Interactive Epistatic QTLs Mapping for Morpho-Physiological Traits Influencing the Salinity Tolerance at Seedling Stage in Rice


Abstract
Salinity limits rice establishment and productivity, particularly during early growth. This study investigated pairwise epistatic quantitative trait loci (QTLs) associated with seven morpho-physiological responses to salt stress at the seedling stage in rice. A mapping population comprising 234 F₂ individuals derived from MTU 1061 (salt-tolerant) × MTU 1121 (salt-susceptible) was genotyped using 104 polymorphic simple sequence repeat (SSR) markers. Their F₂:₃ progenies and the parental cultivars were evaluated in a hydroponic screening system with salinity increased from an electrical conductivity of 6 to 12 dS m⁻¹. Salt injury score, shoot sodium and potassium concentrations, shoot Na⁺/K⁺ ratio, shoot length, root length and shoot dry weight were recorded. A linkage map covering 12 rice chromosomes spanned 2,956.12 cM. Interval mapping for epistatic interactions (IM-EPI) identified 257 QTL pairs across these seven traits: 32 for salt injury score, 21 for shoot Na⁺ concentration, 15 for shoot K⁺ concentration, 52 for the shoot Na⁺/K⁺ ratio, 60 for shoot length, 72 for root length and 5 for shoot dry weight. The distribution of interactions across traits suggests that pairwise genetic effects contribute to variation in seedling responses to salinity. The mapped regions provide a basis for further examination of the genetic architecture of seedling-stage salt tolerance, although their utility for marker-assisted selection requires validation.
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1. Introduction
	In Asia and Africa, rice (Oryza sativa L.) is an essential staple food crop for half of the world's population (3.5 billion people). The world's population is expected to reach 9.6 billion by 2050 (Haque et al., 2021). Hence, there is an urgent need to increase rice production and cultivation to meet growing global food requirements. This objective must be achieved in the face of increasing environmental stresses such as excessive salinity, drought, heat and cold. Many studies have reported that salt stress is one of the major abiotic stresses affecting crops, particularly rice, by inhibiting crop development, growth and ultimately yield (Shahid et al., 2018). Salinity is an important factor that adversely affects both the quality and quantity of agricultural production. Around 20% of irrigated cultivated land is affected by salinity, with Asia alone accounting for 21.5 million hectares. In India, salinity has affected 8.6 million hectares of land, in addition to 3.4 million hectares of sodic soils (Reddy et al., 2025).
	Salinity impedes plant growth in three ways: through nutritional disruption, osmotic stress and ion toxicity, mainly involving Na+ and Cl− (Aref & Rad, 2012). Where soil salinity exceeds an EC of 4 dS m–1, rice productivity is < 1.5 t ha–1. Rice production decreases by up to 1 t ha–1 for each unit increase in irrigation water EC above 2 dS m–1, whereas normal rice varietal yield is 8 t ha–1 when irrigation water EC is below 2 dS m–1 (Reddy et al., 2017). Yield reductions of 50% have been observed in rice under salinity stress at an electrical conductivity (EC) of 6 dS m−1 (Pruthi et al., 2023). In coastal saline areas, significant improvements in rice production have been achieved through the cultivation of salt-tolerant rice varieties (Chattopadhyay et al., 2020). However, the salt tolerance of rice varieties varies considerably depending on the crop growth stage at which exposure occurs. Rice plants differ in their susceptibility to salinity across growth stages, with greater sensitivity recorded at the seedling (germination) and reproductive stages; they also exhibit complex physiological mechanisms of adaptation to salt stress (Lutambi et al., 2026).

 	According to Amoah et al. (2020), salinity stress is particularly problematic for rice production when it occurs at the early seedling and reproductive stages. During salinity stress at the early seedling stage, the quantum yield of PSII and dry matter decrease notably, while sodium concentrations in shoot, stem and root tissues increase notably. However, salt-tolerance mechanisms in rice plants at the early seedling stage include vacuolar salt compartmentation, ion compartmentalisation, responsive stomata, salt exclusion and antioxidant upregulation (Lutambi et al., 2026). Rice growth may be constrained by both the osmotic and ionic components of salinity stress (Munns & Tester, 2008). Recent field-based screening of rice germplasm under saline conditions has assessed seedling-stage salinity scores and shoot Na⁺/K⁺ ratios alongside agronomic traits (Rao et al., 2026).
	Several strategies have been applied to reduce the effects of salinity stress on rice production. Among these, soil and water management practices are important, but they have not been successful in achieving higher grain yields. Numerous researchers have adopted the use of physiological principles (ion homeostasis, osmotic adjustment and antioxidant defence) to screen for salinity tolerance. In plant breeding programmes, physiological attributes that contribute to salinity tolerance are selected and combined to develop highly salt-tolerant varieties. However, despite the application of this strategy, no salinity-tolerant cultivars have been developed and released to date (Puram et al., 2017). Traditional breeding methods for salinity tolerance have also been found to be unsuccessful because of strong environmental effects on genotypic expression and the low narrow-sense heritability of salinity tolerance. Furthermore, a lack of precise, reliable and rapid screening methods under natural environmental conditions has contributed to the limited success in developing salt-tolerant varieties (Vijaya Durga et al., 2025). Recent QTL-seq, genome-wide association and linkage studies have identified genomic regions associated with seedling-stage responses to salinity in rice (Khunsanit et al., 2024; Xu et al., 2024).
	 All these techniques have their own advantages and limitations; therefore, appropriate techniques must be selected according to the circumstances to reduce losses (Aliyu et al., 2011). Although credible sources of tolerance are available, breeders have achieved only limited success in incorporating tolerance into desired genetic backgrounds. This is mainly due to the genetically complex nature of tolerance, a lack of precise selection or screening techniques, and the transfer of unfavourable traits through linkage drag in recombinants. Developing genetically improved salt-tolerant varieties remains a major objective of rice breeding programmes. A recent meta-QTL analysis has also consolidated genomic regions associated with salinity tolerance, including regions implicated in ion homeostasis (Mirdar Mansuri et al., 2026). In the MTU 1061 × MTU 1121 mapping population, QTLs associated with several seedling-stage salinity-response traits have been reported using inclusive composite interval mapping (Vijaya Durga et al., 2026). Nevertheless, the contribution of pairwise epistatic interactions to the seedling-stage morpho-physiological traits examined in this genetic background warrants further investigation.
With this in view, the present research was undertaken to (i) assess the performance of the F2 population derived from MTU 1061 and MTU 1121 in relation to salinity-tolerance epistatic QTLs at the seedling stage under salt-stress conditions; (ii) understand the effects of epistatic QTLs associated with salinity tolerance; and (iii) identify promising salt-tolerant lines in the F2 population with high yield under salt stress.
2. Materials and Methods  
2.1 Choice of Parents
	MTU 1061 is a highly salt-tolerant variety at the seedling stage. It originates from Maruteru, India, and traditionally has a semi-dwarf stature and a long duration (150-155 days). It is also suitable for both kharif and rabi seasons. It is photoperiod-insensitive and has medium-slender grains. MTU 1121 is a high-yielding, medium-duration rice variety derived from a cross between BPT 5204 and MTU BB 8-24. MTU 1121 has (i) medium stature (95–100 cm); (ii) medium-slender grains with translucent kernels; and (iii) susceptibility to salinity at the seedling stage.
2.2 Construction of the Mapping Population 
	A mapping population of 234 F2 individuals was developed from a cross between MTU 1061 (tolerant) and MTU 1121 (susceptible). The F1 hybrids were grown and verified as true hybrids through phenotypic comparison with both parents. They were then self-fertilised to produce F2 seeds, which were subsequently used to construct the mapping population. Each genotype in the F2 mapping population was genetically distinct.
2.3 Phenotypic Evaluation of the F2:3 Population at Seedling Stage
2.3a. Hydroponic Experiment used for Screening of Salinity Tolerance at Seedling Stage
	To screen MTU 1061, MTU 1121 and the 234 F2:3 lines for salt tolerance at the seedling stage, a hydroponic experiment was conducted at the Regional Agricultural Research Station, Maruteru, following the IRRI standard protocol described by Gregorio et al. (1997) (Supplementary Figure. 1). Seeds were heat-treated at 48 0C for 5 days to break dormancy. Thereafter, seeds of the parents (MTU 1061 and MTU 1121), together with those of the 234 F2:3 lines, were placed in Petri dishes containing moistened paper towels for germination. The initially germinated seeds were then transferred to modified Yoshida nutrient solution (Yoshida et al., 1976). The seedlings were exposed initially to salinity stress at EC = 6 dS m⁻¹ for 8 days, followed by an increase to EC = 12 dS m⁻¹ after the 8-day treatment at 6 dS m⁻¹ to reduce immediate shock. Selected individual plants were scored at 10 and 16 days after the initiation of salinisation, according to the Standard Evaluation System (SES) of IRRI (1996), as shown in Table 1. All 234 F2:3 lines were scored and monitored on the basis of visual symptoms of salinity damage. Morphological traits, including root length and shoot length, were measured for all F2:3 lines and both parents (MTU 1061 and MTU 1121). After the screening experiment, shoot samples were oven-dried at 60°C for three days, and shoot dry weights were recorded. One gram of powdered shoot tissue was digested with a diacid mixture of nitric acid (HNO₃) and perchloric acid (HClO₄) in a 9:4 ratio at 50-55 0C for 3 hours in a heating block to determine potassium (K⁺) and sodium (Na⁺) concentrations. Na⁺ and K⁺ ion concentrations in shoot samples were determined using a flame photometer. Standard curves were prepared using different dilutions, and the final concentrations of Na⁺ and K⁺ in the shoot tissues were subsequently calculated.
Table 1.	Standard evaluation score (SES) of visual salt injury at seedling stage
	Score
	Observation
	Tolerance

	1
	Normal growth, no leaf symptoms
	Highly tolerant

	3
	Nearly normal growth, but leaf tips or few leaves whitish and rolled
	Tolerant

	5
	Growth severely retarded, most leaves rolled; only a few are elongating
	Moderately Tolerant

	7
	Complete cessation of growth; most leaves dry; some plants drying
	Susceptible

	9
	Almost all plants dead or dying
	Highly susceptible



2.4 Using SSR Markers for Genotyping of F2 Population 
	Fresh leaf tissue was collected from each of the 234 F2 lines, together with the parents (MTU 1061 and MTU 1121), 28 days after planting. Genomic DNA was extracted using the CTAB method (Chen & Ronald, 1999). DNA quality was estimated in samples from the 234 F2 lines and their parents using eight-channel spectrophotometers (Nanodrop Technologies, U.S.A). For PCR amplification, the DNA concentration of each sample was adjusted to a final concentration of 20 ng/µL. Polymorphic SSR markers were used to genotype the F2 population. The PCR reactions were carried out using 2.5 l of 20 ng template DNA, 1l each of 10 pmol primer (both forward and reverse primer), 1 µL of 10 X buffer containing 25 mM MgCl2, 0.5 l of 2.5 mM dNTPs mix, 1 l of 1 U/l Taq DNA polymerase (Banglore Genei Private Limited, Bangalore) and 3 l of sterile millipore water was added to make up the volume to 10 l. PCR amplification was performed with an initial denaturation at 94 0C for 7 min, at 94 0C of 45s for 35 cycles, 550C for 45s, 720C for 1min and for 7min at 72°C of final extension. The PCR-amplified products were resolved on 3% polyacrylamide gels and the gels were documented using a gel documentation system (SYNGENE Gene flash U.K.). The alleles of each of the 234 F2 lines were scored based on the parental (MTU 1061 and MTU 1121) banding pattern.
2.5 Construction of Linkage Map and QTL Detection
www.gramene.org	Linkage maps were constructed using genotypic data from the F2 lines and the Kosambi mapping function for linkage-map construction in biparental populations (MAP) in ICIM version 4.1 (Meng et al., 2015). The physical positions of the SSR markers were obtained from Gramene (www.gramene.org). Linkage between QTLs and markers was determined using a statistical test based on logarithm of odds (LOD) scores. The mapping method, i.e., Interval Mapping for Epistatic Mapping (IM-EPI), in ICIM version 4.1 software was applied to identify QTLs at an LOD threshold of 2.0. QTL effects and positions were estimated. On the basis of physiological and morphological traits, the presence of QTLs and stress indices, F2 lines with high salt tolerance were selected.
3. Results and Discussion 
3.1 Phenotypic Response of the F2:3 Population and Parents at Seedling Stage   
Under Salinity Stress
	The F2:3 population and both parents (MTU 1061 and MTU 1121) showed considerable variation in all morpho-physiological traits under salinity stress (EC 12 dSm−1). The donor parent (MTU 1061) recorded higher values for shoot Na+ concentration (27.02 ppm), shoot K+ concentration (14.91 ppm), shoot length (21.86 cm), root length (12.11 cm) and shoot dry weight (1.860 g) than the recipient parent (MTU 1121). In the F2:3 population, salt injury scores ranged from 1 (F2:3 496) to 9 (F2:3 16, 21, 40, 108, 163, 207 and 355); shoot Na+ concentrations ranged from 11.39 ppm (F2:3 33) to 40.00 ppm (F2:3 40); shoot K+ concentrations ranged from 4.52 ppm (F2:3 224) to 17.94 ppm (F2:3 367); Na+/K+ ratios ranged from 1.50 (F2:3 367) to 4.97 (F2:3 133 and 162); shoot lengths ranged from 6.58 cm (F2:3 50) to 30.59 cm (F2:3 257); root lengths ranged from 6.42 cm (F2:3 108) to 19.00 cm (F2:3 66); and shoot dry weights ranged from 0.070 g (F2:3 16) to 2.310 g (F2:3 257) (Supplementary Table. 1). These results are consistent with those reported by Puram et al. (2018), Amoah et al. (2020) and Le et al. (2021).
3.2 Correlations among Morpho-Physiological Traits at Seedling Stage Under 
Salinity Stress
	The correlation coefficient matrix (Table 2) revealed significant negative correlations between SIS and shoot K+ concentration, shoot length, root length and shoot dry weight, whereas SIS was significantly and positively correlated with shoot Na+ concentration and NaK. Shoot Na+ concentration was negatively correlated with shoot length, root length and shoot dry weight. In contrast, shoot K+ concentration was positively correlated with shoot length, root length and shoot dry weight. The correlations of Na/K with shoot length, root length and shoot dry weight were negative and significant. The correlations between shoot length and root length and between shoot length and shoot dry weight were positive and significant. Root length was positively correlated with shoot dry weight. Similar findings were reported by Batayeva et al. (2018), Jahan et al. (2020) and Chen et al. (2024).
Table 2.	Pearson correlation matrix of morpho-physiological traits of F2:3 population under salt stress (EC @ 12 dSm-1) at seedling stage
	
	SIS
	Na+
	K+
	NaK
	SHL
	RTL
	DWT

	SIS
	1
	
	
	
	
	
	

	Na+
	0.576**
	1
	
	
	
	
	

	K+
	-0.574**
	0.195**
	1
	
	
	
	

	NaK
	0.860**
	0.634**
	-0.601**
	1
	
	
	

	SHL
	-0.670**
	-0.425**
	0.437**
	-0.696**
	1
	
	

	RTL
	-0.584**
	-0.410**
	0.321**
	-0.586**
	0.704**
	1
	

	DWT
	-0.598**
	-0.309**
	0.389**
	-0.546**
	0.657**
	0.438**
	1


SIS, salt injury score; Na+, shoot sodium concentration; K+, shoot potassium concentration; NaK, ratio of the shoot sodium and shoot potassium concentration; SHL, shoot length; RTL, root length; DWT, shoot dry weight.

