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Abstract

Chickpea (Cicer arietinum L.) is the second most important cool season food legume cultivated in arid and semiarid regions
of the world. The objective of the present study was to study variation for protein content in chickpea germplasm, and to
find markers associated with it. A set of 187 genotypes comprising both international and exotic collections, and representing
both desi and kabuli types with protein content ranging from 13.25% to 26.77% was used. Twenty-three SSR markers repre-
senting all eight linkage groups (LG) amplifying 153 loci were used for the analysis. Population structure analysis identified
three subpopulations, and corresponding Q values of principal components were used to take care of population structure
in the analysis which was performed using general linear and mixed linear models. Marker-trait association (MTA) analysis
identified nine significant associations representing four QTLs in the entire population. Subpopulation analyses identified ten
significant MTAs representing five QTLs, four of which were common with that of the entire population. Two most signifi-
cant QTLs linked with markers TR26.205 and CaM1068.195 were present on LG3 and LGS5. Gene ontology search identified
29 candidate genes in the region of significant MTAs on LG3. The present study will be helpful in concentrating on LG3
and LGS for identification of closely linked markers for protein content in chickpea and for their use in molecular breeding
programme for nutritional quality improvement.
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Introduction

Chickpea (Cicer arietinum L.) is a cool season grain legume
and is the major source of protein in majority of the vege-
tarian diets. Its protein content is ~17-22% (Jukanti et al.
2012), which increases considerably after dehulling, i.e. it
ranges from 25.3-28.9%. Chickpea protein is considered best
among all legume proteins, and it also has good in vitro pro-
tein digestibility (IVPD). In addition to protein, it also con-
tains important nutrients such as carbohydrates, minerals,
vitamins, fats, fibers, lipids, oils, etc. It also offers medic-
inal and health benefits. It is a hypocholesterolaemic agent
and also has a role in the control of diabetes, blood pressure
and weight loss. It also has a role against cardiovascular and
digestive diseases, and for some type of cancers (for a review,
see Jukanti et al. 2012). It shows antifungal, antibacterial,
antiinflammatory and antiulcerative properties. Besides its
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use as the main source of protein, it is consumed in many
forms (Burstin et al. 2011). Chickpea has been grown for
its good protein content and good protein quality, which is
very less as compared with other important legume like soy-
bean, which has 40—43% protein (Burstin et al. 2011). More-
over, it is generally observed that popular chickpea varieties
grown by the farmers have moderate protein content. This is
due to the general belief that the varieties with higher protein
content have small seed size.

Tremendous progress has been made in the area of chick-
pea genomics in the past five years, and this has resulted
in the generation of few thousand molecular markers
(Choudhary et al. 2009; Hiremath et al. 2012; Kujur ef al.
2013), several linkage maps (Nayak et al. 2010; Thudi et al.
2011; for a review, see Varshney et al. 2013a), identification
of marker-trait associations (MTAs) / quantitative trait loci
(QTLs) (Varshney et al. 2013a; Thudi et al. 2014a) and the
draft genome sequence of chickpea (Varshney ef al. 2013b;
Jain et al. 2013). With this vast wealth of genomic resources
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now available, majority of the breeding attempts made in
chickpea have been, and are being, focussed on improving
yield, resistance to diseases like Ascochyta blight and Fusar-
ium wilt (Varshney et al. 2014a) and on resistance to var-
ious abiotic stresses (Varshney et al. 2013c, 2014b; for a
review, see Jha et al. 2014; Thudi et al. 2014b). However,
there has been no impact of traditional breeding strategies
in the improvement of the nutritional status of the chickpea.
There are very limited breeding attempts which focussed on
improving protein content and other nutritional components
in this crop with the help of molecular markers. This offers
a lot of scope to study an important trait like protein con-
tent in chickpea, by identifying MTAs/QTLs using molecular
markers for their ultimate use in the marker-assisted breeding
programmes.

Ideally, a mapping population derived from two contrast-
ing parents is used for the identification of QTLs for the
trait of interest. However, this way of QTL identification is
time-consuming and, moreover, the QTLs identified are rel-
evant for those breeding programmes where either or both of
the parental genotypes involved in crossing are used (Gupta
et al. 2014). On the contrary, the approach of associa-
tion mapping, which relies on the principle of linkage-
disequilibrium (LD) can help in identifying QTLs in a rapid
way from a set of germplasm/breeding lines, which is more
relevant to the breeding point of view (Gupta et al. 2014).
Use of a diverse set of germplasm has been suggested to
be a good material for the identification of QTLs for differ-
ent quality traits (Breseghello and Sorrells 2006). Therefore,
the present study was aimed at identification of the markers
associated with protein content in a diverse set of chickpea
genotypes using simple sequence repeat (SSR) markers.

