition (Fig. 4.2.4.5). It showed that maximum 

studied rice varieties exist on medium to higher ranges of Na+/K+ uptake under salinity stress 

condition. 
 
f) Na+ uptake ratio 
 

Lowest indica rice varieties (1) in the range ≤0.97 (or 0.971-0.975 or 0.976-0.980) and 

highest rice varieties (15) in the range 0.981-0.985 were observed for Na+ uptake ratio under 

normal condition, whereas lowest (3) in the range ≤0.90 and highest (7) in the range 0.924-0.935 

were found under saline condition (Fig. 4.2.4.6). It revealed that maximum studied rice varieties 

located on higher ranges of Na+ uptake ratio under salinity stress condition. 
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Fig.4.2.4.4 Frequency distribution of different rice varieties for total cations uptake (mg/g) 

 under normal and saline conditions 
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Fig.4.2.4.5 Frequency distribution of different rice varieties for Na+/K+ uptake  

under normal and saline conditions 
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Fig.4.2.4.6 Frequency distribution of different rice varieties for Na+ uptake ratio  

under normal and saline condition 
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g) K+ uptake ratio 
 

Lowest number of indica rice varieties (1) and highest number of indica rice varieties (15) 

were observed in the ranges of K+ uptake ratio 0.994-0.995 (or 0.992-0.993) and <0.988, 

respectively under normal condition, whereas lowest (1) and highest (12) number of indica rice 

varieties were observed in the ranges of K+ uptake ratio <0.988 (or 0.994-0.995) and 0.992-0.993, 

respectively under saline condition (Fig. 4.2.4.7). It indicated that maximum studied rice varieties 

belonged to higher ranges of K+ uptake ratio under salinity stress condition. 
 

h) Ca++ uptake ratio 
 

Lowest (2) and highest (10) number of indica rice varieties were observed in the ranges of 

Ca++ uptake ratio ≤0.991 and 0.994-0.995, respectively under normal condition, whereas lowest (2) 

and highest (11) number of indica rice varieties were observed in the ranges of Ca++ uptake  ≤0.991 

(or 0.992-0.993) and 0.996-0.997, respectively under saline condition (Fig. 4.2.4.8). It indicated that 

maximum studied rice varieties fell on higher ranges of Ca++ uptake ratio under salinity stress 

condition. 
 

i) Total cation uptake 

 

In case of total cations uptake ratio, lowest (3) and highest (8) number of indica rice 

varieties were observed in the ranges of ≤0.980/0.989-0.991 and 0.987-0.988, respectively under 

normal condition, whereas lowest (2) and highest (10) number of indica rice varieties were observed 

in the ranges of ≤0.940/0.965-0.972 and 0.957-0.964, respectively under saline condition (Fig. 

4.2.4.9). It revealed that maximum studied rice varieties located on higher ranges of total cations 

uptake ratio under salinity stress condition. 
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Fig.4.2.4.7 Frequency distribution of different rice varieties for K+ uptake ratio  

under normal and saline condition 
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Fig.4.2.4.8 Frequency distribution of different rice varieties for Ca++ uptake ratio  

under normal and saline conditions 
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Fig.4.2.4.9 Frequency distribution of different rice varieties for total cations uptake ratio 

 under normal and saline conditions 
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a) Uptake ratio of Na+/K+ 

 

Lowest number of indica rice varieties (1) in the range 1.000-1.002 and highest number of 

indica rice varieties (9) in the range 0.994-0.996 were observed for ratio of Na+/K+ uptake under 

normal condition, whereas lowest (3) in the range ≤0.912 and 0.9919-1.0004, and highest (8) in the 

range 0.935-0.945 were found under saline condition (Fig. 4.2.4.10). It revealed that maximum 

studied rice varieties located on higher ranges of ratio of Na+/K+ uptake under salinity stress 

condition. 
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Fig.4.2.4.10 Frequency distribution of different rice varieties for uptake ratio of Na+/K+  
under normal and saline conditions 

 

 
Frequency distribution for physiological traits showed that there was increase trend in 

greater number of individuals/varieties/lines with respect to all physiological traits under salinity 

stress condition compared to normal condition. 
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4.2.5 Genotyping of different 24 rice varieties 
4.2.5.1 Polymorphism survey and selection of polymorphic marker 
 

Same polymorphic markers used for genotyping of indica rice F2 population were used for 

genotyping different 24 indica  rice varieties. List of polymorphic markers is given in Table 4.1.5.2, 

page no. 122. 

 

4.2.5.2 Genotyping of different 24 indica rice varieties using 

polymorphic markers 
 

Genotyping of different 24 rice varieties was done by following the technique described in section 

3.2.6.3 (page no.80). The band pattern was observed and genotypes of 24 rice varieties were 

recorded by using the following codes. 

Presence of band on specific position for the marker was coded as 1. 

Absence of band on specific position for the marker was coded as 2. 

For missing band ? symbol was used. 

Band position of the marker was also recorded in base pair (bp) beside coding. 

 

Few polyacrylamide gel electrophoresis images showing genotyping of different 24 rice varieties 

are given below (Fig. 4.2.5.2.1 and Fig. 4.2.5.2.2) as representative. 

 

In case of Fig. 4.2.5.2.1, RM18 polymorphic marker was used for genotyping 23 rice varieties 

(variety code 1-23) and RM20B for 24 varieties (variety code 1-24). Numerics mentioned above the 

image indicates code of rice varieties like 1= IR 36, 2= Pokkali, 3= Shaheen Basmati, 4= Basmati 

2000, 5= Basmati 198, 6= Super Basmati, 7= Pak Basmati, 8= Basmati 370, 9= Basmati 385, 10= 

Super Kernal, 11= PB-95, 12= B-515, 13= Basmati 6129, 14= IR 6, 15= KS 282, 16=KSK 133, 17= 

Sathra 278, 18= TN-1, 19= SRI 8, 20= SRI 12,  21= SHP, 22= IRP 1, 23= IRP 2, 24= SN 4365 
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RM18 marker showed band at 150bp, 145bp, 155bp, 165bp, 170bp and 180bp for different rice 

varieties. Considering 150bp band genotyping of 23 rice varieties with RM18 was conducted and 

the code sequence was: 2 1 1 2 2 2 ? 1 2 ? 1 2 2 1 1 1 2 2 2 1 2 2 2 where 1 coded for band at 150bp 

and 2 coded for band other than 150bp i.e. absent at 150bp position.Band position of the marker for 

1-23 rice varieties was also recorded and the sequence of band position (in bp): 170, 150, 150, 155, 

155, 155, ?, 150, 155, ?, 150, 155, 155, 150, 150, 150, 145, 170, 170, 150, 180, 165, 170 (Fig. 

4.2.5.2.1). 

 

RM20B marker showed band at 205bp and 240 for different rice varieties. Considering 205bp band 

genotyping of 24 rice varieties (1-24) with RM20B was conducted and the code sequence was: 1 2 1 

1 1 1 1 1 1 1 1 1 1 2 2 2 1 2 1 1 ? 2 2 2 where 1 coded for band at 205bp and 2 coded for band other 

than 205bp i.e. absent at 205bp position. Band position of the marker for 24 rice varieties was also 

recorded and the sequence of band position (in bp): 205, 240, 205, 205, 205, 205, 205, 205, 205, 

205, 205, 205, 205, 240, 240, 240, 205, 240, 205, 205, ?, 240, 240, 240 (Fig. 4.2.5.2.1). 
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   [Genotype recorded according to the coding system described in section 3.2.6, page no. 78] 
 

 Fig. 4.2.5.2.1 Genotyping of different indica rice varieties using RM 18 and RM 20B markers. 
Here, L= DNA ladder, bp = base pair , Numerics mentioned above the image indicates, 1= IR 36,  

2= Pokkali, 3= Shaheen Basmati, 4= Basmati 2000, 5= Basmati 198, 6= Super Basmati, 7= Pak Basmati,  

8= Basmati 370, 9= Basmati 385, 10= Super Kernal, 11= PB-95, 12= B-515, 13= Basmati 6129, 14= IR 6, 15= KS 282, 

16=KSK 133, 17= Sathra 278, 18= TN-1, 19= SRI 8, 20= SRI 12,  21= SHP, 22= IRP 1, 23= IRP 2, 24= SN 4365 
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RM297 marker showed band at 150bp and 180bp for different rice varieties. Considering 150bp 

band genotyping of 24 rice varieties (1-24) with RM297 was conducted and the code sequence was:  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 where 1 coded for band at 150bp and 2 coded for band 

other than 150bp i.e. absent at 150bp position. Band position of the marker RM297 for 1-24 rice 

varieties was also recorded and the sequence of band position (in bp): 150, 150, 150, 150, 150, 150, 

150, 150, 150, 150, 150, 150, 150, 150, 150, 150, 180, 150, 150, 150, 150, 150, 150, 150 (Fig. 

4.2.5.2.2). 

 

RM276 marker showed band at 90bp, 100bp, 110bp and 150bp for different rice varieties. 

Considering 90bp band genotyping of 24 rice varieties (1-24) with RM276 was performed and the 

code sequence was:  2 2 2 2 2 2 2 2 2 2 2 2 2 1 1 1 1 1 2 2 2 2 2 2 where 1 coded for band at 90bp 

and 2 coded for band other than 90bp i.e. absent at 90bp position. Band position of the marker 

RM276 for 1-24 rice varieties was also recorded and the sequence of band position (in bp): 150, 

100, 110, 110, 110, 110, 110, 110, 110, 100, 100, 100, 100, 90, 90, 90, 90, 90, 150, 100, 100, 100, 

100, 100 (Fig. 4.2.5.2.2). 
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        (Genotyping with RM297 considering 150bp band)           (Genotyping with RM276 considering 90bp band) 
                  [Genotype recorded according to the coding system described in section 3.2.6, page no. 78] 

 

Fig. 4.2.5.2.2 Genotyping of different indica rice varieties using RM 297 and RM 276 markers. 
Here, L= DNA ladder, bp = base pair , Numerics mentioned above the image indicates, 1= IR 36,  

2= Pokkali, 3= Shaheen Basmati, 4= Basmati 2000, 5= Basmati 198, 6= Super Basmati, 7= Pak Basmati,  

8= Basmati 370, 9= Basmati 385, 10= Super Kernal, 11= PB-95, 12= B-515, 13= Basmati 6129, 14= IR 6, 15= 

KS 282, 16=KSK 133, 17= Sathra 278, 18= TN-1, 19= SRI 8, 20= SRI 12,  21= SHP, 22= IRP 1, 23= IRP 2, 

24= SN 4365 
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4.2.6 Association mapping using genotypic data of different 24 

rice varieties  
 
Association mapping was carried out and QTL associated with different agronomic and 

physiological traits at maturity stage in rice were detected by using genotypic and phenotypic data 

of different 24 rice varieties/lines. In that case STRUCTURE and TASSEL software were used. 
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4.2.7 QTL identification using genotypic and phenotypic data 

of different rice varieties through association mapping  
 

4.2.7.1 QTL identification for agronomic traits of indica rice through 

association mapping 
 

QTL detected for agronomic traits are shown below in table 4.2.7.1.1 to 4.2.7.1.3. 

 

For the first time, in total, 258 QTLs for different agronomic traits of indica rice at maturity 

stage were identified using 24 rice genotypes through association mapping, and among them 118 

QTLs were detected under normal condition and 140 QTLs were under saline condition and (Table  

4.2.7.1.1 and Table 4.2.7.1.2).  

 

4.2.7.1.1 QTL identification for agronomic traits of indica rice under 

normal condition through association mapping 
 

Under normal condition 118 QTLs were detected for 18 agronomic traits, which were 

associated with all 12 rice chromosomes (Table 4.2.7.1.1). Two QTLs (QTLphn-1 and QTLphn-2) 

for plant height (PH), Three QTLs (QTLttn-3, QTLttn-4 and QTLttn-5) for number of total 

tiller/plant (TT), eight QTLs (QTLetn-4, QTLetn-5, QTLetn-6, QTLetn-7, QTLetn-8, QTLetn-9, 

QTLetn-10 and QTLetn-11) for number of effective tiller/plant (ET), five QTLs (QTLplc, QTLpln-

4, QTLpln-5, QTLpln-6 and QTLpln-7) for panicle length (PL), four QTLs (QTLpwn-5, QTLpwn-

6, QTLpwn-7 and QTLpwc) for panicle weight (PW), eight QTLs (QTLnsn-4, QTLnsn-5, QTLnsn-

6, QTLnsn-7, QTLnsn-8, QTLnsn-9, QTLnsn-10 and QTLnsc) for number of spikelet/panicle (NS), 

four QTLs (QTLugn-1, QTLugn-2, QTLugn-3 and QTLugn-4) for number of unfilled grain/panicle 

(UG), five QTLs (QTLngn-1, QTLngn-2, QTLngn-3, QTLngn-4 and QTLngn-5) for number of 

grain/panicle (NG), six QTLs (QTLpfn-1, QTLpfc-1, QTLpfc-2, QTLpfc-3, QTLpfc-4 and 

QTLpfc-5) for panicle fertility (PF), six QTLs (QTLdffn-1, QTLdffn-2, QTLdffn-3, QTLdffn-4, 

QTLdffc-1 and QTLdffc-2) for days to 50% flowering (DFF), four QTLs (QTLdmn-1, QTLdmc-1, 

QTLdmc-2 and QTLdmc-3) for days to maturity (DM), seventeen QTLs (QTLgln-2, QTLgln-3, 

QTLgln-4, QTLgln-5, QTLgln-6, QTLgln-7, QTLgln-8, QTLgln-9, QTLglc-1a, QTLglc-1b, 
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QTLglc-2, QTLglc-3, QTLglc-4, QTLglc-5, QTLglc-6, QTLglc-7, QTLglc-8) for grain length 

(GL), ten QTLs (QTLgwn-1, QTLgwc-1, QTLgwc-2a, QTLgwc-2b, QTLgwc-3, QTLgwc-4, 

QTLgwc-5, QTLgwc-6, QTLgwc-7 and QTLgwc-8) for grain width (GW), four QTLs (QTLglwrc-

1, QTLglwrc-2, QTLglwrn-4 and QTLglwrn-5) for grain length-width ratio (GLWR), eighteen 

QTLs (QTLtgwc-3, QTLtgwc-4, QTLtgwc-5, QTLtgwc-6, QTLtgwc-7, QTLtgwc-8, QTLtgwn-1, 

QTLtgwn-2, QTLtgwn-3, QTLtgwn-4, QTLtgwn-5, QTLtgwn-6, QTLtgwn-7, QTLtgwn-8, 

QTLtgwn-9, QTLtgwn-10, QTLtgwn-11 and QTLtgwn-12) for thousand grain weight (TGW), six 

QTLs (QTLgyc-1, QTLgyc-2, QTLgyc-3, QTLgyc-4, QTLgyc-5, QTLgyc-6) for grain yield (GY), 

six QTLs (QTLsyn-3, QTLsyn-4, QTLsyn-5, QTLsyn-6, QTLsyn-7 and QTLsyn-8) for straw yield 

(SY) and two QTLs (QTLhin-3 and QTLhin-4) for harvest index (HI) were identified in rice at 

maturity stage under normal condition (Table 4.2.7.1.1).  

 

i) QTL for plant height 
 

Under normal condition two QTL (QTLphn-1 and QTLphn-2) for plant height located on 

chromosome 2 and 6, respectively were identified. The associated markers for these QTL were 

RM110 and RM115 with R2 value of 0.1469 and 0.0883, highly significant (P≤ 0.01) and 

significant (P≤ 0.05), respectively (Table 4.2.7.1.1). 

 

ii) QTL for number of total and effective tiller per plant 
 

For number of total tiller per plant under normal condition three QTL (QTLttn-3, QTLttn-4 

and QTLttn-5) located on chromosome 11, 6 and 11, respectively were identified. The associated 

markers for these QTL were RM287, RM136 and RM224 with R2 value of 0.1213, 0.1141 and 

0.0921, respectively and all were significant (P≤ 0.05) [Table 4.2.7.1.1]. 

 

For number of effective tiller/plant eight QTL (QTLetn-4, QTLetn-5, QTLetn-6, QTLetn-7, 

QTLetn-8, QTLetn-9, QTLetn-10 and QTLetn-11) associated with the markers RM136, RM222, 

RM266, RM287, RM111, RM264, RM303 and RM155 were detected on chromosome 6, 10, 2, 11, 

6,  8, 4 and 12, respectively under normal condition. For those QTL, R2 values were 0.1231, 0.108, 

0.1023, 0.0987, 0.0967, 0.0955, 0.0944 and 0.0893, respectively and all were significant (P≤ 0.05) 

[Table 4.2.7.1.1].  
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iii) QTL for panicle length and panicle weight 
 

Five QTLs (QTLplc, QTLpln-4, QTLpln-5, QTLpln-6 and QTLpln-7) for panicle length 

with R2 value of 0.1027, 0.1001, 0.091, 0.075 and 0.0692 were identified on chromosome 11, 6, 9, 2 

and 2, respectively under normal condition and RM441, RM469, RM242, RM263 and RM525 were 

associated markers, respectively. QTLplc, QTLpln-4 were highly significant (P≤ 0.01) and rest 

three QTL were significant (P≤ 0.05) [Table 4.2.7.1.1]. 

 

Under normal condition four QTL (QTLpwn-5, QTLpwn-6, QTLpwn-7 and QTLpwc) for 

panicle weight were detected on chromosome 4, 1, 11 and 5, respectively and their associated 

markers were RM131, RM312, RM441 and RM507, respectively. In that case R2 values were 

0.2059, 0.195, 0.1497 and 0.1144. All were significant (P≤ 0.05) except QTLpwn-5 and QTLpwn-6 

those were highly significant (P≤ 0.01) [Table 4.2.7.1.1].  

 

iv) QTL for number of spikelet, unfilled grain and grain per panicle 
 

For number of spikelet per panicle under normal condition eight QTLs (QTLnsn-4, QTLnsn-

5, QTLnsn-6, QTLnsn-7, QTLnsn-8, QTLnsn-9, QTLnsn-10 and QTLnsc) located on chromosome 

8, 7, 2, 2, 11, 1, 8 and 12, respectively were identified. The associated markers for these QTL were 

RM223, RM336, RM526b, RM526a, RM181, RM312 and RM547 with R2 value of 0.1033, 0.103, 

0.0955, 0.095, 0.0903, 0.0892, 0.831 and 0.0821, respectively. All identified QTL were significant 

(P≤ 0.05) [Table 4.2.7.1.1]. 

 

For number of unfilled grain/panicle four QTL (QTLugn-1, QTLugn-2, QTLugn-3 and 

QTLugn-4) associated with the marker RM131, RM312, RM441 and RM507 were detected on 

chromosome 4, 1, 11 and 5 under normal condition. For these QTL, R2 values were 0.216, 0.1634, 

0.1367 and 0.1149. QTLugn-1 and QTLugn-2 were highly significant (P≤ 0.01), whereas QTLugn-

3 and QTLugn-4 were significant (P≤ 0.05) [Table 4.2.7.1.1].  
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Under normal condition five QTL (QTLngn-1, QTLngn-2, QTLngn-3, QTLngn-4 and 

QTLngn-5) for number of grain/panicle with R2 values of 0.0811, 0.0636, 0.0494, 0.0494 and 

0.0427, respectively were detected on chromosome 3, 8, 11, 8 and 12, respectively. Associated 

markers were RM7, RM515, RM224, RM547 and RM247, respectively. QTLngn-1 and QTLngn-2 

were highly significant (P≤ 0.01) and rest three QTL were significant (P≤ 0.05) [Table 4.2.7.1.1]. 

  

v) QTL for panicle fertility 
 

Six QTL (QTLpfc-1, QTLpfc-2, QTLpfc-3, QTLpfc-5, QTLpfc-4 and QTLpfn-1) for 

panicle fertility with R2 value of 0.1366, 0.1235, 0.0874, 0.874, 0.0678, 0.0582 and 0.0561, 

respectively were detected on on chromosome 6, 6, 10, 12, 6 and 11, respectively under normal 

condition and RM115, RM136, RM258, RM235, RM111 and RM187 were associated markers, 

respectively. QTLpfc-1, QTLpfc-2 were very highly significant (P≤ 0.001), QTLpfc-3 was highly 

significant (P≤ 0.01) and rest three QTL were significant (P≤ 0.05) [Table 4.2.7.1.1]. 

 

vi) QTL for days to 50% flowering and maturity 
 

Under normal condition six QTL (QTLdffn-1, QTLdffc-2, QTLdffn-2, QTLdffn-3, 

QTLdffc-1 and QTLdffn-4) for days to 50% flowering with R2 values of 0.1235, 0.0874, 0.0678, 

0.0582 and 0.0561, respectively were detected on chromosome 6, 6, 10, 12, 6 and 11, respectively. 

Associated markers were RM115, RM136, RM258, RM235, RM111 and RM187, respectively. 

QTLdffn-1 and QTLdffc-2 were very highly significant (P≤ 0.001), QTLdffn-2 was highly 

significant (P≤ 0.01) and rest three QTL were significant (P≤ 0.05) [Table 4.2.7.1.1]. 

 

Under normal condition four QTL (QTLdmc-1, QTLdmc-2, QTLdmc-3 and QTLdmn-1) for 

days to maturity with R2 values of 0.0888, 0.0655, 0.0617 and 0.0605, respectively were mapped on 

chromosome 1, 11, 12 and 4, respectively. RM113, RM254, RM247 and RM335, respectively were 

associated markers. QTLdmc-1 was highly significant (P≤ 0.01) while rest three QTL were 

significant (P≤ 0.05) [Table 4.2.7.1.1]. 
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vii) QTL for grain length, width and length/width ratio 
 

Seventeen QTL (QTLglc-1a, QTLglc-1b, QTLglc-2, QTLgln-2, QTLglc-5, QTLglc-6, 

QTLglc-7, QTLglc-4, QTLglc-8, QTLgln-3, QTLgln-4, QTLgln-5, QTLglc-3, QTLgln-6, QTLgln-

7, QTLgln-8 and QTLgln-9) for grain length with R2 value of 0.1644, 0.1644, 0.1352, 0.1141, 

0.1078, 0.1035, 0.094, 0.0927, 0.0869, 0.0835, 0.0813, 0.0806, 0.0748, 0.0837, 0.0723, 0.0723  and 

0.0679 were identified on chromosome 7, 7, 8, 6, 6, 11, 3, 4, 10, 9, 5, 1, 8, 5, 4, 8 and 11, 

respectively under normal condition and RM234a, RM234b, RM281, RM511, RM469, RM473E, 

RM203, RM518, RM258, RM257, RM440, RM297, RM152, RM519, RM348, RM342A and 

RM254 were associated markers, respectively. QTLglc-1a and QTLglc-1b were very highly 

significant (P≤ 0.001), QTLglc-2, QTLgln-2, QTLglc-5 and QTLglc-6 were highly significant (P≤ 

0.01) and rest eleven QTL were significant (P≤ 0.05) [Table 4.2.7.1.1]. 

 

Under normal condition ten QTL (QTLgwn-1, QTLgwc-5, QTLgwc-3, QTLgwc-4, 

QTLgwc-1, QTLgwc-2a, QTLgwc-2b, QTLgwc-7, QTLgwc-6 and QTLgwc-8) for grain width 

were detected on chromosome 5, 11, 9, 1, 10, 7, 7, 5, 1 and 6 respectively and their associated 

markers were RM473B, RM473E, RM242, RM297, RM496, RM234a, RM234b, RM440, RM243   

and RM121, respectively. In that case R2 values were 0.0946, 0.0783, 0.0695, 0.0661, 0.0642, 

0.0619, 0.0619, 0.0608, 0.0602 and 0.0591, respectively. All QTL were significant (P≤ 0.05) except 

QTLgwn-1 that was highly significant (P≤ 0.01) [Table 4.2.7.1.1].  

 

For grain length-width ratio under normal condition four QTL (QTLglwrn-4, QTLglwrn-5, 

QTLglwrc-1 and QTLglwrc-2) located on chromosome 5, 2, 11 and 1, respectively were identified. 

The associated markers for these QTL were RM507, RM525, RM224 and RM9 with R2 value of 

0.0761, 0.0752, 0.0719 and 0.0671, respectively and those QTL were significant (P≤ 0.05) [Table 

4.2.7.1.1]. 
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viii) QTL for thousand grain weight 
 

For thousand grain weight eighteen QTLs (QTLtgwc-4, QTLtgwc-8, QTLtgwn-1, 

QTLtgwn-2, QTLtgwc-6, QTLtgwn-3, QTLtgwn-4, QTLtgwn-5, QTLtgwn-6, QTLtgwc-5, 

QTLtgwn-7, QTLtgwn-8, QTLtgwn-9, QTLtgwn-10, QTLtgwn-11, QTLtgwn-12, QTLtgwc-3 and 

QTLtgwc-7) associated with the markers RM297, RM254, RM276, RM480, RM447, RM519, 

RM197, RM473D, RM515, RM140, RM348, RM342A, RM152, RM490, RM469b, RM469a, 

RM258 and RM115 were detected on chromosome 1, 11, 6, 5, 8, 12, 6, 3, 8, 1, 4, 8, 8, 1, 6, 6, 10 

and 6, respectively under normal condition. For those QTL, R2 values were 0.4585, 0.396, 0.3565, 

0.3544, 0.353, 0.267, 0.242, 0.2355, 0.2149, 0.1887, 0.1819, 0.1819, 0.1802, 0.1734, 0.1675, 

0.1635, 0.161 and 0.138, respectively. QTLtgwc-4, QTLtgwc-8, QTLtgwn-1, QTLtgwn-2 and 

QTLtgwc-6 were very highly significant (P≤ 0.001), QTLtgwn-3, QTLtgwn-4, QTLtgwn-5 and 

QTLtgwn-6 were highly significant (P≤ 0.01) and rest nine QTL were significant (P≤ 0.05) [Table 

4.2.7.1.1]. 