** Significant at 0.05 (two tail)
3.3 Using Polymorphic Markers for Development of Linkage Map 
www.gramene.org	A total of 104 polymorphic SSR markers were used to genotype the 234 F2 individuals and both parents, MTU 1061 (tolerant) and MTU 1121 (susceptible), and to construct a linkage map across the 12 rice chromosomes (Fig. 1). Sock et al. (2025) constructed a linkage map using 4,684 polymorphic single nucleotide polymorphism (SNP) markers, with a map length of 1630.32 cM. The physical positions of SSR markers used for linkage-map construction were obtained from Gramene (www.gramene.org). Genotypic data from the 104 SSR markers covered all 12 rice chromosomes, spanning a total length of 2956 cM (Table 3 and Supplementary Fig. 2). The length of the linkage map varied among chromosomes according to the number of SSR markers used in each linkage group.
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Fig.1. Parental polymorphism between MTU 1061 and MTU 1121 using molecular markers




Table 3.	Chromosome wise no. of markers used and genome coverage of linkage map
	S. No.
	Chromosome
	No. of markers used
	Length (cM)

	1
	1
	8
	276.67

	2
	2
	11
	284.17

	3
	3
	11
	326.49

	4
	4
	10
	253.42

	5
	5
	8
	154.23

	6
	6
	7
	315.22

	7
	7
	10
	246.53

	8
	8
	8
	286.51

	9
	9
	10
	257.69

	10
	10
	7
	186.90

	11
	11
	6
	111.27

	12
	12
	8
	257.02

	
	Whole Genome
	104
	2956.12



3.4 Interactive Epistatic QTL Mapping for Salinity Tolerance Traits related to Seedling Stage 
	QTL IciMapping V.4.1 software was used for QTL mapping in the F2:3 population and the two parents (Meng et al., 2015). Genomic regions were detected using Interval Mapping for Epistatic Mapping (IM-EPI) at an LOD threshold of 2.0. A total of 257 pairs of interactive epistatic QTLs were mapped in the F2:3 population at the seedling stage, based on phenotypic data for seven salinity-tolerance traits, viz., salt injury score (16 Days), shoot Na+ concentration (ppm), shoot K+ concentration (ppm), Na+/K+, shoot length (cm), root length (cm) and shoot dry weight (g) (Supplementary Table 2 and Fig. 2). Similar findings were reported by Chattopadhyay et al. (2020), who mapped 500 digenic epistatic QTLs using a backcross-derived population from the susceptible genotype IR64 and the tolerant genotype Pokkali (AC41585).
(a). Salt Injury Score (16 Days)
	Thirty-two pairs of epistatic QTLs were mapped for salt injury score in which MTU 1121 alleles increased the trait mean in 40 QTLs, while MTU 1061 alleles increased it in the remaining QTLs. On chromosome 7, one epistatic QTL was co-localised with 7 additive QTLs in the marker interval between RM22168 and RM22171, as detected by IM and ICIM. One epistatic QTL qSIS-4-1 was co-localised with two additive QTLs qSIS-4-1 and qSIS-4-2 detected by IM and ICIM on chromosome 4. Among the other epistatic QTLs, qSIS-8-2 was co-localised with additive QTLs qSIS-8-1, qSIS-8-2, qSIS-8-3 and qSIS-8-4, and qSIS-11-1 was co-localised with qSIS-11-2 on chromosome 11. Puram et al. (2017) identified 10 pairs of epistatic QTLs for seedling salt injury score, with phenotypic variance ranging from 1% to 5%, and reported that one epistatic QTL, qSIS5.3, was co-localised with the additive QTL qSIS5.1 on chromosome 5.
 (b) Shoot Na+ Concentration (ppm)
 	For shoot Na+ concentration, 21 pairs of epistatic QTLs were identified. These were located on chromosome 1 (qNa-1-1, qNa-1-2, qNa-1-3, qNa-1-4 and qNa-1-4), on chromosome 2 (epistatic QTLs, viz., qNa-2-1, qNa-2-2,  and  additive QTL qNa-2-2), on chromosome 3 (epistatic QTLs qNa-3-1, qNa-3-2,  and  additive QTLs qNa-3-3, qNa-3-4),  on chromosome 4 (epistatic QTLs qNa-4-1, qNa-4-2,  and  additive QTL qNa-4-3), on chromosome 5 (epistatic QTLs qNa-5-1, qNa-5-2, qNa-5-3  and  additive QTL qNa-5-1),  on chromosome 6 (epistatic QTLs qNa-6-2, qNa-6-3,  and  additive QTLs qNa-6-1, qNa-6-4, qNa-6-5, qNa-6-6),  on chromosome 7 (epistatic QTLs qNa-7-2, qNa-7-3,  and  additive QTLs qNa-7-1, qNa-7-4),  on chromosome 8 (epistatic QTLs qNa-8-1, qNa-8-2,  and  additive QTLs qNa-8-3, qNa-8-4),  on chromosome 9 (additive QTLs qNa-9-1, qNa-9-2, and qNa-9-3), on chromosome 10 (epistatic QTL qNa-10-1, and  additive QTL qNa-10-2), on chromosome 11 (additive QTL qNa-11-1), and on chromosome 12 (additive QTLs qNa-12-1, qNa-12-2, and qNa-12-3). These results are consistent with those of Maniruzzaman et al. (2022), who mapped 43 significant pairwise epistatic QTLs using an F2:3 mapping population derived from a cross between BRRI dhan49 (salinity-sensitive) and Akundi (salt-tolerant) under salt stress in rice.
(c)  Shoot K+ Concentration (ppm) 
 	Shoot K+ concentration at the seedling stage under high salinity stress (EC @ 12 dSm-1) was associated with fifteen pairs of epistatic QTLs (qK-1-1, qK-1-2, qK-1-2,  qK-1-3, qK-1-4,  qK-3-1, qK-3-2, qK-3-3, qK-4-1, qK-4-1, qK-4-2, qK-4-3, qK-6-1, qK-6-2, qK-6-3,  qK-6-4,  qK-7-1, qK-7-2, qK-7-3, qK-8-1, qK-8-2, qK-8-3, qK-8-4, qK-9-1, qK-9-2, qK-10-1, qK-10-2, qK-11-1, qK-12-1 and qK-12-2) located on chromosomes 1, 3, 4, 6, 7, 8, 9, 10, 11 and 12 with phenotypic variance ranging from 0.72 to 2.79. In a study by Majumder et al. (2021), twenty digenic epistatic interactions were identified among low-yielding pyramided lines in the IR64-Sub1 background. On chromosome 6, a total of 5 digenic epistatic interactions were mapped in the marker interval between RM133 and RM587 using Graphical Genotype (GGT v 2.0) software.
 (d) Na+/K+
	The ratio of shoot Na+ to K+ is important for determining salt tolerance. Out of the 52 pairs of epistatic QTLs, 12, 8, 7, 9, 5, 9, 5, 11, 10, 13, 11, and 4 epistatic QTLs were mapped on chromosomes 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 and 12 respectively. Fifty-eight of the one hundred and four favourable epistatic QTL alleles were contributed by MTU 1061, while forty-six were contributed by MTU 1121. Three epistatic QTLs (qNaK-8-1, qNaK-8-2 and qNaK-8-3) were co-localised with three additive QTLs (qNaK-8-2, qNaK-8-4 and qNaK-8-4) on chromosome 8 between RM3395 and RM404, as detected by IM and ICIM. Zhang et al. (2023) reported 26 epistatic QTLs for relative germination potential (RGP) using the IIIVmrMLM method to detect epistatic QTNs (quantitative trait nucleotides) at an LOD threshold of 3.0, based on 736 accessions from the 3,000 Rice Genomes Project (3KRG) under saline-alkali stress in rice.
 (e) Shoot length (cm) 
	Interval mapping for epistatic QTLs detected 60 pairs of significant QTLs for shoot length. Out of 120 epistatic QTLs, MTU 1061 and MTU 1121 alleles had increasing effects at 60 and 60 epistatic QTLs, respectively. Three epistatic QTLs, qSHL-10-4, qSHL-10-6 and qSHL-10-7, were co-localised with additive QTLs qSHL-10-1, qSHL-10-2, qSHL-10-3, qSHL-10-3, qSHL-10-4, qSHL-10-4, qSHL-10-4, qSHL-10-5, qSHL-10-8, and qSHL-10-9 on chromosome 10 between RM 25519 and RM 6100. The other two epistatic QTLs were co-localised with eleven additive QTLs on chromosome 11 between RM 286 and RM 26245. Sampath et al. (2022) reported 453 epistatic QTLs associated with agronomic traits in rice backcross inbred lines, and four grain-shattering QTLs were co-localised with 24 epistatic QTLs using QTL IciMapping v4.2 software.
 (f) Root length (cm) 
	A total of 72 pairs of epistatic QTLs were identified for root length under salt stress using interval mapping of epistatic QTLs on chromosomes 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, and 12. All QTLs had minor effects, with LOD scores ranging from 5.59 to 12.83 and phenotypic variance ranging from 1% to 2%. Of the 72 pairs of epistatic QTLs, 72 individual QTLs had increasing alleles from MTU 1121, while 72 had increasing alleles from MTU 1061. Seven epistatic QTLs were co-localised with two additive QTLs on chromosome 4. Among other epistatic QTLs, five epistatic QTLs were co-localized with five additive QTLs on chromosome 5 between RM 437 and RM 169, and five epistatic QTLs were co-localised with five additive QTLs on chromosome 7 between RM 22168 and RM 22171, and two epistatic QTLs were co-localised with five additive QTLs on chromosome 9 between RM 23679 and RM 23865. Yadav et al. (2019) reported a total of 16 digenic interactions under drought stress in rice using low-yielding NILs in the IR64 background. Of these sixteen digenic interactions, they identified 6 interactions between drought grain yield QTLs (qDTY2.2, qDTY2.3 and qDTY3.2).
 (g) Shoot dry weight (g) 
	Ten epistatic QTLs were identified, viz., qDWT-1-1 on chromosome 1, qDWT-2-1 on chromosome 2, qDWT-3-1 and qDWT-3-2 on chromosome 3, qDWT-4-1 and qDWT-4-2 on chromosome 4, qDWT-6-1, qDWT-6-2 and qDWT-6-3 on chromosome 6 and qDWT-8-1 on chromosome 8. Of the five pairs of epistatic QTLs, two pairs had increasing alleles from MTU 1061, while the remaining three had increasing alleles from MTU 1121. One epistatic QTL, qDWT-8-1, with a phenotypic variance of 6.80%, was located on chromosome 8 between RM1235 and RM RM310. Rahman et al. (2017) mapped forty-nine epistatic QTLs across 12 chromosomes for shoot length (SL), overall phenotypic performance (SES score), shoot dry weight (DWsht) and shoot fresh weight (FWsht) under salinity stress in rice.
4. Conclusion
The present investigation evaluated seedling-stage salinity responses in the MTU 1061 × MTU 1121 mapping population and examined epistatic QTL interactions associated with seven morpho-physiological traits. The 234 F₂ individuals were genotyped with 104 polymorphic SSR markers, and their F₂:₃ progenies were screened under hydroponic salt stress. The analysis identified 257 pairs of epistatic QTLs, with the highest numbers associated with root length (72 pairs), shoot length (60 pairs) and the shoot Na⁺/K⁺ ratio (52 pairs). Additional interactions were detected for salt injury score, shoot Na⁺ concentration, shoot K⁺ concentration and shoot dry weight. These results indicate that interactions between genomic regions are associated with variation in seedling-stage responses to salinity in this biparental population. The co-localisation of some epistatic and additive QTLs also provides candidate genomic regions for further investigation. Together, the findings contribute to the characterisation of the genetic basis of seedling-stage salt tolerance in rice. Verification of these associations in additional genetic materials and cultivation conditions will be important before considering their application in marker-assisted breeding.
Limitations 
The findings relate to one biparental rice population evaluated at the seedling stage under a defined hydroponic salinity regime. Accordingly, the identified QTL interactions should be interpreted within this genetic background and experimental setting. Their genomic resolution is constrained by the 104 SSR markers used for linkage mapping. Co-localisation of epistatic and additive QTLs does not, by itself, establish causal relationships. Further validation across genetic backgrounds and cultivation environments would be necessary to assess the stability and potential breeding value of the detected interactions.
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Fig. 2.	Epistatic QTLs for seven traits related to seedling stage salinity tolerance in the F2:3 population of Indra developed in Sri Druthi background. Epistatic interacting QTLs were detected by Interval Mapping for Epistatic Mapping (IM-EPI) using QTL IciMapping software V. 4.1.
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Supplementary Fig.1. Phenotyping of F2:3 population for salinity tolerance at seedling stage
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	Supplementary Figure.2. Linkage map constructed by IciMapping software V. 4.1 using 104 polymorphic SSR Markers
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Table 4.3 (cont.).
)Supplementary Table 1.  Screening of 234 F2:3 population along with the parents for salinity tolerance at seedling stage
	S.No.
	F2:3 lines
	SIS
(16th day)
	Shoot Na+ Concentration (ppm)
	Shoot K+ Concentration (ppm)
	Na+/K+
Ratio
	Shoot Length (cm)
	Root Length (cm)
	Shoot Dry weight (g)

