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Abstract
Hundred kernel weight is an important indicator for large-seeded genotype selection. A recombinant inbred line population 
was used to decipher the genetic architecture of seed size and three pod traits in cultivated groundnut based on the phenotypic 
data from six and three environments, respectively. The study revealed a consensus major QTL for HKW in B07 group that 
explained 10.5–23.9% phenotypic variation due to seed size. Further, two other minor QTLs were identified in B03 and B08 
group for the seed size. Two minor QTLs for pod beak were positioned in B03 and A08. A minor QTL for pod reticulation 
was also mapped in the same map interval with the pod beak QTL in A08. Another minor QTL for pod constriction was 
co-mapped with the minor QTL for HKW in B08. The other minor QTL for pod constriction was placed in the neighboring 
map interval with the consensus QTL for seed size in B07 that suggests linkage of pod constriction with large seed trait. 
Analysis of the flanking markers profile in 71 cultivated groundnut genotypes revealed a strong association of pPGPseq_2E06 
marker with large seed trait.

Keywords Arachis hypogaea L. · Hundred kernel weight · Pod beak · Pod constriction · Pod reticulation · Quantitative trait 
loci

Introduction

Cultivated groundnut (Arachis hypogaea L.) is an important 
source of quality edible oil, protein and various bioactive 
compounds. Among the 100 groundnut-growing countries, 
India, China, USA and Nigeria hold more than 90% of the 
cultivated area under this crop. In India, it is grown on 
5.30 million ha with a total production of 9.18 million tons 
(FAOSTAT 2017). It is a self-pollinated crop with allotetra-
ploid (2n = 4x = 40, AABB) genome. It is mainly used for 
edible oil, various culinary purposes and preparation of vari-
ous confectionary items. Cultivated groundnut originated in 

the Bolivian region (South Bolivia–Northwestern Argen-
tina) (Krapovickas and Gregory 1994). It has two subspe-
cies, hypogaea and fastigiata. The subspecies hypogaea is 
characterized by alternate branching and absence of flowers 
on the main stem. While fastigiata is recognized by sequen-
tial branching and presence of flowers on the main stem 
(Krapovickas 1969). In general, ssp. hypogaea includes 
genotypes with long duration, seed dormancy and large seed 
size. However, sustained breeding efforts through mutation 
and recombination breeding have generated large-seeded 
genotypes in subspecies fastigiata (Murty et al. 2004; Badi-
gannavar and Mondal 2007).

Cultivated groundnut genotypes have sufficient diver-
sity in morphological, physiological, and agronomic traits 
(Upadhyaya et al. 2005; Yol et al. 2018). Bhad et al. (2016) 
reported significant variation in seed size in cultivated 
groundnut genotypes that include varieties, mutants and 
newly evolved breeding lines. However, limited variation 
was found at the DNA level (Halward et al. 1991) owing to 
its evolution from a single natural polyploidization event 
between two diploid progenitor species, followed by chromo-
some duplication (Kochert et al. 1996; Bertioli et al. 2016). 
But the rapid development of whole genome sequencing, 
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whole genome re-sequencing, availability of genome survey 
sequence and expressed sequence tag in Arachis hypogaea 
had prompted the development of a large number of simple 
sequence repeat (SSR) and single nucleotide polymorphism 
(SNP) markers that had been used widely for detecting suf-
ficient genetic diversity in cultivated species (Ferguson et al. 
2004; Mondal et al. 2012; Jiang et al. 2014; Pandey et al. 
2014; Zhao et al. 2017). This genetic diversity information 
was later utilized to tag foliar disease-resistant traits (Mon-
dal and Badigannavar 2018; Clevenger et al. 2018; Shira-
sawa et al. 2018), pod traits (Fonceka et al. 2012; Shirasawa 
et al. 2012), plant habits (Fonceka et al. 2012; Kayam et al. 
2017) and various quantitative traits like pod yield (Faye 
et al. 2015), shelling percentage (Luo et al. 2018a), bruchid 
resistance (Mondal et al. 2014), and content of bioactive 
compounds (Mondal et al. 2015).