 

ix) QTL for grain yield, straw yield and harvest index 
  

Six QTL (QTLgyc-2, QTLgyc-1, QTLgyc-3, QTLgyc-5, QTLgyc-4 and QTLgyc-6) for 

grain yield with R2 value of 0.2381, 0.2355, 0.2296, 0.2096, 0.2058 and 0.1955 were identified on 

chromosome 8, 4, 3, 6, 2 and 1, respectively under normal condition and RM515, RM261, RM85, 

RM204, RM263 and RM9 were associated markers, respectively. These QTL were highly 

significant (P≤ 0.01) [Table 4.2.7.1.1]. 

 

Under normal condition six QTL (QTLsyn-3, QTLsyn-4, QTLsyn-5, QTLsyn-6, QTLsyn-7 

and QTLsyn-8) for straw yield were detected on chromosome 4, 11, 10, 10, 2 and 2, respectively 

and their associated markers were RM124, RM441, RM258b, RM258a, RM525 and RM266, 

respectively. In that case R2 values were 0.1133, 0.0744, 0.0716, 0.0701, 0.0603 and 0.0601, 

respectively. All QTL were significant (P≤ 0.05) except QTLsyn-3 that was highly significant (P≤ 

0.01) [Table 4.2.7.1.1]. 
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For harvest index under normal condition two QTL (QTLhin-3 and QTLhin-4) located on 

chromosome 6 and 11, respectively were identified. The associated markers for these QTL were 

RM276 and RM167 with R2 value of 0.1423 and 0.1184, respectively and both QTL were 

significant (P≤ 0.05) [Table 4.2.7.1.1]. 

 

Under normal condition QTL for plant height (QTLphn-2), panicle fertility (QTLpfc-1), 

days to 50% flowering (QTLdffn-1) and thousand grain weight (QTLtgwc-7) shared the common 

marker (RM115), QTL for number of total tiller per plant (QTLttn-4), number of effective tiller per 

plant (QTLetn-4), panicle fertility (QTLpfc-2) and days to 50% flowering (QTLdffc-2) shared the 

common marker (RM136) and QTL for number of effective tiller per plant (QTLetn-8), panicle 

fertility (QTLpfc-4) and days to 50% flowering (QTLdffc-1) shared the common marker (RM111) 

and QTL for panicle length (QTLpln-4), grain length (QTLglc-5) and thousand grain weight 

(QTLtgwn-13 and QTLtgwn-14) shared the common marker (RM469) those were located on 

chromosome 6. QTL for number of total tiller per plant (QTLttn-3) and number of effective tiller 

per plant (QTLetn-7) shared the common marker (RM287), QTL for panicle length (QTLplc), 

panicle width (QTLpwc), number of unfilled grain per panicle (QTLugn-3) and straw yield 

(QTLsyn-4) shared the common marker (RM441), QTL for grain length (QTLglc-6) and grain 

width (QTLgwc-5) shared the common marker (RM473E), QTL for panicle fertility (QTLpfn-1) 

and days to 50% flowering (QTLdffn-4) shared the common marker (RM187), QTL for days to 

maturity (QTLdmc-2), grain length (QTLgln-9) and thousand grain weight (QTLtgwc-6) shared the 

common marker (RM254),  and QTL for number of total tiller per plant (QTLttn-5), number of 

grain per panicle (QTLngn-3) and grain length-width ratio (QTLglwrc-1) shared the common 

marker (RM224) those were located on chromosome 11. Common marker (RM525) associated 

with QTL for PL (QTLpln-7), grain length-width ratio (QTLglwrn-5) and straw yield (QTLsyn-7), 

RM263 associated with QTL for panicle length (QTLpln-6) and grain yield (QTLgyc-4), RM266 

associated with QTL for number of effective tiller per plant (QTLetn-6) and straw yield (QTLsyn-8) 

were observed on chromosome 2. Common marker (RM131) associated with QTL for panicle 

width (QTLpwn-5) and number of unfilled grain per panicle (QTLugn-1) and RM348 associated 

with QTL for grain length (QTLgln-7) and thousand grain weight (QTLtgwn-9) were obtained on 

chromosome 4. QTL for panicle weight (QTLpwn-6), number of spikelet per panicle (QTLnsc) and 

number of unfilled grain per panicle (QTLugn-2) shared the common marker (RM312) and QTL 

for grain length (QTLgln-5), grain width (QTLgwc-4) and thousand grain weight (QTLtgwc-2) 

shared the common marker (RM297) located on chromosome 1. QTL for panicle weight (QTLpwn-
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7), number of unfilled grain per panicle (QTLugn-4) and grain length-width ratio (QTLglwrn-4) 

shared the common marker (RM507) that was located on chromosome 5. QTL for number of 

spikelet per panicle (QTLnsn-10), number of grain per panicle (QTLngn-5) and days to maturity 

(QTLdmc-2) shared the common marker (RM247) and QTL for panicle fertility (QTLpfc-5), days 

to 50% flowering (QTLdffn-3) shared the common marker (RM235) those were located on 

chromosome 12. QTL for number of grain per panicle (QTLngn-2), thousand grain weight 

(QTLtgwn-8) and grain yield (QTLgyc-2) shared the common marker (RM515), QTL for number 

of spikelet per panicle (QTLnsn-9) and number of grain per panicle (QTLngn-4) shared the 

common marker (RM547), QTL for grain length (QTLglc-3) and thousand grain weight (QTLtgwn-

11) shared the common marker (RM152) and QTL for grain length (QTLgln-8) and thousand grain 

weight (QTLtgwn-10) shared the common marker (RM342A) located on chromosome 8. A 

common marker (RM258) associated with QTL for panicle fertility (QTLpfc-3), days to 50% 

flowering (QTLdffn-2), grain length (QTLglc-8), thousand grain weight (QTLtgwc-1) and straw 

yield (QTLsyn-5 and QTLsyn-6) was observed and the marker was located on chromosome 10. 

QTL for GL (QTLglc-1) and GW (QTLgwc-2) shared the common marker (RM234) located on 

chromosome 7. QTL for grain length (QTLgln-4) and grain width (QTLgwc-7) shared the common 

marker (RM440) located on chromosome 5. QTL for panicle length (QTLpln-5) and grain width 

(QTLgwc-3) shared the common marker (RM242) located on chromosome 9.  
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Table 4.2.7.1.1 QTL identification for agronomic traits of indica rice under normal 

condition through association mapping 

Trait Treatment 

Number 
of QTL 

identified 
Name of the 

QTL 

Chromo 
some 
No. 

Associated 
Marker 

R2 
value 

Probability 
of marker 
association Significance 

Plant height 
 

Normal 
 

2 
 

QTLphn-1 2 RM110 0.1469 0.0042 
Highly 

Significant 
QTLphn-2 6 RM115 0.0883 0.0388 Significant 

Number of 
total tiller/plant 

 
Normal 

 
3 
 

QTLttn-3 11 RM287 0.1213 0.0155 Significant 
QTLttn-4 6 RM136 0.1141 0.0199 Significant 
QTLttn-5 11 RM224 0.0921 0.0411 Significant 

Number of 
effective 

tiller/plant 
 
 
 
 

Normal 
 
 
 
 
 

8 
 
 
 
 
 

QTLetn-4 6 RM136 0.1231 0.0187 Significant 
QTLetn-5 10 RM222 0.108 0.0302 Significant 
QTLetn-6 2 RM266 0.1023 0.0358 Significant 
QTLetn-7 11 RM287 0.0987 0.04 Significant 
QTLetn-8 6 RM111 0.0967 0.0424 Significant 
QTLetn-9 8 RM264 0.0955 0.044 Significant 
QTLetn-10 4 RM303 0.0944 0.0455 Significant 
QTLetn-11 12 RM155 0.0893 0.0528 Significant 

Panicle length 
 
 
 

Normal 
 
 
 

5 
 
 
 

QTLplc 11 RM441 0.1027 0.0119 
Highly 

Significant 

QTLpln-4 6 RM469 0.1001 0.0135 
Highly 

Significant 
QTLpln-5 9 RM242 0.091 0.02 Significant 
QTLpln-6 2 RM263 0.075 0.0387 Significant 
QTLpln-7 2 RM525 0.0692 0.0486 Significant 

Panicle weight 
 
 
 

Normal 
 
 
 

4 
 
 
 

QTLpwn-5 4 RM131 0.2059 0.0048 
Highly 

Significant 

QTLpwn-6 1 RM312 0.195 0.0066 
Highly 

Significant 
QTLpwc 11 RM441 0.1497 0.0222 Significant 

QTLpwn-7 5 RM507 0.1144 0.0517 Significant 

Number of 
spikelet/panicle 

 
 
 

 

Normal 
 
 
 
 

8 
 
 
 
 

QTLnsn-4 8 RM223 0.1033 0.0264 Significant 
QTLnsn-5 7 RM336 0.103 0.0267 Significant 
QTLnsn-6 2 RM526b 0.0955 0.0343 Significant 
QTLnsn-7 2 RM526a 0.095 0.0349 Significant 
QTLnsn-8 11 RM181 0.0903 0.0406 Significant 
QTLnsc 1 RM312 0.0892 0.0421 Significant 

QTLnsn-9 8 RM547 0.0831 0.0513 Significant 

QTLnsn-10 
 

12 
 

RM247 
 

0.0821 
 

0.0529 
 

Significant 
 
 

  Number of 
unfilled 

grain/panicle 
 
 

Normal 
 
 
 

4 
 
 
 

QTLugn-1 4 RM131 0.216 0.0021 
Highly 

Significant 

QTLugn-2 1 RM312 0.1634 0.0112 
Highly 

Significant 
QTLugn-3 11 RM441 0.1367 0.0236 Significant 
QTLugn-4 5 RM507 0.1149 0.0415 Significant 

Number of 
grain/panicle Normal 5 

QTLngn-1 3 RM7 0.0811 0.0034 
Highly 

Significant 
QTLngn-2 8 RM515 0.0636 0.0131 Highly 
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Significant 
QTLngn-3 11 RM224 0.0494 0.034 Significant 
QTLngn-4 8 RM547 0.0494 0.0341 Significant 
QTLngn-5 12 RM247 0.0427 0.052 Significant 

Panicle fertility 
 
 
 
 
 
 

Normal 
 
 
 
 
 
 

6 
 
 
 
 
 
 

QTLpfc-1 6 RM115 0.1366 4.36E-04 
Very highly 
significant 

QTLpfc-2 6 RM136 0.1235 0.0012 
Very highly 
significant 

QTLpfc-3 10 RM258 0.0874 0.0112 
Highly 

Significant 
QTLpfc-5 12 RM235 0.0678 0.0308 Significant 
QTLpfc-4 6 RM111 0.0582 0.0484 Significant 
QTLpfn-1 11 RM187 0.0561 0.0536 Significant 

Days to 50% 
flowering 

 
 
 
 

Normal 
 
 
 
 
 

6 
 
 
 
 
 

QTLdffn-1 6 RM115 0.1366 4.36E-04 
Very highly 
significant 

QTLdffc-2 6 RM136 0.1235 0.0012 
Very highly 
significant 

QTLdffn-2 10 RM258 0.0874 0.0112 
Highly 

Significant 
QTLdffn-3 12 RM235 0.0678 0.0308 Significant 
QTLdffc-1 6 RM111 0.0582 0.0484 Significant 
QTLdffn-4 11 RM187 0.0561 0.0536 Significant 

Days to 
maturity 

 
 

Normal 
 
 

4 
 
 

QTLdmc-1 1 RM113 0.0888 0.0088 
Highly 

Significant 
QTLdmc-2 11 RM254 0.0655 0.0307 Significant 
QTLdmc-3 12 RM247 0.0617 0.037 Significant 
QTLdmn-1 4 RM335 0.0605 0.0393 Significant 

Grain length 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Normal 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

17 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

QTLglc-1a 7 RM234a 0.1644 3.74E-04 
Very highly 
significant 

QTLglc-1b 7 RM234b 0.1644 3.74E-04 
Very highly 
significant 

QTLglc-2 8 RM281 0.1352 0.0023 
Highly 

Significant 

QTLgln-2 6 RM511 0.1141 0.0069 
Highly 

Significant 

QTLglc-5 6 RM469 0.1078 0.0094 
Highly 

Significant 

QTLglc-6 11 RM473E 0.1035 0.0114 
Highly 

Significant 
QTLglc-7 3 RM203 0.094 0.0174 Significant 
QTLglc-4 4 RM518b 0.0927 0.0184 Significant 
QTLglc-8 10 RM258b 0.0869 0.0236 Significant 
QTLgln-3 9 RM257 0.0835 0.0272 Significant 
QTLgln-4 5 RM440 0.0813 0.0298 Significant 
QTLgln-5 1 RM297 0.0806 0.0307 Significant 
QTLglc-3 8 RM152 0.0748 0.0388 Significant 
QTLgln-6 5 RM519 0.0837 0.0406 Significant 
QTLgln-7 4 RM348 0.0723 0.0429 Significant 
QTLgln-8 8 RM342A 0.0723 0.0429 Significant 
QTLgln-9 11 RM254 0.0679 0.0509 Significant 

Grain width 
 
 
 

Normal 
 
 
 

10 
 
 
 

QTLgwn-1 5 RM473Bb 0.0946 0.0084 
Highly 

Significant 
QTLgwc-5 11 RM473E 0.0783 0.0197 Significant 
QTLgwc-3 9 RM242 0.0695 0.0301 Significant 
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QTLgwc-4 1 RM297 0.0661 0.0354 Significant 
QTLgwc-1 10 RM496 0.0642 0.0388 Significant 
QTLgwc-2 7 RM234a 0.0619 0.0432 Significant 
QTLgwc-2 7 RM234b 0.0619 0.0432 Significant 
QTLgwc-7 5 RM440 0.0608 0.0454 Significant 
QTLgwc-6 1 RM243 0.0602 0.0466 Significant 
QTLgwc-8 6 RM121 0.0591 0.0491 Significant 

Grain length-
width ratio 

 
Normal 

 
4 
 

QTLglwrn-4 5 RM507 0.0761 0.0171 Significant 
QTLglwrn-5 2 RM525 0.0752 0.0179 Significant 
QTLglwrc-1 11 RM224 0.0719 0.0214 Significant 
QTLglwrc-2 1 RM9 0.0671 0.0274 Significant 

Thousand grain 
weight 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Normal 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

18 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

QTLtgwc-4 1 RM297 0.4548 3.97E-07 
Very highly 
significant 

QTLtgwc-8 11 RM254 0.396 2.43E-05 
Very highly 
significant 

QTLtgwn-1 6 RM276 0.3565 1.48E-04 
Very highly 
significant 

QTLtgwn-2 5 RM480 0.3544 1.61E-04 
Very highly 
significant 

QTLtgwc-6 8 RM447 0.353 1.70E-04 
Very highly 
significant 

QTLtgwn-3 12 RM519 0.267 0.0027 
Highly 

Significant 

QTLtgwn-4 6 RM197 0.242 0.0052 
Highly 

Significant 

QTLtgwn-5 3 RM473D 0.2355 0.0061 
Highly 

Significant 

QTLtgwn-6 8 RM515 0.2149 0.01 
Highly 

Significant 
QTLtgwc-5 1 RM140 0.1887 0.0178 Significant 
QTLtgwn-7 4 RM348 0.1819 0.0206 Significant 
QTLtgwn-8 8 RM342A 0.1819 0.0206 Significant 
QTLtgwn-9 8 RM152 0.1802 0.0214 Significant 
QTLtgwn-

10 1 RM490 0.1734 0.0246 Significant 
QTLtgwn-

11 6 RM469b 0.1675 0.0278 Significant 
QTLtgwn-

12 6 RM469a 0.1635 0.0302 Significant 
QTLtgwc-3 10 RM258 0.161 0.0317 Significant 
QTLtgwc-7 6 RM115 0.138 0.05 Significant 

Grain yield 
 
 
 
 
 
 

Normal 
 
 
 
 
 
 

6 
 
 
 
 
 
 

QTLgyc-2 8 RM515 0.2381 0.0041 
Highly 

Significant 

QTLgyc-1 4 RM261 0.2355 0.0044 
Highly 

Significant 

QTLgyc-3 3 RM85 0.2296 0.0052 
Highly 

Significant 

QTLgyc-5 6 RM204 0.2096 0.0086 
Highly 

Significant 

QTLgyc-4 2 RM263 0.2058 0.0095 
Highly 

Significant 

QTLgyc-6 1 RM9 0.1955 0.0121 
Highly 

Significant 
Straw yield 

 
Normal 

 
6 
 QTLsyn-3 4 RM124 0.1133 0.0025 

Highly 
Significant 
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QTLsyn-4 11 RM441 0.0744 0.0225 Significant 
QTLsyn-5 10 RM258b 0.0716 0.0258 Significant 
QTLsyn-6 10 RM258a 0.0701 0.0278 Significant 
QTLsyn-7 2 RM525 0.0603 0.0445 Significant 
QTLsyn-8 2 RM266 0.0601 0.0449 Significant 

Harvest index 
 

Normal 
 

2 
 

QTLhin-3 6 RM276b 0.1423 0.0189 Significant 
QTLhin-4 11 RM167 0.1184 0.036 Significant 

Total QTL identified under 
normal condition= 118       

 
Note: Significant = P < 0.05; highly significant= P < 0.01; 

 very highly significant= P < 0.001; gray highlighted QTL indicates common QTL identified under 
normal and saline condition. 

 

 

4.2.7.1.2 QTL identification for agronomic traits of indica rice under saline 

condition through association mapping 
 

Under saline condition, 140 QTLs were identified for 18 agronomic traits, which were 

associated with all the chromosomes of rice (Table 4.2.7.1.2). One QTL (QTLphs-3) for plant 

height (PH), three QTLs (QTLtts-3, QTLtts-4 and QTLtts-5) for number of total tiller/plant, five 

QTLs (QTLets-1, QTLets-2, QTLets-3, QTLets-4 and QTLets-5) for number of effective 

tiller/plant, three QTLs (QTLplc, QTLpls-1 and QTLpls-2 ) for panicle length, eighteen QTLs 

(QTLpwc, QTLpws-1, QTLpws-2, QTLpws-3, QTLpws-1, QTLpws-2, QTLpws-3, QTLpws-4, 

QTLpws-5, QTLpws-6, QTLpws-7, QTLpws-8, QTLpws-9, QTLpws-10, QTLpws-11, QTLpws-

12, QTLpws-13, QTLpws-14, QTLpws-15, QTLpws-16 and QTLpws-17) for panicle weight (PW), 

five QTLs (QTLnsc, QTLnss-1, QTLnss-2, QTLnss-3 and QTLnss-4) for number of 

spikelet/panicle (NS), eleven QTLs (QTLugs-6, QTLugs-7, QTLugs-8, QTLugs-9, QTLugs-10, 

QTLugs-11, QTLugs-12, QTLugs-13, QTLugs-14, QTLugs-15 and QTLugs-16) for number of 

unfilled grain/panicle (UG), eight QTLs (QTLngs-1, QTLngs-2, QTLngs-3, QTLngs-4, QTLngs-5, 

QTLngs-6, QTLngs-7 and QTLngs-8) for number of grain/panicle (NG), eight QTLs (QTLpfs-1, 

QTLpfs-2, QTLpfs-3, QTLpfc-1, QTLpfc-2, QTLpfc-3, QTLpfc-4 and QTLpfc-5) for panicle 

fertility, seventeen QTLs (QTLdffc-1, QTLdffc-2, QTLdffs-1, QTLdffs-2, QTLdffs-3, QTLdffs-4, 

QTLdffs-5, QTLdffs-6, QTLdffs-7, QTLdffs-8, QTLdffs-9, QTLdffs-10, QTLdffs-11, QTLdffs-12, 

QTLdffs-13, QTLdffs-14 and QTLdffs-15) for days to 50% flowering (DFF), four QTLs (QTLdms-
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1, QTLdmc-1, QTLdmc-2 and QTLdmc-3) for days to maturity (DM), twelve QTLs (QTLglc-1a, 

QTLglc-1b, QTLglc-2, QTLglc-3, QTLglc-4, QTLglc-5, QTLglc-6, QTLglc-7, QTLglc-8, QTLgln-

2, QTLgls-3 and QTLgls-4) for grain length, fourteen QTLs (QTLgwc-1, QTLgwc-2a, QTLgwc-2b, 

QTLgwc-3, QTLgwc-4, QTLgwc-5, QTLgwc-6, QTLgwc-7, QTLgwc-8, QTLgwn-3, QTLgws-3, 

QTLgws-4, QTLgws-5 and QTLgws-6) for grain width (GW), four QTLs (QTLglwrc-1, 

QTLglwrc-2, QTLglwrs-3 and QTLglwrs-4) for grain length-width ratio (GLWR), ten QTLs 

(QTLtgwc-3, QTLtgwc-4, QTLtgwc-5, QTLtgwc-6, QTLtgwc-7, QTLtgwc-8, QTLtgws-3, 

QTLtgws-4, QTLtgws-5, QTLtgws-6) for thousand grain weight (TGW), seven QTLs (QTLgyc-1, 

QTLgyc-2, QTLgyc-3, QTLgyc-4, QTLgyc-5, QTLgyc-6 and QTLgys-1) for grain yield (GY), 

eight QTLs (QTLsys-1, QTLsys-2, QTLsys-3, QTLsys-4, QTLsys-5, QTLsys-6, QTLsys-7 and 

QTLsys-8) for straw yield (SY) and two QTLs (QTLhis-5 and QTLhis-6) for harvest index were 

detected in rice at maturity stage under saline condition. 

 

Excluding common 93 QTLs for different 18 agronomic traits were detected exclusively 

under saline condition and those QTLs were responsible for salt tolerance.  

 

i) QTL for plant height 
 

Under saline condition one QTL (QTLphs-3) for plant height located on chromosome 8 was 

identified. The associated marker for this QTL was RM88 with R2 value of 0.2318 and it was highly 

significant (P≤ 0.01) [Table 4.2.7.1.2]. 

 

ii) QTL for number of total and effective tiller per plant 
 

For number of total tiller/plant under saline condition three QTL (QTLtts-3, QTLtts-4 and 

QTLtts-5) located on chromosome 11, 7 and 9, respectively were identified. The associated markers 

for these QTL were RM441, RM172 and RM242 with R2 value of 0.1517, 0.1268 and 0.0844, 

respectively. QTLtts-3 and QTLtts-4 were highly significant (P≤ 0.01), QTLtts-5 was significant 

(P≤ 0.05) [Table 4.2.7.1.2]. 
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For number of effective tiller/plant five QTLs (QTLets-1, QTLets-2, QTLets-3, QTLets-4 

and QTLets-5) associated with the markers RM131, RM263, RM507, RM312 and RM515 were 

detected on chromosome 4, 2, 5, 1 and  8, respectively under saline condition. For those QTL, R2 

values were 0.1776, 0.1555, 0.1161, 0.115 and 0.1061, respectively and all were significant (P≤ 

0.05) except QTLets-1 and QTLets-2 those were highly significant (P≤ 0.01) [Table 4.2.7.1.2].  

 

iii) QTL for panicle length and panicle weight 
 

Three QTL (QTLpls-1, QTLplc and QTLpls-2) for panicle length with R2 value of 0.2141, 

0.2019 and 0.1834 were identified on chromosome 1, 11 and 4, respectively under saline condition 

and RM312, RM441 and RM131 were associated markers, respectively. QTLplc and QTLpls-2 

were significant (P≤ 0.05), while QTLpls-1was highly significant (P≤ 0.01) [Table 4.2.7.1.2]. 

 

Under saline condition eighteen QTLs (QTLpws-1, QTLpws-2, QTLpws-3, QTLpws-1, 

QTLpws-2, QTLpws-3, QTLpws-4, QTLpws-5, QTLpws-6, QTLpws-7, QTLpws-8, QTLpws-9, 

QTLpws-10, QTLpws-11, QTLpws-12, QTLpws-13, QTLpws-14, QTLpws-15, QTLpwc, 

QTLpws-16 and QTLpws-17) for panicle weight were detected on chromosome 1, 6, 5, 8, 11, 6, 12, 

3, 8, 1, 8, 3, 4, 8, 3, 11, 6 and 8, respectively and their associated markers were RM297, RM276, 

RM480, RM447, RM254, RM197, RM519, RM7, RM515, RM490, RM547, RM473D, RM348, 

RM342A, RM426, RM441, RM469 and RM152. For those QTL, R2 values were 0.4139, 0.3786, 

0.3769, 0.3453, 0.3428, 0.3151, 0.3041, 0.2517, 0.2135, 0.1874, 0.1751, 0.1683, 0.1591, 0.1591, 

0.155, 0.1499, 0.1497 and 0.142, respectively. QTLpws-1, QTLpws-2, QTLpws-3, QTLpws-1, 

QTLpws-2, QTLpws-3, QTLpws-4, QTLpws-5, QTLpws-6 and QTLpws-7 were very highly 

significant (P≤ 0.001), QTLpws-8 and QTLpws-9 were highly significant (P≤ 0.01) and rest nine 

QTL were significant (P≤ 0.05) [Table 4.2.7.1.2]. 