	1
	F2:3 1
	7
	28.11
	8.58
	3.27
	18.38
	12.47
	1.020

	2
	F2:3 2
	3
	19.13
	11.56
	1.65
	24.90
	15.75
	1.290

	3
	F2:3 3
	7
	26.40
	10.13
	2.60
	16.28
	8.07
	0.800

	4
	F2:3 4
	5
	27.57
	11.98
	2.30
	23.06
	14.59
	1.240

	5
	F2:3 6
	3
	24.53
	14.15
	1.73
	26.44
	14.58
	1.350

	6
	F2:3 7
	3
	26.88
	15.35
	1.75
	24.48
	12.50
	1.600

	7
	F2:3 8
	3
	15.26
	9.40
	1.62
	25.85
	16.05
	1.360

	8
	F2:3 9
	7
	36.29
	12.77
	2.84
	21.30
	9.15
	1.520

	9
	F2:3 11
	7
	23.30
	7.04
	3.30
	15.63
	8.67
	0.670

	10
	F2:3 12
	7
	35.16
	9.12
	3.85
	18.58
	15.43
	0.800

	11
	F2:3 13
	3
	26.09
	14.68
	1.77
	24.70
	14.05
	1.490

	12
	F2:3 14
	3
	27.07
	15.01
	1.80
	25.23
	15.20
	1.390

	13
	F2:3 15
	5
	22.67
	11.07
	2.04
	23.49
	13.00
	1.130

	14
	F2:3 16
	9
	36.43
	7.60
	4.79
	7.27
	6.90
	0.070

	15
	F2:3 17
	3
	15.49
	9.09
	1.70
	24.37
	15.80
	1.280

	16
	F2:3 18
	5
	23.00
	10.10
	2.27
	20.77
	14.59
	0.720

	17
	F2:3 19
	5
	25.25
	12.15
	2.07
	25.85
	15.52
	1.300

	18
	F2:3 20
	5
	21.05
	10.14
	2.07
	24.85
	12.73
	1.220

	19
	F2:3 21
	9
	34.63
	7.00
	4.94
	13.80
	8.34
	0.580

	20
	F2:3 22
	5
	23.52
	11.12
	2.11
	21.82
	12.57
	1.090

	21
	F2:3 23
	7
	35.32
	10.16
	3.47
	20.99
	12.91
	0.590

	22
	F2:3 24
	5
	33.51
	14.49
	2.31
	23.75
	12.28
	1.230

	23
	F2:3 25
	5
	25.36
	12.09
	2.09
	25.27
	14.62
	1.470

	24
	F2:3 27
	5
	30.85
	13.18
	2.34
	24.30
	14.49
	1.410

	25
	F2:3 29
	5
	20.90
	9.75
	2.14
	20.42
	13.17
	0.710
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)
	S. No.
	F2:3 lines
	SIS
(16th day)
	Shoot Na+ Concentration (ppm)
	Shoot K+ Concentration (ppm)
	Na+/K+
Ratio
	Shoot Length (cm)
	Root Length (cm)
	Shoot Dry weight (g)

	26
	F2:3 30
	5
	26.45
	12.08
	2.18
	22.66
	14.91
	0.880

	27
	F2:3 31
	5
	30.10
	12.13
	2.48
	23.01
	18.53
	0.970

	28
	F2:3 32
	5
	24.61
	11.59
	2.12
	24.18
	15.67
	1.020

	29
	F2:3 33
	3
	11.39
	7.07
	1.61
	24.50
	13.73
	1.170

	30
	F2:3 34
	7
	37.61
	7.59
	4.95
	13.82
	8.64
	0.640

	31
	F2:3 36
	3
	13.74
	8.09
	1.69
	22.03
	11.87
	1.160

	32
	F2:3 37
	7
	35.06
	8.08
	4.33
	15.57
	11.31
	0.970

	33
	F2:3 38
	5
	15.61
	7.30
	2.13
	27.51
	14.84
	1.570

	34
	F2:3 39
	5
	28.52
	12.99
	2.19
	21.24
	11.61
	0.920

	35
	F2:3 40
	9
	40.00
	8.00
	5.00
	13.61
	8.76
	0.440

	36
	F2:3 41
	5
	19.86
	7.99
	2.48
	21.57
	15.16
	1.050

	37
	F2:3 42
	7
	33.29
	7.59
	4.38
	17.58
	11.40
	0.520

	38
	F2:3 43
	7
	32.19
	7.60
	4.23
	15.69
	10.96
	0.550

	39
	F2:3 44
	7
	29.69
	8.60
	3.45
	21.37
	13.28
	0.660

	40
	F2:3 45
	5
	24.89
	11.81
	2.10
	18.11
	11.39
	0.650

	41
	F2:3 46
	7
	38.72
	9.10
	4.25
	14.49
	9.42
	0.540

	42
	F2:3 47
	7
	32.89
	8.62
	3.81
	14.69
	7.22
	0.620

	43
	F2:3 50
	7
	28.16
	6.28
	4.48
	6.58
	7.52
	0.570

	44
	F2:3 51
	5
	24.46
	10.51
	2.32
	25.45
	14.19
	1.260

	45
	F2:3 52
	7
	31.56
	11.61
	2.71
	21.91
	13.50
	0.450

	46
	F2:3 53
	5
	30.84
	14.31
	2.15
	20.39
	11.37
	0.640

	47
	F2:3 54
	5
	19.70
	9.19
	2.14
	22.37
	12.76
	1.030

	48
	F2:3 55
	5
	23.45
	11.02
	2.12
	21.58
	13.46
	0.720

	49
	F2:3 58
	5
	21.83
	10.33
	2.11
	23.54
	13.40
	1.090

	50
	F2:3 59
	7
	33.14
	9.68
	3.42
	21.77
	10.55
	0.680

	51
	F2:3 62
	5
	23.14
	10.49
	2.20
	23.88
	13.65
	0.490

	52
	F2:3 63
	5
	22.33
	9.81
	2.27
	22.85
	14.42
	0.730
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	S.No.
	F2:3 lines
	SIS
(16th day)
	Shoot Na+ Concentration (ppm)
	Shoot K+ Concentration (ppm)
	Na+/K+
Ratio
	Shoot Length (cm)
	Root Length(cm)
	Shoot Dry weight (g)

	53
	F2:3 64
	5
	26.93
	11.75
	2.29
	24.14
	13.19
	1.250

	54
	F2:3 66
	5
	26.22
	12.51
	2.09
	22.30
	19.00
	0.940

	55
	F2:3 67
	7
	32.30
	10.11
	3.19
	16.23
	9.57
	1.040

	56
	F2:3 68
	5
	28.07
	11.89
	2.36
	22.67
	13.27
	1.130

	57
	F2:3 69
	5
	16.25
	7.89
	2.05
	23.10
	14.78
	0.820

	58
	F2:3 70
	7
	26.98
	7.57
	3.56
	19.54
	11.96
	0.580

	59
	F2:3 71
	5
	28.66
	11.84
	2.42
	24.06
	14.34
	1.080

	60
	F2:3 72
	3
	23.21
	13.88
	1.67
	24.92
	12.67
	1.820

	61
	F2:3 76
	3
	20.17
	13.20
	1.52
	23.69
	12.37
	1.410

	62
	F2:3 77
	5
	34.15
	16.25
	2.10
	22.61
	12.30
	0.820

	63
	F2:3 78
	5
	21.58
	9.37
	2.30
	20.19
	12.66
	0.600

	64
	F2:3 82
	5
	15.01
	7.10
	2.11
	25.85
	14.45
	1.550

	65
	F2:3 83
	5
	26.13
	12.51
	2.08
	23.71
	13.39
	1.370

	66
	F2:3 84
	5
	22.98
	11.14
	2.06
	22.75
	14.51
	0.830

	67
	F2:3 85
	7
	14.67
	5.49
	2.67
	25.16
	13.00
	0.620

	68
	F2:3 87
	7
	33.40
	7.07
	4.72
	15.41
	9.27
	0.640

	69
	F2:3 88
	7
	25.38
	8.30
	3.05
	10.48
	9.62
	0.300

	70
	F2:3 89
	7
	26.02
	9.53
	2.73
	19.22
	17.00
	0.110

	71
	F2:3 90
	3
	15.07
	7.90
	1.90
	23.80
	15.60
	1.140

	72
	F2:3 91
	7
	29.33
	9.02
	3.25
	13.32
	9.32
	0.630

	73
	F2:3 92
	5
	27.12
	13.11
	2.06
	22.56
	14.95
	1.220

	74
	F2:3 94
	5
	27.29
	12.85
	2.12
	23.79
	14.71
	0.950

	75
	F2:3 95
	3
	24.36
	15.62
	1.55
	25.04
	14.16
	1.350

	76
	F2:3 96
	3
	26.07
	14.65
	1.77
	22.72
	13.57
	1.100

	77
	F2:3 97
	3
	24.99
	15.36
	1.62
	29.12
	14.56
	1.450

	78
	F2:3 98
	3
	28.39
	17.35
	1.63
	22.79
	13.03
	1.370

	79
	F2:3 99
	3
	21.75
	13.26
	1.64
	24.90
	14.90
	1.100
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	S.No.
	F2:3 lines
	SIS
(16th day)
	Shoot Na+ Concentration (ppm)
	Shoot K+ Concentration (ppm)
	Na+/K+
Ratio
	Shoot Length (cm)
	Root Length(cm)
	Shoot Dry weight (g)

	80
	F2:3 101
	3
	17.65
	11.09
	1.59
	22.17
	13.88
	1.250

	81
	F2:3 105
	3
	12.99
	8.28
	1.56
	27.56
	17.43
	1.460

	82
	F2:3 106
	7
	25.86
	8.81
	2.93
	23.67
	13.20
	0.990

	83
	F2:3 108
	9
	34.16
	7.61
	4.48
	9.56
	6.42
	0.130

	84
	F2:3 110
	7
	21.86
	8.12
	2.69
	21.62
	14.12
	1.090

	85
	F2:3 111
	5
	20.36
	9.17
	2.22
	16.76
	13.39
	0.280

	86
	F2:3 112
	7
	21.51
	7.53
	2.85
	20.49
	8.49
	0.890

	87
	F2:3 114
	5
	22.24
	10.18
	2.18
	21.79
	14.13
	1.200

	88
	F2:3 115
	7
	33.58
	11.04
	3.04
	17.26
	10.13
	0.590

	89
	F2:3 116
	5
	16.53
	7.94
	2.08
	25.21
	13.41
	1.290

	90
	F2:3 117
	3
	20.02
	12.44
	1.60
	25.92
	12.20
	1.300

	91
	F2:3 120
	5
	21.20
	9.84
	2.15
	22.52
	11.34
	0.750

	92
	F2:3 122
	3
	18.71
	10.60
	1.76
	23.35
	14.20
	1.400

	93
	F2:3 123
	7
	34.93
	13.08
	2.67
	19.55
	12.53
	0.860

	94
	F2:3 124
	5
	25.75
	12.51
	2.05
	22.37
	12.68
	0.910

	95
	F2:3 126
	5
	23.37
	9.56
	2.44
	22.05
	11.95
	0.610

	96
	F2:3127
	7
	32.35
	12.04
	2.68
	19.53
	13.31
	0.920

	97
	F2:3 128
	5
	25.67
	10.56
	2.43
	22.32
	11.63
	0.860

	98
	F2:3 129
	3
	18.33
	12.13
	1.51
	23.52
	12.04
	0.770

	99
	F2:3 131
	7
	28.36
	10.74
	2.64
	20.78
	12.65
	1.250

	100
	F2:3 132
	5
	26.49
	12.45
	2.12
	23.10
	11.40
	1.080

	101
	F2:3 133
	7
	37.22
	7.48
	4.97
	20.63
	11.15
	0.710

	102
	F2:3 135
	7
	37.05
	14.02
	2.64
	23.20
	13.95
	1.310

	103
	F2:3 146
	5
	17.19
	8.09
	2.12
	23.90
	14.11
	1.460

	104
	F2:3 149
	3
	18.04
	11.11
	1.62
	27.47
	13.33
	2.070

	105
	F2:3 151
	5
	21.39
	10.14
	2.10
	23.98
	14.27
	1.330

	106
	F2:3 153
	7
	34.00
	11.80
	2.88
	20.96
	10.52
	1.000


 (
Supplementary
 Table 1 (cont.).
)
	S.No.
	F2:3 lines
	SIS
(16th day)
	Shoot Na+ Concentration (ppm)
	Shoot K+ Concentration (ppm)
	Na+/K+
Ratio
	Shoot Length (cm)
	Root Length(cm)
	Shoot Dry weight (g)

	107
	F2:3 154
	5
	23.85
	11.07
	2.15
	19.51
	13.03
	0.930

	108
	F2:3 155
	3
	24.21
	15.58
	1.55
	25.01
	12.22
	1.350

	109
	F2:3 156
	5
	36.59
	15.41
	2.37
	18.61
	12.88
	0.640

	110
	F2:3 157
	7
	28.50
	10.44
	2.72
	14.68
	11.69
	0.360

	111
	F2:3 159
	5
	23.13
	11.15
	2.07
	22.09
	13.62
	0.720

	112
	F2:3 160
	3
	25.53
	14.56
	1.75
	19.60
	15.00
	1.290

	113
	F2:3 161
	5
	22.58
	9.79
	2.30
	19.31
	12.39
	0.840

	114
	F2:3 162
	7
	36.14
	7.26
	4.97
	18.36
	13.29
	0.990

	115
	F2:3 163
	9
	37.31
	7.95
	4.69
	15.88
	11.35
	0.830

	116
	F2:3 166
	5
	25.85
	11.39
	2.26
	23.63
	13.03
	1.550

	117
	F2:3 167
	5
	26.95
	13.10
	2.05
	24.12
	13.99
	1.210

	118
	F2:3 168
	3
	26.01
	14.37
	1.81
	27.30
	15.71
	1.440

	119
	F2:3 169
	5
	22.79
	11.09
	2.05
	23.47
	13.57
	0.790

	120
	F2:3 170
	5
	30.62
	13.97
	2.19
	25.90
	13.52
	1.480

	121
	F2:3 172
	5
	27.64
	12.22
	2.26
	23.48
	14.10
	1.250

	122
	F2:3 174
	5
	28.62
	11.62
	2.46
	20.85
	13.50
	0.690

	123
	F2:3 176
	5
	27.49
	11.43
	2.40
	24.85
	13.58
	1.150

	124
	F2:3 177
	7
	36.70
	7.74
	4.74
	23.15
	13.37
	0.740

	125
	F2:3 179
	7
	22.62
	7.50
	3.01
	23.35
	12.13
	0.560

	126
	F2:3 183
	7
	33.22
	10.04
	3.30
	20.43
	11.75
	1.040

	127
	F2:3 185
	7
	34.30
	8.58
	3.99
	19.64
	12.15
	0.740

	128
	F2:3 189
	5
	26.64
	12.11
	2.19
	25.61
	14.76
	1.610

	129
	F2:3 190
	5
	25.58
	12.15
	2.10
	20.43
	15.05
	1.110

	130
	F2:3 193
	7
	36.03
	11.10
	3.24
	22.02
	12.36
	0.920

	131
	F2:3 195
	7
	36.40
	9.66
	3.76
	18.39
	10.22
	1.020

	132
	F2:3 199
	5
	21.41
	10.17
	2.10
	23.08
	13.51
	1.410

	133
	F2:3 200
	7
	34.77
	8.71
	3.99
	20.29
	8.50
	0.880


 (
Supplementary
 Table 1 (cont.).
)
	S.No.
	F2:3 lines
	SIS
(16th day)
	Shoot Na+ Concentration (ppm)
	Shoot K+ Concentration (ppm)
	Na+/K+
Ratio
	Shoot Length (cm)
	Root Length(cm)
	Shoot Dry weight (g)