Material and methods

Material include 187 chickpea genotypes, comprised of both
international and exotic collections, as well as promising
genotypes of the university, and represents both desi and
kabuli types, including three popular varieties namely Vijay,
Vishal and Digvijay. The list of genotypes used in the present
study is provide in table 1 in electronic supplementary mate-
rial at http://www.ias.ac.in/jgenet/. These genotypes were
provided by the Pulses Improvement Project, Mahatma Phule
Agricultural University, Rahuri, and were grown during the
year 2012-2013. Each accession was grown on a single row
of three metres. Approximately 30 seeds per row were sown
with 45 cm x 10 cm spacing. Recommended package of
practices for chickpea were followed.

Estimation of crude protein content from chickpea seeds

Estimation of crude protein content was done using NIR
SpectraAlyzer (ZEUTEC, Rendsburg, Germany). To cali-
brate the protocol of this system, the crude protein content
of 30 chickpea genotypes were first estimated by Kjeldahl

method using Kelplus-Classic Dx KES 06L (Pelican Equip-
ments, Chennai, India). These 30 genotypes represented both
desi and kabuli types, with different seed coat colour. Some
of the samples with lower and higher crude protein content
were repeated for confirmation.

Genomic DNA isolation and PCR amplification
using SSR markers

Genomic DNA was isolated from young leaflets of chick-
pea genotypes, following Dellaporta et al. (1983) with some
modifications. A set of 23 SSR markers were used in
this study (table 1). Markers were chosen in such a way
that they represent all the eight linkage groups of chick-
pea. PCR amplification was carried out in a 5 uL reaction
volume in GeneAmp® PCR System 9700 Thermal Cycler
(Applied Biosystems, Foster City, USA), following Thudi
et al. (2011). PCR products were checked for amplification
on 1.2% agarose gel containing 0.5 /10 mL ethidium
bromide (10 mg/mL), with a 100 bp DNA ladder, by
running it at a constant voltage of 90 V for 25 min. The
amplification was visualized under UV illumination using
Uvi-Tech gel documentation system (DOL-008.XD, Eng-
land). Subsequently, PCR products generated by four differ-
ent fluorescence dye-labelled primers were pooled in equal
volumes, and 1.0 uL each of FAM, VIC, NED and PET-
labelled product (amplicon) were mixed with 7 uL of for-
mamide (Applied Biosystems), 0.05 uL of the GeneScan™
500 LIZ® Size Standard (Applied Biosystems), and 2.95 uL
of distilled water. DNA fragments (amplicons) were dena-
tured and size fractioned using capillary electrophoresis
on an ABI 3730 DNA Genetic Analyzer (Applied Biosys-
tems) at the Centre for Excellence in Genomics, Interna-
tional Crops Research Institute for the Semi-Arid Tropics
(ICRISAT), Patancheru, India.

Population structure analysis

Population structure was assessed using a set of 13 unlinked
SSR markers, having least number of missing marker data
points, and were chosen from all the eight linkage groups
(table 1). The software package STRUCTURE 2.3 (Pritchard
et al. 2000) was used with admixture model and the num-
ber of subpopulations (K), as 1 through 20 with the length of
burn-in period and numbers of MCMC after burn-in period
as 100,000 each. Numbers of subpopulations were decided
based on the ad hoc criteria as suggested by Evanno et al.
(2005). Principal component analysis (PCA) was also per-
formed using software TASSEL 4.0 (Bradbury et al. 2007),
to take into account the effect of population structure.

Association analysis

Identification of MTA/QTLs was carried out following the
approach of association analysis using the software package
TASSEL 4.0 (Bradbury et al. 2007). Association analysis
was performed using general linear model (GLM) and mixed
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Table 1. Details of SSR markers used in the present study.