 

 

 

 

 

 

 



 225 

iv) QTL for number of spikelet, unfilled grain and grain per panicle 
 

For number of spikelet per panicle under saline condition five QTL (QTLnss-1, QTLnss-2, 

QTLnsc, QTLnss-3 and QTLnss-4 located on chromosome 4, 8, 1, 5 and 5, respectively were 

identified. The associated markers for these QTL were RM131, RM515, RM312, RM274 and 

RM507 with R2 value of 0.2305, 0.2221, 0.2074, 0.2011 and 0.168, respectively and all of them 

were significant (P≤ 0.05) [Table 4.2.7.1.2]. 

 

For number of unfilled grain/panicle eleven QTL (QTLugs-6, QTLugs-7, QTLugs-8, 

QTLugs-9, QTLugs-10, QTLugs-11, QTLugs-12, QTLugs-13, QTLugs-14, QTLugs-15 and 

QTLugs-16) associated with the marker RM297, RM447, RM276, RM480, RM254, RM7,  RM515, 

RM197, RM519, RM490 and RM426 were detected on chromosome 1, 8, 6, 5, 11, 3, 8, 6, 12, 1 and 

3 under saline condition. For these QTL, R2 values were 0.3331, 0.2957, 0.297, 0.2853, 0.2823, 

0.2781, 0.2736, 0.2692, 0.26, 0.2001 and 0.1786. All the QTL were highly significant (P≤ 0.01) 

except QTLugs-6 that was very highly significant (P≤ 0.001) and QTLugs-15 and QTLugs-16 were 

significant (P≤ 0.05) [Table 4.2.7.1.2].  

 

Under saline condition eight QTL (QTLngs-1, QTLngs-2, QTLngs-3, QTLngs-4, QTLngs-

5, QTLngs-6, QTLngs-7 and QTLngs-8) for number of grain/panicle with R2 values of 0.1116, 

0.0995, 0.085, 0.0604, 0.059, 0.0575, 0.057 and 0.0531, respectively were detected on chromosome 

6, 6, 10, 6, 9, 12, 6 and 7, respectively. Associated markers were RM115, RM136, RM258, RM111, 

RM316, RM235, RM314 and RM445, respectively. QTLngs-1 was very highly significant (P≤ 

0.001), QTLngs-2 and QTLngs-3 were highly significant (P≤ 0.01) and rest five QTL were 

significant (P≤ 0.05) [Table 4.2.7.1.2]. 

  

v) QTL for panicle fertility 
 

Eight QTL (QTLpfc-1, QTLpfc-2, QTLpfc-3, QTLpfc-4, QTLpfs-1, QTLpfc-5, QTLpfs-2 

and QTLpfs-3) for panicle fertility with R2 value of 0.1116, 0.0995, 0.085, 0.0604, 0.059, 0.0575, 

0.057 and 0.0531, respectively were detected on on chromosome 6, 6, 10, 6, 9, 12, 6 and 7, 

respectively under saline condition and RM115, RM136, RM258, RM111, RM316, RM235, 

RM314 and RM445 were associated markers, respectively. QTLpfc-1 was very highly significant 
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(P≤ 0.001), QTLpfc-2 and QTLpfc-3 were highly significant (P≤ 0.01) and rest five QTL were 

significant (P≤ 0.05) [Table 4.2.7.1.2]. 

 

vi) QTL for days to 50% flowering and maturity 
 

Under saline condition seventeen QTL (QTLdffs-1, QTLdffs-2, QTLdffs-3, QTLdffs-4, 

QTLdffs-5, QTLdffs-6, QTLdffs-7, QTLdffs-8, QTLdffs-9, QTLdffs-10, QTLdffs-11, QTLdffs-12, 

QTLdffc-1, QTLdffs-13, QTLdffs-14, QTLdffc-2 and QTLdffs-15) for days to 50% flowering with 

R2 values of 0.2697, 0.1704, 0.1691, 0.1675, 0.149, 0.1447, 0.1368, 0.1248, 0.1248, 0.1198, 0.115, 

0.1135, 0.1099, 0.104, 0.0975, 0.0966 and 0.0926, respectively were detected on chromosome 2, 6, 

2, 6, 6, 8, 3, 7, 7, 5, 5, 12, 6, 2, 2, 6 and 1, respectively. Associated markers were RM530, RM225, 

RM263, RM276, RM225, RM152, RM168, RM234a, RM234b, RM480, RM473B, RM511, 

RM111, RM526b, RM526a, RM136 and RM243, respectively. QTLdffs-1 was very highly 

significant (P≤ 0.001), QTLdffs-2, QTLdffs-3, QTLdffs-4, QTLdffs-5, QTLdffs-6 and QTLdffs-7 

highly significant (P≤ 0.01) and rest ten QTL were significant (P≤ 0.05) [Table 4.2.7.1.2]. 

 

Under saline condition four QTL (QTLdmc-1, QTLdmc-2, QTLdmc-3 and QTLdms-1) for 

days to maturity with R2 values of 0.0997, 0.0694, 0.0676 and 0.0652, respectively were mapped on 

chromosome 1, 11, 8 and 1, respectively. RM113, RM254, RM247 and RM9 were associated 

markers, respectively. QTLdmc-1 was highly significant (P≤ 0.01) while rest three QTL were 

significant (P≤ 0.05) [Table 4.2.7.1.2]. 

 

vii) QTL for grain length, width and length/width ratio 
 

Twelve QTLs (QTLglc-1a, QTLglc-1b, QTLgln-2, QTLglc-2, QTLglc-3, QTLglc-4, 

QTLglc-5, QTLgls-3, QTLglc-6, QTLglc-7, QTLgls-4 and QTLglc-8) for grain length with R2 

value of 0.1458, 0.1458, 0.1309, 0.1273, 0.0978, 0.0945, 0.0911, 0.0906, 0.0865, 0.0849, 0.0794  

and 0.0738 were identified on chromosome 7, 7, 12, 8, 8, 4, 6, 3, 11, 3, 2 and 10, respectively under 

saline condition and RM234a, RM234b, RM511, RM281, RM152, RM518, RM469, RM168, 

RM473E, RM203, RM525 and RM258 were associated markers, respectively. All QTL were 

significant (P≤ 0.05) excluding QTLglc-1a, QTLglc-1b, QTLgln-2 and QTLglc-2 those were highly 

significant (P≤ 0.01) [Table 4.2.7.1.2]. 
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Under saline condition fourteen QTL (QTLgwn-3, QTLgwc-1, QTLgwc-2a, QTLgwc-2b, 

QTLgws-3, QTLgwc-3, QTLgwc-4, QTLgws-4, QTLgws-5, QTLgwc-5, QTLgwc-6, QTLgwc-7, 

QTLgwc-8 and QTLgws-6) for grain width were detected on chromosome 5, 10, 7, 7, 3, 9, 1, 5, 12, 

11, 1, 5, 6 and 12 respectively and their associated markers were RM473B, RM496, RM234a, 

RM234b, RM168, RM242, RM297, RM480, RM155, RM473E, RM243, RM440, RM121 and 

RM519, respectively. In that case R2 values were 0.0924, 0.0744, 0.0681, 0.0681, 0.0679, 0.0665, 

0.0601, 0.0598, 0.0582, 0.0578, 0.0572, 0.0551, 0.0546 and 0.0865, respectively. All QTL were 

significant (P≤ 0.05) except QTLgwn-1 that was highly significant (P≤ 0.01) [Table 4.2.7.1.2].  

 

For grain length-width ratio under saline condition four QTL (QTLglwrs-3, QTLglwrc-1, 

QTLglwrs-4 and QTLglwrc-2) located on chromosome 8, 11, 2 and 1, respectively were identified. 

The associated markers for these QTL were RM515, RM224, RM110 and RM9 with R2 value of 0. 

1999, 0.1852, 0.1727 and 0.1587, respectively and those QTL were significant (P≤ 0.05) [Table 

4.2.7.1.2]. 

 

viii) QTL for thousand grain weight 
 

For thousand grain weight ten QTL (QTLtgwc-3, QTLtgwc-4, QTLtgwc-5, QTLtgwc-6, 

QTLtgws-3, QTLtgwc-7, QTLtgwc-8, QTLtgws-4, QTLtgws-5 and QTLtgws-6) for thousand grain 

weight associated with the markers RM258, RM297, RM140, RM447, RM124, RM115, RM254, 

RM113, RM204 and RM316 were detected on chromosome 10, 1, 1, 8, 4, 6, 11, 1, 6 and 9, 

respectively under saline condition. For those QTL, R2 values were 0.1297, 0.0857, 0.0791, 0.0738, 

0.068, 0.0664, 0.0651, 0.0628, 0.0628 and 0.0575, respectively. QTLtgwc-3 was very highly 

significant (P≤ 0.001), QTLtgwc-4 was highly significant (P≤ 0.01) and rest eight QTL were 

significant (P≤ 0.05) [Table 4.2.7.1.2]. 
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ix) QTL for grain yield, straw yield and harvest index 
  

Seven QTL (QTLgyc-1, QTLgyc-2, QTLgyc-3, QTLgyc-4, QTLgyc-5, QTLgyc-6 and 

QTLgys-1) for grain yield with R2 value of 0.2307, 0.2303, 0.2222, 0.2071, 0.2052, 0.1993 and 

0.1297 were identified on chromosome 4, 8, 3, 2, 6, 1 and 11, respectively under saline condition 

and RM261, RM515, RM85, RM263, RM204, RM9 and RM457 were associated markers, 

respectively. All QTL were highly significant (P≤ 0.01) except QTLgys-1 that was significant (P≤ 

0.05) [Table 4.2.7.1.2]. 

 

Under saline condition eight QTL (QTLsys-1, QTLsys-2, QTLsys-3, QTLsys-4, QTLsys-5, 

QTLsys-6, QTLsys-7 and QTLsys-8) for straw yield were detected on chromosome 11, 11, 9, 2, 8, 

5, 1 and 5, respectively and their associated markers were RM206, RM187, RM553, RM110, 

RM230, RM507, RM315 and RM473B, respectively. In that case R2 values were 0.3163, 0.022, 

0.2132, 0.1671, 0.1607, 0.1443, 0.1362 and 0.1226, respectively. QTLsys-1 was very highly 

significant (P≤ 0.001), QTLsys-2 and QTLsys-3 were highly significant (P≤ 0.01) and rest five QTL 

were significant (P≤ 0.05) [Table 4.2.7.1.2]. 

 

For harvest index under saline condition two QTLs (QTLhis-5 and QTLhis-6) located on 

chromosome 6 and 9, respectively were identified. The associated markers for these QTL were 

RM136 and RM553 with R2 value of 0.0632 and 0.0478, respectively and both QTL were 

significant (P≤ 0.05) [Table 4.2.7.1.2]. 

 

Under saline condition, QTL for number of total tiller per plant  (QTLtts-3), PL (QTLplc) 

and PW (QTLpwc) shared the common marker (RM441) that was located on chromosome 11. QTL 

for ET (QTLets-1), PL (QTLpls-2) and NS (QTLnss-1) shared the common marker (RM131) that 

was located on chromosome 4. QTL for ET (QTLets-3), NS (QTLnss-4) and SY (QTLsys-6) shared 

the common marker (RM507) that was located on chromosome 5. QTL for ET (QTLets-5), PW 

(QTLpws-9), NS (QTLnss-2), UG (QTLugs-12), GLWR (QTLglwrs-3) and GY (QTLgyc-2) shared 

the common marker (RM515) that was located on chromosome 8. QTL for ET (QTLets-4), PL 

(QTLpls-1) and NS (QTLnsc) shared the common marker (RM312) that was located on 

chromosome 1. QTL for PW (QTLpws-1), UG (QTLugs-6), TGW (QTLtgwc-2) and GW 

(QTLgwc-4) shared the common marker (RM297) located on chromosome 1. QTL for PW 
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(QTLpws-2), UG (QTLugs-8) and DFF (QTLdffs-4) shared the common marker (RM276) located 

on chromosome 6. QTL for PW (QTLpws-3), UG (QTLugs-9), DFF (QTLdffs-10) and GW 

(QTLgws-4) shared the common marker (RM480) located on chromosome 5. QTL for PW 

(QTLpws-4), UG (QTLugs-7) and TGW (QTLtgwc-4) shared the common marker (RM447) 

located on chromosome 8. QTL for PW (QTLpws-6) and UG (QTLugs-13) shared the common 

marker (RM197) located on chromosome 6. QTL for PW (QTLpws-10) and UG (QTLugs-15) 

shared the common marker (RM490) located on chromosome 1. QTL for GLWR (QTLglwrs-4) 

and SY (QTLsys-4) shared the common marker (RM110) that was located on chromosome 2. QTL 

for NG (QTLngs-4), PF (QTLpfc-4) and DFF (QTLdffc-1) shared the common marker (RM111) 

that was located on chromosome 6. QTL for DM (QTLdmc-1) and TGW (QTLtgws-4) shared the 

common marker (RM113) that was located on chromosome 1. QTL for NG (QTLngs-1), PF 

(QTLpfc-1) and TGW (QTLtgwc-5) shared the common marker (RM115) located on chromosome 

6. QTL for NG (QTLngs-2), PF (QTLpfc-2), DFF (QTLdffc-2) and HI (QTLhis-5) shared the 

common marker (RM136) located on chromosome 6. QTL for PW (QTLpws-17), DFF (QTLdffs-

6) and GL (QTLglc-3) shared the common marker (RM152) located on chromosome 8. QTL for 

DFF (QTLdffs-7), GL (QTLgls-3) and GW (QTLgws-3) shared the common marker (RM168) 

located on chromosome 3. QTL for TGW (QTLtgws-5) and GY (QTLgyc-5) shared the common 

marker (RM204) located on chromosome 6. QTL for DFF (QTLdffs-8 and QTLdffs-9), GL 

(QTLglc-1) and GW (QTLgwc-2) shared the common marker (RM234) located on chromosome 7. 

QTL for NG (QTLngs-6) and PF (QTLpfc-5) shared the common marker (RM235) located on 

chromosome 12. QTL for GW (QTLgwc-3) and number of total tiller per plant  (QTLtts-5) shared 

the common marker (RM242) located on chromosome 9. QTL for DFF (QTLdffs-15) and GW 

(QTLgwc-6) shared the common marker (RM243) located on chromosome 1. A common marker 

(RM254) associated with QTL for PW (QTLpws-5), UG (QTLugs-10), DM (QTLdmc-2) and TGW 

(QTLtgwc-6) was observed and the marker was located on chromosome 11. Another common 

marker (RM258) associated with QTL for NG (QTLngs-3), PF (QTLpfc-3), TGW (QTLtgwc-1) 

and GL (QTLglc-8) was observed and the marker was located on chromosome 10. QTL for ET 

(QTLets-2), DFF (QTLdffs-3) and GY (QTLgyc-4) shared the common marker (RM263) that was 

located on chromosome 2. QTL for NG (QTLngs-7) and PF (QTLpfs-2) shared the common marker 

(RM314) located on chromosome 6. QTL for NG (QTLngs-5), PF (QTLpfs-1) and TGW 

(QTLtgws-6) shared the common marker (RM314) located on chromosome 9. A common marker 

(RM426) associated with QTL for PW (QTLpws-15) and UG (QTLugs-16) was observed and the 

marker was located on chromosome 3. Another common marker (RM445) associated with QTL for 
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NG (QTLngs-8) and PF (QTLpfs-3) was observed and the marker was located on chromosome 7. 

QTL for GL (QTLglc-5) and PW (QTLpws-16) shared the common marker (RM469) located on 

chromosome 6. QTL for SY (QTLsys-8) and DFF (QTLdffs-11) shared the common marker 

(RM473B) located on chromosome 5. QTL for GL (QTLglc-6) and GW (QTLgwc-5) shared the 

common marker (RM473E) located on chromosome 11. QTL for DFF (QTLdffs-12) and GL 

(QTLgln-2) shared the common marker (RM511) located on chromosome 12. QTL for GW 

(QTLgws-6 and QTLgws-7) and UG (QTLugs-14) shared the common marker (RM519) located on 

chromosome 12. QTL for SY (QTLsys-3) and HI (QTLhis-6) shared the common marker (RM553) 

located on chromosome 9. QTL for PW (QTLpws-8) and UG (QTLugs-11) shared the common 

marker (RM7) located on chromosome 3. QTL for DM (QTLdms-1), GLWR (QTLglwrc-2) and 

GY (QTLgyc-6) shared the common marker (RM9) located on chromosome 1. These QTLs are 

more imperative because of their controlling capability on more than one trait. 
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4.2.7.1.2 QTL identification for agronomic traits of indica rice under saline condition 

through association mapping  

 

Trait Treatment 

Number 
of QTL 

identified 
Name of 
the QTL 

Chromo 
some 
No. 

Associated 
Marker 

R2 
value 

Probability 
of marker 
association Significance 

Plant height Saline 1 QTLphs-3 8 RM88 0.2318 0.0088 Highly Significant 

Number of 
total tiller/plant 

 
Saline 

 
3 
 

QTLtts-3 11 RM441 0.1517 0.0053 Highly Significant 
QTLtts-4 7 RM172 0.1268 0.0134 Highly Significant 
QTLtts-5 9 RM242 0.0844 0.0538 Significant 

Number of 
effective 

tiller/plant 
 
 

Saline 
 
 
 

5 
 
 
 

QTLets-1 4 RM131 0.1776 0.0057 Highly Significant 
QTLets-2 2 RM263 0.1555 0.0115 Highly Significant 
QTLets-3 5 RM507 0.1161 0.0351 Significant 
QTLets-4 1 RM312 0.115 0.0362 Significant 
QTLets-5 8 RM515 0.1061 0.0459 Significant 

Panicle length 
 

Saline 
 

3 
 

QTLpls-1 1 RM312 0.2141 0.0124 Highly Significant 
QTLplc 11 RM441 0.2019 0.016 Significant 

QTLpls-2 4 RM131 0.1834 0.0233 Significant 

Panicle weight 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Saline 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

18 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

QTLpws-1 1 RM297 0.4139 1.79E-05 
Very highly 
significant 

QTLpws-2 6 RM276 0.3786 9.40E-05 
Very highly 
significant 

QTLpws-3 5 RM480 0.3769 1.01E-04 
Very highly 
significant 

QTLpws-4 8 RM447 0.3453 3.34E-04 
Very highly 
significant 

QTLpws-5 11 RM254 0.3428 3.64E-04 
Very highly 
significant 

QTLpws-6 6 RM197 0.3151 8.92E-04 
Very highly 
significant 

QTLpws-7 12 RM519 0.3041 0.0012 
Very highly 
significant 

QTLpws-8 3 RM7 0.2517 0.0049 Highly Significant 
QTLpws-9 8 RM515 0.2135 0.0119 Highly Significant 
QTLpws-10 1 RM490 0.1874 0.0206 Significant 
QTLpws-11 8 RM547 0.1751 0.0264 Significant 
QTLpws-12 3 RM473D 0.1683 0.0303 Significant 
QTLpws-13 4 RM348 0.1591 0.0362 Significant 
QTLpws-14 8 RM342A 0.1591 0.0362 Significant 
QTLpws-15 3 RM426 0.155 0.0393 Significant 

QTLpwc 11 RM441 0.1499 0.0432 Significant 
QTLpws-16 6 RM469 0.1497 0.0434 Significant 
QTLpws-17 8 RM152 0.142 0.0503 Significant 

Number of 
spikelet/panicle 

 
 

Saline 
 
 

5 
 
 

QTLnss-1 4 RM131 0.2305 0.0188 Significant 
QTLnss-2 8 RM515 0.2221 0.0217 Significant 
QTLnsc 1 RM312 0.2074 0.0278 Significant 

QTLnss-3 5 RM274 0.2011 0.0308 Significant 

QTLnss-4 5 RM507 0.168 0.0523 

Significant 
 
 

Number of Saline 11 QTLugs-6 1 RM297 0.3331 0.0012 Very highly 
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unfilled 
grain/panicle 

 
 
 
 
 
 

 
 
 
 
 
 

 

 
 
 
 
 
 
 

significant 

QTLugs-7 8 RM447 0.2957 0.0031 Highly Significant 
QTLugs-8 6 RM276 0.297 0.0031 Highly Significant 
QTLugs-9 5 RM480 0.2853 0.004 Highly Significant 
QTLugs-10 11 RM254 0.2823 0.0043 Highly Significant 
QTLugs-11 3 RM7 0.2781 0.0047 Highly Significant 
QTLugs-12 8 RM515 0.2736 0.0052 Highly Significant 
QTLugs-13 6 RM197 0.2692 0.0057 Highly Significant 
QTLugs-14 12 RM519 0.26 0.007 Highly Significant 
QTLugs-15 1 RM490 0.2001 0.0227 Significant 
QTLugs-16 3 RM426 0.1786 0.0336 Significant 

Number of 
grain/panicle 

 
 
 
 

 

Saline 
 
 
 
 
 

8 
 
 
 
 
 

QTLngs-1 6 RM115 0.1116 0.0014 
Very highly 
significant 

QTLngs-2 6 RM136 0.0995 0.0033 Highly Significant 
QTLngs-3 10 RM258 0.085 0.0084 Highly Significant 
QTLngs-4 6 RM111 0.0604 0.0337 Significant 
QTLngs-5 9 RM316 0.059 0.0364 Significant 
QTLngs-6 12 RM235 0.0575 0.0392 Significant 
QTLngs-7 6 RM314 0.057 0.0402 Significant 
QTLngs-8 7 RM445 0.0531 0.0492 Significant 

Panicle fertility 
 
 
 
 
 

Saline 
 
 
 
 
 

8 
 
 
 
 
 

QTLpfc-1 6 RM115 0.1116 0.0014 
Very highly 
significant 

QTLpfc-2 6 RM136 0.0995 0.0033 Highly Significant 
QTLpfc-3 10 RM258 0.085 0.0084 Highly Significant 
QTLpfc-4 6 RM111 0.0604 0.0337 Significant 
QTLpfs-1 9 RM316 0.059 0.0364 Significant 
QTLpfc-5 12 RM235 0.0575 0.0392 Significant 
QTLpfs-2 6 RM314 0.057 0.0402 Significant 
QTLpfs-3 7 RM445 0.0531 0.0492 Significant 

Days to 50% 
flowering 

 
 
 
 
 
 
 
 
 
 

Saline 
 
 
 
 
 
 
 
 
 
 
 

17 
 
 
 
 
 
 
 
 
 
 
 

QTLdffs-1 2 RM530 0.2697 2.96E-05 
Very highly 
significant 

QTLdffs-2 6 RM225 0.1704 0.0045 Highly Significant 
QTLdffs-3 2 RM263 0.1691 0.0047 Highly Significant 
QTLdffs-4 6 RM276 0.1675 0.005 Highly Significant 
QTLdffs-5 6 RM225 0.149 0.0096 Highly Significant 
QTLdffs-6 8 RM152 0.1447 0.011 Highly Significant 
QTLdffs-7 3 RM168 0.1368 0.0142 Highly Significant 
QTLdffs-8 7 RM234a 0.1248 0.0208 Significant 
QTLdffs-9 7 RM234b 0.1248 0.0208 Significant 

QTLdffs-10 5 RM480 0.1198 0.0242 Significant 
QTLdffs-11 5 RM473B 0.115 0.0279 Significant 
QTLdffs-12 12 RM511 0.1135 0.0292 Significant 
QTLdffc-1 6 RM111 0.1099 0.0325 Significant 
QTLdffs-13 2 RM526b 0.104 0.0386 Significant 
QTLdffs-14 2 RM526a 0.0975 0.0465 Significant 
QTLdffc-2 6 RM136 0.0966 0.0477 Significant 

QTLdffs-15 1 RM243 0.0926 0.0533 Significant 

Days to 
maturity 

 

Saline 
 
 

4 
 
 

QTLdmc-1 1 RM113 0.0997 0.01 Highly Significant 
QTLdmc-2 11 RM254 0.0694 0.0399 Significant 
QTLdmc-3 8 RM247 0.0676 0.0431 Significant 
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 QTLdms-1 1 RM9 0.0652 0.0476 Significant 

Grain length Saline 12 

QTLglc-1a 7 RM234a 0.1458 0.0023 Highly Significant 
QTLglc-1a 7 RM234b 0.1458 0.0023 Highly Significant 
QTLgln-2 12 RM511 0.1309 0.0047 Highly Significant 
QTLglc-2 8 RM281 0.1273 0.0056 Highly Significant 
QTLglc-3 8 RM152 0.0978 0.0198 Significant 
QTLglc-4 4 RM518 0.0945 0.0226 Significant 
QTLglc-5 6 RM469 0.0911 0.0258 Significant 
QTLgls-3 3 RM168 0.0906 0.0263 Significant 
QTLglc-6 11 RM473E 0.0865 0.0308 Significant 
QTLglc-7 3 RM203 0.0849 0.0327 Significant 
QTLgls-4 2 RM525 0.0794 0.0402 Significant 
QTLglc-8 10 RM258 0.0738 0.0494 Significant 

Grain width 
 
 
 
 
 
 
 
 

Saline 
 
 
 
 
 
 
 
 

14 
 
 
 
 
 
 
 
 

QTLgwn-3 5 RM473B 0.0924 0.0065 Highly Significant 
QTLgwc-1 10 RM496 0.0744 0.0183 Significant 
QTLgwc-2a 7 RM234a 0.0681 0.0255 Significant 
QTLgwc-2b 7 RM234b 0.0681 0.0255 Significant 
QTLgws-3 3 RM168 0.0679 0.0257 Significant 
QTLgwc-3 9 RM242 0.0665 0.0277 Significant 
QTLgwc-4 1 RM297 0.0601 0.0384 Significant 
QTLgws-4 5 RM480 0.0598 0.0388 Significant 
QTLgws-5 12 RM155 0.0582 0.0421 Significant 
QTLgwc-5 11 RM473E 0.0578 0.043 Significant 
QTLgwc-6 1 RM243 0.0572 0.0443 Significant 
QTLgwc-7 5 RM440 0.0551 0.0491 Significant 
QTLgwc-8 6 RM121 0.0546 0.0504 Significant 
QTLgws-6 12 RM519 0.0865 0.0537 Significant 

Grain length-
width ratio 

 
 

Saline 
 
 

4 
 
 

QTLglwrs-3 8 RM515 0.1999 0.0248 Significant 
QTLglwrc-

1 11 RM224 0.1852 0.0321 Significant 
QTLglwrs-4 2 RM110 0.1727 0.0399 Significant 
QTLglwrc-

2 1 RM9 0.1587 0.0506 Significant 

Thousand grain 
weight 

 
 
 
 
 
 

Saline 
 
 
 
 
 
 

10 
 
 
 
 
 

 

QTLtgwc-3 10 RM258 0.1297 7.28E-04 
Very highly 
significant 

QTLtgwc-4 1 RM297 0.0857 0.0122 Highly Significant 
QTLtgwc-5 1 RM140 0.0791 0.0172 Significant 
QTLtgwc-6 8 RM447 0.0738 0.0226 Significant 
QTLtgws-3 4 RM124 0.068 0.0302 Significant 
QTLtgwc-7 6 RM115 0.0664 0.0326 Significant 
QTLtgwc-8 11 RM254 0.0651 0.0347 Significant 
QTLtgws-4 1 RM113 0.0628 0.0386 Significant 
QTLtgws-5 6 RM204 0.0628 0.0387 Significant 
QTLtgws-6 9 RM316 0.0575 0.0498 Significant 

Grain yield 
 
 
 
 

Saline 
 
 
 
 

7 
 
 
 
 

QTLgyc-1 4 RM261 0.2307 0.0053 Highly Significant 
QTLgyc-2 8 RM515 0.2303 0.0054 Highly Significant 
QTLgyc-3 3 RM85 0.2222 0.0066 Highly Significant 
QTLgyc-4 2 RM263 0.2071 0.0096 Highly Significant 
QTLgyc-5 6 RM204 0.2052 0.01 Highly Significant 
QTLgyc-6 1 RM9b 0.1993 0.0115 Highly Significant 
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QTLgys-1 11 RM457 0.1297 0.0522 Significant 

Straw yield 
 
 

Saline 
 
 

8 
 
 

QTLsys-1 11 RM206 0.3163 7.63E-05 
Very highly 
significant 

QTLsys-2 11 RM187 0.22 0.0034 Highly Significant 
QTLsys-3 9 RM553 0.2132 0.0042 Highly Significant 
QTLsys-4 2 RM110 0.1671 0.015 Significant 
QTLsys-5 8 RM230 0.1607 0.0177 Significant 
QTLsys-6 5 RM507 0.1443 0.0265 Significant 
QTLsys-7 1 RM315 0.1362 0.0322 Significant 
QTLsys-8 5 RM473B 0.1226 0.0443 Significant 

Harvest index 
 

Saline 
 

2 
 

QTLhis-5 6 RM136 0.0632 0.0217 Significant 
QTLhis-6 9 RM553 0.0478 0.0523 Significant 

Total QTL identified under 
saline condition= 140       

 
Note: Significant = P < 0.05; highly significant= P < 0.01; 

 very highly significant= P < 0.001; gray highlighted QTL indicates common QTL identified under 
normal and saline condition. 