Seed size is an important parameter for enhancing yield 
of crop plants. In groundnut, seed size is usually being 
measured in terms of hundred kernel weight (HKW). Since 
yield is a complex trait which is governed by many genes, 
it is wise to improve its component characters towards the 
improvement of crop yield. Generally, seed-related traits like 
seed length, seed width, ratio of seed length to width and 
HKW significantly and directly impact the groundnut pod 
yield (Kale et al. 2000). For a practical breeding program, 
HKW is often used as a selection parameter for developing 
confectionary groundnut varieties (Venuprasad et al. 2011). 
Variable reports on genetics of seed size are available in 
literature. Balaiah et al. (1977) and Layrisse et al. (1980) 
reported that large seed is dominant over small. While others 
claimed small seed is dominant over large seed in groundnut 
(Cahaner 1978; Anderson et al. 1993). Pattanashetti et al. 
(2008) described trigenic inheritance of seed size. Most of 
the available literature on seed size claimed that it is con-
trolled by polygenes with predominance of additive gene 
action (Garet 1976, Layrisse et al. 1980, Swe and Branch 
1986, Anderson, et al. 1993). Hariprasanna et al. (2008) and 
Venuprasad et al. (2011) confirmed that seed size is mostly 
influenced by a combination of both maternal and nuclear 
genes. Genetic linkage mapping has detected numbers of 
quantitative trait loci (QTL) for seed length, seed width and 
HKW in various bi-parental mapping populations (Fonceka 
et al. 2012; Shirasawa et al. 2012; Huang et al. 2015; Chen 
et al. 2016; Hake et al. 2017). Pandey et al. (2014) and Zhao 
et al. (2017) have detected significant marker association 
with large phenotypic variance for seed length and HKW in 
multiple environments using association mapping approach. 
But often, this association mapping approach is cumbersome 
in polyploid crops due to lack of diverse germplasm, scoring 
of multiple bands during genotyping and complex analysis 
criteria used in data analysis. Thus, bi-parental immortal 
mapping population like recombinant inbred lines (RILs) 
is being used for detecting QTLs of various agronomically 

important quantitative traits in groundnut. Few reports are 
available on QTL information for pod beak, constriction and 
reticulation. Shirasawa et al. (2012) reported two QTLs for 
pod constriction in LG09 and single QTL for pod beak/shape 
of pod tip in LG03 of the reported genetic linkage map. 
By using an improved Axiom Arachis array, different SNPs 
were mapped and a single QTL was found for pod constric-
tion in B07 chromosome (Patil et al. 2018). Here, we report 
detection of a consensus QTL region for HKW along with 
other QTLs for pod reticulation, beak and constriction in 
cultivated groundnut.

Materials and methods

Plant materials and phenotyping

A recombinant inbred line population (consisting of 164 
lines) derived from a cross between VG 9514 and TAG 24 
was used for this study. The genotype VG 9514 was derived 
from a wide hybridization between Co 1 (A. hypogaea L.) 
X A. cardenasii (Varman 1999). It has foliar disease resist-
ance, red testa and small seed size. TAG 24, a well-adapted 
cultivated groundnut variety developed at Bhabha Atomic 
Research Centre (BARC), Mumbai, India, has high yield 
potential, rose testa and moderate seed size (Patil et al. 
1995). Another 71 active Trombay groundnut genotypes 
were used for validation of associated alleles of two flank-
ing markers with seed size (Suppl. Table 1).

Phenotyping of RIL population

RILs along with parents were grown in randomly complete 
block design in two replicates for 3 years, 2008, 2009 and 
2011. Phenotyping of these RILs for HKW was carried out 
at six environments based on IPGRI and ICRISAT (1992) 
descriptors. These six environments were summer season 
2008 at Kehal (Keh-S08); summer 2008 at Gauribidanur 
(Gau-S08); rainy season 2008 at Gauribidanur (Gau-R08) 
and at Trombay (Tro-R08); rainy season 2009 at Trombay 
(Tro-R09) and rainy season 2011 at Gauribidanur (Gau-
R11). For pod-related traits (beak, constriction and retic-
ulation), the data were collected only from three environ-
ments (Tro-R08; Tro-R09 and Gau-R11) as per description 
in IPGRI and ICRISAT (1992). Descriptive statistics and 
normality test of all the phenotypic data were performed 
using PAST ver 3.11 (Hammer et al. 2001).

SSR marker development, DNA isolation and marker 
analysis

Based on our earlier effort on QTL mapping for seed size in 
our laboratory (unpublished data), a chromosomal portion 
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(49.05 cM) between GM2073 and TE282 (Suppl. Figure 1) 
was retrieved from genomic sequence of A. ipaensis in Pea-
nutBase (http://www.peanu tbase .org). Sequence informa-
tion from this retrieved B07 genome was used to identify 
di- (minimum six repeats), tri- (five repeats), tetra- (five 
repeats), penta- (four repeats), hexanucleotide (four repeats) 
and compound repeat motifs. The flanking sequences of the 
identified repeat loci were used for primer pair designing 
(Mondal and Badigannavar 2018). These chromosome-
specific SSR markers were named as B07_1 to B07_110 
(Suppl. Table 2).