	134
	F2:3 203
	7
	36.02
	9.09
	3.96
	22.29
	12.00
	1.220

	135
	F2:3 207
	9
	38.39
	8.56
	4.48
	16.74
	8.45
	0.630

	136
	F2:3 212
	7
	33.67
	9.09
	3.70
	21.18
	13.76
	0.840

	137
	F2:3 215
	7
	32.83
	11.82
	2.77
	19.64
	13.97
	0.800

	138
	F2:3 219
	5
	25.68
	11.26
	2.28
	23.80
	13.25
	0.800

	139
	F2:3 220
	5
	26.46
	12.57
	2.10
	22.15
	13.21
	0.910

	140
	F2:3 221
	5
	25.72
	11.21
	2.29
	23.07
	13.61
	1.150

	141
	F2:3 222
	5
	25.12
	10.83
	2.31
	23.53
	12.57
	1.380

	142
	F2:3 224
	7
	17.79
	4.52
	3.93
	16.46
	11.20
	0.130

	143
	F2:3 225
	5
	21.44
	9.45
	2.26
	25.91
	13.03
	1.520

	144
	F2:3 226
	3
	31.54
	17.84
	1.76
	27.09
	15.48
	1.290

	145
	F2:3 233
	7
	26.04
	7.55
	3.44
	18.12
	11.94
	1.180

	146
	F2:3 235
	5
	20.20
	9.80
	2.06
	25.14
	13.89
	1.530

	147
	F2:3 238
	5
	16.34
	7.06
	2.31
	23.70
	15.62
	1.450

	148
	F2:3 239
	7
	18.50
	4.75
	3.89
	24.00
	14.57
	0.530

	149
	F2:3 241
	7
	36.25
	8.00
	4.53
	17.55
	9.45
	0.920

	150
	F2:3 247
	5
	26.95
	12.17
	2.21
	21.66
	12.32
	1.110

	151
	F2:3 249
	7
	25.09
	7.62
	3.29
	23.51
	13.68
	1.250

	152
	F2:3 250
	7
	37.19
	11.10
	3.35
	22.66
	9.38
	1.010

	153
	F2:3 251
	7
	35.54
	7.57
	4.69
	9.22
	10.78
	0.570

	154
	F2:3 252
	7
	34.27
	8.58
	3.99
	20.37
	10.24
	1.040

	155
	F2:3 253
	5
	28.32
	13.19
	2.14
	25.70
	11.37
	1.540

	156
	F2:3 254
	7
	34.56
	11.09
	3.11
	17.13
	8.37
	0.810

	157
	F2:3 255
	3
	12.58
	8.32
	1.51
	23.95
	16.24
	1.510

	158
	F2:3 256
	5
	22.05
	8.97
	2.45
	23.89
	14.10
	1.520

	159
	F2:3 257
	3
	14.59
	9.61
	1.51
	30.59
	14.39
	2.310

	160
	F2:3 260
	5
	23.77
	10.35
	2.29
	24.98
	13.45
	1.420


 (
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 Table 1 (cont.).
)
	S.No.
	F2:3 lines
	SIS
(16th day)
	Shoot Na+ Concentration (ppm)
	Shoot K+ Concentration (ppm)
	Na+/K+
Ratio
	Shoot Length (cm)
	Root Length(cm)
	Shoot Dry weight (g)

	161
	F2:3 261
	3
	20.12
	12.56
	1.60
	24.32
	13.84
	1.140

	162
	F2:3 262
	5
	30.39
	12.32
	2.46
	23.94
	12.84
	1.350

	163
	F2:3 263
	5
	28.36
	12.65
	2.24
	24.42
	12.20
	1.500

	164
	F2:3 264
	5
	24.50
	11.59
	2.11
	22.51
	15.00
	1.760

	165
	F2:3 266
	5
	19.37
	8.03
	2.41
	18.82
	15.00
	1.360

	166
	F2:3 266
	5
	27.25
	12.59
	2.16
	23.29
	13.68
	1.420

	167
	F2:3 267
	5
	27.97
	11.79
	2.37
	22.57
	14.29
	1.370

	168
	F2:3 269
	5
	16.54
	7.59
	2.17
	24.01
	12.51
	1.200

	169
	F2:3 271
	5
	17.51
	8.43
	2.07
	21.28
	12.27
	0.700

	170
	F2:3 272
	5
	35.14
	14.94
	2.35
	23.31
	12.89
	0.740

	171
	F2:3 275
	5
	24.33
	11.23
	2.16
	20.63
	13.52
	0.260

	172
	F2:3 276
	5
	27.18
	13.11
	2.07
	24.52
	13.58
	1.430

	173
	F2:3 277
	5
	23.92
	11.14
	2.14
	20.97
	12.76
	0.800

	174
	F2:3 278
	5
	28.38
	11.47
	2.47
	24.18
	12.37
	0.780

	175
	F2:3 279
	5
	31.02
	12.83
	2.41
	21.62
	12.60
	0.570

	176
	F2:3 280
	5
	25.20
	10.55
	2.38
	23.22
	12.57
	1.110

	177
	F2:3 281
	3
	24.89
	13.35
	1.86
	24.61
	13.15
	1.570

	178
	F2:3 282
	5
	23.19
	11.12
	2.08
	23.32
	13.58
	0.860

	179
	F2:3 283
	3
	17.30
	11.13
	1.55
	23.63
	14.54
	1.600

	180
	F2:3 284
	5
	25.33
	11.56
	2.19
	23.50
	13.45
	1.450

	181
	F2:3 285
	3
	20.65
	12.69
	1.62
	24.95
	14.97
	1.840

	182
	F2:3 286
	3
	22.93
	12.30
	1.86
	27.43
	11.20
	1.220

	183
	F2:3 287
	5
	26.56
	12.47
	2.12
	21.94
	13.90
	1.190

	184
	F2:3 288
	3
	23.60
	13.08
	1.80
	22.85
	15.07
	1.530

	185
	F2:3 289
	5
	27.23
	12.57
	2.16
	23.94
	15.17
	1.800

	186
	F2:3 290
	5
	24.99
	11.06
	2.25
	23.52
	14.56
	0.890

	187
	F2:3 291
	5
	24.58
	11.15
	2.20
	22.94
	12.29
	0.780


 (
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 Table 1 (cont.).
)
	S.No.
	F2:3 lines
	SIS
(16th day)
	Shoot Na+ Concentration (ppm)
	Shoot K+ Concentration (ppm)
	Na+/K+
Ratio
	Shoot Length (cm)
	Root Length(cm)
	Shoot Dry weight (g)

	188
	F2:3 292
	3
	19.42
	12.63
	1.53
	23.71
	14.20
	0.790

	189
	F2:3 298
	3
	25.69
	14.34
	1.79
	25.24
	16.68
	1.600

	190
	F2:3 300
	5
	27.86
	11.59
	2.40
	21.62
	12.71
	1.160

	191
	F2:3 306
	7
	25.84
	7.01
	3.68
	19.27
	11.57
	0.950

	192
	F2:3 310
	5
	28.65
	12.93
	2.21
	21.77
	13.37
	1.200

	193
	F2:3 342
	5
	31.45
	14.51
	2.16
	22.63
	12.24
	0.710

	194
	F2:3 344
	7
	25.28
	8.14
	3.10
	22.45
	13.25
	0.750

	195
	F2:3 351
	5
	23.47
	11.00
	2.13
	23.80
	12.10
	0.790

	196
	F2:3 352
	3
	15.80
	9.72
	1.62
	24.30
	13.27
	1.060

	197
	F2:3 353
	7
	33.84
	9.09
	3.72
	19.92
	12.06
	0.700

	198
	F2:3 354
	5
	21.79
	10.64
	2.04
	23.07
	13.16
	1.380

	199
	F2:3 355
	9
	33.16
	6.79
	4.88
	16.45
	10.71
	0.550

	200
	F2:3 357
	7
	27.29
	10.56
	2.58
	20.64
	11.41
	0.730

	201
	F2:3 358
	5
	30.01
	12.76
	2.35
	21.98
	15.22
	0.980

	202
	F2:3 367
	3
	27.03
	17.94
	1.50
	26.63
	15.40
	0.890

	203
	F2:3 375
	5
	16.66
	8.13
	2.04
	23.26
	11.31
	1.300

	204
	F2:3 377
	5
	28.06
	12.89
	2.17
	23.25
	13.47
	0.910

	205
	F2:3 380
	5
	33.08
	15.68
	2.10
	24.63
	15.11
	1.130

	206
	F2:3 386
	5
	24.66
	12.04
	2.04
	27.45
	14.01
	1.350

	207
	F2:3 394
	7
	30.83
	11.52
	2.67
	17.90
	12.59
	1.090

	208
	F2:3 395
	7
	34.12
	11.74
	2.90
	19.60
	13.36
	0.900

	209
	F2:3 399
	5
	25.93
	12.65
	2.04
	23.68
	12.72
	1.550

	210
	F2:3 405
	5
	33.03
	15.12
	2.18
	23.79
	12.84
	1.160

	211
	F2:3 406
	7
	36.61
	13.10
	2.79
	23.69
	13.07
	1.100

	212
	F2:3 411
	7
	35.81
	12.62
	2.83
	22.99
	12.82
	1.180

	213
	F2:3 436
	7
	28.54
	8.64
	3.30
	24.42
	14.02
	0.610

	214
	F2:3 439
	7
	26.99
	8.55
	3.15
	22.03
	11.62
	1.420
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)
	S.No.
	F2:3 lines
	SIS
(16th day)
	Shoot Na+ Concentration (ppm)
	Shoot K+ Concentration (ppm)
	Na+/K+
Ratio
	Shoot Length (cm)
	Root Length(cm)
	Shoot Dry weight (g)

	215
	F2:3 448
	5
	30.44
	13.32
	2.28
	26.40
	14.75
	0.780

	216
	F2:3 449
	3
	30.58
	17.09
	1.78
	23.62
	13.85
	1.050

	217
	F2:3 451
	5
	17.44
	7.74
	2.25
	24.22
	15.41
	0.990

	218
	F2:3 453
	5
	21.91
	10.06
	2.17
	23.98
	12.91
	0.750

	219
	F2:3 459
	5
	25.51
	12.17
	2.09
	23.22
	11.69
	1.200

	220
	F2:3 460
	5
	18.86
	8.93
	2.11
	23.79
	14.01
	1.120

	221
	F2:3 463
	5
	22.23
	10.76
	2.06
	21.29
	12.85
	0.840

	222
	F2:3 468
	5
	28.13
	12.27
	2.29
	22.90
	12.69
	1.520

	223
	F2:3 469
	7
	25.69
	9.16
	2.80
	22.31
	11.39
	1.240

	224
	F2:3 471
	5
	21.78
	8.87
	2.45
	23.86
	12.92
	1.310

	225
	F2:3 472
	7
	25.92
	9.40
	2.75
	11.11
	6.60
	0.530

	226
	F2:3 475
	7
	32.70
	10.31
	3.17
	23.47
	13.84
	0.810

	227
	F2:3 477
	5
	24.71
	10.15
	2.43
	25.69
	13.81
	1.280

	228
	F2:3 479
	5
	18.24
	8.35
	2.18
	23.04
	15.15
	0.800

	229
	F2:3 481
	7
	22.88
	7.60
	3.01
	8.69
	7.62
	0.500

	230
	F2:3 482
	7
	24.53
	8.01
	3.06
	22.10
	13.06
	0.760

	231
	F2:3 485
	7
	26.98
	10.41
	2.59
	13.32
	6.58
	0.430

	232
	F2:3 490
	7
	30.74
	7.25
	4.24
	17.01
	11.59
	0.550

	233
	F2:3 496
	1
	28.67
	17.53
	1.63
	24.84
	14.15
	1.910

	234
	F2:3 499
	5
	26.24
	11.88
	2.20
	21.34
	13.61
	0.960

	P1
	MTU 1061
	3
	27.02
	14.91
	1.81
	21.86
	12.11
	1.860

	P2
	MTU 1121
	9
	23.15
	5.28
	4.38
	15.38
	10.21
	0.680




Supplementary Table 2. Epistatic QTLs detected for traits related to seedling stage salinity tolerance in the F2:3 population by Interval Mapping for Epistatic mapping (IM-EPI) using SSR markers
	S. No
	Trait name
	QTL1
	Chr.No.1
	Position 1 (cM)
	Left Marker1
	Right Marker1
	QTL2
	Chr. No.2
	Position 2 (cM)
	Left Marker2
	Right Marker2
	LOD
	PVE
(%)
	Add1
	Add2
	Add x Add