 

 

4.2.7.1.3 Common QTL identification for agronomic traits under normal 

and saline condition through association mapping 
 

In total, 47 QTL for agronomic traits were common for both normal and saline condition 

including one QTL for panicle length (QTLplc), one for panicle weight (QTLpwc), one for number 

of spikelet per panicle (QTLnsc), five for panicle fertility (QTLpfc-1, QTLpfc-2, QTLpfc-3, 

QTLpfc-4 and QTLpfc-5), two for days to 50% flowering (QTLdffc-1 and QTLdffc-2), three for 

days to maturity (QTLdmc-1, QTLdmc-2 and QTLdmc-3), ten for grain length (QTLglc-1a, 

QTLglc-1b, QTLglc-2, QTLglc-3, QTLglc-4, QTLglc-5, QTLglc-6, QTLglc-7, QTLglc-8 and 

QTLgln-2), ten for grain width (QTLgwn-3, QTLgwc-1, QTLgwc-2a, QTLgwc-2b, QTLgwc-3, 

QTLgwc-4, QTLgwc-5, QTLgwc-6, QTLgwc-7 and QTLgwc-8), two for grain length-width ratio 

(QTLglwrc-1 and QTLglwrc-2), six for thousand grain weight (QTLtgwc-1, QTLtgwc-2, QTLtgwc-

3, QTLtgwc-4, QTLtgwc-5 and QTLtgwc-6) and six for grain yield (QTLgyc-1, QTLgyc-2, 

QTLgyc-3, QTLgyc-4, QTLgyc-5 and QTLgyc-6) [Table 4.2.7.1.3]. 
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Table 4.2.7.1.3 Common QTL identification for agronomic traits under normal and 
saline condition 
 

Trait 

Number 
of QTL 

identified 
Name of the 
QTL 

Chromosome 
No. 

Associated 
Marker 

Panicle length 1 QTLplc 11 RM441 
Panicle weight 1 QTLpwc 11 RM441 

Number of 
spikelet/panicle 1 QTLnsc 1 RM312 

Panicle fertility 
 
 
 

5 
 
 
 

QTLpfc-1 6 RM115 
QTLpfc-2 6 RM136 
QTLpfc-3 10 RM258 

QTLpfc-4 6 RM111 
QTLpfc-5 12 RM235 

Days to 50% flowering 
 

2 
 

QTLdffc-1 6 RM111 

QTLdffc-2 6 RM136 

Days to maturity 
 
 

3 
 
 

QTLdmc-1 1 RM113 

QTLdmc-2 11 RM254 

QTLdmc-3 8 RM247 

Grain length 
 
 
 
 
 

10 
 
 
 
 
 
 

QTLglc-1 7 RM234a 
QTLglc-1 7 RM234b 
QTLglc-2 8 RM281 
QTLglc-3 9 RM152 
QTLglc-4 4 RM518 
QTLglc-5 6 RM469 
QTLglc-6 11 RM473E 
QTLglc-7 3 RM203 
QTLglc-8 10 RM258 
QTLgln-2 6 RM511 

Grain width 
 
 
 
 
 

10 
 
 
 
 
 
 

QTLgwn-3 5 RM473B 
QTLqwc-1 10 RM496 
QTLqwc-2 7 RM234a 
QTLqwc-2 7 RM234b 
QTLqwc-3 9 RM242 
QTLqwc-4 1 RM297 
QTLqwc-5 11 RM473E 
QTLqwc-6 1 RM243 
QTLqwc-7 5 RM440 
QTLqwc-8 6 RM121 

Grain length-width ratio 
 
 

2 
 
 
 

QTLglwrc-1 11 RM224 
QTLglwrc-2 

 
 

1 
 
 

RM9 
 
 

Thousand grain weight 6 QTLtgwc-1 10 RM258 
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QTLtgwc-2 1 RM297 
QTLtgwc-3 1 RM140 
QTLtgwc-4 8 RM447 
QTLtgwc-5 6 RM115 
QTLtgwc-6 11 RM254 

Grain yield 
 
 
 

6 
 
 
 

QTLgyc-1 4 RM261 
QTLgyc-2 8 RM515 
QTLgyc-3 3 RM85 
QTLgyc-4 2 RM263 
QTLgyc-5 6 RM204 
QTLgyc-6 1 RM9 

Total= 47    

 
 

4.2.7.2 QTL identification for physiological traits of indica rice 

through association mapping 
 

QTL detected for physiological traits are shown below in table 4.2.7.2.1 to 4.2.7.2.3. 

 

For the first time, in total, 189 QTLs for different physiological traits of indica rice at 

maturity stage were identified, and among them 86 QTLs were detected under normal condition and 

103 QTLs under saline condition (Table 4.2.7.2.1 and Table 4.2.7.2.2).  

 

4.2.7.2.1 QTL identification for physiological traits of indica rice under 

normal condition through association mapping 
 

Under normal condition 86 QTLs were detected for 10 physiological traits, which were 

associated with all the rice chromosomes (Table 4.2.7.2.1). Six QTLs (QTLsuc-1, QTLsuc-2, 

QTLsun-8, QTLsun-9, QTLsun-10 and QTLsun-11) for Na+ uptake (SU), nine QTLs (QTLpuc, 

QTLpun-1, QTLpun-2, QTLpun-3, QTLpun-4, QTLpun-5, QTLpun-6, QTLpun-7 and QTLpun-8) 

for K+ uptake (PU), four QTLs (QTLcuc, QTLcun-3, QTLcun-4 and QTLcun-5) for Ca++ uptake 

(CU), seven QTLs (QTLtcuc, QTLtcun-1, QTLtcun-2, QTLtcun-3, QTLtcun-4, QTLtcun-5 and 

QTLtcun-6 ) for total cations uptake (TCU), ten QTLs (QTLspuc, QTLspun-3, QTLspun-4, 

QTLspun-5, QTLspun-6, QTLspun-7, QTLspun-8, QTLspun-9, QTLspun-10 and QTLspun-11) for 

Na+/K+ uptake (SPU), sixteen QTLs (QTLsurc-1, QTLsurc-2, QTLsurc-3, QTLsurc-4, QTLsurc-5, 
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QTLsurc-6, QTLsurc-7, QTLsurs, QTLsurn-3, QTLsurn-6, QTLsurn-7, QTLsurn-8, QTLsurn-9, 

QTLsurn-10, QTLsurn-11 and QTLsurn-12) for Na+ uptake ratio (SUR), eleven QTLs (QTLpurc-1, 

QTLpurc-2, QTLpurn-4, QTLpurn-5, QTLpurn-6, QTLpurn-7, QTLpurn-8, QTLpurn-9, QTLpurn-

10, QTLpurn-11 and QTLpurn-12) for K+ uptake ratio (PUR), five QTLs (QTLcurc, QTLcurn-1, 

QTLcurn-2, QTLcurn-3 and QTLcurn-4) for Ca++ uptake ratio (CUR), thirteen QTLs (QTLtcurc-1, 

QTLtcurc-2, QTLtcurc-3, QTLtcurn-6, QTLtcurn-7, QTLtcurn-8, QTLtcurn-9, QTLtcurn-10, 

QTLtcurn-11, QTLtcurn-12, QTLtcurn-13, QTLtcurn-2 and QTLtcurn-4) for total cations uptake 

ratio (TCUR), and five QTLs (QTLurspc-1, QTLurspc-2, QTLurspn-6, QTLurspn-7 and QTLurspn-

8) for uptake ratio of Na+/K+ (URSP) were identified in rice at maturity stage under normal 

condition (Table 4.2.7.2.1).  

 

a) QTL for Na+ uptake 

 

Under normal condition six QTL (QTLsun-8, QTLsuc-1, QTLsun-9, QTLsun-10, QTLsun-

11 and QTLsuc-2) for Na+ uptake located on chromosome 4, 11, 9, 5, 1 and 8, respectively were 

identified. The associated markers for these QTL were RM131, RM254, RM566, RM507, RM9 and 

RM515 with R2 value of 0.2889, 0.2855, 0.2449, 0.2315, 0.217 and 0.2143, and all of them were 

significant (P≤ 0.05) [Table 4.2.7.2.1]. 

 

b) QTL for K+ uptake 

 

For K+ uptake under normal condition nine QTL (QTLpun-1, QTLpun-2, QTLpun-3, 

QTLpun-4, QTLpun-5, QTLpuc, QTLpun-6, QTLpun-7 and QTLpun-8) located on chromosome 

11, 8, 4, 8, 12, 5, 8, 11 and 8, respectively were identified. The associated markers for these QTL 

were RM254, RM42, RM348, RM342A, RM155, RM480, RM284, RM457 and RM42 with R2 

value of 0.2827, 0.2823, 0.2738, 0.2738, 0.2485, 0.2447, 0.2155, 0.2067 and 0.1729, respectively. 

All the QTL were significant (P≤ 0.05) excluding QTLpun-1, QTLpun-2, QTLpun-3 and QTLpun-4 

those were highly significant (P≤ 0.01) [Table 4.2.7.2.1]. 
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c) QTL for Ca++ uptake 

 

For Ca++ uptake four QTLs (QTLcun-3, QTLcun-4, QTLcun-5 and QTLcuc) associated 

with the markers RM294A, RM20A, RM155 and RM312 were detected on chromosome 10, 12, 12 

and 1, respectively under normal condition. For those QTL, R2 values were 0.309, 0.2544, 0.145 

and 0.1445, respectively. QTLcun-3 and QTLcun-4 were highly significant (P≤ 0.01), whereas 

QTLcun-5 and QTLcuc were significant (P≤ 0.05) [Table 4.2.7.2.1].  

 

d) QTL for total cation uptake 

 

Seven QTL (QTLtcun-1, QTLtcun-2, QTLtcun-3, QTLtcun-4, QTLtcun-5, QTLtcuc and 

QTLtcun-6 ) for total cations uptake with R2 value of 0.2006, 0.1426, 0.1426, 0.1285, 0.1164, 0.116 

and 0.1134 were identified on chromosome 11, 4, 8, 8, 11, 8 and 6, respectively under normal 

condition and RM457, RM348, RM342A, RM284, RM254, RM42 and RM115 were associated 

markers, respectively. All the QTL were significant (P≤ 0.05) excluding QTLtcun-1 that was highly 

significant (P≤ 0.01) [Table 4.2.7.2.1]. 

 

e) QTL for Na+/K+ uptake 

 

Under normal condition ten QTL (QTLspun-3, QTLspun-4, QTLspun-5, QTLspuc, 

QTLspun-6, QTLspun-7, QTLspun-8, QTLspun-9, QTLspun-10 and QTLspun-11) for Na+/K+ 

uptake were detected on chromosome 11, 12, 8, 5, 9, 1, 4, 8, 12 and 8, respectively and their 

associated markers were RM457, RM155, RM42, RM480, RM201, RM312, RM348, RM342A, 

RM20A, and RM210, respectively. In that case R2 values were 0.3232, 0.2511, 0.23, 0.227, 0.1903, 

0.1834, 0.1736, 0.1736, 0.1727 and 0.1716. All were significant (P≤ 0.05) except QTLspun-3, 

QTLspun-4 which were highly significant (P≤ 0.01) [Table 4.2.7.2.1].  
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f) QTL for Na+ uptake ratio 

 

For Na+ uptake ratio under normal condition sixteen QTL (QTLsurc-1, QTLsurc-2, 

QTLsurc-3, QTLsurs, QTLsurc-4, QTLsurn-3, QTLsurn-6, QTLsurc-5, QTLsurc-6, QTLsurn-7, 

QTLsurn-8, QTLsurn-9, QTLsurc-7, QTLsurn-10, QTLsurn-11 and QTLsurn-12) located on 

chromosome 11, 1, 3, 6, 5, 1, 8, 4, 8, 4, 8, 5, 1, 5, 9 and 12, respectively were identified. The 

associated markers for these QTL were RM254, RM297, RM473D, RM276, RM480, RM9, 

RM515, RM348, RM342A, RM131, RM149, RM480, RM490, RM480, RM566 and RM155 with 

R2 value of 0.3596, 0.3136, 0.2759, 0.2756, 0.2743, 0.2426, 0.2201, 0.2198, 0.2198, 0.214, 0.2023, 

0.1977, 0.1897, 0.1758, 0.1754 and 0.1719, respectively. All identified QTL were significant (P≤ 

0.05) except QTLsurc-1, QTLsurc-2, QTLsurc-3, QTLsurs, QTLsurc-4 those were highly 

significant (P≤ 0.01) [Table 4.2.7.2.1].  

 

g) QTL for K+ uptake ratio 

 

For K+ uptake ratio eleven QTL (QTLpurn-4, QTLpurn-5, QTLpurn-6, QTLpurn-7, 

QTLpurn-8, QTLpurc-1, QTLpurn-9, QTLpurn-10, QTLpurc-2, QTLpurn-11 and QTLpurn-12) 

associated with the marker RM131, RM312, RM441 and RM507 were detected on chromosome 11, 

4, 8, 8, 12, 5, 8, 11, 4, 8 and 6 under normal condition. For these QTL, R2 values were 0.3337, 

0.3298, 0.3298, 0.2984, 0.2619, 0.2558, 0.2439, 0.1965, 0.1897, 0.1875 and 0.1837. All identified 

QTL were highly significant (P≤ 0.01) except QTLpurn-9, QTLpurn-10, QTLpurc-2, QTLpurn-11 

and QTLpurn-12 which were significant (P≤ 0.05) [Table 4.2.7.2.1].  

 

h) QTL for Ca++ uptake ratio 

 

Under normal condition five QTL (QTLcurn-1, QTLcurn-2, QTLcurn-3, QTLcurn-4 and 

QTLcurc) for Ca++ uptake ratio with R2 values of 0.2574, 0.1228, 0.1037, 0.1037 and 0.0977, 

respectively were detected on chromosome 10, 8, 7, 7 and 12, respectively. Associated markers 

were RM294A, RM264, RM234a, RM234b and RM20A, respectively. All identified QTL were 

significant (P≤ 0.05) except QTLcurn-1 that was very highly significant (P≤ 0.001) [Table 

4.2.7.2.1].  
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i) QTL for total cation uptake ratio 

 

Thirteen QTL (QTLtcurc-1, QTLtcurn-6, QTLtcurn-7, QTLtcurn-8, QTLtcurn-9, QTLtcurn-

10, QTLtcurn-11, QTLtcurc-2, QTLtcurn-4, QTLtcurc-3, QTLtcurn-2, QTLtcurn-12 and QTLtcurn-

13) for total cations uptake ratio with R2 value of 0.3183, 0.3094, 0.184, 0.1727, 0.1712, 0.1686, 

0.165, 0.1647, 0.1531, 0.1449, 0.1434, 0.1428 and 0.1211, respectively were detected on 

chromosome 6, 3, 9, 10, 3, 2, 9, 8, 3, 12, 5, 1 and 11, respectively under normal condition and 

RM225, RM503, RM242, RM216, RM503, RM530, RM242, RM42, RM130, RM247, RM480, 

RM243 and RM20B were associated markers, respectively. All identified QTL were significant (P≤ 

0.05) except QTLtcurc-1 and QTLtcurn-6 those were very highly significant (P≤ 0.001) [Table 

4.2.7.2.1].  

 

j) QTL for uptake ratio of Na+/K+ 

 

Under normal condition five QTL (QTLurspn-6, QTLurspc-1, QTLurspn-7, QTLurspc-2 

and QTLurspn-8) for uptake ratio of Na+/K+ with R2 values of 0.166, 0.1589, 0.146, 0.1316 and 

0.1275, respectively were detected on chromosome 2, 5, 4, 6 and 2, respectively. Associated 

markers were RM424, RM480, RM303, RM225 and RM530, respectively and all of the QTL were 

significant (P≤ 0.05) [Table 4.2.7.2.1]. 

 

Under normal condition QTL for Na+ uptake (QTLsun-8) and Na+ uptake ratio (QTLsurn-

7) shared the common marker (RM131), QTL for K+ uptake ratio (QTLpurc-2) and uptake ratio of 

Na+/K+ (QTLurspn-7) shared the common marker (RM303) and QTL for K+ uptake (QTLpun-3), 

total cation uptake (QTLtcun-2), Na+/K+ uptake (QTLspun-9), Na+ uptake ratio (QTLsurc-5) and 

K+ uptake ratio (QTLpurn-5) shared the common marker (RM348) those were located on 

chromosome 4. QTL for K+ uptake (QTLpun-5), Ca++ uptake (QTLcun-5), Na+/K+ uptake 

(QTLspun-4), Na+ uptake ratio (QTLsurn-12) and K+ uptake ratio (QTLpurn-8) shared the 

common marker (RM155) and QTL for Ca++ uptake (QTLcun-4), Na+/K+ uptake (QTLspun-11) 

and Ca++ uptake ratio (QTLcurc) shared the common marker (RM20A) those were located on 

chromosome 12. QTL for uptake ratio of Na+/K+ (QTLurspc-2) and total cation uptake ratio 

(QTLtcurc-1) shared the common marker (RM225) and QTL for Na+ uptake ratio (QTLsurs) and 

K+ uptake ratio (QTLpurn-12) shared the common marker (RM276) those were located on 
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chromosome 6. QTL for Na+ uptake (QTLsuc-1), K+ uptake (QTLpun-1), total cation uptake 

(QTLtcun-5), Na+ uptake ratio (QTLsurc-1) and K+ uptake ratio (QTLpurn-4) shared the common 

marker (RM254) and QTL for K+ uptake (QTLpun-7), total cation uptake (QTLtcun-1), Na+/K+ 

uptake (QTLspun-3) and K+ uptake ratio (QTLpurn-10) shared the common marker (RM457) those 

were located on chromosome 11. QTL for K+ uptake (QTLpun-6), total cation uptake (QTLtcun-4) 

and K+ uptake ratio (QTLpurn-9) shared the common marker (RM284), QTL for K+ uptake 

(QTLpun-2 and QTLpun-8), K+ uptake ratio (QTLpurn-11), total cation uptake ratio (QTLtcurc-2), 

total cation uptake (QTLtcuc), Na+/K+ uptake (QTLspun-5) and K+ uptake ratio (QTLpurn-7) 

shared the common marker (RM42), QTL for K+ uptake (QTLpun-4), total cation uptake 

(QTLtcun-3), Na+/K+ uptake (QTLspun-10), Na+ uptake ratio (QTLsurc-6) and K+ uptake ratio 

(QTLpurn-6) shared the common marker (RM342A) and QTL for Na+ uptake  (QTLsuc-2) and 

Na+ uptake ratio (QTLsurn-6) shared the common marker (RM515) those were located on 

chromosome 8. QTL for Ca++ uptake (QTLcuc) and Na+/K+ uptake (QTLspun-8) shared the 

common marker (RM312) and QTL for Na+ uptake  (QTLsun-11) and Na+ uptake ratio (QTLsurn-

3) shared the common marker (RM9) those were located on chromosome 1. A common marker 

(RM480) associated with QTL for Na+ uptake ratio (QTLsurc-4), total cation uptake ratio 

(QTLtcurn-2), uptake ratio of Na+/K+ (QTLurspc-1), K+ uptake (QTLpuc), Na+/K+ uptake 

(QTLspuc-5), Na+ uptake ratio (QTLsurn-9 and QTLsurn-10), K+ uptake ratio (QTLpurc-1) was 

observed and the marker was located on chromosome 5. Another common marker (RM530) 

associated with QTL for total cation uptake ratio (QTLtcurn-10) and uptake ratio of Na+/K+  

(QTLurspn-8) was found on chromosome 2.  
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Table 4.2.7.2.1 QTL identification for physiological traits of indica rice under normal 

condition through association mapping 

 

Trait Treatment 

Number 
of QTL 

identified 
Name of the 

QTL 

Chromo 
some 
No. 