Marker name Linkage group  Binnumber  Number of alleles  Product size range (bp)  PIC
1 H2A08%* LG 1 1.06 4 129-136 0.60
2 GAI11* LG1 1.10 7 142158 0.34
3 H2B061* LG2 2.06 10 131-168 0.68
4 TR56* LG3 3.02 12 226-264 0.74
5 CaM1515* LG3 3.04 9 240-264 0.66
6 CaM1122 LG3 3.05 9 237-257 0.57
7 TR26 LG3 3.07 15 202-249 0.87
8 GAAA45 LG3 3.10 3 226-238 0.03
9 STMS11* LG4 4.03 4 230-238 0.33
10  ICCMO0249* LG4 4.06 3 136-146 0.59
11 STMS24 LG4 4.09 3 195-201 0.11
12 CaMO0881 LG5 5.04 2 246-248 0.03
13 ICCMO0120a* LG5 5.07 6 208-224 0.60
14 H2J09* LG5 5.09 8 174-188 0.77
15 CaM1068 LG5 5.10 18 176-228 0.89
16  CaM2064* LG6 6.01 3 220-224 0.24
17  CaM0244 LG6 6.06 4 210-225 0.09
18  CaMO0958 LG7 7.02 5 110-120 0.04
19 CaM1827* LG7 7.05 5 229-237 0.59
20 H2E13* LG7 7.10 6 166-176 0.59
21  CaMO0787 LG8 8.03 2 120-125 0.01
22 CaM2036 LG8 8.05 2 148-151 0.02
23 HI1C092* LG8 8.06 13 200-245 0.83

* Markers used for population structure analysis; PIC, polymorphism information content.

linear model (MLM) approaches, as implemented in the soft-
ware package TASSEL 4.0. The 23 SSR markers used in the
present study amplified a total of 153 loci, with the minimum
of two loci each by markers CaM0787, CaM0881, CaM2036,
to a maximum of 18 for the marker CaM 1068 (table 1). After
removing the markers with minor allele frequency (MAF)
less than 1%, the total number of marker loci retained for
association analysis were 130. To take into account the pop-
ulation structure, principal components (PCs) were obtained
using TASSEL 4.0 and the corresponding O values were used
as covariates in GLM and MLM analyses. For MLM analy-
sis, marker-based kinship matrix (K) obtained using TASSEL
was used along with the O matrix, to correct both family and
population structure, and the phenotypic variation explained
(R?) by the marker is reported. The optimum levels of com-
pression in combination with P3D for variance component
estimation were used as criteria in MLM. Initially, analy-
sis was done using the entire set of genotypes, and later it
was extended to the subpopulations as well. As population
structure analysis indicated presence of three subpopulations,
association analysis was carried out with corresponding QO
values of first three principal components (1st component,
PC1; first two components, PC2; first three components,
PC3) in GLM and MLM. In summary, analysis was carried
out excluding population structure (naive), with Q matrix,
with K only matrix, and with O + K matrix. An MTA was
considered robust when it was significant following majority
of the approaches used. For the sake of convenience, MTA
on the same linkage group are considered to be linked to the
same QTL.

Identification of genes in the important regions of QTL

To identify the potential candidate genes present in the
regions where significant MTAs/QTLs have been identified,
the markers CaM 1212 and CaM1515 that were mapped on
to chickpea physical map (Varshney et al. 2014c), were
mapped on the chickpea genome (Varshney ef al. 2013b),
and the corresponding UniProt IDs were retrieved. For func-
tional characterization of the genes, the UniProt IDs of the
genes were mapped onto UniProt KB database (http:/www.
uniprot.org/).
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Figure 1. Plot of PC1 drawn against PC2. Each circle (empty
or filled) or plus represents an individual genotype in different
subpopulations of the germplasm used for analysis.
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Table 2. Significant MTA detected for crude protein content in the entire chickpea population.

P value
GLM MLM
Marker Naive With IPC ~ With 2PCs  With 3PCs K IPC+K 2PCs+K 3PCs+K Linkage group R? (%)
CaM1068.195 0.014 0.015 0.015 0.019 0.009  0.010 0.010 0.012 LG5 5.1
TR26.205 0.027 0.038 0.041 0.040 0.038  0.041 0.042 0.042 LG3 3.8
TR56.234 0.028 0.049 0.042 0.029 - - - - LG3 43
TR26.217 0.031 0.035 0.044 0.023 - - - - LG3 4.0
TR56.253 0.036 0.049 - 0.048 - - - - LG3 3.5
CaM1122.239 - 0.042 0.031 0.038 - - - - LG3 24
ICCM0249.142 - 0.039 0.049 0.033 - - - - LG4 34
ICCM0249.136 - - - 0.046 - - - - LG4 33
H2B061.162 0.035 - - - - - - - LG2 35

Naive, without population structure; 1PC, only first principal component; 2PCs, first two PCs;
3PC, first three PCs; K, kinship; R2, phenotypic variation explained; MTA on the same linkage group are considered to be linked with the

same QTL; —, P>0.05.