	1
	SIS
	qSIS-1-1
	1
	60
	RM10318
	RM10694
	qSIS-2-2
	2
	50
	RM492
	RM324
	124.18
	1.40
	0.00
	0.00
	0.00

	2
	SIS
	qSIS-2-1
	2
	45
	RM492
	RM324
	qSIS-3-5
	3
	270
	RM15838
	RM5924
	107.72
	1.39
	0.43
	0.43
	1.43

	3
	SIS
	qSIS-3-3
	3
	160
	RM15488
	RM483
	qSIS-4-1
	4
	80
	RM6089
	RM3474
	89.06
	1.39
	0.40
	0.40
	1.46

	4
	SIS
	qSIS-2-5
	2
	260
	RM13616
	RM1920
	qSIS-4-2
	4
	100
	RM6089
	RM3474
	40.69
	1.31
	0.01
	-0.05
	2.09

	5
	SIS
	qSIS-3-7
	3
	290
	RM15838
	RM5924
	qSIS-5-3
	5
	45
	RM437
	RM169
	93.94
	1.39
	0.50
	-0.45
	-0.45

	6
	SIS
	qSIS-4-1
	4
	80
	RM6089
	RM3474
	qSIS-6-1
	6
	55
	RM50
	RM3431
	5.85
	1.03
	-1.04
	0.94
	-0.09

	7
	SIS
	qSIS-1-3
	1
	130
	RM10793
	RM11125
	qSIS-6-3
	6
	135
	RM3431
	RM5957
	73.78
	1.37
	-1.00
	0.00
	0.00

	8
	SIS
	qSIS-3-4
	3
	175
	RM15488
	RM483
	qSIS-6-5
	6
	205
	RM5957
	RM20661
	98.72
	1.39
	0.47
	1.52
	0.47

	9
	SIS
	qSIS-5-1
	5
	35
	RM437
	RM169
	qSIS-6-5
	6
	205
	RM5957
	RM20661
	49.43
	1.34
	1.15
	0.14
	1.15

	10
	SIS
	qSIS-6-2
	6
	110
	RM3431
	RM5957
	qSIS-6-8
	6
	280
	RM20661
	RM439
	84.60
	1.37
	-1.79
	0.79
	0.18

	11
	SIS
	qSIS-2-4
	2
	60
	RM492
	RM324
	qSIS-6-10
	6
	290
	RM20661
	RM439
	94.35
	1.39
	0.47
	1.52
	1.52

	12
	SIS
	qSIS-5-2
	5
	40
	RM437
	RM169
	qSIS-7-2
	7
	160
	RM22168
	RM22171
	94.17
	1.39
	-0.99
	1.00
	0.00

	13
	SIS
	qSIS-2-3
	2
	55
	RM492
	RM324
	qSIS-7-3
	7
	165
	RM22168
	RM22171
	29.40
	1.25
	0.62
	0.64
	0.63

	14
	SIS
	qSIS-7-1
	7
	10
	RM6697
	RM8262
	qSIS-7-4
	7
	175
	RM22168
	RM22171
	80.50
	1.38
	0.31
	2.34
	0.34

	15
	SIS
	qSIS-3-1
	3
	15
	RM7332
	RM231
	qSIS-7-5
	7
	180
	RM22168
	RM22171
	124.15
	1.39
	-0.52
	0.47
	-1.52

	16
	SIS
	qSIS-4-3
	4
	125
	RM6089
	RM3474
	qSIS-7-6
	7
	195
	RM22168
	RM22171
	26.24
	1.23
	0.48
	0.68
	1.42

	17
	SIS
	qSIS-6-9 
	6
	285
	RM20661
	RM439
	qSIS-7-7
	7
	205
	RM22168
	RM22171
	107.85
	1.39
	-0.50
	0.50
	-0.50

	18
	SIS
	qSIS-1-2
	1
	125
	RM10793
	RM11125
	qSIS-7-8
	7
	210
	RM22168
	RM22171
	124.49
	1.40
	0.46
	1.46
	0.46

	  19
	SIS
	qSIS-7-7
	7
	205
	RM22168
	RM22171
	qSIS-8-1
	8
	60
	RM310
	RM3395
	114.53
	1.40
	0.00
	0.00
	-1.00

	20
	SIS
	qSIS-1-4
	1
	155
	RM10793
	RM11125
	qSIS-8-2
	8
	70
	RM310
	RM3395
	119.67
	1.40
	-1.00
	0.00
	0.00

	21
	SIS
	qSIS-6-7
	6
	275
	RM20661
	RM439
	qSIS-8-3
	8
	75
	RM310
	RM3395
	95.16
	1.39
	-0.50
	0.50
	-0.50

	22
	SIS
	qSIS-3-6
	3
	275
	RM15838
	RM5924
	qSIS-8-4
	8
	90
	RM310
	RM3395
	122.18
	1.40
	0.95
	0.95
	0.95

	23
	SIS
	qSIS-4-4
	4
	220
	RM255
	RM5473
	qSIS-8-5
	8
	140
	RM3395
	RM404
	94.44
	1.39
	0.99
	-0.00
	2.00

	24
	SIS
	qSIS-2-1
	2
	45
	RM492
	RM324
	qSIS-8-6
	8
	145
	RM3395
	RM404
	48.76
	1.36
	-0.50
	-0.50
	0.50

	25
	SIS
	qSIS-8-2
	8
	70
	RM310
	RM3395
	qSIS-8-7
	8
	160
	RM3395
	RM404
	84.10
	1.38
	0.50
	-0.50
	-0.50

	26
	SIS
	qSIS-2-4
	2
	60
	RM492
	RM324
	qSIS-9-1
	9
	20
	RM23679
	RM23865
	93.12
	1.38
	-0.51
	-0.51
	-0.51

	27
	SIS
	qSIS-4-1 
	4
	80
	RM6089
	RM3474
	qSIS-9-1
	9
	20
	RM23679
	RM23865
	104.62
	1.39
	0.00
	0.00
	0.00


 (
Supplementary Table .2
 (cont.).
)
	S. No
	Trait name
	QTL1
	Chr. No.1
	Position 1 (cM)
	Left Marker1
	Right Marker1
	QTL2
	Chr. No.2
	Position 2 (cM)
	Left Marker2
	Right Marker2
	LOD
	PVE
(%)
	Add1
	Add2
	Add x Add

	28
	SIS
	qSIS-6-4
	6
	180
	RM5957
	RM20661
	qSIS-9-2
	9
	140
	RM24011
	RM24087
	115.39
	1.40
	-1.00
	-1.00
	-0.00

	29
	SIS
	qSIS-3-2
	3
	85
	RM15399
	RM16
	qSIS-10-1
	10
	110
	RM25519
	RM6100
	102.88
	1.40
	-0.02
	-0.02
	-1.02

	30
	SIS
	qSIS-6-6
	6
	235
	RM5957
	RM20661
	qSIS-11-2
	11
	35
	RM286
	RM26245
	117.93
	1.40
	-0.50
	-0.50
	0.50

	31
	SIS
	qSIS-8-2
	8
	70
	RM310
	RM3395
	qSIS-12-1
	12
	45
	RM558A
	RM7003
	99.44
	1.39
	1.00
	1.00
	1.00

	32
	SIS
	qSIS-11-1
	11
	30
	RM286
	RM26245
	qSIS-12-2
	12
	215
	RM1337
	RM28058
	82.13
	1.39
	-0.38
	-0.38
	0.38

	33
	Na+
	qNa-1-3
	1
	130
	RM10793
	RM11125
	qNa-2-2
	2
	55
	RM492
	RM324
	7.60
	1.47
	1.47
	1.79
	-1.16

	34
	Na+
	qNa-1-4
	1
	135
	RM10793
	RM11125
	qNa-3-3
	3
	180
	RM15488
	RM483
	8.18
	1.53
	6.44
	3.14
	-2.30

	35
	Na+
	qNa-2-1
	2
	50
	RM492
	RM324
	qNa-3-4
	3
	260
	RM15838
	RM5924
	9.94
	1.48
	-0.75
	-0.01
	4.02

	36
	Na+
	qNa-4-1
	4
	95
	RM6089
	RM3474
	qNa-4-3
	4
	130
	RM6089
	RM3474
	8.29
	1.52
	-3.81
	-0.63
	-2.68

	37
	Na+
	qNa-3-1
	3
	100
	RM15399
	RM16
	qNa-5-1
	5
	30
	RM437
	RM169
	6.87
	1.45
	-1.55
	3.42
	-1.99

	38
	Na+
	qNa-3-2
	3
	175
	RM15488
	RM483
	qNa-6-1
	6
	40
	RM50
	RM3431
	7.74
	1.50
	2.62
	2.06
	-3.07

	39
	Na+
	qNa-1-4
	1
	135
	RM10793
	RM11125
	qNa-6-4
	6
	120
	RM3431
	RM5957
	8.47
	1.49
	-5.68
	1.91
	2.28

	40
	Na+
	qNa-6-2
	6
	45
	RM50
	RM3431
	qNa-6-5
	6
	225
	RM5957
	RM20661
	7.61
	1.51
	6.73
	-2.57
	3.13

	41
	Na+
	qNa-5-3
	5
	140
	RM5140
	RM18847
	qNa-6-6
	6
	280
	RM20661
	RM439
	5.64
	0.81
	3.74
	0.34
	1.86

	42
	Na+
	qNa-6-3
	6
	110
	RM3431
	RM5957
	qNa-7-1
	7
	25
	RM6697
	RM8262
	11.00
	1.52
	0.39
	-1.21
	-4.49

	43
	Na+
	qNa-2-2
	2
	55
	RM492
	RM324
	qNa-7-4
	7
	210
	RM22168
	RM22171
	7.59
	1.51
	2.52
	-1.10
	0.78

	44
	Na+
	qNa-7-3
	7
	155
	RM22168
	RM22171
	qNa-8-3
	8
	170
	RM3395
	RM404
	10.94
	1.52
	4.81
	-0.29
	4.54

	45
	Na+
	qNa-8-1
	8
	155
	RM3395
	RM404
	qNa-8-4
	8
	240
	RM23310
	RM5485
	6.46
	1.44
	0.57
	3.61
	5.86

	46
	Na+
	qNa-1-1
	1
	50
	RM10318
	RM10694
	qNa-9-1
	9
	55
	RM23679
	RM23865
	10.08
	1.49
	0.76
	-0.53
	-2.80

	47
	Na+
	qNa-8-2
	8
	160
	RM3395
	RM404
	qNa-9-2
	9
	135
	RM24011
	RM24087
	7.96
	1.53
	0.82
	3.79
	0.61 

	48
	Na+
	qNa-5-1
	5
	30
	RM437
	RM169
	qNa-9-3
	9
	220
	RM24664
	RM1553
	6.91
	1.49
	1.07
	1.37
	-1.41

	49
	Na+
	qNa-7-2
	7
	35
	RM6697
	RM8262
	qNa-10-2
	10
	85
	RM25519
	RM6100
	11.00
	1.52
	-1.76
	-7.76
	-0.78 

	50
	Na+
	qNa-4-2
	4
	115
	RM6089
	RM3474
	qNa-11-1
	11
	25
	RM286
	RM26245
	8.24
	1.51
	-5.14
	-3.43
	2.11

	51
	Na+
	qNa-5-2
	5
	35
	RM437
	RM169
	qNa-12-1
	12
	55
	RM558A
	RM7003
	7.41
	1.47
	0.78
	0.48
	0.11

	52
	Na+
	qNa-1-2
	1
	125
	RM10793
	RM11125
	qNa-12-2
	12
	115
	RM27856
	RM1337
	8.88
	1.48
	4.60
	0.39
	-1.35

	53
	Na+
	qNa-10-1
	10
	80
	RM25519
	RM6100
	qNa-12-3
	12
	225
	RM1337
	RM28058
	8.41
	1.47
	-8.67
	-0.07
	0.67

	54
	K+
	qK-1-1
	1
	65
	RM10318
	RM10694
	qK-1-4
	1
	225
	RM5954
	RM7643
	6.29
	2.54
	0.96
	0.96
	0.87

	55
	K+
	qK-3-1
	3
	245
	RM15838
	RM5924
	qK-3-3
	3
	285
	RM15838
	RM5924
	6.49
	2.51
	0.33
	0.04
	-1.62

	56
	K+
	qK-1-2
	1
	145
	RM10793
	RM11125
	qK-4-1
	4
	85
	RM6089
	RM3474
	6.63
	2.76
	-0.16
	-0.90
	1.87

	57
	K+
	qK-3-2
	3
	275
	RM15838
	RM5924
	qK-6-2
	6
	110
	RM3431
	RM5957
	6.51
	2.77
	0.70
	-0.12
	-3.58


 (
     
Supplementary Table .2
 (cont.).
)
	S. No
	Trait name
	QTL1
	Chr. No.1
	Position 1 (cM)
	Left Marker1
	Right Marker1
	QTL2
	Chr. No.2
	Position 2 (cM)
	Left Marker2
	Right Marker2
	LOD
	PVE
(%)
	Add1
	Add2
	Add x Add