Associated 
Marker 

R2 
value 

Probability 
of marker 
association Significance 

Na+ uptake 
 

 
 

Normal 
 
 
 

6 
 
 
 

QTLsun-8 4 RM131 0.2889 0.0189 Significant 
QTLsuc-1 11 RM254 0.2855 0.0198 Significant 
QTLsun-9 9 RM566 0.2449 0.0339 Significant 
QTLsun-10 5 RM507 0.2315 0.0403 Significant 
QTLsun-11 1 RM9 0.217 0.0484 Significant 
QTLsuc-2 8 RM515 0.2143 0.05 Significant 

K+ uptake 
 
 
 
 
 
  

Normal 
 
 
 
 
 
 

9 
 
 
 
 
 
 

QTLpun-1 11 RM254 0.2827 0.0093 
Highly 

Significant 

QTLpun-2 8 RM42 0.2823 0.0094 
Highly 

Significant 

QTLpun-3 4 RM348 0.2738 0.0109 
Highly 

Significant 

QTLpun-4 8 RM342A 0.2738 0.0109 
Highly 

Significant 
QTLpun-5 12 RM155 0.2485 0.0168 Significant 
QTLpuc 5 RM480 0.2447 0.0179 Significant 

QTLpun-6 8 RM284 0.2155 0.0286 Significant 
QTLpun-7 11 RM457 0.2067 0.0328 Significant 
QTLpun-8 8 RM42 0.1729 0.0549 Significant 

Ca++ uptake 
 
 
 

Normal 
 
 
 

4 
 
 
 

QTLcun-3 10 RM294A 0.309 0.0017 
Highly 

Significant 

QTLcun-4 12 RM20A 0.2544 0.0063 
Highly 

Significant 
QTLcun-5 12 RM155 0.145 0.0544 Significant 
QTLcuc 1 RM312 0.1445 0.0549 Significant 

Total 
cations 
uptake 

 
 
 

Normal 
 
 
 

7 
 
 
 

QTLtcun-1 11 RM457 0.2006 0.0053 
Highly 

Significant 
QTLtcun-2 4 RM348 0.1426 0.0254 Significant 
QTLtcun-3 8 RM342A 0.1426 0.0254 Significant 
QTLtcun-4 8 RM284 0.1285 0.0359 Significant 
QTLtcun-5 11 RM254 0.1164 0.0479 Significant 
QTLtcuc 8 RM42 0.116 0.0483 Significant 

QTLtcun-6 6 RM115 0.1134 0.0514 Significant 

Na+/K+ 
uptake 

 
 
 
 
 

 

Normal 
 
 
 
 
 

10 
 
 
 
 
 

QTLspun-3 11 RM457 0.3232 0.0035 
Highly 

Significant 

QTLspun-4 12 RM155 0.2511 0.0139 
Highly 

Significant 
QTLspun-5 8 RM42 0.23 0.02 Significant 
QTLspuc 5 RM480 0.227 0.021 Significant 

QTLspun-6 9 RM201 0.1903 0.0383 Significant 
QTLspun-7 1 RM312 0.1834 0.0426 Significant 
QTLspun-8 4 RM348 0.1736 0.0496 Significant 
QTLspun-9 8 RM342A 0.1736 0.0496 Significant 
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QTLspun-10 12 RM20A 0.1727 0.0503 Significant 

QTLspun-11 8 RM210 0.1716 0.0512 
Significant 

 

Na+ uptake 
ratio 

 
 
 
 
 
 
 
 
 
 
 
 

Normal 
 
 
 
 
 
 
 
 
 
 
 
 

16 
 
 
 
 
 
 
 
 
 
 
 
 

QTLsurc-1 11 RM254 0.3596 0.0017 
Highly 

Significant 

QTLsurc-2 1 RM297 0.3136 0.0046 
Highly 

Significant 

QTLsurc-3 3 RM473D 0.2759 0.0094 
Highly 

Significant 

QTLsurs 6 RM276 0.2756 0.0094 
Highly 

Significant 

QTLsurc-4 5 RM480 0.2743 0.0097 
Highly 

Significant 
QTLsurn-3 1 RM9b 0.2426 0.0169 Significant 
QTLsurn-6 8 RM515 0.2201 0.0245 Significant 
QTLsurc-5 4 RM348 0.2198 0.0246 Significant 
QTLsurc-6 8 RM342A 0.2198 0.0246 Significant 
QTLsurn-7 4 RM131 0.214 0.0271 Significant 
QTLsurn-8 8 RM149 0.2023 0.0327 Significant 
QTLsurn-9 5 RM480 0.1977 0.0351 Significant 
QTLsurc-7 1 RM490 0.1897 0.0399 Significant 

QTLsurn-10 5 RM480 0.1758 0.0494 Significant 
QTLsurn-11 9 RM566 0.1754 0.0497 Significant 
QTLsurn-12 12 RM155 0.1719 0.0524 Significant 

K+ uptake 
ratio 

 
 
 
 
 
 
 
 
 

Normal 
 
 
 
 
 
 
 
 
 

11 
 
 
 
 
 
 
 
 
 

QTLpurn-4 11 RM254 0.3337 0.0028 
Highly 

Significant 

QTLpurn-5 4 RM348 0.3298 0.0031 
Highly 

Significant 

QTLpurn-6 8 RM342A 0.3298 0.0031 
Highly 

Significant 

QTLpurn-7 8 RM42 0.2984 0.0058 
Highly 

Significant 

QTLpurn-8 12 RM155 0.2619 0.0115 
Highly 

Significant 

QTLpurc-1 5 RM480 0.2558 0.0128 
Highly 

Significant 
QTLpurn-9 8 RM284 0.2439 0.0157 Significant 
QTLpurn-10 11 RM457 0.1965 0.0346 Significant 
QTLpurc-2 4 RM303 0.1897 0.0386 Significant 

QTLpurn-11 8 RM42 0.1875 0.0399 Significant 
QTLpurn-12 6 RM276 0.1837 0.0424 Significant 

Ca++ uptake 
ratio 

 
 

Normal 
 
 
 

5 
 
 
 

QTLcurn-1 10 RM294A 0.2574 1.45E-04 
Very highly 
significant 

QTLcurn-2 8 RM264 0.1228 0.0263 Significant 
QTLcurn-3 7 RM234a 0.1037 0.0447 Significant 
QTLcurn-4 7 RM234b 0.1037 0.0447 Significant 
QTLcurc 12 RM20A 0.0977 0.0526 Significant 

 
 

Total 
cations 

 
 
 

Normal 

 
 
 

13 

QTLtcurc-1 6 RM225 0.3183 8.45E-04 
Very highly 
significant 

QTLtcurn-6 3 RM503 0.3094 0.0011 
Very highly 
significant 
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uptake ratio 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

QTLtcurn-7 9 RM242a 0.184 0.0225 Significant 
QTLtcurn-8 10 RM216 0.1727 0.0281 Significant 
QTLtcurn-9 3 RM503b 0.1712 0.029 Significant 
QTLtcurn-10 2 RM530 0.1686 0.0305 Significant 
QTLtcurn-11 9 RM242b 0.165 0.0327 Significant 
QTLtcurc-2 8 RM42 0.1647 0.0329 Significant 
QTLtcurn-4 3 RM130 0.1531 0.0412 Significant 
QTLtcurc-3 12 RM247 0.1449 0.0481 Significant 
QTLtcurn-2 5 RM480 0.1434 0.0495 Significant 
QTLtcurn-12 1 RM243 0.1428 0.0501 Significant 

QTLtcurn-13 11 RM20B 0.1211 0.0527 Significant 

Uptake ratio 
of Na+/K+ 

 
 

Normal 
 

 
 

5 
 

 
 

QTLurspn-6 2 RM424 0.166 0.0244 Significant 
QTLurspc-1 5 RM480 0.1589 0.0284 Significant 
QTLurspn-7 4 RM303 0.146 0.0373 Significant 
QTLurspc-2 6 RM225 0.1316 0.0502 Significant 
QTLurspn-8 2 RM530 0.1275 0.0546 Significant 

Total QTL identified under 
normal condition= 86       

 
Note: Significant = P < 0.05; highly significant= P < 0.01; 

 very highly significant= P < 0.001; gray highlighted QTL indicates common QTL identified under 
normal and saline condition. 

 

4.2.7.2.2 QTL identification for physiological traits of indica rice under 

saline condition through association mapping 
 

Twenty three QTLs including two QTLs for SU (QTLsuc-1 and QTLsuc-2), one QTL for 

PU (QTLpuc), one QTL for CU (QTLcuc), one QTL for TCU (QTLtcuc), one QTL for SPU 

(QTLspuc), eight QTL for SUR (QTLsurs, QTLsurc-1, QTLsurc-2, QTLsurc-3, QTLsurc-4, 

QTLsurc-5, QTLsurc-6 and QTLsurc-7), two QTL for PUR (QTLpurc-1 and QTLpurc-2), one QTL 

for CUR (QTLcurc), four QTLs for TCUR (QTLtcurc-1, QTLtcurc-2a, QTLtcurc-2b and 

QTLtcurc-3) and two QTLs URSP (QTLurspc-1 and QTLurspc-2) were common for both saline 

and normal conditions (Table 4.2.7.2.3). 

 

Under saline condition 103 QTLs were identified for 10 physiological traits which were 

associated with all 12 rice chromosomes (Table 4.2.7.2.2). Ten QTLs (QTLsuc-1, QTLsuc-2, 

QTLsus, QTLsus-1, QTLsus-2, QTLsus-3, QTLsus-4, QTLsus-5, QTLsus-6 and QTLsus-7) for 

Na+ uptake (SU), eight QTLs (QTLpuc, QTLpus-1, QTLpus-2, QTLpus-3, QTLpus-4, QTLpus-5, 

QTLpus-6 and QTLpus-7) for K+ uptake (PU), seven QTLs (QTLcuc, QTLcus-1, QTLcus-2, 
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QTLcus-3, QTLcus-4, QTLcus-5 and QTLcus-6) for Ca++ uptake (CU), fifteen QTLs (QTLtcuc, 

QTLtcus-3, QTLtcus-4, QTLtcus-5, QTLtcus-6, QTLtcus-7, QTLtcus-8, QTLtcus-9, QTLtcus-10, 

QTLtcus-11, QTLtcus-12, QTLtcus-13, QTLtcus-14, QTLtcus-15 and QTLtcus-16) for total cations 

uptake (TCU), seven QTLs (QTLspuc, QTLspus-1, QTLspus-2, QTLspus-3, QTLspus-4, QTLspus-

5 and QTLspus-6) for Na+/K+ uptake (SPU), thirteen QTLs (QTLsurc-1, QTLsurc-2, QTLsurc-3, 

QTLsurc-4, QTLsurc-5, QTLsurc-6, QTLsurc-7, QTLsurs, QTLsurs-6, QTLsurs-7, QTLsurs-8, 

QTLsurs-9 and QTLsurs-10) for Na+ uptake ratio (SUR), seven QTLs (QTLpurc-1, QTLpurc-2, 

QTLpurs-1, QTLpurs-2, QTLpurs-3, QTLpurs-4 and QTLpurs-5) for K+ uptake ratio (PUR), eleven 

QTLs (QTLcurc, QTLcurs-1, QTLcurs-2, QTLcurs-3, QTLcurs-4, QTLcurs-5, QTLcurs-6, 

QTLcurs-7, QTLcurs-8, QTLcurs-9 and QTLcurs-10) for Ca++ uptake ratio (CUR), thirteen QTLs 

(QTLtcurc-1, QTLtcurc-2a, QTLtcurc-2b, QTLtcurc-3, QTLtcurs-3, QTLtcurs-4, QTLtcurs-5, 

QTLtcurs-6, QTLtcurs-7, QTLtcurs-8, QTLtcurs-9, QTLtcurs-10 and QTLtcurs-11) for total cations 

uptake ratio (TCUR), and twelve QTLs (QTLurspc-1, QTLurspc-2, QTLursps-1, QTLursps-2, 

QTLursps-3, QTLursps-4, QTLursps-5, QTLursps-6, QTLursps-7, QTLursps-8, QTLursps-9 and 

QTLursps-10) for uptake ratio of Na+/K+ (URSP) were identified in rice at maturity stage under 

saline condition.  

 

Excluding common, 80 QTL were identified for different 10 physiological traits in indica 

rice at maturity stage exclusively under saline condition and those QTL were liable for salt 

tolerance.  

 

a) QTL for Na+ uptake 

 

Under saline condition ten QTL (QTLsuc-1, QTLsuc-2, QTLsus-1, QTLsus, QTLsus-2, 

QTLsus-3, QTLsus-4, QTLsus-5, QTLsus-6 and QTLsus-7) for Na+ uptake located on chromosome  

11, 8, 6, 6, 1, 9, 4, 8, 5 and 8, respectively were identified. The associated markers for these QTL 

were RM254, RM515, RM469, RM276, RM297, RM257, RM348, RM342A, RM480 and RM284 

with R2 value of 0.2611, 0.2274, 0.2232, 0.1971, 0.1898, 0.186, 0.178, 0.178, 0.1668 and 0.1482, 

respectively. All the QTL were significant (P≤ 0.05) excluding QTLsuc-1, QTLsuc-2 and QTLsus-1 

which were highly significant (P≤ 0.01) [Table 4.2.7.2.2]. 
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b) QTL for K+ uptake 

 

For K+ uptake under saline condition eight QTL (QTLpus-1, QTLpus-2, QTLpus-3, 

QTLpus-4, QTLpus-5, QTLpuc, QTLpus-6 and QTLpus-7) for K+ uptake located on chromosome 

9, 6, 10, 4, 1, 5, 8 and 11, respectively were detected. The associated markers for these QTL were 

RM257, RM469, RM216, RM303, RM315, RM480, RM515 and RM20B with R2 value of 0.2407, 

0.1836, 0.1815, 0.1732, 0.1575, 0.1559, 0.1468 and 0.127, respectively. All the QTL were 

significant (P≤ 0.05) excluding QTLpus-1 that was highly significant (P≤ 0.01) [Table 4.2.7.2.2]. 

 

c) QTL for Ca++ uptake 

 

For Ca++ uptake seven QTL (QTLcus-1, QTLcus-2, QTLcus-3, QTLcus-4, QTLcus-5, 

QTLcus-6 and QTLcuc) associated with the markers RM20A, RM242, RM457, RM167, RM480, 

RM261 and RM312 were detected on chromosome 12, 9, 11, 11, 5, 4 and 1, respectively under 

saline condition. For those QTL, R2 values were 0.2085, 0.1646, 0.1578, 0.1449, 0.1353, 0.1348 

and 0.1334, respectively. QTLcus-1 was highly significant (P≤ 0.01), whereas other QTL were 

significant (P≤ 0.05) [Table 4.2.7.2.2].  

 

d) QTL for total cation uptake 

 

Fifteen QTL (QTLtcus-3, QTLtcus-4, QTLtcus-5, QTLtcus-6, QTLtcus-7, QTLtcus-8, 

QTLtcus-9, QTLtcus-10, QTLtcus-11, QTLtcus-12, QTLtcus-13, QTLtcus-14, QTLtcus-15, 

QTLtcuc and QTLtcus-16) for total cations uptake with R2 value of 0.3447, 0.2954, 0.2028, 0.1975, 

0.1794, 0.1791, 0.1634, 0.1677, 0.1616, 0.1606, 0.159, 0.159, 0.1578, 0.154 and 0.1509 were 

identified on chromosome 6, 3, 1, 2, 9, 9, 11, 6, 10, 4, 12, 3, 12, 8 and 5, respectively under saline 

condition and RM225, RM503, RM243, RM530, RM242b, RM242a, RM20B, RM225, RM216, 

RM303, RM247, RM503, RM20A, RM42 and RM480 were associated markers, respectively. All 

the QTL were significant (P≤ 0.05) excluding QTLtcus-3 and QTLtcus-4 those were very highly 

significant (P≤ 0.001) and highly significant (P≤ 0.01), respectively (Table 4.2.7.2.2). 
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e) QTL for Na+/K+ uptake 

 

Under saline condition seven QTL (QTLspus-1, QTLspuc, QTLspus-2, QTLspus-3, 

QTLspus-4, QTLspus-5 and QTLspus-6) for Na+/K+ uptake were detected on chromosome 2, 5, 

12, 9, 6, 4 and 2, respectively and their associated markers were RM424, RM480, RM235, RM316, 

RM225, RM303 and RM530, respectively. In that case R2 values were 0.2236, 0.1888, 0.1857, 

0.1754, 0.1737, 0.1737 and 0.1693. All QTL detected for this trait were significant (P≤ 0.05).  

 

f) QTL for Na+ uptake ratio 

 

For Na+ uptake ratio under saline condition thirteen QTLs (QTLsurc-1, QTLsurs, QTLsurc-

2, QTLsurc-4, QTLsurc-5, QTLsurc-6, QTLsurs-6, QTLsurs-7, QTLsurc-7, QTLsurs-8, QTLsurs-9, 

QTLsurs-10 and QTLsurc-3) located on chromosome 11, 6, 1, 5, 4, 8, 8, 6, 1, 8, 6, 11 and 3, 

respectively were identified. The associated markers for these QTL were RM254, RM276, RM297, 

RM480, RM348, RM342A, RM515, RM197, RM490, RM447, RM469, RM206 and RM473D with 

R2 value of 0.447, 0.3617, 0.3483, 0.3149, 0.2874, 0.2874, 0.2323, 0.2064, 0.1887, 0.1825, 0.179, 

0.1777 and 0.176, respectively. QTLsurc-1 was very highly significant (P≤ 0.001), QTLsurs, 

QTLsurc-2, QTLsurc-4, QTLsurc-5, QTLsurc-6 were highly significant (P≤ 0.01) and rest seven 

QTL were significant (P≤ 0.05) [Table 4.2.7.2.2].  

 

g) QTL for K+ uptake ratio 

 

For K+ uptake ratio seven QTL (QTLpurc-2, QTLpurc-1, QTLpurs-1, QTLpurs-2, 

QTLpurs-3, QTLpurs-4 and QTLpurs-5) for K+ uptake ratio associated with the marker RM303, 

RM480, RM243, RM257, RM216, RM315 and RM225 were detected on chromosome 4, 5, 1,9, 10, 

1 and 6 under saline condition. For these QTL, R2 values were 0.2182, 0.1823, 0.1764, 0.1653, 

0.1615, 0.1581 and 0.1461. All identified QTL were significant (P≤ 0.05) except QTLpurc-2 that 

was highly significant (P≤ 0.01) [Table 4.2.7.2.2].  
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h) QTL for Ca++ uptake ratio 

 

Under saline condition eleven QTL (QTLcurs-1, QTLcurs-2, QTLcurs-3, QTLcurc, 

QTLcurs-4, QTLcurs-5, QTLcurs-6, QTLcurs-7, QTLcurs-8, QTLcurs-9 and QTLcurs-10) for 

Ca++ uptake ratio with R2 values of 0.3387, 0.2799, 0.1932, 0.1834, 0.166, 0.1742, 0.1734, 0.169, 

0.1635, 0.1594 and 0.1582, respectively were detected on chromosome 6, 3, 9, 12, 11, 12, 2, 1, 3, 8 

and 9, respectively. Associated markers were RM225, RM503, RM242, RM20A, RM20B, RM247, 

RM530, RM243, RM503, RM42 and RM242, respectively. All the QTL were significant (P≤ 0.05) 

excluding QTLcurs-1 and QTLcurs-2 those were very highly significant (P≤ 0.001) and highly 

significant (P≤ 0.01), respectively (Table 4.2.7.2.2). 

  

i) QTL for total cation uptake ratio 

 

Thirteen QTL (QTLtcurc-1, QTLtcurc-2a, QTLtcurc-2b, QTLtcurs-3, QTLtcurs-4, 

QTLtcurs-5, QTLtcurc-3, QTLtcurs-6, QTLtcurs-7, QTLtcurs-8, QTLtcurs-9, QTLtcurs-10 and 

QTLtcurs-11) for total cations uptake ratio with R2 value of 0.1908, 0.19, 0.1708, 0.1605, 0.1377, 

0.1375, 0.1368, 0.1251, 0.1008, 0.0995, 0.0995, 0.0925 and 0.0921, respectively were detected on 

chromosome 6, 8, 8, 11, 5, 4, 12, 11, 8, 4, 8, 12 and 9, respectively under saline condition and 

RM225, RM42a, RM42b, RM457, RM480, RM518, RM247, RM254, RM210, RM348, RM342A, 

RM155 and RM201 were associated markers, respectively. All identified QTL were highly 

significant (P≤ 0.01) except QTLtcurs-6, QTLtcurs-7, QTLtcurs-8, QTLtcurs-9, QTLtcurs-10 and 

QTLtcurs-11 those were significant (P≤ 0.05) [Table 4.2.7.2.2].  

 

j) QTL for uptake ratio of Na+/K+ 

 

Under saline condition twelve QTL (QTLursps-1, QTLursps-2, QTLursps-3, QTLurspc-2,  

QTLursps-4, QTLursps-5, QTLurspc-1, QTLursps-6, QTLursps-7, QTLursps-8, QTLursps-9 and 

QTLursps-10) for uptake ratio of Na+/K+ with R2 values of 0.2569, 0.212, 0.1959, 0.1945, 0.1857, 

0.1639, 0.1568, 0.1476, 0.1386, 0.132, 0.1238 and 0.1214, respectively were detected on 

chromosome 8, 8, 9, 6, 8, 11, 5, 12, 12, 12, 1 and 8, respectively. Associated markers were RM42b, 

RM42a, RM201, RM225, RM210, RM457, RM480, RM155, RM247, RM20A, RM312 and 

RM310, respectively. QTLursps-1 was very highly significant (P≤ 0.001), QTLursps-2, QTLursps-
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3, QTLurspc-2 and QTLursps-4 were highly significant (P≤ 0.01) and rest seven QTL were 

significant (P≤ 0.05) [Table 4.2.7.2.2].  

 

Under saline condition QTL for total cation uptake ratio (QTLtcurs-10) and uptake ratio of 

Na+/K+ (QTLursps-6) shared the common marker (RM155), QTL for Ca++ uptake (QTLcus-1), 

total cation uptake (QTLtcus-15), Ca++ uptake ratio (QTLcurc) and uptake ratio of Na+/K+  

(QTLursps-8) shared the common marker (RM20A) and QTL for total cation uptake (QTLtcus-13), 

Ca++ uptake ratio (QTLcurs-5), total cation uptake ratio (QTLtcurc-3) and uptake ratio of Na+/K+   

(QTLursps-7) shared the common marker (RM247) those were located on chromosome 12. QTL 

for total cation uptake ratio (QTLtcurs-11) and uptake ratio of Na+/K+ (QTLursps-3) shared the 

common marker (RM201), QTL for Ca++ uptake  (QTLcus-2), total cation uptake (QTLtcus-7 and 

QTLtcus-8) and Ca++ uptake ratio (QTLcurs-3 and QTLcurs-10) shared the common marker 

(RM242) and QTL for Na+ uptake (QTLsus-3), K+ uptake (QTLpus-1) and K+ uptake ratio 

(QTLpurs-2) shared the common marker (RM257) those were located on chromosome 9. QTL for 

K+ uptake (QTLpus-7), total cation uptake (QTLtcus-9) and Ca++ uptake ratio (QTLcurs-4) shared 

the common marker (RM20B), QTL for Na+ uptake (QTLsuc-1), Na+ uptake ratio (QTLsurc-1) 

and total cation uptake ratio (QTLtcurs-6) shared the common marker (RM254) and QTL for Ca++ 

uptake (QTLcus-3), total cation uptake ratio (QTLtcurs-3) and uptake ratio of Na+/K+  (QTLursps-

5) shared the common marker (RM457) those were located on chromosome 11. QTL for total 

cation uptake ratio (QTLtcurs-7) and uptake ratio of Na+/K+ (QTLursps-4) shared the common 

marker (RM210), QTL for Na+ uptake (QTLsus-5), Na+ uptake ratio (QTLsurc-6) and total cation 

uptake ratio (QTLtcurs-9) shared the common marker (RM342A), QTL for total cation uptake  

(QTLtcuc), Ca++ uptake ratio (QTLcurs-9), total cation uptake ratio (QTLtcurc-2), uptake ratio of 

Na+/K+ (QTLursps-1 and QTLursps-2) shared the common marker (RM42) and QTL for Na+ 

uptake (QTLsuc-2), K+ uptake (QTLpus-6) and Na+ uptake ratio (QTLsurs-6) shared the common 

marker (RM515) those were located on chromosome 8. A common marker (RM216) associated 

with QTL for K+ uptake (QTLpus-3), total cation uptake (QTLtcus-11) and K+ uptake ratio 

(QTLpurs-3) was observed on chromosome 10. QTL for total cation uptake (QTLtcus-3 and 

QTLtcus-10), Na+/K+ uptake (QTLspus-4), K+ uptake ratio (QTLpurs-5), Ca++ uptake ratio 

(QTLcurs-1), total cation uptake ratio (QTLtcurc-1) and uptake ratio of Na+/K+ (QTLurspc-2) 

shared the common marker (RM225), QTL for Na+ uptake (QTLsus) and Na+ uptake ratio 

(QTLsurs) shared the common marker (RM276) and QTL for Na+ uptake (QTLsus-1), K+ uptake 

(QTLpus-2) and Na+ uptake ratio (QTLsurs-10) shared the common marker (RM469) those were 
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located on chromosome 6. QTL for total cation uptake (QTLtcus-5), K+ uptake ratio (QTLpurs-1) 

and Ca++ uptake ratio (QTLcurs-7) shared the common marker (RM243), QTL for Na+ uptake  

(QTLsus-2) and Na+ uptake ratio (QTLsurc-2) shared the common marker (RM297A), QTL for 

Ca++ uptake (QTLcuc) and uptake ratio of Na+/K+ (QTLursps-9) shared the common marker 

(RM312) and QTL for K+ uptake (QTLpus-5) and K+ uptake ratio (QTLpurs-4) shared the 

common marker (RM315) those were located on chromosome 1. QTL for K+ uptake  (QTLpus-4), 

total cation uptake (QTLtcus-12), Na+/K+ uptake (QTLspus-5) and K+ uptake ratio (QTLpurc-2) 

shared the common marker (RM303) and QTL for Na+ uptake (QTLsus-4), Na+ uptake ratio 

(QTLsurc-5) and total cation uptake ratio (QTLtcurs-8) shared the common marker (RM348) those 

were located on chromosome 4. QTL for Na+ uptake (QTLsus-6), Na+ uptake ratio (QTLsurc-4), 

K+ uptake  (QTLpuc), total cation uptake (QTLtcus-16), Na+/K+ uptake (QTLspuc), K+ uptake 

ratio (QTLpurc-1), Ca++ uptake (QTLcus-5), total cation uptake ratio (QTLtcurs-4) and uptake 

ratio of Na+/K+ (QTLurspc-1 shared the common marker (RM480) located on chromosome 5. A 

common marker (RM503) associated with QTL for total cation uptake (QTLtcus-4 and QTLtcus-

14) and Ca++ uptake ratio (QTLcurs-2 and QTLcurs-8) was observed on chromosome 3. Another 

common marker (RM530) associated with QTL for total cation uptake (QTLtcus-6), Na+/K+ 

uptake (QTLspus-6) and Ca++ uptake ratio (QTLcurs-6) was observed on chromosome 2. 
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Table 4.2.7.2.2 QTL identification for physiological traits of indica rice under saline 

condition through through association mapping 

 

Trait Treatment 

Number 
of QTL 

identified 
Name of the 

QTL 

Chromo 
some 
No. 