Results

Protein content in chickpea genotypes

In this study a wide range for crude protein content
was reported in chickpea genotypes, and it ranged from
13.25% (IC305653) to 26.77% (EC442034). This distri-
bution in trait value showed the average crude protein
content of 20.16%, while most of the genotypes were
having protein content around 18%. The three popular
varieties used in this study, namely, Vijay, Digvijay and
Vishal recorded 22.08%, 24.89% and 23.33% crude protein,
respectively.

Population structure assessment

A set of 13 SSR markers representing all the eight link-
age groups were used for the population structure assess-
ment. Population structure analysis indicated presence of
three subpopulations. PCA also separated the total genotypes
into three components (figure 1). Majority of the indigenous
genotypes were positioned to the left and towards the centre,
while all the exotic collections (representing majority of the
kabuli types) along with some indigenous types were posi-
tioned towards right. To rule out any confusion regarding
number of subpopulations, association analysis was carried
out using corresponding Q values of first three components.

Table 3. Significant MTA detected for crude protein content in different subpopulations of chickpea.

P value Linkage
Marker GLM (naive) MLM (KX only) group R% (%)
Subpopulation I
CaM1122.255 0.010 0.023 LG3 11.40
CaM1515.246 0.038 - LG3 10.51
TR26.208 0.045 - LG3 9.98
H2B061.162 0.035 - LG2 10.71
Subpopulation 11
TR56.253 0.004 0.010 LG3 14.04
TR26.234 0.007 0.036 LG3 16.85
CaM1122.239 0.026 - LG3 8.64
GAI11.154 0.017 - LGl 14.02
GAl1l1.156 0.017 - LGlI 14.06
GAI11.150 0.040 - LGl 11.26
Subpopulation I1I
TR26.231 0.004 0.008 LG3 15.94
TR26.205 0.023 0.023 LG3 14.56
CaM1122.239 0.032 0.039 LG3 11.34
H2B061.159 0.036 - LG2 11.8
ICCM0249.142 0.041 - LG4 12.47
CaM1068.195 - 0.048 LG5 12.94
CaM1068.207 0.037 - LG5 9.61

Naive, without population structure; K, kinship; R2,

phenotypic variation explained; MTA on the same

linkage group are considered to be linked with the same QTL; —, P > 0.05.
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Association analysis

When association analysis was carried out using GLM and
MLM, by using different criteria, a total of 19 MTAs rep-
resenting five QTLs having P < 0.05 were detected in the
entire population as well as in three subpopulations (tables 2
and 3). Three MTAs on LGI, two each on LG2, LG4 and
LGS and 10 on LG3 were detected for protein content in this
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study. Some of the associations detected in the entire pop-
ulation were common in individual subpopulations. More-
over, many of these associations may be linked with the same
QTL, as some of them were present on the same linkage
group. It is also likely that all of them were not true signifi-
cant, as only few of them were actually significant following
more than one approach, and also with MLM (tables 2 and
3). When the entire population was tested for association
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Figure 2. QQ plots of the analysis for protein content in chickpea obtained by following various criteria: (a), naive
(without population structure); (b), MLM with kinship only; (c), GLM with first PC taken as covariate; (d), MLM with
first PC taken as covariate; (e), GLM with first two PCs taken as covariates; (f), MLM with first two PCs taken as
covariates; (g), GLM with first three PCs taken as covariates; (h), MLM with first three PCs taken as covariates.
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analysis, only two MTAs representing two QTLs associated
with marker CaM1068.195 and TR26.205 for protein content
were detected following all the criteria. These markers were
mapped on LGS and LG3, respectively (table 2). To iden-
tify the subpopulation specific QTLs, the analysis were also
carried out in the three subpopulations, which were detected
based on population structure study.