	58
	K+
	qK-6-1
	6
	0
	RM540
	RM2615
	qK-6-3
	6
	250
	RM5957
	RM20661
	5.41
	0.72
	1.08
	-0.62
	-0.68

	59
	K+
	qK-4-1
	4
	85
	RM6089
	RM3474
	qK-7-2
	7
	35
	RM6697
	RM8262
	5.46
	2.70
	-0.99
	0.76
	-2.65

	60
	K+
	qK-7-1
	7
	20
	RM6697
	RM8262
	qK-7-3
	7
	165
	RM22168
	RM22171
	6.38
	2.57
	0.35
	0.59
	1.80

	61
	K+
	qK-1-3
	1
	215
	RM5954
	RM7643
	qK-8-3
	8
	165
	RM3395
	RM404
	5.51
	2.32
	-1.43
	-2.55
	1.13

	62
	K+
	qK-8-1
	8
	75
	RM310
	RM3395
	qK-8-4
	8
	220
	RM23310
	RM5485
	5.98
	2.59
	-0.29
	1.25
	0.57 

	63
	K+
	qK-6-4
	6
	295
	RM20661
	RM439
	qK-9-1
	9
	115
	RM24011
	RM24087
	5.39
	2.60
	-0.73
	0.56
	0.73 

	64
	K+
	qK-1-2
	1
	145
	RM10793
	RM11125
	qK-9-2
	9
	240
	RM24664
	RM1553
	5.73
	2.63
	1.25
	0.39
	-0.65 

	65
	K+
	qK-4-2
	4
	215
	RM255
	RM5473
	qK-10-2
	10
	95
	RM25519
	RM6100
	6.36
	2.63
	-1.10
	1.22
	-2.67

	66
	K+
	qK-8-2
	8
	155
	RM3395
	RM404
	qK-11-1
	11
	40
	RM286
	RM26245
	6.41
	2.79
	-0.53
	-0.58
	-2.34 

	67
	K+
	qK-10-1
	10
	35
	RM25519
	RM6100
	qK-12-1
	12
	135
	RM27856
	RM1337
	7.03
	2.66
	-1.14
	-0.33
	-0.08 

	68
	K+
	qK-4-3
	4
	220
	RM255
	RM5473
	qK-12-2
	12
	200
	RM1337
	RM28058
	5.38
	2.68
	-1.54
	0.74
	-0.14 

	69
	NaK
	qNaK-1-4
	1
	70
	RM10318
	RM10694
	qNaK-1-5
	1
	75
	RM10318
	RM10694
	30.59
	1.24
	-0.02
	0.04
	-0.57 

	70
	NaK
	qNaK-2-3
	2
	220
	RM6318
	RM13616
	qNaK-2-4
	2
	225
	RM6318
	RM13616
	24.66
	1.23
	0.00
	0.03
	-1.31 

	71
	NaK
	qNaK-1-6
	1
	125
	RM10793
	RM11125
	qNaK-2-7
	2
	260
	RM13616
	RM1920
	26.47
	1.24
	0.16
	-0.01
	-0.67

	72
	NaK
	qNaK-2-6
	2
	255
	RM13616
	RM1920
	qNaK-3-2
	3
	175
	RM15488
	RM483
	26.84
	1.25
	-0.11
	-0.04
	0.49 

	73
	NaK
	qNaK-3-3
	3
	185
	RM15488
	RM483
	qNaK-3-6
	3
	290
	RM15838
	RM5924
	26.78
	1.17
	0.13
	-0.27
	0.77 

	74
	NaK
	qNaK-1-2
	1
	20
	RM10318
	RM10694
	qNaK-4-4
	4
	120
	RM6089
	RM3474
	30.94
	1.28
	-0.38
	0.50
	-0.44 

	75
	NaK
	qNaK-4-2
	4
	95
	RM6089
	RM3474
	qNaK-4-7
	4
	220
	RM255
	RM5473
	28.23
	1.26
	0.38
	-0.38
	-0.39 

	76
	NaK
	qNaK-1-6
	1
	125
	RM10793
	RM11125
	qNaK-5-1
	5
	35
	RM437
	RM169
	26.21
	1.26
	0.05
	-0.41
	-0.53 

	77
	NaK
	qNaK-1-1
	1
	15
	RM10318
	RM10694
	qNaK-6-1
	6
	40
	RM50
	RM3431
	28.78
	1.27
	-0.51
	-0.42
	0.64 

	78
	NaK
	qNaK-4-3
	4
	110
	RM6089
	RM3474
	qNaK-6-5
	6
	205
	RM5957
	RM20661
	31.03
	1.29
	-0.57
	-0.64
	0.27

	79
	NaK
	qNaK-6-8
	6
	245
	RM5957
	RM20661
	qNaK-6-9
	6
	265
	RM20661
	RM439
	30.49
	1.26
	-0.02
	0.02
	-0.85

	80
	NaK
	qNaK-1-9
	1
	230
	RM5954
	RM7643
	qNaK-7-2
	7
	30
	RM6697
	RM8262
	27.78
	1.25
	0.07
	-0.05
	-0.57

	81
	NaK
	qNaK-6-4
	6
	185
	RM5957
	RM20661
	qNaK-7-4
	7
	150
	RM22168
	RM22171
	27.92
	1.32
	0.02
	0.16
	-0.45 

	82
	NaK
	qNaK-6-7
	6
	225
	RM5957
	RM20661
	qNaK-8-2
	8
	145
	RM3395
	RM404
	29.00
	1.28
	0.19
	-0.20
	-0.71 

	83
	NaK
	qNaK-1-8
	1
	150
	RM10793
	RM11125
	qNaK-8-4
	8
	170
	RM3395
	RM404
	30.05
	1.26
	-0.08
	0.07
	-0.59

	84
	NaK
	qNaK-2-7
	2
	260
	RM13616
	RM1920
	qNaK-8-4
	8
	170
	RM3395
	RM404
	27.79
	1.25
	-0.32
	-0.54
	0.45

	85
	NaK
	qNaK-4-1
	4
	85
	RM6089
	RM3474
	qNaK-8-5
	8
	235
	RM23310
	RM5485
	30.88
	1.27
	-0.23
	0.12
	-1.17

	86
	NaK
	qNaK-8-1
	8
	130
	RM3395
	RM404
	qNaK-8-5
	8
	235
	RM23310
	RM5485
	26.05
	1.25
	0.00
	-0.10
	0.56

	87
	NaK
	qNaK-3-1
	3
	110
	RM15399
	RM16
	qNaK-8-6
	8
	240
	RM23310
	RM5485
	28.65
	1.25
	 (
Table 4.13 (cont.).
)-0.24
	0.12
	-0.21
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Supplementary Table .2
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	S. No
	Trait name
	QTL1
	Chr. No.1
	Position 1 (cM)
	Left Marker1
	Right Marker1
	QTL2
	Chr. No.2
	Position 2 (cM)
	Left Marker2
	Right Marker2
	LOD
	PVE
(%)
	Add1
	Add2
	Add x Add

	88
	NaK
	qNaK-5-2
	5
	40
	RM437
	RM169
	qNaK-8-7
	8
	245
	RM23310
	RM5485
	26.13
	1.25
	0.92
	0.29
	0.41

	89
	NaK
	qNaK-7-5
	7
	225
	RM22168
	RM22171
	qNaK-8-7
	8
	245
	RM23310
	RM5485
	27.28
	1.32
	0.85
	-0.12
	0.44 

	90
	NaK
	qNaK-1-10
	1
	240
	RM5954
	RM7643
	qNaK-9-1
	9
	50
	RM23679
	RM23865
	25.05
	1.23
	0.03
	0.01
	-0.00 

	91
	NaK
	qNaK-4-5
	4
	125
	RM6089
	RM3474
	qNaK-9-3
	9
	130
	RM24011
	RM24087
	28.01
	1.27
	-0.45
	-0.10
	-0.86

	92
	NaK
	qNaK-8-3
	8
	150
	RM3395
	RM404
	qNaK-9-3
	9
	130
	RM24011
	RM24087
	27.41
	1.23
	0.42
	0.75
	0.39

	93
	NaK
	qNaK-6-2
	6
	45
	RM50
	RM3431
	qNaK-9-4
	9
	135
	RM24011
	RM24087
	26.78
	1.23
	-0.10
	-0.03
	-0.59

	94
	NaK
	qNaK-9-1
	9
	50
	RM23679
	RM23865
	qNaK-9-5
	9
	210
	RM24664
	RM1553
	24.66
	1.24
	0.05
	0.04
	0.10

	95
	NaK
	qNaK-5-2
	5
	40
	RM437
	RM169
	qNaK-9-6
	9
	220
	RM24664
	RM1553
	21.77
	1.20
	-0.26
	-0.46
	-0.77

	96
	NaK
	qNaK-2-5
	2
	250
	RM13616
	RM1920
	qNaK-9-7
	9
	225
	RM24664
	RM1553
	24.07
	1.26
	0.04
	-0.52
	0.15 

	97
	NaK
	qNaK-2-2
	2
	215
	RM6318
	RM13616
	qNaK-10-1
	10
	60
	RM25519
	RM6100
	27.11
	1.24
	-0.11
	0.07
	-0.64

	98
	NaK
	qNaK-6-3
	6
	105
	RM3431
	RM5957
	qNaK-10-1
	10
	60
	RM25519
	RM6100
	28.24
	1.26
	-0.67
	0.55
	-0.61

	99
	NaK
	qNaK-7-1
	7
	15
	RM6697
	RM8262
	qNaK-10-1
	10
	60
	RM25519
	RM6100
	28.21
	1.31
	0.11
	-0.94
	-0.22 

	100
	NaK
	qNaK-9-7
	9
	225
	RM24664
	RM1553
	qNaK-10-1
	10
	60
	RM25519
	RM6100
	27.68
	1.24
	-0.42
	-0.23
	-0.88

	101
	NaK
	qNaK-1-3
	1
	55
	RM10318
	RM10694
	qNaK-10-2
	10
	65
	RM25519
	RM6100
	26.11
	1.23
	0.05
	-0.01
	-0.02

	102
	NaK
	qNaK-5-3
	5
	50
	RM437
	RM169
	qNaK-10-2
	10
	65
	RM25519
	RM6100
	25.90
	1.21
	0.09
	0.05
	1.11

	103
	NaK
	qNaK-8-2
	8
	145
	RM3395
	RM404
	qNaK-10-2
	10
	65
	RM25519
	RM6100
	27.43
	1.28
	-0.35
	-0.49
	-0.04

	104
	NaK
	qNaK-3-4
	3
	275
	RM15838
	RM5924
	qNaK-10-4
	10
	110
	RM25519
	RM6100
	27.46
	1.24
	-0.40
	-0.34
	-0.85

	105
	NaK
	qNaK-4-6
	4
	135
	RM6089
	RM3474
	qNaK-10-4
	10
	110
	RM25519
	RM6100
	26.91
	1.28
	-0.23
	-1.04
	0.20

	106
	NaK
	qNaK-10-3
	10
	70
	RM25519
	RM6100
	qNaK-10-5
	10
	150
	RM6100
	RM3773
	27.18
	1.24
	-0.45
	-0.40
	0.49 

	107
	NaK
	qNaK-6-6
	6
	210
	RM5957
	RM20661
	qNaK-11-1
	11
	20
	RM286
	RM26245
	32.20
	1.31
	-0.67
	-0.74
	0.51 

	108
	NaK
	qNaK-9-2
	9
	110
	RM24011
	RM24087
	qNaK-11-1
	11
	20
	RM286
	RM26245
	26.75
	1.26
	-0.33
	0.24
	-0.42

	109
	NaK
	qNaK-2-1
	2
	55
	RM492
	RM324
	qNaK-11-2
	11
	25
	RM286
	RM26245
	26.92
	1.25
	0.33
	0.26
	0.35

	110
	NaK
	qNaK-10-6
	10
	155
	RM6100
	RM3773
	qNaK-11-2
	11
	25
	RM286
	RM26245
	29.25
	1.26
	-0.50
	0.29
	-0.39

	111
	NaK
	qNaK-1-7
	1
	130
	RM10793
	RM11125
	qNaK-11-3
	11
	30
	RM286
	RM26245
	29.02
	1.28
	-0.05
	-0.31
	1.06

	112
	NaK
	qNaK-3-2
	3
	175
	RM15488
	RM483
	qNaK-11-3
	11
	30
	RM286
	RM26245
	27.26
	1.25
	-0.48
	0.21
	-0.37

	113
	NaK
	qNaK-4-3
	4
	110
	RM6089
	RM3474
	qNaK-11-3
	11
	30
	RM286
	RM26245
	26.02
	1.23
	0.00
	-0.09
	0.01 

	114
	NaK
	qNaK-7-3
	7
	35
	RM6697
	RM8262
	qNaK-11-4
	11
	35
	RM286
	RM26245
	27.79
	1.27
	-0.04
	-0.10
	-0.06 

	115
	NaK
	qNaK-11-1
	11
	20
	RM286
	RM26245
	qNaK-11-5
	11
	40
	RM286
	RM26245
	26.99
	1.18
	0.27
	-0.46
	-0.38

	116
	NaK
	qNaK-5-2
	5
	40
	RM437
	RM169
	qNaK-11-6
	11
	50
	RM286
	RM26245
	25.29
	1.14
	0.75
	-0.43
	-0.26

	117
	NaK
	qNaK-10-1
	10
	60
	RM25519
	RM6100
	qNaK-12-1
	12
	20
	RM558A
	RM7003
	27.08
	1.27
	-0.48
	0.40
	-0.48 


 (
Supplementary Table .2
 (cont.).
)
	S. No
	Trait name
	QTL1
	Chr. No.1
	Position 1 (cM)
	Left Marker1
	Right Marker1
	QTL2
	Chr. No.2
	Position 2 (cM)
	Left Marker2
	Right Marker2
	LOD
	PVE
(%)
	Add1
	Add2
	Add x Add