Associated 
Marker 

R2 
value 

Probability 
of marker 
association Significance 

Na+ uptake 
 
 
 
 
 
 

Saline 
 
 
 
 
 
 

10 
 
 
 
 
 
 

QTLsuc-1 11 RM254 0.2611 0.0048 
Highly 

Significant 

QTLsuc-2 8 RM515 0.2274 0.0102 
Highly 

Significant 

QTLsus-1 6 RM469 0.2232 0.0111 
Highly 

Significant 
QTLsus 6 RM276 0.1971 0.0191 Significant 

QTLsus-2 1 RM297 0.1898 0.0221 Significant 
QTLsus-3 9 RM257 0.186 0.0238 Significant 
QTLsus-4 4 RM348 0.178 0.0278 Significant 
QTLsus-5 8 RM342A 0.178 0.0278 Significant 
QTLsus-6 5 RM480 0.1668 0.0344 Significant 
QTLsus-7 8 RM284 0.1482 0.0486 Significant 

K+ uptake  
 
 
 
 

Saline 
 
 
 
 

8 
 
 
 
 

QTLpus-1 9 RM257 0.2407 0.0071 
Highly 

Significant 
QTLpus-2 6 RM469 0.1836 0.0239 Significant 
QTLpus-3 10 RM216 0.1815 0.0249 Significant 
QTLpus-4 4 RM303 0.1732 0.0293 Significant 
QTLpus-5 1 RM315 0.1575 0.0396 Significant 
QTLpuc 5 RM480 0.1559 0.0408 Significant 

QTLpus-6 8 RM515 0.1468 0.0484 Significant 
QTLpus-7 11 RM20B 0.127 0.0544 Significant 

Ca++ uptake 
 
 
 
 

Saline 
 
 
 
 

7 
 
 
 
 

QTLcus-1 12 RM20A 0.2085 0.0107 
Highly 

Significant 
QTLcus-2 9 RM242 0.1646 0.0279 Significant 
QTLcus-3 11 RM457 0.1578 0.0322 Significant 
QTLcus-4 11 RM167 0.1449 0.0418 Significant 
QTLcus-5 5 RM480 0.1353 0.0506 Significant 
QTLcus-6 4 RM261 0.1348 0.051 Significant 
QTLcuc 1 RM312 0.1334 0.0525 Significant 

Total cations 
uptake 

 
 
 
 
 

Saline 
 
 
 
 
 

15 
 
 
 
 
 

QTLtcus-3 6 RM225 0.3447 9.34E-04 
Very highly 
significant 

QTLtcus-4 3 RM503 0.2954 0.0032 
Highly 

Significant 
QTLtcus-5 1 RM243 0.2028 0.0219 Significant 
QTLtcus-6 2 RM530 0.1956 0.025 Significant 
QTLtcus-7 9 RM242b 0.1794 0.0334 Significant 
QTLtcus-8 9 RM242a 0.1791 0.0336 Significant 
QTLtcus-9 11 RM20B 0.1634 0.0354 Significant 
QTLtcus-10 6 RM225 0.1677 0.0411 Significant 
QTLtcus-11 10 RM216 0.1616 0.0457 Significant 
QTLtcus-12 4 RM303 0.1606 0.0464 Significant 
QTLtcus-13 12 RM247 0.159 0.0478 Significant 
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QTLtcus-14 3 RM503 0.159 0.0478 Significant 
QTLtcus-15 12 RM20A 0.1578 0.0488 Significant 

QTLtcuc 8 RM42 0.154 0.0521 Significant 
QTLtcus-16 5 RM480 0.1509 0.0549 Significant 

Na+/K+ 
uptake 

 
 
 

Saline 
 
 
 

7 
 
 
 

QTLspus-1 2 RM424 0.2236 0.0226 Significant 
QTLspuc 5 RM480 0.1888 0.0396 Significant 

QTLspus-2 12 RM235 0.1857 0.0416 Significant 
QTLspus-3 9 RM316 0.1754 0.0489 Significant 
QTLspus-4 6 RM225 0.1737 0.0501 Significant 
QTLspus-5 4 RM303 0.1737 0.0502 Significant 
QTLspus-6 2 RM530 0.1693 0.0536 Significant 

Na+ uptake 
ratio 

 
 
 
 
 
 
 
 
 

Saline 
 
 
 
 
 
 
 
 
 

13 
 
 
 
 
 
 
 
 
 

QTLsurc-1 11 RM254 0.447 2.18E-04 
Very highly 
significant 

QTLsurs 6 RM276 0.3617 0.0019 
Highly 

Significant 

QTLsurc-2 1 RM297 0.3483 0.0025 
Highly 

Significant 

QTLsurc-4 5 RM480 0.3149 0.005 
Highly 

Significant 

QTLsurc-5 4 RM348 0.2874 0.0083 
Highly 

Significant 

QTLsurc-6 8 RM342A 0.2874 0.0083 
Highly 

Significant 
QTLsurs-6 8 RM515 0.2323 0.0214 Significant 
QTLsurs-7 6 RM197 0.2064 0.0323 Significant 
QTLsurc-7 1 RM490 0.1887 0.0425 Significant 
QTLsurs-8 8 RM447 0.1825 0.0468 Significant 
QTLsurs-9 6 RM469 0.179 0.0493 Significant 
QTLsurs-10 11 RM206 0.1777 0.0503 Significant 
QTLsurc-3 3 RM473D 0.176 0.0516 Significant 

K+ uptake 
ratio 

 
 
 
 

Saline 
 
 
 
 

7 
 
 
 
 

QTLpurc-2 4 RM303 0.2182 0.0099 
Highly 

Significant 
QTLpurc-1 5 RM480 0.1823 0.0215 Significant 
QTLpurs-1 1 RM243 0.1764 0.0242 Significant 
QTLpurs-2 9 RM257 0.1653 0.0304 Significant 
QTLpurs-3 10 RM216 0.1615 0.0327 Significant 
QTLpurs-4 1 RM315 0.1581 0.0351 Significant 
QTLpurs-5 6 RM225 0.1461 0.0443 Significant 

Ca++ uptake 
ratio 

 
 
 
 
 
 

Saline 
 
 
 
 
 
 

11 
 
 
 
 
 
 

QTLcurs-1 6 RM225 0.3387 9.58E-04 
Very highly 
significant 

QTLcurs-2 3 RM503 0.2799 0.0042 
Highly 

Significant 
QTLcurs-3 9 RM242a 0.1932 0.0248 Significant 
QTLcurc 12 RM20A 0.1834 0.0297 Significant 

QTLcurs-4 11 RM20B 0.166 0.0342 Significant 
QTLcurs-5 12 RM247 0.1742 0.035 Significant 
QTLcurs-6 2 RM530 0.1734 0.0355 Significant 
QTLcurs-7 1 RM243 0.169 0.0384 Significant 
QTLcurs-8 3 RM503 0.1635 0.0423 Significant 
QTLcurs-9 8 RM42 0.1594 0.0455 Significant 

QTLcurs-10 9 RM242b 0.1582 0.0465 Significant 
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Total cations 
uptake ratio 

 
 
 
 
 
 
 
 

Saline 
 
 
 
 
 
 
 
 
 

13 
 
 
 
 
 
 
 
 
 

QTLtcurc-1 6 RM225 0.1908 0.0021 
Highly 

Significant 
QTLtcurc-

2a 8 RM42a 0.19 0.0022 
Highly 

Significant 
QTLtcurc-

2b 8 RM42b 0.1708 0.0046 
Highly 

Significant 

QTLtcurs-3 11 RM457 0.1605 0.0066 
Highly 

Significant 

QTLtcurs-4 5 RM480 0.1377 0.0141 
Highly 

Significant 

QTLtcurs-5 4 RM518 0.1375 0.0141 
Highly 

Significant 

QTLtcurc-3 12 RM247 0.1368 0.0145 
Highly 

Significant 
QTLtcurs-6 11 RM254 0.1251 0.0209 Significant 
QTLtcurs-7 8 RM210 0.1008 0.0427 Significant 
QTLtcurs-8 4 RM348 0.0995 0.0443 Significant 
QTLtcurs-9 8 RM342A 0.0995 0.0443 Significant 
QTLtcurs-

10 12 RM155 0.0925 0.054 Significant 
QTLtcurs-

11 9 RM201 0.0921 0.0545 Significant 

Uptake ratio 
of Na+/K+ 

 
 
 
 
 
 
 
 
 

Saline 
 
 
 
 
 
 
 
 
 
 

12 
 
 
 
 
 
 
 
 
 
 

QTLursps-1 8 RM42b 0.2569 0.0013 
Very highly 
significant 

QTLursps-2 8 RM42a 0.212 0.0053 
Highly 

Significant 

QTLursps-3 9 RM201 0.1959 0.0082 
Highly 

Significant 

QTLurspc-2 6 RM225 0.1945 0.0085 
Highly 

Significant 

QTLursps-4 8 RM210 0.1857 0.0107 
Highly 

Significant 
QTLursps-5 11 RM457 0.1639 0.0185 Significant 
QTLurspc-1 5 RM480 0.1568 0.0219 Significant 
QTLursps-6 12 RM155 0.1476 0.0273 Significant 
QTLursps-7 12 RM247 0.1386 0.0336 Significant 
QTLursps-8 12 RM20A 0.132 0.0391 Significant 
QTLursps-9 1 RM312 0.1238 0.047 Significant 
QTLursps-

10 8 RM310 0.1214 0.0496 Significant 
Total QTL identified under 

saline condition= 103       

 
Note: Significant = P < 0.05; highly significant= P < 0.01; 

 very highly significant= P < 0.001; gray highlighted QTL indicates common QTL identified under 
normal and saline condition. 
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4.2.7.2.3 Common QTL identification for physiological traits of indica rice 

under normal and saline condition through association mapping 
 

Twenty three QTLs including two QTLs for Na+ uptake (QTLsuc-1 and QTLsuc-2), one 

QTL for K+ uptake (QTLpuc), one QTL for Ca++ uptake (QTLcuc), one QTL for total cation 

uptake (QTLtcuc), one QTL for Na+/K+ uptake (QTLspuc), eight QTL for Na+ uptake (QTLsurs, 

QTLsurc-1, QTLsurc-2, QTLsurc-3, QTLsurc-4, QTLsurc-5, QTLsurc-6 and QTLsurc-7), two QTL 

for K+ uptake ratio (QTLpurc-1 and QTLpurc-2), one QTL for Ca++ uptake ratio (QTLcurc), four 

QTLs for total cation uptake ratio (QTLtcurc-1, QTLtcurc-2a, QTLtcurc-2b and QTLtcurc-3) and 

two QTLs uptake ratio of Na+/K+ (QTLurspc-1 and QTLurspc-2) were common for both normal 

and saline conditions (Table 4.2.7.2.3). 
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Table 4.2.7.2.3 Common QTL identification for physiological traits of indica rice 

under normal and saline condition through association mapping 

 

Trait 

Number 
of QTL 

identified 
Name of the 
QTL 

Chromosome 
No. 

Associated 
Marker 

Na+ uptake 
 

2 
 

QTLsuc-1 11 RM254 
QTLsuc-2 8 RM515 

K+ uptake  1 QTLpuc 5 RM480 
Ca++ uptake 1 QTLcuc 1 RM312 

Total cations uptake 1 QTLtcuc 8 RM42 
Na+/K+ uptake 1 QTLspuc 5 RM480 

Na+ uptake ratio 
 
 
 
 
 

8 
 
 
 
 
 
 

QTLsurs 6 RM276 
QTLsurc-1 11 RM254 
QTLsurc-2 1 RM297 
QTLsurc-3 3 RM473D 
QTLsurc-4 5 RM480 
QTLsurc-5 4 RM348 
QTLsurc-6 8 RM342A 
QTLsurc-7 1 RM490 

K+ uptake ratio 
 

2 
 

QTLpurc-1 5 RM480 
QTLpurc-2 4 RM303 

Ca++ uptake ratio 1 QTLcurc 12 RM20A 

Total cations uptake 
ratio 

 

4 
 
 

QTLtcurc-1 6 RM225 
QTLtcurc-2a 8 RM42a 
QTLtcurc-

2b 8 RM42b 
QTLtcurc-3 12 RM247 

Uptake ratio of 
Na+/K+ 

2 
 

QTLurspc-1 5 RM480 
QTLurspc-2 6 RM225 

Total= 23    
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4.2.7.3 Summary information of QTL detected for agronomic and 
physiological traits of indica rice through association 

 
 

Summary information about QTL identification for agronomic and physiological traits 

through association mapping is shown in table 4.2.7.3 

 

In total, 118 QTL and 140 QTL for different agronomic traits were detected on all 12 rice 

chromosomes under normal and saline condition, respectively (Table 4.2.7.3).  

 

For physiological traits 86 QTL under normal condition and 103 QTL under saline condition 

were identified on all 12 chromosomes of rice (Table 4.2.7.3). 

 
 

Table 4.2.7.3 Summary information of QTL identification for agronomic and 
physiological traits of indica rice through association mapping 

 
Chromo 
some no. 

For agronomic traits For physiological traits Total QTL for 
agronomic and 
physiological 

traits 

Normal Saline Total Normal Saline Total 

1 12 18 30 7 10 17 47 
2 10 9 19 3 4 7 26 
3 4 10 14 4 5 9 23 
4 9 7 16 9 9 18 34 
5 8 12 20 9 9 18 38 
6 21 25 46 5 13 18 64 
7 5 9 14 2 0 2 16 
8 13 17 30 20 17 37 67 
9 4 8 12 5 11 16 28 

10 8 5 13 3 3 6 19 
11 18 13 31 10 11 21 52 
12 6 7 13 9 11 20 33 

Total= 118 140 258 86 103 189 447 
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4.2.8 Common QTL identification for linkage mapping and 
association mapping in indica rice 

 
 

Common QTLs detected through linkage mapping and association mapping are shown in Table 
4.2.8. 

 
For the first time, 8 common QTL for linkage mapping (using F2 population) and 

association mapping (using different rice cultivars) for different agronomic and physiological traits 

were identified at maturity stage of indica rice (Table 4.2.8). It included one QTL for grain length 

(QTLgln-2), one for grain width (QTLgwn-3), two for Na+ uptake ratio (QTLsurs and QTLsurn-3) 

and two for total cations uptake ratio (QTLtcurn-2 and  QTLtcurn-4) under normal condition, and 

one QTL for Na+ uptake (QTLsus) and one for Na+ uptake ratio (QTLsurs) under saline condition.  
 

Under normal condition one QTL (QTLgln-2) for grain length located on chromosome 6 

was identified and it’s associated marker was RM511 (Table 4.2.8). 

 

One QTL (QTLgwn-3) for grain width was detected on chromosome 6 under normal 

condition and the QTL was associated with RM473B marker (Table 4.2.8). 

 

For Na+ uptake ratio under normal condition two QTL (QTLsurs and QTLsurn-3) located 

on chromosome 6 and 1, respectively were identified and their associated markers were RM276 and 

RM9, respectively (Table 4.2.8).  

 

For total cations uptake ratio two QTL (QTLtcurn-2 and QTLtcurn-4) associated with 

marker RM130 and RM480 were detected on chromosome 3 and 5, respectively under normal 

condition (Table 4.2.8).  

 

Under saline condition one QTL for Na+ uptake (QTLsus) was identified on chromosome 6 

and RM276 was associated marker (Table 4.2.8). 

  

One QTL for Na+ uptake ratio (QTLsurs) under saline condition was detected on 

chromosome 6 and RM276 was linked marker with that QTL (Table 4.2.8).  
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Table 4.2.8 Common QTL identification for linkage mapping and association mapping 
in indica rice 

 
 

Trait Treatment 

Number 
of QTL 

identified 
Name of the 

QTL 
Chromosome 

No. 
Associated 

Marker 
Grain length Normal 1 QTLgln-2 6 RM511 
Grain width Normal 1 QTLgwn-1 5 RM473B 

Na+ uptake ratio 
 

Normal 
 

2 
 

QTLsurs 6 RM276 
QTLsurn-3 1 RM9 

Total cations uptake 
ratio 

Normal 
 

2 
 

QTLtcurn-4 3 RM130 
QTLtcurn-2 5 RM480 

Na+ uptake Saline 1 QTLsus 6 RM276 
Na+ uptake ratio Saline 1 QTLsurs 6 RM276 

Total= 8    
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5- DISCUSSION 
 
 

5.1 QTL identification through linkage mapping: 
 
5.1.1 QTL identification for agronomic traits 
 

Salinity is detrimental to crop production worldwide. Among the cereal crops, rice (Oryza 

sativa) is the most sensitive, bread wheat (Triticum aestivum) is moderately and barley (Hordium 

vulgare) is the most tolerant (Munns and Tester, 2008). The detrimental effect of salinity affect 

different agronomic traits like plant height, number of tillers, number of effective tillers, panicle 

length, panicle weight, number of grains per panicle, grain size, thousand grain weight, grain yield, 

straw yield, harvest index etc. Plant agronomic traits are affected according to the severity of the 

salinity and susceptibility/tolerance of the crop variety (Dionisio-Sese and Tobita, 1998).  

 

All the agronomic parameters studied in this research were important for salt tolerance and 

for comparing the indica rice F2 populations grown under saline and normal conditions. All F2 

populations showed marked differences in studied traits under saline condition compared to the 

control treatments (Table 4.1.1.1). Traits which showed reduction under saline conditions were 

plant height, number of total tillers/plant, number of effective tillers/plant, panicle length, panicle 

weight, number of spikelets/panicle, number of grains/panicle, panicle fertility (%), grain length, 

grain width, 1000 grain weight, grain yield, straw yield and harvest index (%). Traits which showed 

increase under saline conditions were number of unfilled grains/panicle, days to 50% flowering, 

days to maturity and grain length-width ratio. Number of unfilled grains/panicle was patently higher 

under the saline conditions compared to the control. This showed that salinity adversely affected 

grain formation. Number of grains/panicle was reduced under saline conditions and this trait was 

significantly responsible for reduced grain yield/plant under saline condition. This finding agrees 

with the study of Zhou et al. (2010),  Razzaquea et al. (2010) and (Afifi et al., 2010). Zhou et al. 

(2010) reported that effective number of panicles per plant, plumped number of grains per panicles, 

total number of grains per panicles, 1000-grain weight and grain weight per plant were greatly 

affected by salt stress condition.  Razzaquea et al. (2010) also reported that different morphological 

characters were studied among which the percent relative- plant height, total tillers, root dry weight, 

shoot dry weight and total dry matter were higher in Pokkali and PVSB9, but lower in NS15 under 
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different salinity and supplemental Ca levels. These morphological characteristics significantly 

decreased with increasing salinity levels. Salinity stress caused a decrease in vegetative growth, 

yield and yield components of rice (Afifi et al., 2010).  

 

There are a number of studies focusing agronomic traits those are important in determining 

yield potential of a cultivar under abiotic stress condition. One of these is grain yield, a highly 

complex trait that can be divided into component characters, like the number of tillers, number of 

effective tillers, panicle length, panicle weight, number of grains per panicle, thousand grain weight 

and proper partitioning between vegetative and reproductive phases. A strong positive correlation 

was found between number of tillers per plant, panicle weight, and shoot biomass with plant yield 

(Tefera, 1993; Shereen, et al., 2005; Chanyalew et al., 2006, 2009). Moreover, plant yield is also 

influenced directly or indirectly by a number of other agronomic characters, such as plant height, 

leaf area, dry-matter yield, heading date, lodging resistance, and proneness to shattering (Griffiths, 

1965; Ungar, 1996; Heidari, et. al., 2011; Saeed et al., 2011).  

 

The response of twelve rice varieties against six salinity levels (0, 4, 8, 12, 16 and 20 dS m-

1) were studied at germination and early seedling stages. Rice varieties MR211, IR20, BR40 and 

MR232 showed greater salt tolerance during germination (germinated at 12 dS m-1 salinity). 

However, MR211, MR232 and IR20 performed better based on dry matter yield reduction (Hakim 

et al., 2010). 

 

Shoot length of salt treated indica rice seedlings decreased to about 71% compared to the 

control (Amirjani, 2011). Among all other varieties salt tolerant variety, Pokkali maintained the 

highest relative shoot biomass growth at all sampling times of 10 days intervals (Awala et al., 

2010). Grain yield of indica rice was reduced due to salinity stress (Clermont-Dauphin et al., 2010; 

Fitzgeralda et al., 2010). It was reported by Bhowmik et al. (2009) that plant height and total dry 

matter were reduced in salt susceptible varieties. Motamed (2008) reported that salinity adversely 

affected grain yield, number of tillers, filled and unfilled spikes, panicle fertility and 100 grain 

weight, but increased number of unfilled grain. 

 

Days to 50% flowering and days to maturity delayed in salinity stress, and these traits were 

responsible for unfilled grain formation which caused lower grain yield (Khatun et al., 1995). In 

some studies, effort was made to evaluate genotypic variation with respect to plants reproductive 



 261 

physiology and development and it was suggested that this variation might be used in attempts to 

enhance the resistance of rice to salinity (Khatun et al. 1995). 

 

In the present work as well, analysis of variance showed that significant differences were 

found for salt, genotypes (F2 population) and salt and genotype interactions for all the traits except 

grain width and grain length-width ratio, for which there were non-significant differences for salt 

treatment indicating that salt treatment affected these parameters a little (Table 4.1.1.2). It revealed 

that all the studied agronomic traits were quantitatively affected under salinity stress and obviously 

important for salt tolerance in indica rice. Furthermore, frequency distribution of the morphological 

and yield related traits showed that maximum F2 populations exist on lower ranges of plant height, 

number of total tiller/plant, number of effective tiller/plant, panicle length, panicle weight, number 

of spikelet/panicle, number of grain/panicle, panicle fertility, grain length, grain width, 1000 grain 

weight, grain yield, straw yield and harvest index under salinity stress condition, whereas for 

number of unfilled grain/panicle, days to 50% flowering, days to maturity and grain length-width 

ratio those located on higher ranges. There was reduction in greater number of F2 

populations/individuals under saline condition with respect to plant height, number of total 

tiller/plant, number of effective tiller/plant, panicle length, number of spikelet/panicle, number of 

grain/panicle, panicle fertility, grain width, grain length-width ratio and grain yield/plant, straw 

yield (Section 4.1.2).   

 

QTL identification associated with environmental stresses, yield and quality is very crucial 

for the application of map-based cloning and marker-assisted selection (MAS) in rice breeding 

programs (Paterson et al. 1988; Lander and Botstein 1989; Tanksley 1993; Kang et al., 1999; 

Koyama et al., 2001; Kim et al., 2004; Lin et al., 2004 and Kwon et al., 2008). Many QTL related to 

different important traits of rice have been detected, as for example heading date (Li et. al., 1995; 

Lin et. al., 1996b; Yano et. al., 1997, 2001), yield (Lin et. al., 1996a; Xiao et. al., 1996) and disease 

resistance (Qing-Dian et. al., 2008). Limited research has been carried out on comparative study of 

QTLs for agronomic traits in rice under salt stress and non-stress conditions (Gong et al., 2001). 

Quantitative trait loci (QTL) for salinity tolerance were detected and mapped at seedling stage both 

in indica and japonica rice (Lee et al., 2007; Javed et al., 2006; Lin et al., 2004; Gu et al., 2000; 

Prasad et al., 2000).  
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As new information in the present work, for different agronomic traits 26 QTL were 

detected under saline condition, 32 QTL under normal condition and 6 QTL under both normal and 

saline conditions were identified at maturity stage of indica rice (Table 4.1.7.2). It indicated that 

different genes (alleles) were effective under respective conditions. This finding agrees with the 

study of Jiming et al. (2001) who identified 9 QTL under saline, 17 QTL under normal condition 

and 2 QTL under both normal and saline conditions for different agronomic traits. Such kind of 

observation was also observed in maize by Austin and Lee (1998).  

 

In the present study, one QTL (QTLugs-5) for number of unfilled grain per panicle was 

detected under saline environment at maturity stage of rice on chromosome 7 and that was linked 

with salinity tolerance (Table 4.1.7.2). This result agrees with the findings of Zhang et al. (1995) 

and Ding et al. (1998). Using the F2 population derived by crossing between salt tolerant rice 

mutant (M-20) and sensitive original (77–170) and 130 RFLP markers a major gene for salt 

tolerance was identified on chromosome no. 7 (Zhang et al., 1995).  Ding et al. (1998) also detected 

a gene related to salt tolerance on chromosome 7 by using an F2 population derived from salt 

tolerant rice mutant X original variety and Random Amplified Polymorphic DNA (RAPD) markers. 

 

In the present study, one QTL for harvest index (located on chromosome 1), one QTL for 

thousand grain weight (located on chromosome 5), one QTL for grain length (located on 

chromosome 4) and three QTLs for number of unfilled grain per panicle (located on chromosome 3 

and 4) were detected at maturity stage of rice under saline environment and those were associated 

with salinity tolerance (Table 4.1.7.2). This result supports with the findings of Lee et al. (2006) and 

Ammar et al. (2007). Two QTLs (qST1 and qST3) for salt tolerance trait were identified at the 

young seedling stage of rice on chromosome 1 and 3, respectively by using recombinant inbred 

lines (MG RILs) developed by crossing between Milyang 23 (japonica/indica) and Gihobyeo 

(japonica) [Lee et al., 2006].  The QTLs mapping for salt tolerance trait in rice at seedling stage was 

performed using Sequence Tagged Microsatellite sites (STMS) and F3 equivalent families those 

were developed from F2 individuals developed by crossing between CSR27 (high yielding, dwarf 

and salt tolerant rice variety) and MI-48 (international sensitive check). In total, six QTLS were 

detected for salt injury at seedling stage. Two QTLs were located on chromosome 1, one QTL on 

chromosome 3, two QTLs on chromosome 4 and one QTL on chromosome 5. QTL 2 position was 

corresponding to saltol proposed gene on chromosome 1. The remaining QTLs (QTL 1, 3, 4, QTL 

43, QTL 44) were novel ones (Ammar et al., 2007). 
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In the present study, the only trait (harvest index) for which more QTLs was identified in 

saline condition compared to control (Table 4.1.7.2) suggesting that the effect of the related QTLs 

might be revealed by salinity stress. This finding partially support the work of Jiming et al. (2001) 

who found more QTLs for number of effective tiller per plant under salinity stress environment. It 

was also revealed that QTLs detected in the present work for harvest index under saline condition at 

maturity stage of indica rice were new and those were associated with salinity tolerance. 