After studying the subpopulation 1 for association analy-
sis, four putative MTAs were detected, three of which were
on LG3 (table 3). Likewise, when subpopulation 2 was tested
for association, six MTAs, three each on LGl and LG3
associated with two QTLs were detected. This analysis was
also extended to subpopulation 3. In this subpopulation, six
MTAs associated with four putative QTLs were identified for
crude protein content (table 3). Thus, a total of five QTLs
were identified in subpopulations, four of which were com-
mon with those detected in the entire population. The amount
of variation explained by these MTAs ranged from 2.4 to
5.1% in the entire population (table 2), while it ranged from
8.64 to 15.94% in the subpopulations (table 3).

Quantile-quantile (QQ) plots

Quantile-quantile (QQ) plot is a probability plot, which is
a graphical method of comparing two probability distribu-
tions (observed versus expected), by plotting their quantiles
against each other. The results obtained following various
criteria of GLM and MLM are also explained using QQ plots
(figure 2). It was observed that QQ plots obtained based
on the results of MLM showed overfitting as compared to
those obtained following GLM. The results obtained follow-
ing GLM with first three principal components as covari-
ates showed the expected distribution. This also supports the
assumption of presence of three subpopulations in the present
study.

Candidate gene analysis in the important regions

The CaM series markers (CaM 1122 and CaM1515) on LG3,
which were found to be significant for protein content in
the present study, were mapped on to the chickpea genome
assembly, and an attempt was made to identify potential can-
didate genes in the region of these markers. The analysis
has identified a total of 29 genes in this region (table 2 in
electronic supplementary material). Further, based on Gene
Ontology (GO) descriptions, these genes were function-
ally categorized as molecular function (17), cellular compo-
nent (15) and biological process (14), some of which were
common among each other (table 4).

Discussion

An effort has been made in this study to identify MTA for
protein content in chickpea using a diverse set of genotypes.
To our knowledge, this is the first such attempt to find the
MTAs for protein content in chickpea, albeit with a small
set of molecular markers. The wide range of protein content

Table 4. Functional categorization of genes present in the QTL
region on linkage group 3.

Functional category Number of genes

Molecular function (17)
Sequence-specific DNA binding transcription 2
factor activity
Catalytic activity 9
Binding 10
Enzyme activator activity 1
Symporter activity 1

Cellular component (15)
Plasmodesma 1
Membrane 6
Organelle 12
Organelle part 4
Membrane part 5
Cell part 14

Biological process (14)
Transport 2
Signal transduction 2
Metabolic process 12
Response to fungus 1
Cellular process 10
Reproductive process 1
Developmental process 1
Growth 1
Single-organism process 7
Single-multicellular organism process 1
Response to stimulus 4
Biological regulation 5
Cellular component organization or biogenesis 2

observed in the genotypes used in the present study justi-
fies its use for association analysis. Use of diverse material
from germplasm bank for the purpose of association map-
ping of quality traits has earlier been suggested (Breseghello
and Sorrells 2006).

There was no definite relationship between the protein
content and the type of chickpea (desi or kabuli), as well as
between the colour of the seed and the protein content. This
is against the general belief that kabuli types contain more
protein compared to the desi types. For example, protein con-
tent in desi genotypes ranged from 13.26 to 26.06%, while
in kabuli genotypes it ranged from 13.30 to 26.78%. These
results are in agreement with those of Jukanti ef al. (2012),
who also did not find any consistency between the type of
chickpea and protein content.

Population structure

Population structure was found to have little effect on the
results of association analysis in the present study. The
MTAs identified in the entire population following naive
approach (without population structure), and those with var-
ious other criteria of GML considering population structure
were almost the same. The only difference was with regard to
marker H2B061.162, which was detected only through naive
and not by other criteria. On the contrary, the MTAs on LG4
were detected by other criteria, and not following the naive
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(table 2). Moreover, the major QTLs linked with markers
CaM1068.195 and TR26.205 were detected following all the
criteria.