	118
	NaK
	qNaK-4-4
	4
	120
	RM6089
	RM3474
	qNaK-12-2
	12
	30
	RM558A
	RM7003
	30.49
	1.27
	0.43
	0.30
	0.40 

	119
	NaK
	qNaK-1-6
	1
	125
	RM10793
	RM11125
	qNaK-12-3
	12
	35
	RM558A
	RM7003
	31.72
	1.27
	0.00
	-0.23
	1.13 

	120
	NaK
	qNaK-3-5
	3
	280
	RM15838
	RM5924
	qNaK-12-4
	12
	210
	RM1337
	RM28058
	29.28
	1.27
	0.81
	-0.01
	-0.60

	121
	SHL
	qSHL-1-2
	1
	135
	RM10793
	RM11125
	qSHL-1-7
	1
	245
	RM5954
	RM7643
	18.32
	1.29
	5.43
	-1.39
	1.55 

	122
	SHL
	qSHL-2-4
	2
	180
	RM5578
	RM6318
	qSHL-2-5
	2
	195
	RM6318
	RM13616
	14.37
	1.25
	-0.76
	1.03
	6.65 

	123
	SHL
	qSHL-1-4
	1
	225
	RM5954
	RM7643
	qSHL-3-3
	3
	95
	RM15399
	RM16
	18.24
	1.29
	-5.00
	-3.01
	-2.28 

	124
	SHL
	qSHL-3-2
	3
	90
	RM15399
	RM16
	qSHL-3-5
	3
	260
	RM15838
	RM5924
	19.31
	1.27
	-0.79
	2.21
	3.81

	125
	SHL
	qSHL-3-5
	3
	260
	RM15838
	RM5924
	qSHL-4-4
	4
	120
	RM6089
	RM3474
	17.13
	1.30
	3.11
	2.97
	-3.80 

	126
	SHL
	qSHL-4-5
	4
	130
	RM6089
	RM3474
	qSHL-4-8
	4
	200
	RM255
	RM5473
	18.17
	1.27
	-0.60
	0.35
	0.39 

	127
	SHL
	qSHL-1-2
	1
	135
	RM10793
	RM11125
	qSHL-5-1
	5
	40
	RM437
	RM169
	15.37
	1.28
	-1.82
	4.44
	1.63 

	128
	SHL
	qSHL-4-3
	4
	90
	RM6089
	RM3474
	qSHL-5-1
	5
	40
	RM437
	RM169
	15.81
	1.28
	1.94
	4.15
	-1.79

	129
	SHL
	qSHL-5-4
	5
	65
	RM437
	RM169
	qSHL-5-5
	5
	80
	RM169
	RM5844
	12.04
	1.02
	0.85
	-0.22
	0.18 

	130
	SHL
	qSHL-5-1
	5
	40
	RM437
	RM169
	qSHL-6-1
	6
	65
	RM50
	RM3431
	13.89
	1.13
	-1.08
	-0.19
	-1.14 

	131
	SHL
	qSHL-4-5
	4
	130
	RM6089
	RM3474
	qSHL-6-2
	6
	190
	RM5957
	RM20661
	18.65
	1.24
	2.81
	-3.65
	2.70

	132
	SHL
	qSHL-3-2
	3
	90
	RM15399
	RM16
	qSHL-6-3
	6
	195
	RM5957
	RM20661
	17.49
	1.23
	2.11
	1.56
	-0.90 

	133
	SHL
	qSHL-2-3
	2
	70
	RM492
	RM324
	qSHL-6-6
	6
	280
	RM20661
	RM439
	16.80
	1.31
	-2.53
	4.09
	2.56 

	134
	SHL
	qSHL-1-5
	1
	235
	RM5954
	RM7643
	qSHL-7-1
	7
	35
	RM6697
	RM8262
	16.76
	1.29
	-1.51
	1.62
	6.08 

	135
	SHL
	qSHL-3-3 
	3
	95
	RM15399
	RM16
	qSHL-7-3
	7
	160
	RM22168
	RM22171
	19.49
	1.25
	-1.76
	1.34
	5.54 

	136
	SHL
	qSHL-4-3
	4
	90
	RM6089
	RM3474
	qSHL-7-5
	7
	220
	RM22168
	RM22171
	17.26
	1.31
	3.02
	-4.45
	0.06 

	137
	SHL
	qSHL-8-1
	8
	85
	RM310
	RM3395
	qSHL-8-2
	8
	125
	RM3395
	RM404
	17.58
	1.30
	3.82
	-3.07
	3.62 

	138
	SHL
	qSHL-1-3
	1
	140
	RM10793
	RM11125
	qSHL-8-5
	8
	190
	RM3395
	RM404
	18.28
	1.29
	0.45
	-0.78
	2.73 

	139
	SHL
	qSHL-3-5
	3
	260
	RM15838
	RM5924
	qSHL-8-6
	8
	215
	RM23310
	RM5485
	17.90
	1.29
	0.56
	-0.26
	2.94 

	140
	SHL
	qSHL-7-2
	7
	155
	RM22168
	RM22171
	qSHL-8-6
	8
	215
	RM23310
	RM5485
	18.01
	1.29
	-3.37
	0.04
	-1.15

	141
	SHL
	qSHL-2-2
	2
	65
	RM492
	RM324
	qSHL-8-8
	8
	250
	RM23310
	RM5485
	17.15
	1.32
	-2.08
	-2.63
	-5.24

	142
	SHL
	qSHL-6-2
	6
	190
	RM5957
	RM20661
	qSHL-9-1
	9
	5
	RM23679
	RM23865
	16.19
	1.28
	-0.45
	0.23
	3.17 

	143
	SHL
	qSHL-2-1
	2
	45
	RM492
	RM324
	qSHL-9-2
	9
	15
	RM23679
	RM23865
	15.73
	1.19
	0.37
	0.78
	-0.60

	144
	SHL
	qSHL-3-1
	3
	85
	RM15399
	RM16
	qSHL-9-2
	9
	15
	RM23679
	RM23865
	16.83
	1.25
	0.20
	0.52
	-0.20

	145
	SHL
	qSHL-1-1
	1
	130
	RM10793
	RM11125
	qSHL-9-3
	9
	20
	RM23679
	RM23865
	15.87
	1.23
	-0.37
	0.52
	0.53

	146
	SHL
	qSHL-8-4
	8
	145
	RM3395
	RM404
	qSHL-9-4
	9
	55
	RM23679
	RM23865
	18.25
	1.26
	1.10
	-0.26
	2.59 

	147
	SHL
	qSHL-9-2
	9
	15
	RM23679
	RM23865
	qSHL-9-5
	9
	75
	RM23679
	RM23865
	18.33
	1.25
	-1.07
	1.29
	1.19


 (
Supplementary Table .2
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)
	S. No
	Trait name
	QTL1
	Chr. No.1
	Position 1 (cM)
	Left Marker1
	Right Marker1
	QTL2
	Chr. No.2
	Position 2 (cM)
	Left Marker2
	Right Marker2
	LOD
	PVE
(%)
	Add1
	Add2
	Add x Add

	148
	SHL
	qSHL-4-7
	4
	140
	RM6089
	RM3474
	qSHL-9-6
	9
	80
	RM23679
	RM23865
	15.75
	1.25
	-0.22
	-0.10
	0.14

	149
	SHL
	qSHL-5-2
	5
	45
	RM437
	RM169
	qSHL-9-7
	9
	160
	RM24011
	RM24087
	14.43
	1.08
	-1.05
	1.03
	1.65 

	150
	SHL
	qSHL-7-4
	7
	165
	RM22168
	RM22171
	qSHL-9-9
	9
	230
	RM24664
	RM1553
	14.27
	1.11
	-2.78
	-2.97
	-2.60 

	151
	SHL
	qSHL-4-1
	4
	80
	RM6089
	RM3474
	qSHL-10-1
	10
	50
	RM25519
	RM6100
	14.79
	1.21
	-0.10
	0.17
	-0.58

	152
	SHL
	qSHL-1-7
	1
	245
	RM5954
	RM7643
	qSHL-10-2
	10
	55
	RM25519
	RM6100
	15.64
	1.30
	1.70
	2.99
	-1.51

	153
	SHL
	qSHL-6-5
	6
	225
	RM5957
	RM20661
	qSHL-10-3
	10
	60
	RM25519
	RM6100
	17.96
	1.33
	5.10
	2.79
	-1.48 

	154
	SHL
	qSHL-9-8
	9
	200
	RM24664
	RM1553
	qSHL-10-3
	10
	60
	RM25519
	RM6100
	16.80
	1.19
	1.98
	-1.23
	1.94

	155
	SHL
	qSHL-2-3
	2
	70
	RM492
	RM324
	qSHL-10-4
	10
	65
	RM25519
	RM6100
	18.25
	1.27
	-2.77
	4.24
	3.42

	156
	SHL
	qSHL-5-2
	5
	45
	RM437
	RM169
	qSHL-10-4
	10
	65
	RM25519
	RM6100
	15.85
	1.34
	2.98
	0.50
	-3.39

	157
	SHL
	qSHL-7-3
	7
	160
	RM22168
	RM22171
	qSHL-10-4
	10
	65
	RM25519
	RM6100
	17.24
	1.35
	-4.63
	3.72
	-0.36

	158
	SHL
	qSHL-8-7
	8
	230
	RM23310
	RM5485
	qSHL-10-5
	10
	100
	RM25519
	RM6100
	17.41
	1.35
	-2.20
	5.31
	2.63 

	159
	SHL
	qSHL-10-7
	10
	130
	RM25519
	RM6100
	qSHL-10-8
	10
	145
	RM6100
	RM3773
	17.46
	1.21
	1.20
	-0.85
	6.02

	160
	SHL
	qSHL-3-2
	3
	90
	RM15399
	RM16
	qSHL-10-9
	10
	155
	RM6100
	RM3773
	19.93
	1.27
	0.39
	0.38
	-1.11

	161
	SHL
	qSHL-1-3
	1
	140
	RM10793
	RM11125
	qSHL-11-1
	11
	5
	RM286
	RM26245
	14.93
	1.27
	2.69
	0.62
	-0.12

	162
	SHL
	qSHL-3-4
	3
	200
	RM15488
	RM483
	qSHL-11-1
	11
	5
	RM286
	RM26245
	15.26
	1.20
	-2.28
	1.04
	0.37

	163
	SHL
	qSHL-4-6
	4
	135
	RM6089
	RM3474
	qSHL-11-1
	11
	5
	RM286
	RM26245
	13.67
	1.25
	-0.21
	0.38
	0.00 

	164
	SHL
	qSHL-7-3
	7
	160
	RM22168
	RM22171
	qSHL-11-1
	11
	5
	RM286
	RM26245
	13.24
	1.27
	-1.50
	-0.95
	-1.63 

	165
	SHL
	qSHL-6-4
	6
	200
	RM5957
	RM20661
	   qSHL-11-3
	11
	30
	RM286
	RM26245
	13.80
	1.05
	-0.64
	0.00
	-4.67

	166
	SHL
	qSHL-9-3
	9
	20
	RM23679
	RM23865
	qSHL-11-3 
	11
	30
	RM286
	RM26245
	13.37
	1.06
	-2.13
	-1.61
	-2.16

	167
	SHL
	qSHL-2-2
	2
	65
	RM492
	RM324
	qSHL-11-4
	11
	35
	RM286
	RM26245
	13.22
	1.09
	-2.58
	-2.45
	-2.98

	168
	SHL
	qSHL-5-3
	5
	55
	RM437
	RM169
	qSHL-11-5
	11
	65
	RM286
	RM26245
	13.00
	1.05
	-0.64
	0.99
	0.76

	169
	SHL
	qSHL-8-7
	8
	230
	RM23310
	RM5485
	qSHL-11-7
	11
	75
	RM286
	RM26245
	14.65
	1.16
	0.89
	-0.81
	0.66

	170
	SHL
	qSHL-10-4
	10
	65
	RM25519
	RM6100
	qSHL-11-7
	11
	75
	RM286
	RM26245
	13.83
	1.22
	-0.14
	1.08
	2.60

	171
	SHL
	qSHL-11-6
	11
	70
	RM286
	RM26245
	qSHL-11-8
	11
	105
	RM1233
	RM2136
	9.77
	0.95
	0.12
	0.55
	-0.29

	172
	SHL
	qSHL-9-10
	9
	235
	RM24664
	RM1553
	qSHL-12-1
	12
	35
	RM558A
	RM7003
	14.86
	1.07
	-0.05
	-1.38
	-3.71

	173
	SHL
	qSHL-3-2
	3
	85
	RM15399
	RM16
	qSHL-12-2
	12
	40
	RM558A
	RM7003
	19.35
	1.24
	-1.37
	1.67
	4.67

	174
	SHL
	qSHL-10-6
	10
	125
	RM25519
	RM6100
	qSHL-12-2
	12
	40
	RM558A
	RM7003
	16.09
	1.31
	-1.81
	-1.64
	-1.53

	175
	SHL
	qSHL-1-6
	1
	240
	RM5954
	RM7643
	qSHL-12-3
	12
	45
	RM558A
	RM7003
	16.52
	1.26
	-3.33
	3.92
	3.80

	176
	SHL
	qSHL-11-2
	11
	10
	RM286
	RM26245
	qSHL-12-3
	12
	45
	RM558A
	RM7003
	13.38
	1.17
	2.50
	-1.10
	1.43

	177
	SHL
	qSHL-12-4
	12
	55
	RM558A
	RM7003
	qSHL-12-5
	12
	60
	RM558A
	RM7003
	15.39
	1.19
	3.99
	-3.74
	3.25


 (
Supplementary Table 2
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	S. No
	Trait name
	QTL1
	Chr.
No.1
	Position 1 (cM)
	Left Marker1
	Right Marker1
	QTL2
	Chr. No.2
	Position 2 (cM)
	Left Marker2
	Right Marker2
	LOD
	PVE
(%)
	Add1
	Add2
	Add x Add