 

In the present work, under normal condition six common markers i.e. RM42, RM210, 

RM310, RM424, RM473B and RM519 and were observed to control more than one QTL 

associated with number of total tiller per plant, number of spikelet per panicle, number of grain per 

panicle, panicle length, panicle weight, grain width, grain length-width ratio, straw yield and 

harvest index. These markers are important as they regulated several QTL. Such kind of sharing of 

marker associated with QTL for different traits of rice and cotton was also observed by Masood et 

al. (2004) and Saeed et al. (2011), respectively. At the same map location QTL for dry shoot 

weight, root weight and seedling survival days were obtained in rice (Masood et al., 2004). QTL for 

osmotic adjustment (qtlOA-1) and seed cotton yield (qtlSC-1) shared the common marker 

(NAU2540) in cotton (Saeed et al., 2011). 

 

In the present work, as phenotypic variance explained (R2) value associated with QTLpwn-3 

for panicle weight (detected on chromosome 4) and QTLnsn-1 for number of spikelet/panicle 

(detected on chromosome 8) were quite high, so it is apparent that those were major quantitative 

trait loci controlling panicle weight and number of spikelet/panicle under non-stress (normal) 

condition. As phenotypic variance explained (R2) value associated with QTLugs-2, QTLugs-3 and 

QTLugs-5 for number of unfilled grain/panicle (detected on chromosome 4 and 7), QTLgls-2 for 

grain length (detected on chromosome 4), QTLhis-2 and QTLhis-3 for harvest index (detected on 

chromosome 2) were quite high, so it is clear that those were major quantitative trait loci controlling 

respective agronomic traits under salinity stress condition.  

 

In the present study, twenty QTLs for 10 agronomic traits were detected at maturity stage of 

rice under absolutely saline condition and these QTLs and associated markers may be useful in 

Marker Assisted Selection (MAS) for the development of salt tolerant rice varieties. 
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Under saline condition, five common markers (RM310, RM210, RM110, RM261 and 

RM530) were found to control several QTL in the present work. Certainly these markers were 

imperative for salt tolerance trait as they had capability to regulate more than one QTL. This finding 

from present work supports the study of Masood et al. (2004) and Saeed et al. (2011) who reported 

common marker for several QTL for different traits in rice and cotton, respectively. QTL for root 

weight, dry shoot weight and seedling survival days were obtained in rice on chromosome 10 

(Masood et al., 2004). QTL for seed cotton yield (qtlSC-1) and osmotic adjustment (qtlOA-1) 

shared the common marker (NAU2540) in cotton (Saeed et al., 2011). 

 

 
 
5.1.2 QTL identification for physiological traits 
 

The harmful effect of salinity reflects on different physiological traits like sodium uptake, 

potassium uptake, calcium uptake, total cation uptake, ratio of sodium and potassium uptake etc. In 

accordance with the severity of the salinity and susceptibility/tolerance of the crop variety, 

agronomic and physiological traits were affected (Dionisio-Sese and Tobita, 1998). Sodium (Na) 

toxicity is one of the most alarming challenges for crop production throughout the world. The 

pathways of Na+ entry into the roots of plants under high salinity stress are still not clear 

(Kronzucker and Britto, 2011). Grain yield and shoots, 100 seeds weight, tiller number, root dry 

weight and K+ uptake in seeds and shoot significantly decreased with increasing salinity (Mohiti et 

al., 2011). 

 

In the present study, five physiological traits i.e. Na+ uptake, K+ uptake, Ca++ uptake, total 

cations uptake, Na+/K+ uptake showed increase under saline conditions (Table 4.1.3.1). It indicated 

that rice plant bound to uptake higher amount of Na+, K+, Ca++ and total cations under salinity 

stress. Mechanism need to be developed in salt tolerant cultivars so that those can escape over 

accumulation of Na+, K+, Ca++ and total cations under salinity stress and thus these traits were 

more important for salt tolerance in indica rice. 

 

In the present work, as significant differences were observed in the physiological traits like 

Na+ uptake, K+ uptake, Ca++ uptake, total cations uptake, Na+ / K+ uptake, Na+ uptake ratio, K+ 

uptake ratio, Ca++ uptake ratio, total cations uptake ratio, uptake ratio of Na+/K+ under salinity 
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treatment so it revealed that all the studied physiological traits were affected under salinity stress 

and obviously important for salt tolerance in indica rice (Table 4.1.3.2). 
 

In the present study, as K+ uptake (r = 0.2314; P < 0.05) and K+ uptake ratio (r = 0.2362; P 

< 0.05) showed positive correlation and Na+ uptake and uptake ratio of Na+/K+ showed negative 

correlation with grain yield under saline condition so it was evident that lower uptake of Na+, 

higher uptake of K+ and lower uptake ratio of Na+/K+ were associated with comparatively higher 

grain yield under salinity stress condition and these traits should be given priority in respect of salt 

tolerance in indica rice (Table 4.1.3.4). 

 

Frequency distribution of the F2 populations for physiological traits showed that maximum 

number of F2 populations fell on higher ranges of Na+ uptake, K+ uptake, Ca++ uptake, total 

cations uptake, Na+ / K+ uptake, K+ uptake ratio, Ca++ uptake ratio and total cations uptake ratio, 

while for Na+ uptake ratio and uptake ratio of Na+/K+ those located on lower ranges. It indicated 

that rice plants were bound to uptake higher amount of Na+, K+ and Ca++ under saline condition 

compared to control (Section 4.1.4).  

 

As reported by Dionisio-Sese and Tobita (1998), different varieties of rice (Oryza sativa L.) 

had different sensitivity to NaCl. The rice seedlings of 3-week-old salt sensitive and tolerant 

varieties were given 0, 6 and 12 dS/m salinity levels for a week. Then antioxidant capacities and 

possible correlation, growth rate and Na+ uptake of the leaves were analyzed. A decrease in growth 

rate was observed at high salinity level in all the varieties tested except Pokkali. The salt-sensitive 

varieties, Hitomebore and IR28, showed a decrease in superoxide dismutase activity and an increase 

in peroxidase activity under high salinity condition. These varieties also showed increase in lipid 

peroxidation and electrolyte leakage as well as higher Na+ accumulation in the leaves under salt 

stress.  

 

Soil salinity has negative impact on agricultural yields. Excess Na+ is toxic to plants so that 

sensitivity to salinity is common for crop plant due to the abundance of Na+ in the soil (Zhang et 

al., 2010). The accumulation of extra salts has destructive effects on crops which can result to 

nutritional disorders (Asch et al., 2000), ions toxicity and also osmotic stress (Zhu, 2001). Salinity 

tolerance of plant is a function of Na+ exclusion, tissue tolerance to Na+ and osmotic tolerance 
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(Munns and Tester 2008) and it is dependent on varying extent on each of these three components, 

even within a single species (Rajendran et. al., 2009). Ion toxicity is a common term for various 

impairments in different cellular processes due to promoted ion concentrations. Cellular Na+ 

toxicity is the major ion toxicity in salinity stress, consequence in the inhibition of different 

processes such as K+ absorption (Rains and Epstein 1965), vital enzyme reactions (Flowers and 

Lauchli, 1983; Murguia et al., 1995), protein synthesis (Hall and Flowers 1973) and photosynthesis 

(Tsugane et al. 1999). In the present study as well, Na+ toxicity and harmful effect of it was 

observed. Na+ uptake had significant negative correlation with grain yield under both normal (r = -

0.1871; P < 0.05) and saline condition ((r = -0.1797; P < 0.05) [Table 4.1.3.3]. So, reduction of Na+ 

uptake is to be the most efficient approach for controlling Na+ accumulation in crop plants and 

thereby to improve their salt resistance (Zhang et al., 2010).  

 

Growth traits including shoot height, fresh weight, dry weight and leaf area of salinity 

stressed rice seedlings were inhibited, depending on NaCl concentrations and rice genotypes. 

Sodium ion (Na+) in salt-stressed tissues was rapidly accumulated, while potassium ion (K+) was 

quickly decreased. But Na+/K+ ratio and proline content in salt-stressed leaves were increased, 

relating to salt concentrations (Cha-um et al. 2009). Similar result was obtained in the present work 

as well.  Lowest, highest and mean Na+/K+  uptake of indica rice F2 populations were 0.8111, 

20.0380 and 4.7545, respectively under normal condition, whereas under saline condition those 

were 2.0468, 30.4432 and 5.9604, respectively. Higher standard deviation and skewness were 

observed under saline condition compared to normal and those values were 3.8666 and 3.2112, 

respectively (Table 4.1.3.1). It indicated that Na+/ K+ uptake of F2 populations was increased under 

salinity stress. Frequency distribution showed that maximum F2 populations exist on higher ranges 

of Na+/K+ uptake under salinity stress condition (Fig. 4.1.4.5). 
 

Potassium is the most important macronutrients taken up by plants. K+ channel mRNA 

decreased with the increase of salinity stress, and it was observed both in the shoot and in the root 

of 4-day-old rice seedlings (Fuchs et al., 2010). Potassium (K) is the most profuse inorganic cation 

in plants. It is necessary for the activation of many enzymes, as a cellular osmoticum for rapidly 

expanding cells, and as a counter cation for anion accumulation and electrogenic transport processes 

(White and Karley, 2010). Potassium is a necessary element for the growth and development of 

plant and is a tremendously dynamic ion in plant and soil system (Malvi, 2011). Beneficial effect of 

K+ was obtained in the present study as well. K+ uptake (r = 0.2314; P < 0.05) and K+ uptake ratio 
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(r = 0.2362; P < 0.05) showed significant positive correlation with grain yield under saline 

condition (Table 4.1.3.4). 

 

Calcium is another indispensable nutrient for plant growth and development. It is a crucial 

component of various structures in cell wall and membranes. In addition to some basic roles under 

normal condition, calcium acts as a major secondary-messenger molecule in plants under different 

developmental cues and various stress conditions including salinity stress (Kader and Lindberg, 

2010). Similar result was obtained in the present work also. In the present study, Ca++ uptake ratio 

showed negative correlation with grain yield under normal condition, while it showed positive 

correlation with grain yield under saline condition (Table 4.1.3.4). 

 

From the present study, it was concluded that proper uptake of Na+, K+, Ca++ and Na+/K+ 

were crucial in grain yield under salinity stress condition. Excess Na+ was toxic for plants and 

might be a cause of lower yield. On the other hand, higher uptake of K+ and Ca++ and lower ratio 

of Na+/K+ uptake might reduce the bad effect of toxic Na+ as well as minimize the grain yield 

reduction under salinity stress condition. 

 

Salinity tolerance is a complex character involving interactions of a number of physiological 

traits and may be inherited independently (Yeo and Flowers, 1993; Chaubey and Senadhira, 1994). 

The genetic studies of salt tolerance in rice revealed both additive and dominant effects (Mahmood 

et al., 2004). 

 

In the present study, QTL for Na+ uptake, K+ uptake and Na+/K+ uptake were detected on 

chromosome 1, 3, 5, 7 and 8 at maturity stage in rice under normal condition, whereas under saline 

condition on chromosome 1 and 6. It indicated that QTL for sodium and potassium uptake were 

associated with different chromosomes. QTLs identified on chromosome 1 and 6 under saline 

condition, and were associated with salt tolerance. This result supports the findings of Mikiko et al. 

(2001), Koyama et al. (2001 and (IRRI, 1997). Mikiko et al. (2001) also identified QTL 

independently controlled sodium uptake, potassium uptake, and sodium/potassium uptake. Koyama 

et al. (2001) found the QTLs for Na+ uptake, K+ uptake and Na+/K+ uptake by using RFLP 

markers. Major QTLs were identified on chromosome 6, 4, 1 and 9. It was also reported that major 

gene for salinity tolerance on chromosome 1 which could be similar to the SalT gene of the rice 

Cornell map (IRRI, 1997).  
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In the present work, QTLsun-4 and QTLsun-5 for Na+ uptake (detected on chromosome 1) , 

QTLspuc-2 for Na+/K+ uptake (detected on chromosome 1) , QTLsurn-3 for Na+ uptake ratio 

(detected on chromosome 1), QTLpurn-1 for K+ uptake ratio (detected on chromosome 8), 

QTLtcurn-2 for total cations uptake ratio (detected on chromosome 5) and QTLurspn-2 for uptake 

ratio of Na+/K+ (detected on chromosome 1) were found as major quantitative trait loci controlling 

respective physiological traits under non-stress (normal) condition because those QTLs had higher 

phenotypic variance explained (R2) value. Among 6 major QTLs, 4 QTLs were identified on 

chromosome 1. This finding partially supports the study of IRRI (1997), Koyama et al. (2001) and 

Gregorio et al. (2002) who detected major QTLs for physiological traits on chromosome 1 but on 

different loci. 

 

In the present study, QTL for Na+/K+ uptake were detected under normal condition on 

chromosome 1, 7 and 8 at maturity stage in rice, while under saline condition on chromosome 1. 

This finding contrast with the study of Ming-Zhe et al. (2005) who identified two QTLs for Na+/K+ 

uptake on chromosomes 2 and 6 at seedling stage of rice. New QTLs for Na+/K+ uptake were 

identified at maturity stage of rice in the present study and that is the reason of obtaining different 

finding.  

 

In the present work, under normal condition, ten common markers (RM210, RM42, 

RM137, RM113, RM140, RM440, RM480, RM473B, RM7 and RM519) were found to control 

more than one QTL and thus those were crucial markers. Similar findings regarding sharing of 

marker associated with QTL for different traits was also obtained by Masood et al. (2004) and 

Saeed et al. (2011) in rice and cotton, respectively. QTL for root weight, dry shoot weight and 

seedling survival days were obtained in rice at the same map position (Masood et al., 2004). The 

common marker (NAU2540) was found to regulate QTL for seed cotton yield (qtlSC-1) and 

osmotic adjustment (qtlOA-1) [Saeed et al., 2011]. 

 

As revealed by present work, nine QTLs including one each QTL for Na+ uptake (QTLsus), 

Ca++ uptake (QTLcus), Na+ uptake ratio (QTLsurs), K+ uptake ratio (QTLpurs), uptake ratio of 

Na+/K+ (QTLursps), and two each QTLs for total cation uptake (QTLtcus-1 and QTLtcus-2) and 

total cation uptake ratio (QTLtcurs-1 and QTLtcurs-2) were identified at maturity stage in rice 

under exclusively saline condition and these QTLs were important as these were linked with salinity 
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tolerance. These QTLs and associated markers may be useful in Marker Assisted Selection (MAS) 

for the development of salt tolerant rice cultivars. 

 

QTLs for Na+ uptake (QTLsus), total cation uptake (QTLtcus-2), Na+ uptake ratio 

(QTLsurs), total cation uptake ratio (QTLtcurs-1) and uptake ratio of Na+/K+  (QTLursps-2) shared 

the common marker (RM276) located on chromosome 6 under saline condition. This finding 

supports the study of Masood et al. (2004) and Saeed et al. (2011) who reported common marker for 

several traits in rice and cotton, respectively. In rice QTL for dry shoot weight, root weight and 

seedling survival days were detected on the same map position (Masood et al., 2004). QTL for seed 

cotton yield (qtlSC-1) and osmotic adjustment (qtlOA-1) shared the common marker named 

NAU2540 (Saeed et al., 2011). 

 

From the present study it was concluded that the QTLs identified under saline and normal 

conditions were very different, suggesting that several QTLs for important physiological traits were 

affected significantly by salt stress. This finding partially supports the study of Jiming et al. (2001) 

who also identified QTL for agronomic traits extremely different under normal and saline 

environment. 

 

In the present work, a phenotypic variance explained (R2) value associated with QTLsus for 

Na+ uptake, QTLtcurs-2 for total cation uptake ratio and QTLursps for uptake ratio of Na+/K+   

detected on chromosome 6, 2 and 6 respectively were quite high, so it is manifest that those were 

major quantitative trait loci controlling Na+ uptake, total cation uptake ratio and uptake ratio of 

Na+/K+ under salinity stress condition. This finding differs the study of IRRI (1997), Koyama et al. 

(2001) and Gregorio et al. (2002) who identified major QTLs for physiological traits on 

chromosome 1 at seedling stage of rice suggesting that those QTLs were first identification for 

maturity stage of rice and different from seedling stage. These QTLs can be a good candidate for 

MAS in molecular plant breeding programs aimed at developing salt tolerant rice cultivars. 
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5.2 QTL identification through association mapping: 
 
5.2.1 QTL identification for agronomic traits 
 

Association mapping is a high-resolution method for mapping quantitative trait loci based 

on linkage disequilibrium and it has great importance in case of dissection of complex genetic traits 

like quantitative traits. It is a viable alternative technique to QTL mapping. 

 

All the agronomic parameters studied in this study were crucial in respect of salt tolerance 

and for comparing the indica rice cultivars cultivated under saline and normal conditions. All rice 

varieties showed noticeable differences in studied traits under salinity stress environment compared 

to control (Table 4.2.1.1). Plant height, number of total tillers/plant, number of effective 

tillers/plant, panicle length, panicle weight, number of spikelets/panicle, number of grains/panicle, 

panicle fertility (%), grain length, grain width, 1000 grain weight, grain yield, straw yield and 

harvest index (%) were reduced under saline condition, while number of unfilled grains/panicle, 

days to 50% flowering, days to maturity and grain length-width ratio were increased. Under salinity 

stress environment number of unfilled grains/panicle was obviously higher compared to the non-

stress environment. It revealed that grain formation was severely affected by salinity stress. Under 

saline condition number of grains/panicle was reduced and this trait was pointedly responsible for 

reduced grain yield/plant. This finding supports with the study of Zhou et al. (2010),  Razzaquea et 

al. (2010) and Afifi et al.(2010). Effective number of panicles per plant, plumped number of grains 

per panicles, total number of grains per panicles, 1000-grain weight and grain weight per plant were 

remarkably affected by salt stress condition (Zhou et al., 2010).  Razzaquea et al. (2010) also 

reported that different morphological traits like plant height, total tillers, root dry weight, shoot dry 

weight and total dry matter were reduced under salinity stress condition. These morphological 

characteristics considerably decreased with increasing salinity levels. Vegetative growth, yield and 

yield components of rice were decreased under saline condition (Afifi et al., 2010). Some other 

relevant findings are mentioned below. 

 

Under salinity stress environment shoot length of rice seedlings decreased to about 71% 

compared to the control (Amirjani, 2011). Among all other varieties salt tolerant variety, Pokkali 

maintained the highest relative shoot biomass growth at all sampling times of 10 days intervals 

(Awala et al., 2010). Under saline condition grain yield of rice was reduced (Clermont-Dauphin et 
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al., 2010; Fitzgeralda et al., 2010). Plant height and total dry matter were reduced in salt susceptible 

varieties (Bhowmik, 2009). Under salinity stress environment grain yield, number of tillers, filled 

and unfilled spikes, panicle fertility and 100 grain weight were reduced, whereas number of unfilled 

grain increased (Motamed, 2008). Under salinity stress environment days to 50% flowering and 

days to maturity delayed, and these traits were liable for unfilled grain formation which caused 

lower grain yield (Khatun et al., 1995).  

 

In the present work as well, analysis of variance indicated that significant differences were 

observed for salt, genotypes and salt X genotype interactions for all the agronomic traits excluding 

panicle length and grain length-width ratio, for which there were non-significant differences for salt 

treatment signifying that salt treatment affected these parameters a to a small extent (Table 4.2.1.2). 

It showed that all the studied agronomic traits were affected under saline condition and evidently 

important in respect of salt tolerance in indica rice. 

 

An evident from present work (frequency distribution of agronomic traits), maximum rice 

varieties exist on lower ranges of plant height, number of total tiller/plant, number of effective 

tiller/plant, panicle weight, number of spikelet/panicle, number of grain/panicle, panicle fertility, 

grain length, grain width, 1000 grain weight, grain yield, straw yield and harvest index under 

salinity stress condition, whereas for number of unfilled grain/panicle, days to 50% flowering, days 

to maturity and grain length-width ratio those located on higher ranges (section 4.2.2).  Days to 50% 

flowering were increased in most of the varieties/lines under saline conditions, but days to maturity 

were comparatively less affected. This showed that under stress condition, plants proceed to the 

reproductive stage slowly to escape stress. Flowering is started lately under stress conditions 

compared to the normal, but to reach maturity other environmental factors are also important, so 

days to maturity are not affected so much under stress conditions. 

 

Proper partitioning between vegetative and reproductive phases is crucial in grain yield 

under stress conditions. Sufficient time for grain filling is ensured by the duration of grain filling 

period. Flowering time adjustment is an important trait which plants incorporate in abiotic stress 

adaptation and tolerance by permitting enough time for grain filling. In some studies, effort was 

made to evaluate genotypic variation with respect to plants reproductive physiology and 

development and it was suggested that this variation might be used in attempts to enhance the 

resistance of rice to salinity (Khatun et al., 1995). In cereals, reproductive stage is most important in 
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yield determination. Flowering time adjustment gives plant appropriate time for grain filling stage. 

Cultivars which can adjust flowering time can tolerate abiotic stress conditions resulting in 

sustained yield. In the present study, the non-significant negative correlation of days to 50% 

flowering and days to maturity to grain yield/plant was found under saline conditions, whereas 

under normal field conditions highly significant negative correlation of these traits with grain 

yield/plant was observed. It shows that under saline conditions the cultivars with early flowering 

time and growth period are at comparative advantage and their yield is not affected considerably 

under saline conditions. These cultivars have proper balance between the vegetative and 

reproductive phases which results in longer grain filling time. Thus flowering time is an important 

trait in cereals with respect to stress tolerance and adaptation. This trait can be employed in the 

development of elite salt tolerant rice cultivars.  

 

In the present work, for the first time, 140 QTLs for different agronomic traits under saline 

condition, 118 QTLs under normal condition and 47 QTLs under normal and saline condition were 

detected at maturity stage in rice using 24 rice genotypes through association mapping (Table 

4.2.7.1.1 and Table 4.2.7.1.2). It revealed that different genes (alleles) were effective under 

respective conditions. This finding supports with the work of Jiming et al. (2001) who mapped 9 

QTL under saline environment, 17 QTL under normal environment and 2 QTL under both normal 

and saline environments for different agronomic traits. Austin and Lee (1998) also obtained similar 

result in maize.  

 

In the present study, more QTLs for panicle weight, number of unfilled grain per panicle, 

number of grain per panicle, panicle fertility, days to 50% flowering, grain width, grain yield and 

straw yield were detected under salinity stress compared to non-stress (Table 4.2.7.1.1 and Table 

4.2.7.1.2) suggesting that the effect of the related QTLs might be revealed by salinity stress. This 

finding partially agrees with the study of Jiming et al. (2001) who obtained more QTLs for number 

of effective tiller per plant under saline condition. It was also evident that QTLs detected in the 

present study for those 8 traits under saline condition at maturity stage of indica rice were new and 

those were linked with salinity tolerance. 

 

In the present study, five QTLs (QTLtts-4 for number of total tiller/plant, QTLngs-8 for 

number of grain/panicle, QTLpfs-3 for panicle fertility, QTLdffs-8 and QTLdffs-9 for days to 50% 

flowering) were identified under absolutely salinity stress environment at maturity stage of rice on 
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chromosome 7 and those were associated with salinity tolerance (Table 4.2.7.1.2). This result 

supports with the findings of Zhang et al. (1995) and Ding et al. (1998). Using the F2 population 

and 130 RFLP markers a major gene for salt tolerance was identified on chromosome no. 7 (Zhang 

et al., 1995).  Ding et al. (1998) also identified a gene associated with salt tolerance on chromosome 

7 by using an F2 population and Random Amplified Polymorphic DNA (RAPD) markers. 

 

In the present study, ten QTLs (located on chromosome 1), eight QTLs (located on 

chromosome 3), four QTLs (located on chromosome 4) and eleven QTLs (located on chromosome 

11) for different agronomic traits were identified under absolutely saline condition and those were 

linked with salinity tolerance (Table 4.2.7.1.2). This finding agrees with the study of Lee et al. 

(2006) and Ammar et al. (2007). Lee et al. (2006) who mapped two QTLs (qST1 and qST3) for salt 

tolerance trait at the young seedling stage of rice on chromosome 1 and 3, respectively by using 

recombinant inbred lines. Ammar et al. (2007) detected two QTLs (located on chromosome 1), one 

QTL (on chromosome 3), two QTLs (on chromosome 4) and one QTL (on chromosome 5) at 

seedling stage of rice by using Sequence Tagged Microsatellite sites (STMS) and F3 equivalent 

families. 