MTA analysis

In the present study, a total of 19 MTAs, representing five
QTLs from five different LG were identified for protein con-
tent in the entire population as well as subpopulations of
chickpea. Of the nine MTAs detected in the entire population,
only six were found significant in the subpopulations with
varying P values. Moreover, all these six were not common
in all the subpopulations and one, two and three numbers
of MTAs were common in subpopulations I (H2B061.162),
II (TR56.253 and CaM1122.239) and II (CaM1068.195,
TR26.205 and ICCMO0249.142), respectively (tables 2 and
3). Association mapping is therefore sensitive in a way that
change in genotype frequency arising due to change in the
different sample sizes (in entire population and different sub-
populations) may influence the power of detection of a QTL
in the entire population. This is expected, as the P value tends
to be low in the smaller set of genotypes. This is also evident
from the smaller values of phenotypic variation explained by
the MTAs explained in the entire population compared to the
higher values explained by the MTAs identified in different
subpopulations. Except for the marker CaM 1515 in subpopu-
lation I and marker GA11 in subpopulation II, other markers
found significant in subpopulations were common with those
found significant in the entire population (except for marker
alleles). Generally, MLM is considered to be more robust as
compared to GLM as chances of false positive associations
tend to be more with GLM. However, the QQ plot showed
that the results of MLM are overfitting and that of GLM and
naive approach are more as expected. However, it should be
noted that the approach of MLM may not always be reward-
ing, and the strategy of analysis may differ from trait to trait
so that, for a given trait in a given set of genotypes, approach
like naive or GLM may be more fruitful as has been reported
by Zhao et al. (2011) for plant height in rice. It is, there-
fore, necessary that one should analyse the data using var-
ious criteria in association analysis, along with analysis in
the subpopulations to find an appropriate way of identifying
QTLs/MTAs in the given set of data (Gupta ef al. 2014).

In our previous study using the same germplasm, it was
observed that protein content is significantly positively cor-
related with 100-seed weight (R> = 0.28; significant at
P < 0.01) and two markers, one each on LG3 and LG5 were
found to be significantly associated with 100-seed weight
(unpublished results). In the present study, both these link-
age groups were found to contain significant QTLs for pro-
tein content. Hundred-seed weight is the major component
of yield in chickpea. Yield of the crop is always consid-
ered to be negatively correlated with its protein content. This
has been considered as a limiting factor for simultaneous
improvement in the protein content and yield in all the crops.
However, positive correlation between protein content and

the 100-seed weight as observed in the present study shows
that simultaneous improvement for both the traits can be pos-
sible. Presence of significant QTLs for yield and other related
traits on LG3 and LGS have been reported in earlier studies
in chickpea. For instance, Gowda ef al. (2011) reported QTLs
for yield in chickpea, which were associated with markers
NCPGR52 and TA103x mapped on LG3 and LGS, respec-
tively. Significant positive correlation of protein content has
also been found with plant height (R?> = 0.22; significant at
P < 0.01) in the present study. Gowda ef al. (2011) iden-
tified a QTL on LGS for plant height in chickpea. Simi-
larly, Abbo et al. (2005) reported significant QTLs for beta
carotene concentration in chickpea associated with markers
TS19 and TR26. These markers were reported to be mapped
on LG3 by Winter et al. (2000). These examples highlight
the importance of LG3 and LG5 in chickpea.

Ideally, any genomewide association study should com-
prise of large numbers of markers and the genotypes.
Although a small set of markers were used in the present
study, care was taken so that they represent all the linkage
groups. Moreover, the purpose of this study was to iden-
tify the potential MTAs in the given set of genotypes for a
less studied trait like protein content and then focus on the
important regions of the genome in future studies.

Candidate gene analysis

Of the 29 candidate genes identified based on GO annotation,
gene-like protein-like malate synthase have been reported to
be involved in carbohydrate metabolism pathway in soybean
(Guex et al. 1995); whereas 6-phosphogluconate dehydro-
genase is involved in carbohydrate degradation and pentose
phosphate pathway, while SufE-like protein are involved in
cofactor and iron—sulphur cluster biosynthesis, and it has
been reported that its deficiency results in abnormal seed
development and arrested embryo development in Arabidop-
sis (Xu and Moller 2006). These genes need to be studied
further for their direct or indirect involvement in regulation of
seed protein.

Conclusions

The present study has helped in identification of significant
MTAs on LG3 and LG5, which have also been reported to
contain important QTLs for various traits in different stud-
ies. This shows that LG3 and LG5 are potential candidate
chromosomes for emphasizing future studies, with inclusion
of additional markers from these chromosomes. Efforts are
underway to develop biparental mapping populations using
the genotypes having very low and high protein content,
which can be used for high density mapping of the QTLs in
future. This study also shows that association analysis can
be effectively used to identify MTAs/QTLs for a trait-like
protein content using a diverse set of genotypes even with
a small set of markers. The significant markers identified in
the present study can be used in marker-assisted breeding
programme after validation.
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