	178
	SHL
	qSHL-5-1 
	5
	40
	RM437
	RM169
	qSHL-12-6
	12
	65
	RM558A
	RM7003
	12.86
	1.11
	0.08
	-0.28
	0.37

	179
	SHL
	qSHL-4-2
	4
	85
	RM6089
	RM3474
	qSHL-12-7
	12
	190
	RM1337
	RM28058
	16.52
	1.25
	0.09
	-2.73
	3.98

	180
	SHL
	qSHL-8-3
	8
	140
	RM3395
	RM404
	qSHL-12-7
	12
	190
	RM1337
	RM28058
	17.82
	1.27
	-4.17
	-1.96
	-1.69

	181
	RTL
	qRTL-1-8
	1
	185
	RM10793
	RM11125
	qRTL-1-9
	1
	195
	RM11125
	RM11170
	10.63
	1.07
	-0.96
	0.99
	0.83

	182
	RTL
	qRTL-1-3
	1
	130
	RM10793
	RM11125
	qRTL-2-7
	2
	250
	RM13616
	RM1920
	7.87
	1.18
	-1.08
	0.62
	0.55

	183
	RTL
	qRTL-1-4
	1
	140
	RM10793
	RM11125
	qRTL-3-1
	3
	5
	RM7332
	RM231
	10.38
	1.24
	0.82
	-0.76
	2.19

	184
	RTL
	qRTL-3-4
	3
	40
	RM7332
	RM231
	qRTL-3-5
	3
	80
	RM15399
	RM16
	12.83
	1.33
	0.07
	-0.14
	0.61

	185
	RTL
	qRTL-2-3
	2
	65
	RM492
	RM324
	qRTL-3-7
	3
	200
	RM15488
	RM483
	8.64
	1.25
	0.42
	-0.64
	-0.54

	186
	RTL
	qRTL-4-2
	4
	60
	RM6089
	RM3474
	qRTL-4-3
	4
	65
	RM6089
	RM3474
	10.54
	1.35
	-0.99
	0.91
	-1.54

	187
	RTL
	qRTL-1-12
	1
	240
	RM5954
	RM7643
	qRTL-4-4
	4
	100
	RM6089
	RM3474
	10.32
	1.33
	-0.70
	-0.26
	3.06

	188
	RTL
	qRTL-4-4
	4
	100
	RM6089
	RM3474
	qRTL-5-2
	5
	35
	RM437
	RM169
	9.14
	1.31
	0.18
	0.10
	-1.99

	189
	RTL
	qRTL-1-11
	1
	235
	RM5954
	RM7643
	qRTL-5-3
	5
	40
	RM437
	RM169
	9.16
	1.30
	0.09
	-0.00
	-2.21

	190
	RTL
	qRTL-2-2
	2
	60
	RM492
	RM324
	qRTL-5-3
	5
	40
	RM437
	RM169
	9.02
	1.28
	-0.43
	-0.10
	2.24

	191
	RTL
	qRTL-3-7
	3
	200
	RM15488
	RM483
	qRTL-5-3
	5
	40
	RM437
	RM169
	8.33
	1.27
	-1.88
	0.27
	0.30

	192
	RTL
	qRTL-5-5
	5
	55
	RM437
	RM169
	qRTL-5-6
	5
	65
	RM437
	RM169
	5.62
	1.00
	-1.42
	0.90
	-1.45

	193
	RTL
	qRTL-2-6
	2
	225
	RM6318
	RM13616
	qRTL-6-2
	6
	40
	RM50
	RM3431
	8.55
	1.12
	0.16
	0.00
	-0.78

	194
	RTL
	qRTL-3-3
	3
	30
	RM7332
	RM231
	qRTL-6-4
	6
	115
	RM3431
	RM5957
	9.83
	1.37
	-0.38
	2.11
	1.66

	195
	RTL
	qRTL-5-3
	5
	40
	RM437
	RM169
	qRTL-6-7
	6
	205
	RM5957
	RM20661
	6.43
	1.22
	0.20
	2.02
	-0.25

	196
	RTL
	qRTL-1-5
	1
	145
	RM10793
	RM11125
	qRTL-6-8
	6
	220
	RM5957
	RM20661
	10.16
	1.29
	0.49
	-0.31
	-3.09

	197
	RTL
	qRTL-6-7
	6
	205
	RM5957
	RM20661
	qRTL-7-1
	7
	30
	RM6697
	RM8262
	10.09
	1.27
	0.45
	0.10
	3.00

	198
	RTL
	qRTL-4-1
	4
	50
	RM6089
	RM3474
	qRTL-7-5
	7
	220
	RM22168
	RM22171
	11.39
	1.33
	-0.67
	0.14
	-0.77

	199
	RTL
	qRTL-7-1
	7
	30
	RM6697
	RM8262
	qRTL-7-6
	7
	225
	RM22168
	RM22171
	9.48
	1.19
	1.24
	-0.53
	1.19

	200
	RTL
	qRTL-2-3
	2
	65
	RM492
	RM324
	qRTL-7-7
	7
	230
	RM22168
	RM22171
	8.68
	1.29
	0.13
	0.65
	0.53

	201
	RTL
	qRTL-5-4
	5
	45
	RM437
	RM169
	qRTL-7-7
	7
	230
	RM22168
	RM22171
	8.86
	1.32
	0.03
	-0.52
	0.53

	202
	RTL
	qRTL-1-7
	1
	160
	RM10793
	RM11125
	qRTL-7-8
	7
	235
	RM22168
	RM22171
	11.45
	1.35
	-1.25
	-0.80
	-1.24

	203
	RTL
	qRTL-5-2
	5
	35
	RM437
	RM169
	qRTL-8-1
	8
	75
	RM310
	RM3395
	9.55
	1.36
	0.15
	-0.19
	1.88

	204
	RTL
	qRTL-4-5
	4
	205
	RM255
	RM5473
	qRTL-8-2
	8
	90
	RM310
	RM3395
	9.46
	1.28
	-0.10
	0.16
	-0.49

	205
	RTL
	qRTL-1-6
	1
	150
	RM10793
	RM11125
	qRTL-8-4
	8
	130
	RM3395
	RM404
	9.59
	1.34
	-0.32
	-0.06
	-2.30

	206
	RTL
	qRTL-7-5
	7
	220
	RM22168
	RM22171
	qRTL-8-4
	8
	130
	RM3395
	RM404
	9.98
	1.27
	-1.18
	-1.14
	-1.12

	207
	RTL
	qRTL-2-1
	2
	55
	RM492
	RM324
	qRTL-8-5
	8
	135
	RM3395
	RM404
	8.05
	1.17
	-0.94
	-1.52
	-1.54


 (
Supplementary Table .2
 (cont.).
)
	S. No
	Trait name
	QTL1
	Chr. No.1
	Position 1 (cM)
	Left Marker1
	Right Marker1
	QTL2
	Chr. No.2
	Position 2 (cM)
	Left Marker2
	Right Marker2
	LOD
	PVE
(%)
	Add1
	Add2
	Add x Add

	208
	RTL
	qRTL-8-3
	8
	120
	RM3395
	RM404
	qRTL-8-7
	8
	220
	RM23310
	RM5485
	9.06
	1.14
	-0.14
	-0.41
	-0.54

	209
	RTL
	qRTL-3-6
	3
	85
	RM15399
	RM16
	qRTL-8-8
	8
	250
	RM23310
	RM5485
	8.88
	1.27
	0.83
	-0.53
	-0.84

	210
	RTL
	qRTL-6-1
	6
	30
	RM50
	RM3431
	qRTL-8-9
	8
	275
	RM23310
	RM5485
	8.51
	1.06
	1.09
	-1.04
	1.22

	211
	RTL
	qRTL-7-2
	7
	150
	RM22168
	RM22171
	qRTL-9-2
	9
	15
	RM23679
	RM23865
	10.20
	1.30
	-0.46
	0.55
	-0.25 

	212
	RTL
	qRTL-1-1
	1
	40
	RM10318
	RM10694
	qRTL-9-3
	9
	20
	RM23679
	RM23865
	9.70
	1.26
	-0.71
	-1.00
	-1.19 

	213
	RTL
	qRTL-2-4
	2
	215
	RM6318
	RM13616
	qRTL-9-5
	9
	70
	RM23679
	RM23865
	9.70
	1.26
	0.28
	0.03
	0.50 

	214
	RTL
	qRTL-8-2
	8
	90
	RM310
	RM3395
	qRTL-9-5
	9
	70
	RM23679
	RM23865
	9.31
	1.22
	0.00
	-0.04
	0.08

	215
	RTL
	qRTL-9-4
	9
	30
	RM23679
	RM23865
	qRTL-9-5
	9
	70
	RM23679
	RM23865
	10.12
	1.32
	-0.19
	0.37
	0.59

	216
	RTL
	qRTL-5-1
	5
	25
	RM437
	RM169
	qRTL-9-6
	9
	110
	RM24011
	RM24087
	8.43
	1.29
	-0.07
	-0.21
	-0.02

	217
	RTL
	qRTL-3-9
	3
	280
	RM15838
	RM5924
	qRTL-9-7
	9
	125
	RM24011
	RM24087
	10.26
	1.32
	0.44
	0.27
	-1.94 

	218
	RTL
	qRTL-4-4
	4
	100
	RM6089
	RM3474
	qRTL-9-7
	9
	125
	RM24011
	RM24087
	8.94
	1.30
	-0.41
	0.42
	2.01 

	219
	RTL
	qRTL-6-5
	6
	190
	RM5957
	RM20661
	qRTL-9-8
	9
	130
	RM24011
	RM24087
	10.24
	1.29
	0.31
	0.35
	 -2.13

	220
	RTL
	qRTL-10-1
	10
	5
	RM25092
	RM25255
	qRTL-10-2
	10
	30
	RM25519
	RM6100
	8.99
	1.09
	-0.44
	0.51
	-0.15

	221
	RTL
	qRTL-8-3
	8
	120
	RM3395
	RM404
	qRTL-10-3
	10
	35
	RM25519
	RM6100
	8.90
	1.18
	0.07
	0.16
	0.27

	222
	RTL
	qRTL-9-6
	9
	110
	RM24011
	RM24087
	qRTL-10-5
	10
	50
	RM25519
	RM6100
	9.96
	1.30
	0.32
	0.24
	-0.24 

	223
	RTL
	qRTL-3-8
	3
	275
	RM15838
	RM5924
	qRTL-10-7
	10
	85
	RM25519
	RM6100
	10.30
	1.33
	-0.04
	-0.34
	2.26 

	224
	RTL
	qRTL-2-2
	2
	60
	RM492
	RM324
	qRTL-10-8
	10
	160
	RM6100
	RM3773
	9.20
	1.26
	0.01
	-0.06
	-0.93 

	225
	RTL
	qRTL-7-4
	7
	215
	RM22168
	RM22171
	qRTL-10-8
	10
	160
	RM6100
	RM3773
	9.07
	1.17
	0.59
	-0.12
	-0.11 

	226
	RTL
	qRTL-1-10
	1
	230
	RM5954
	RM7643
	qRTL-10-9
	10
	165
	RM6100
	RM3773
	9.59
	1.31
	-0.31
	0.16
	 0.58

	227
	RTL
	qRTL-4-2
	4
	60
	RM6089
	RM3474
	qRTL-10-9
	10
	165
	RM6100
	RM3773
	9.64
	1.13
	0.14
	0.55
	-0.17 

	228
	RTL
	qRTL-6-3
	6
	50
	RM50
	RM3431
	qRTL-10-9
	10
	165
	RM6100
	RM3773
	9.69
	1.26
	-0.51
	-0.35
	0.34 

	229
	RTL
	qRTL-5-2
	5
	35
	RM437
	RM169
	  qRTL-10-10
	10
	170
	RM6100
	RM3773
	8.39
	1.08
	-0.97
	0.66
	0.66 

	230
	RTL
	qRTL-9-2
	9
	15
	RM23679
	RM23865
	qRTL-11-1
	11
	35
	RM286
	RM26245
	11.10
	1.27
	-0.72
	-1.01
	-0.93 

	231
	RTL
	qRTL-1-4
	1
	140
	RM10793
	RM11125
	qRTL-11-2
	11
	40
	RM286
	RM26245
	7.71
	1.22
	1.64
	2.05
	-0.70 

	232
	RTL
	qRTL-3-3
	3
	30
	RM7332
	RM231
	qRTL-11-2
	11
	40
	RM286
	RM26245
	11.31
	1.39
	-0.94
	1.83
	2.10 

	233
	RTL
	qRTL-4-2
	4
	60
	RM6089
	RM3474
	qRTL-11-2
	11
	40
	RM286
	RM26245
	7.68
	1.15
	0.41
	-0.66
	0.44 

	234
	RTL
	qRTL-6-7
	6
	205
	RM5957
	RM20661
	qRTL-11-2
	11
	40
	RM286
	RM26245
	9.43
	1.25
	-0.15
	0.81
	-2.80 

	235
	RTL
	qRTL-7-7
	7
	230
	RM22168
	RM22171
	qRTL-11-2
	11
	40
	RM286
	RM26245
	9.35
	1.24
	-0.71
	-0.51
	-0.75 

	236
	RTL
	qRTL-2-5
	2
	220
	RM6318
	RM13616
	qRTL-11-3
	11
	45
	RM286
	RM26245
	8.27
	1.17
	-0.70
	-0.52
	-0.62 

	237
	RTL
	qRTL-8-2
	8
	90
	RM310
	RM3395
	qRTL-11-3
	11
	45
	RM286
	RM26245
	8.01
	1.26
	-0.75
	-0.97
	-0.56


 (
Supplementary Table .2
 (cont.).
)
	S. No
	Trait name
	QTL1
	Chr. No.1
	Position 1 (cM)
	Left Marker1
	Right Marker1
	QTL2
	Chr. No.2
	Position 2 (cM)
	Left Marker2
	Right Marker2
	LOD
	PVE
(%)
	Add1
	Add2
	Add x Add

	238
	RTL
	qRTL-10-4
	10
	45
	RM25519
	RM6100
	qRTL-11-3
	11
	45
	RM286
	RM26245
	9.21
	1.23
	1.26
	-0.35
	1.29 

	239
	RTL
	qRTL-5-4
	5
	45
	RM437
	RM169
	qRTL-11-5
	11
	60
	RM286
	RM26245
	5.59
	1.12
	-0.94
	0.50
	0.69 

	240
	RTL
	qRTL-11-4
	11
	50
	RM286
	RM26245
	qRTL-11-6
	11
	65
	RM286
	RM26245
	9.16
	1.12
	-1.51
	0.87
	-1.30 

	241
	RTL
	qRTL-3-2
	3
	20
	RM7332
	RM231
	qRTL-12-1
	12
	30
	RM558A
	RM7003
	10.30
	1.25
	-1.14
	1.63
	1.58 

	242
	RTL
	qRTL-1-2
	1
	125
	RM10793
	RM11125
	qRTL-12-2
	12
	35
	RM558A
	RM7003
	8.47
	1.29
	1.64
	1.63
	-1.22 

	243
	RTL
	qRTL-7-3
	7
	165
	RM22168
	RM22171
	qRTL-12-2
	12
	35
	RM558A
	RM7003
	10.42
	1.33
	0.23
	0.19
	-3.20 

	244
	RTL
	qRTL-4-2
	4
	60
	RM6089
	RM3474
	qRTL-12-3
	12
	60
	RM558A
	RM7003
	9.31
	1.30
	-0.65
	0.89
	-0.07 

	245
	RTL
	qRTL-8-6
	8
	140
	RM3395
	RM404
	qRTL-12-3
	12
	60
	RM558A
	RM7003
	8.73
	1.30
	0.47
	0.38
	-0.44 

	246
	RTL
	qRTL-12-4
	12
	75
	RM558A
	RM7003
	qRTL-12-5
	12
	105
	RM27856
	RM1337
	8.48
	1.26
	0.92
	-0.84
	-0.69 

	247
	RTL
	qRTL-11-2
	11
	40
	RM286
	RM26245
	qRTL-12-6
	12
	120
	RM27856
	RM1337
	8.43
	1.25
	2.31
	-0.51
	1.41 

	248
	RTL
	qRTL-5-3
	5
	40
	RM437
	RM169
	qRTL-12-7
	12
	125
	RM27856
	RM1337
	7.66
	1.26
	-0.42
	-1.73
	0.81 

	249
	RTL
	qRTL-10-6
	10
	60
	RM25519
	RM6100
	qRTL-12-7
	12
	125
	RM27856
	RM1337
	9.61
	1.29
	0.93
	0.16
	2.82 

	250
	RTL
	qRTL-6-6
	6
	195
	RM5957
	RM20661
	qRTL-12-8
	12
	130
	RM27856
	RM1337
	9.87
	1.39
	1.76
	-0.83
	2.39 

	251
	RTL
	qRTL-9-1
	9
	10
	RM23679
	RM23865
	qRTL-12-9
	12
	150
	RM27856
	RM1337
	9.86
	1.06
	0.37
	0.08
	-0.42 

	252
	RTL
	qRTL-2-6
	2
	225
	RM6318
	RM13616
	qRTL-12-10
	12
	160
	RM27856
	RM1337
	9.23
	1.05
	-0.04
	-0.05
	-0.09 

	253
	DWT
	qDWT-1-1
	1
	215
	RM5954
	RM7643
	qDWT-3-1
	3
	30
	RM7332
	RM231
	6.27
	4.21
	0.07
	-0.01
	 0.34

	254
	DWT
	qDWT-2-1
	2
	45
	RM492
	RM324
	qDWT-3-2
	3
	150
	RM15488
	RM483
	5.00
	6.02
	0.06
	-0.27
	-0.05 

	255
	DWT
	qDWT-4-1
	4
	150
	RM6089
	RM3474
	qDWT-4-2
	4
	205
	RM255
	RM5473
	5.14
	4.29
	-0.14
	0.07
	0.00

	256
	DWT
	qDWT-6-1
	6
	0
	RM540
	RM2615
	qDWT-6-3
	6
	285
	RM20661
	RM439
	5.01
	4.41
	0.18
	0.03
	-0.17

	257
	DWT
	qDWT-6-2
	6
	45
	RM50
	RM3431
	qDWT-8-1
	8
	20
	RM1235
	RM310
	5.21
	6.80
	0.17
	-0.03
	-0.20


Chr.No., chromosome number; LOD, logarithm of odds; PVE, phenotypic variation explained by each QTL; SIS, salt injury score; Na+, shoot sodium concentration; K+, shoot potassium concentration; NaK, ratio of the shoot sodium and shoot potassium concentration; SHL, shoot length; RTL, root length; DWT, shoot dry weight. 
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