 

In the present work, for agronomic traits twenty eight common markers (RM115, RM136, 

RM111, RM469, RM287, RM441, RM473E, RM187, RM254, RM224, RM525, RM263, 

RM266, RM131, RM348, RM312, RM297, RM507, RM247, RM235, RM515, RM547, RM152, 

RM342A, RM258, RM234, RM440 and RM242) were obtained to regulate more than one QTL 

under normal condition, whereas, thirty eight common markers (RM441, RM254, RM473E, 

RM131, RM507, RM515, RM447, RM152, RM312, RM297, RM490, RM113, RM243, RM9, 

RM276, RM111, RM197, RM115, RM136, RM204, RM314, RM469, RM480, RM473B, 

RM110, RM263, RM168, RM426, RM7, RM234, RM445, RM235, RM511, RM519, RM242, 

RM314, RM553 and RM258) were found to regulate more than one QTL under saline condition. 

These markers were crucial as they controlled more than one QTL. Such kind of sharing of marker 

associated with QTL for different traits of rice and cotton was also observed by Masood et al. 

(2004) and Saeed et al. (2011), respectively. QTL for dry shoot weight, root weight and seedling 

survival days were observed at the same map location in rice (Masood et al., 2004). A common 

marker (NAU2540) was found to control QTL for osmotic adjustment (qtlOA-1) and seed cotton 

yield (qtlSC-1) in cotton (Saeed et al., 2011). 
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Among 118 QTLs detected for agronomic traits under normal condition, 11 QTLs, 28 QTLs 

and 79 QTLs were very highly significant (P<0.001), highly significant (P<0.01) and significant 

(P<0.05), respectively. As phenotypic variance explained (R2) value associated with QTLpfc-1 and 

QTLpfc-2 for panicle fertility, QTLdffn-1 and QTLdffc-2 for days to 50% flowering, QTLglc-1a, 

QTLglc-1b, for grain length, QTLtgwc-2, QTLtgwc-6, QTLtgwn-3, QTLtgwn-4 and QTLtgwc-6 

for thousand grain weight were quite high and very highly significant (P<0.001) so it is clear that 

those were major quantitative trait loci controlling respective agronomic traits under non-stress 

(normal) condition. 

 

Ninety three QTLs for different 18 agronomic traits were detected exclusively under saline 

condition and those QTLs were responsible for salt tolerance. Those QTLs and associated markers 

may be useful in Marker Assisted Selection (MAS) for the development of salt tolerant rice 

varieties. 

 

Considerable number of QTL i.e 17 QTLs under saline condition and 13 QTLs under normal 

condition for different agronomic traits were identified on chromosome 8. The QTLs detected under 

saline and normal conditions were enormously different and it revealed that QTLs for important 

agronomic traits associated with chromosome 8 were affected considerably by salt stress. This 

finding supports the study of Jiming et al. (2001). 

 

In the present study, among 140 QTLs detected for agronomic traits under saline condition, 

13 QTLs, 41 QTLs and 86 QTLs were very highly significant (P<0.001), highly significant 

(P<0.01) and significant (P<0.05), respectively. Excluding common 11 QTLs were very highly 

significant (P<0.001) and detected absolutely under saline condition. As phenotypic variance 

explained (R2) value associated with QTLpws-1, QTLpws-2, QTLpws-3, QTLpws-4, QTLpws-5, 

QTLpws-6 and QTLpws-1 for panicle weight, QTLugs-6 for number of unfilled grain per panicle, 

QTLngs-1 for number of unfilled grain per panicle, QTLdffs-1 for days to 50% flowering and 

QTLsys-1 for straw yield were quite high and very highly significant (P<0.001) so obviously those 

were major quantitative trait loci controlling respective agronomic traits under saline condition. 

These QTLs can be good candidates for MAS in molecular plant breeding programs aimed at 

developing salinity tolerance rice cultivars. 
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5.2.2 QTL identification for physiological traits 
 

Importance of physiological traits and other relevant studies in respect of salt tolerance has 

already been discussed in section 5.1.2. 

 

In the present study, K+ uptake and K+ uptake ratio showed positive correlation, whereas 

Na+ uptake, Na+ uptake ratio and uptake ratio of Na+/K+ showed negative correlation with grain 

yield under saline condition suggesting that lower uptake of Na+, higher uptake of K+ and lower 

uptake ratio of Na+/K+ were associated with comparatively higher grain yield under salinity stress 

environment and these traits should be given preference in respect of salt tolerance in indica rice 

(Table 4.2.3.4). 

 

Frequency distribution of the F2 populations for physiological traits showed that maximum 

number of rice varieties located on higher ranges of Na+ uptake, K+ uptake, total cations uptake, 

Na+ / K+ uptake, Na+ uptake ratio, K+ uptake ratio, Ca++ uptake ratio and total cations uptake 

ratio. It showed that rice plants were bound to uptake higher amount of Na+, K+ and Ca++ under 

salinity stress condition compared to control (Section 4.2.4).  

 

Soil salinity has negative effect on agricultural crop yields. Excess Na+ is toxic to plants so 

that sensitivity to salinity is universal for crop plant due to the abundance of Na+ in the soil (Zhang 

et al., 2010). The accumulation of excess salts has detrimental effects on crops which can result to 

nutritional disorders (Asch et al., 2000), ions toxicity and also osmotic stress (Zhu, 2001). Salinity 

tolerance of plant is a function of Na+ exclusion, tissue tolerance to Na+ and osmotic tolerance 

(Munns and Tester 2008) and it is dependent on varying extent on each of these three components, 

even within a single species (Rajendran et. al., 2009). Na+ toxicity is the major ion toxicity in 

salinity stress, results in the inhibition of different processes such as K+ absorption (Rains and 

Epstein 1965), vital enzyme reactions (Flowers and Lauchli, 1983; Murguía et al.,1995), protein 

synthesis (Hall and Flowers, 1973) and photosynthesis (Tsugane et al. 1999). In the present study as 

well, harmful effect of Na+ was found. Na+ uptake (r = -0.7082; P < 0.01), Na+ uptake ratio (r = -

0.6286; P < 0.05) and Na+/K+ uptake (r = -0.6133; P < 0.05) had significant negative correlation 

with grain yield under saline condition (r = -0.1797; P < 0.05) [Table 4.2.3.3]. So, Na+ uptake 

reduction is to be the most efficient approach for controlling Na+ accumulation in crop plants and 

thereby to improve their salt resistance (Zhang et al., 2010).  
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Growth traits like shoot height, fresh weight, dry weight and leaf area of rice seedlings were 

inhibited under saline condition. Na+ in salt-stressed tissues was rapidly accumulated, while K+ 

was quickly decreased and thus Na+/K+ ratio in salt-stressed leaves was increased, relating to salt 

concentrations (Cha-um et al. 2009). Similar result was obtained in the present study as well.  

Minimum, maximum and average Na+/K+ uptake of indica rice cultivars were 1.8615 mg/g, 4.8730 

mg/g and 3.2620 mg/g, respectively under normal condition, while under saline condition those 

were 1.8634 mg/g, 4.9287 mg/g and 3.4125mg/g, respectively (Table 4.1.3.1). It indicated that Na+/ 

K+ uptake of rice cultivars was increased under saline condition. Frequency distribution showed 

that maximum F2 populations exist on higher ranges of Na+/K+ uptake under salinity stress 

environment (Fig. 4.2.4.5). 
 

From the present study, it can be concluded that proper uptake of Na+, K+, Ca++ and 

Na+/K+ were essential in grain yield under salinity stress environment. Surplus Na+ was toxic for 

plants and might be a cause of lower yield. In contrast, higher uptake of K+ and Ca++ and lower 

ratio of Na+/K+ uptake might reduce the toxicity of Na+ and minimize the grain yield reduction 

under saline condition. 

 

In the present work, QTL for Na+ uptake (located on chromosome 1, 4, 5 and 9), K+ uptake 

(located on chromosome 4, 8, 11 and 12) and Na+/K+ uptake (located on chromosome 1, 4, 8, 9, 11 

and 12) were detected at maturity stage in rice under normal condition, whereas under saline 

condition QTL for Na+ uptake (located on chromosome 1, 4, 5, 6, 8 and 9), K+ uptake (located on 

chromosome 1, 4, 6, 8, 9, 10 and 11) and Na+/K+ uptake (located on chromosome 2, 4, 6, 9 and 12) 

were detected. It indicated that QTL for sodium and potassium uptake were linked with different 

chromosomes. QTLs identified under saline condition were associated with salt tolerance. This 

result supports the study of Ming-Zhe et al. (2005), Mikiko et al. (2001), Koyama et al. (2001) and 

(IRRI, 1997). Ming-Zhe et al. (2005) identified two QTLs for Na+/K+ uptake on chromosomes 2 

and 6 at seedling stage of rice. Mikiko et al. (2001) also detected QTL independently controlled 

sodium uptake, potassium uptake, and sodium/potassium uptake. Koyama et al. (2001) mapped the 

QTLs for Na+ uptake, K+ uptake and Na+/K+ uptake by using RFLP markers. Major QTLs were 

mapped on chromosome 6, 4, 1 and 9. It was also reported that major gene for salinity tolerance 

identified on chromosome 1 could be similar to the SalT gene of the rice Cornell map (IRRI, 1997).  
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In the present study, for physiological traits twenty five common markers (RM155, 

RM20A, RM247, RM201, RM242, RM257, RM20B, RM254, RM457, RM210, RM342A, 

RM42, RM515, RM216, RM225, RM276, RM469, RM243, RM297A, RM312, RM315, 

RM303, RM348, RM480 and RM530) were found to control more than one QTL under saline 

condition, whereas, under normal condition seventeen common markers (RM131, RM303, RM348, 

RM155, RM20A, RM225, RM276, RM254, RM457, RM284, RM42, RM342A, RM515, 

RM312, RM9, RM480 and RM530 were obtained. These markers were important as they regulate 

more than one QTL. This finding about sharing of marker associated with QTL for different traits 

supports the work of Masood et al. (2004) and Saeed et al. (2011) who found such kind of marker 

sharing in rice and cotton, respectively.  

 

Among 86 QTLs detected in the present study for physiological traits under normal 

condition, 3 QTLs, 20 QTLs and 63 QTLs were very highly significant (P<0.001), highly 

significant (P<0.01) and significant (P<0.05), respectively. Three QTLs were very highly 

significant (P<0.001) and detected on chromosome 10, 6 and 3 absolutely under saline condition. 

As phenotypic variance explained (R2) value associated with QTLcurn-1 for Ca++ uptake ratio, 

QTLtcurc-1 and QTLtcurn-6 for total cations uptake ratio were quite high and very highly 

significant (P<0.001) so evidently those were major quantitative trait loci controlling Ca++ uptake 

ratio and total cations uptake ratio under normal condition.  

 

In the present work, eighty QTLs were identified for 10 different physiological traits in 

indica rice at maturity stage exclusively under saline condition and those QTLs were liable for salt 

tolerance. Those QTLs and associated markers may be helpful in Marker Assisted Selection (MAS) 

intended for the development of salt tolerant rice varieties. 

 

In the present study, highest number of QTL i.e thirty seven QTLs including seventeen 

QTLs under saline condition and twenty QTLs under normal condition for physiological traits of 

rice at maturity stage were detected on chromosome 8. The QTLs identified under saline and 

normal conditions were massively different, suggesting that several QTLs for important 

physiological traits were affected significantly by salt stress. This finding supports the study of 

Jiming et al. (2001). 
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Among 103 QTLs detected for physiological traits under saline condition, 4 QTLs, 24 QTLs 

and 75 QTLs were very highly significant (P<0.001), highly significant (P<0.01) and significant 

(P<0.05), respectively. Four QTLs were very highly significant (P<0.001) and detected on 

chromosome 6, 8 and 11 absolutely under saline condition. As phenotypic variance explained (R2) 

value associated with QTLtcus-3 for total cation uptake, QTLsurc-1 for Na+ uptake ratio, QTLcurs-

1 for Ca++ uptake ratio and QTLursps-1 for uptake ratio of Na+/K+ were quite high and very 

highly significant (P<0.001) so definitely those were major quantitative trait loci controlling total 

cation uptake, Na+ uptake ratio, Ca++ uptake ratio and uptake ratio of Na+/K+under saline 

condition. This finding differs from the study of IRRI (1997), Koyama et al. (2001) and Gregorio et 

al. (2002) who detected major QTLs for physiological traits on chromosome 1 at seedling stage of 

rice indicating that those QTLs were new for maturity stage of rice and different from seedling 

stage.  

 
 
5.3 Common QTL identification for linkage mapping and association 
mapping 
 
 

As a new information in the present study, 8 common QTLs for linkage mapping (using 113 

F2 populations) and association mapping (using 24 different rice varieties) for different agronomic 

and physiological traits were detected at maturity stage in rice. Obviously these 8 QTLs were major 

for respective traits in rice as those QTLs were confirmed through both linkage mapping and 

association mapping. Among 8, two QTLs included QTLsus for Na+ uptake and QTLsurs for Na+ 

uptake ratio were identified on chromosome 1 (associated marker RM276) under absolutely saline 

condition and these two QTLs were related to salt tolerant trait. This finding partially supports the 

study of IRRI (1997), Koyama et al. (2001) and Gregorio et al. (2002) who detected major QTLs 

for physiological traits on chromosome 1 but on different loci. Being more important and major 

QTLs these two QTLs may be utilized for Marker Assisted Selection for the development of salt 

tolerant rice variety. 
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5.3 CONCLUSION 
 
 

All 18 agronomic traits and 10 physiological traits were statistically significant in respect of 

salt tolerance in indica rice. Almost all the studied traits were affected under salinity stress 

compared to control (normal condition). In total 533 SSR markers were used and 111 markers 

showed polymorphism. Those polymorphic SSR markers were used for genotyping the 113 F2 

populations and 24 rice cultivars in this research. Linkage maps which had 19 linkage groups linked 

with all 12 rice chromosomes were constructed showing 74 polymorphic markers position for QTL 

analysis through linkage mapping. 

 

 For the first time in the present study, using 113 F2 population (through linkage mapping), 

58 QTLs for different agronomic traits including 32 QTLs under normal condition and 26 QTLs 

under saline condition were detected at maturity stage of indica rice, and among them six QTLs 

were common for both normal and saline conditions. Twenty QTLs for 10 agronomic traits linked 

with all the rice chromosomes except chromosome 6, 9, 10 and 11 were detected in rice at maturity 

stage under exclusively saline condition. These 20 QTLs were important QTLs for agronomic traits 

in respect of salt tolerance in rice. 

 

In the present work under normal condition, six common markers including RM42, RM210 

RM310, RM473B, RM519 and RM424 were found to control more than one QTL, whereas under 

saline condition, five common markers including RM310, RM210, RM110, RM530 and RM261 

were observed. These markers were important as they controlled more than one QTL. 

 

Considering higher phenotypic variance explained (R2) value, two QTLs including 

QTLpwn-3 for panicle weight and QTLnsn-1 for number of spikelet/panicle were found as major 

quantitative trait loci under non-stress (normal) condition, while.six QTLs including QTLugs-2, 

QTLugs-3 and QTLugs-5 for number of unfilled grain/panicle, QTLgls-2 for grain length, QTLhis-

2 and QTLhis-3 for harvest index were found as major quantitative trait loci under salinity stress 

condition.  

  

For the first time, using 113 F2 population (through linkage mapping), 44 QTLs for different 

physiological traits including 32 QTLs under normal condition and 12 QTLs under saline condition 
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were detected at maturity stage of indica rice, and among them three QTLs were common for both 

saline and normal conditions. Nine QTLs linked with chromosome 1, 2, 6, 10 and 12 were detected 

in rice at maturity stage under exclusively saline condition. These 9 QTLs were crucial QTLs for 

physiological traits in respect of salt tolerance in rice. 

 

In the present work, under normal condition ten common markers (RM210, RM42, RM137, 

RM113, RM140, RM440, RM480, RM473B, RM7 and RM519) were found to regulate more than 

one QTL, whereas one common marker (RM276) was obtained under saline condition. These 

markers were imperative as they controlled more than one QTL. 

 

Considering higher phenotypic variance explained (R2) value, seven QTLs including 

QTLsun-4 and QTLsun-5 for Na+ uptake, QTLspuc-2 for Na+/K+ uptake, QTLsurn-3 for Na+ 

uptake ratio, QTLpurn-1 for K+ uptake ratio, QTLtcurn-2 for total cations uptake ratio and 

QTLurspn-2 for uptake ratio of Na+/K+  were found as major quantitative trait loci under non-stress 

(normal) condition, while three QTLs including QTLsus for Na+ uptake, QTLtcurs-2 for total 

cation uptake ratio and QTLursps for uptake ratio of Na+/K+ were found under salinity stress 

condition. 

  

For the first time, 258 QTLs for different agronomic traits including 118 QTLs under normal 

condition and 140 QTLs under saline condition were identified using 24 rice genotypes through 

association mapping, and among them 47 QTLs were common for both normal and saline 

condition. Ninety three QTLs for 18 agronomic traits were detected on all 12 rice chromosomes at 

maturity stage under absolutely saline condition. These 93 QTLs were important QTLs for 

agronomic traits in respect of salt tolerance in rice. 

 

Under normal condition twenty eight common markers including RM115, RM136, RM111, 

RM469, RM287, RM441, RM473E, RM187, RM254, RM224, RM525, RM263, RM266, 

RM131, RM348, RM312, RM297, RM507, RM247, RM235, RM515, RM547, RM152,  

RM342A, RM258, RM234, RM440 and RM242 were were found to regulate more than one QTL, 

whereas under saline condition thirty eight common markers including RM441, RM254, RM473E, 

RM131, RM507, RM515, RM447, RM152, RM312, RM297, RM490, RM113, RM243, RM9, 

RM276 , RM111, RM197, RM115, RM136, RM204, RM314, RM469, RM480, RM473B, 

RM110, RM263, RM168, RM426, RM7, RM234, RM445, RM235, RM511, RM519, RM242, 
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RM314, RM553, RM258 were obtained. These markers were crucial as they controlled more than 

one QTL 

 

Eleven QTLs including QTLpfc-1 and QTLpfc-2 for panicle fertility, QTLdffn-1 and 

QTLdffc-2 for days to 50% flowering, QTLglc-1a, QTLglc-1b for grain length, QTLtgwc-2, 

QTLtgwc-6, QTLtgwn-3, QTLtgwn-4 and QTLtgwc-6 for thousamd grain weight were found as 

major quantitative trait loci under non-stress condition ,whereas, eleven QTLs including QTLpws-1, 

QTLpws-2, QTLpws-3, QTLpws-4, QTLpws-5, QTLpws-6 and QTLpws-1 for panicle weight, 

QTLugs-6 for UG, QTLngs-1 for NG, QTLdffs-1 for days to 50% flowering and QTLsys-1 for 

straw yield were obtained under absolutely salinity stress condition because they had higher 

phenotypic variance explained (R2) value and were very highly significant (P<0.001).  

 

For the first time, using 24 rice varieties (through association mapping), 189 QTLs for 

different physiological traits including 86 QTLs under normal condition and 103 QTLs under saline 

condition.were identified at maturity stage of indica rice, and among them twenty three QTLs were 

common for both normal and saline conditions. Eighty QTLs for 10 physiological traits were 

identified in rice at maturity stage on all chromosomes except 7 under exclusively saline condition 

and these 80 QTLs were important QTLs for physiological traits as they are linked with salt 

tolerance in rice. 

 

Under normal condition seventeen common markers including RM131, RM303 RM348, 

RM155, RM20A, RM225, RM276, RM254, RM457, RM284, RM42, RM342A, RM515, 

RM312, RM9, RM480, and RM530 were found to control more than one QTL for physiological 

traits, whereas, under saline condition, twenty five common markers including RM155, RM20A, 

RM247, RM201, RM242, RM257, RM20B, RM254, RM457, RM210, RM342A, RM42, 

RM515, RM216, RM225, RM276, RM469, RM243, RM297A, RM312, RM315, RM303, 

RM348, RM480 and RM530 were obtained. These markers were decisive because of their 

controlling capability on more than one QTL. 

 

Three major QTLs including QTLcurn-1 for Ca++ uptake ratio, QTLtcurc-1 and QTLtcurn-

6 for total cation uptake ratio were detected under normal condition, whereas, four major QTLs 

including QTLtcus-3 for total cation uptake, QTLsurc-1 for Na+ uptake ratio, QTLcurs-1 for Ca++ 

uptake ratio and QTLursps-1 for uptake ratio of Na+/K+ were obtained for respective physiological 
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traits under absolutely salinity stress condition, and they had higher phenotypic variance explained 

(R2) value and were very highly significant (P<0.001).  

 

For the first time, 8 common QTLs for linkage mapping (using F2 population) and 

association mapping (using different rice cultivars) for different agronomic and physiological traits 

were detected at maturity stage of indica rice. Among 8 QTLs, one QTL for grain length (QTLgln-

2), one for grain width (QTLgwn-3), two for Na+ uptake ratio (QTLsurs and QTLsurn-3) and two 

for total cations uptake ratio (QTLtcurn-2 and  QTLtcurn-4) under normal condition, one QTL for 

Na+ uptake (QTLsus) and one for Na+ uptake ratio (QTLsurs) under saline condition. As those 

QTLs were confirmed through both linkage mapping and association mapping so these 8 QTLs 

were major QTLs for respective traits in rice. Two QTLs among 13 (QTLsus for Na+ uptake and 

QTLsurs for Na+ uptake ratio) were identified on chromosome 1 (associated marker RM276) under 

exclusively saline condition and these two major QTLs were associated with salt tolerant trait.  

 

All the above mentioned important and major QTLs and their associated markers can be 

good candidates for MAS in molecular plant breeding programs aimed at developing salinity 

tolerance rice cultivars. 
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7. APPENDIX 
 

 
(i) CTAB buffer: 
 
Two (2.0) g CTAB (Hexadecyl trimethyl-ammonium bromide), 10.0 ml 1 M Tris [pH 8.0], 

4.0 ml 0.5 M EDTA (EthylenediaminetetraAcetic acid Di-sodium salt) [pH 8.0], 28.0 ml 5 M NaCl, 

40.0 ml H2O, 1 g PVP 40 [polyvinyl pyrrolidone (vinylpyrrolidine homopolymer) Mw 40,000] were 

taken. Then pH was adjusted to 5.0 with 1N HCL and the volume was made up to 100 ml with 

dH2O. 

 

 
(ii) Required chemicals and buffer preparation for Polyacrylamide gel 

electrophoresis (PAGE): 
 
1 L of 30% polyacrylamide recipe: 
 

1. Two hundred and eighty five gram (285g) of acrylamide and 15 g of N,N'-

methylbisacrylamide was dissolve in 600ml of H2O (for 19:1).  Heating was required to 

dissolved the acrylamide.  

2. The volume was adjusted to 1L with H2O.  

3. The solution was sterilized by filtration (0.45 micron pore size).  

4. The pH was was checked and found 7.0 or less.  

5. The polyacrylamide solution was stored in dark bottles at room temperature.  

Polyacrylamide Gel preparation (9%): 
 
For 25 ml: 

1. 30% acrylamide + Bisacryl (without urea)- 7.5 ml 

2. 5X TBE buffer- 5 ml 

3. d H2O - 12.5 ml 

4. APS- 200-500 µl 

5. TEMED- 10 µl  
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10% APS:  

One hundred milligram (100 mg) ammonium persulfate was dissolved in 1 ml deionized water or 1 

g ammonium persulfate was dissolved in 10 ml deionized water. The solution was stored at 4° C.  

 

5X TBE buffer: 

1. Tris base- 54 g 

2. Boric acid- 27.5 g 

3. 0.5 M EDTA (PH: 8) - 20 ml 

4. Make the volume up to 1 L with d H2O (Approx. d H2O- 900 ml) 

 

1X TBE buffer: 

 

For preparing 1XTBE buffer, 5X TBE buffer was diluted 5 times. Two hundred (200) ml 5X TBE 

buffer was taken in a beaker and 800 ml deionized water was added to it. It was mixed thoroughly 

and 1XTBE buffer was prepared. 

 

Preparation of  Stock Solution of EDTA 

1)  For preparing 500 mL stock solution of 0.5 M EDTA, 93.06 g EDTA disodium salt (FW = 

372.24) was taken in a beaker and was dissolved in 400 mL deionized water.  

2) After that the pH was adjusted at 8.0 by using NaOH.  

3) The final volume of solution was made 500 mL.  

4) For preparing 1 L of EDTA stock solution 186.12 g EDTA was used. 

 
Preparation of  STR 3X loading solution 

For making 100ml of STR 3X loading solution, 0.2ml of 5M NaOH was taken in a beaker.Ninety 

five ml of formaldehyde was added and mixed properly. After that 50mg of bromphenol blue and 

50mg of xylencyanol were added. It was mixed and the final volume was made 100 ml by adding 

dH2O.  
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Composition of  6X DNA loading solution 

 10 mM Tris-HCl (pH 7.6) 

 0.03% bromophenol blue 

 0.03% xylene cyanol FF 

 60% glycerol 

 60% mM EDTA 

 
(iii) Required chemicals for silver staining: 
 
 

A. Fixation solution (500 ml): [Prepared Fresh] 
  
1. Pure ethanol- 50 ml 
2. Acetic acid- 25 ml 
3. d H2O- 425 ml 

 
B. Silver staining solution (500 ml): [Prepared Fresh] 
1. AgNO3- 0.5g 
2. d H2O - 500 ml 
 
C. Developer solution (500 ml): [Prepared Fresh] 
1. NaOH- 7.5 g 
2. d H2O - 500 ml 
3. Formaldehyde- 5 ml (Just before use) 

 
 


