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at TFBS, which could expedite the comprehensive use of inte-
grative genetical genomics in the chickpea. Consequently, it 
would pin down the potential candidate gene targets (regu-
latory elements, alleles, and haplotypes) underlying QTLs 
(eQTLs) involved in transcriptional regulation of complex 
seed weight. The CNMS markers (allelic variants and hap-
lotypes) in the seven genes, including the two (LOB-domain 
protein- and KANADI protein-encoding genes) harbouring 
seed weight QTLs/eQTLs identified in this study, once vali-
dated via large-scale fine-mapping/map-based gene cloning 
and transgenics (overexpression/knock-down), could be uti-
lized for marker-assisted varietal improvement in chickpea. 
Although good candidates, the causal genes for seed weight 

QTLs/eQTLs may not necessarily be among the seven CNMS 
marker-associated genes found in the confidence intervals of 
QTLs/eQTLs.

Supplementary data

Supplementary data are available at JXB online.
Figure S1. A  physical map of the chickpea constructed 

using 666 CNMS marker-associated genes with an average 
density of 521.4 kb.

Figure S2. Hierarchical cluster display representing the 
expression profile of 220 CNMS marker-associated genes 

Fig. 8. The seed weight-specific molecular haplotyping, LD mapping, genetic association analysis, and gene haplotype-specific expression profiling of 
a CNMS marker-associated LOB-domain protein-encoding TF gene, validating its potential for seed weight regulation in chickpea. The genotyping of 
one CNMS marker in the regulatory element/TFBS and one synonymous SNP (A/G) identified in the coding sequence component of this TF gene (A) 
among 96 contrasting low and high seed weight germplasm lines (association panel) constituted six haplotypes (B). Three specific haplotype (B) groups 
[(GA)12-A/G], [(GA)13-A/G], and [(GA)14-A/G], which were represented by 42, 23, and 31 germplasm lines showed significant association potentials for 
low (100 seed weight varied from 5 g to 13 g) and high (31–41 g)/very high (47–55 g) seed weight differentiation (C), respectively. (D) The LD mapping 
with genotyping data of six haplotypes produced higher LD estimates (r2>0.20 and P<0.0001) across the entire 3400 bp sequenced region of the TF 
gene. The columns below the diagonal indicate the correlation frequency (r2) among a pair of six different haplotypes constituted in a gene, whereas 
columns above the diagonal specify the P-value (P<0.01) of LD estimates (r2) for these haplotype combinations at 1000 permutations. (E) The differential 
up-regulated expression of the haplotypes of this gene in seed developmental stages of low and high/very high seed weight germplasm lines, parents, 
and homozygous RIL mapping individuals representing haplotype groups compared with the leaf was also observed. Each bar represents the mean (± 
SE) of three independent biological replicates with two technical replicates for each sample used in the quantitative RT-PCR assay. *Significant differences 
in expression of gene haplotypes at two seed developmental stages of low and high seed weight germplasm lines, parents, and mapping individuals as 
compared with leaf at P<0.01 (LSD-ANOVA significance test). (This figure is available in colour at JXB online.)
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that were differentially expressed in six different vegetative 
and reproductive tissues of the chickpea genotype ICC 4958.

Figure S3. A functional transcript map (genetic linkage 
map) of the chickpea (ICC 4958×ICC 17163)  constructed 
using 238 parental polymorphic CNMS marker-associated 
genes..

Figure S4. The frequency distribution of 100-seed weight 
(g) among 190 individuals of a RIL mapping population 
(ICC 4958×ICC 17163) revealed the significant variation of 
seed weight between parental genotypes and among mapping 
individuals, and depicted a goodness-of-fit to the normal 
distribution.

Figure S5. Characteristics, functional significance, and 
utility of genome-wide CNMS marker-associated genes for 
large-scale genotyping applications, including integrative 
genetical genomics for understanding the complex quantita-
tive trait of seed weight in chickpea.

Table S1. Chickpea genotypes used in the study for evaluat-
ing the amplification and polymorphic potential of CNMS 
markers among 25 chickpea genotypes.

Table S2. Characteristics of 666 CNMS markers developed 
from the non-coding upstream regulatory sequence compo-
nents of 603 protein-coding genes of chickpea.

Table S3. Genomic distribution of physically mapped 
CNMS marker-associated genes on eight chickpea 
chromosomes.

Table S4. CNMS marker-associated chickpea genes pre-
dicted to function as master regulatory transcription factors 
in plants.
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