Total genomic DNA was isolated from fresh young leaf 
tissues of described RILs by GenElute™ Plant Genomic 
DNA mini-prep kit (Sigma Aldrich, USA) following manu-
facturer’s recommendation. DNA samples were quantified 
using a NanoDrop™ spectrophotometer (Thermo Fisher Sci-
entific, Waltham, USA) and adjusted to a final concentra-
tion of 10 ηg/µl. Each 10 µl PCR reaction volume contained 
10 ηg genomic DNA, 1 × Go Taq buffer, 1.5 mM  MgCl2, 
0.2 µM of each primer, 0.20 mM of each dNTP and 0.5 U of 
Go Taq DNA polymerase (Promega, Madison, USA). SSR 
amplification was performed in a thermal cycler (Eppendorf, 
Hamburg, Germany). The reaction was carried out under the 
following temperature conditions: 94 °C for 5 min with 35 
cycles of 94 °C for 30 s, 50–55 °C (depending upon anneal-
ing temperature of respective primer pair) for 30 s, 72 °C for 
30 s and a final extension at 72 °C for 10 min. The amplified 
SSRs were size separated in high-resolution DNA Cartridge 
(Qiagen, Germany) fitted with an automated capillary gel 
electrophoresis system (Qiagen, Germany).

Linkage analysis

A χ2 test was performed to test the null hypothesis of 1:1 
segregation of each new SSR marker in the RILs. The link-
age analysis of polymorphic marker was performed using 
QTL IciMapping ver 4.1 (Wang et al. 2016). Mapping cri-
teria and graphical representation of the linkage map were 
followed as mentioned in Mondal and Badigannavar (2018). 
The newly developed polymorphic SSR markers were also 
included in the existed genetic linkage map of Mondal et al. 
(2014) by following the above mapping protocol in QTL 
IciMapping ver 4.1.

QTL analysis for HKW and pod traits

Phenotypic data (HKW and pod traits) of the RILs in each 
season were entered along with the genotypic data of the 
RILs in inclusive composite interval mapping (ICIM) analy-
sis (Li et al. 2007). To identify the main QTLs, analyses 
were performed with QTL IciMapping version 4.1 (Wang 
et al. 2016) using inclusive composite interval mapping of 
additive (ICIM-ADD). Additive QTLs were then detected 

using 1.0 cM speed in scanning by following a stepwise 
regression method. The probability used in stepwise regres-
sion for additive QTLs was 0.001. To claim a significant 
QTL, a LOD threshold of 2.5 was set for additive QTLs. Sig-
nificant LOD thresholds were determined for each dataset by 
1000 permutations with type I probability of 0.01 (Doerge 
2002). Graphics for linkage map and different QTLs were 
generated through Mapchart version 2.1 (Voorrips 2002).

Result and discussion

Field experiments in six different environments revealed that 
TAG 24 has medium-sized seeds with HKW of 52.0–56.5 g 
and VG 9514 has small seed type with HKW of 35.0–39.2 g. 
ANOVA analysis of HKW data of RILs over six environ-
ments detected significant difference among RILs and envi-
ronments. There was also a significant genotype X environ-
ment interaction for the tested seed size trait in groundnut 
(Suppl. Table 3). The RIL population derived from these 
two parents showed wide distribution of seed size (in terms 
of HKW) ranging from 23.0 g to 75.0 g at Trombay rainy 
season 2008 (Table 1). Distribution of these seed pheno-
types beyond the parental limit indicated the possible role of 
transgressive segregation and additive genes from both the 
parents (Anderson et al. 1993; Venuprasad et al. 2011). The 
frequency distribution in histogram for HKW in most of the 
tested environments followed normal distribution except in 
Gauribidanur rainy season 2011 (Fig. 1; Table 1). Skewness 
values showed that HKW in this RIL population was posi-
tively skewed. The low-to-medium positive skewed values 
indicated additive gene action for seed size in groundnut 
(Fisher et al. 1932). Four environments (Keh-S08; Gau-S08; 
Tro-R08; Tro-R09) showed negative kurtosis for HKW, but 
the distribution in Gauribidanur rainy season 2008 and 2011 
had leptokurtic configurations. The negative kurtosis in most 
of the environments suggested that HKW trait is controlled 
by more number of genes without any gene interactions 
among them (Robson 1956). Frequency distribution of pod-
related traits (beak, constriction and reticulation) revealed 
that these traits were not following normal distribution 
(Table 2; Suppl. Figure 2). All types of pod features were 
noticed in RILs. The parent VG 9514 has the highest score 
for beak and reticulation. TAG 24 has almost no beak and 
with moderate reticulation. Almost nil constriction was there 
in VG 9514 but moderate constriction was found in TAG 24 
(Fig. 2). The score for pod beak and constriction followed 
negative skewness and positive kurtosis which means few 
numbers of genes interact among them and control these 
traits (Coffelt and Hammons 1974; Pattanashetti et al. 2008). 
The distribution of pod reticulation score was not skewed 
but had negative kurtosis. This suggests more number of 

http://www.peanutbase.org
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genes is controlling pod reticulation without any possible 
gene interactions among them in groundnut.   

Previously, we have generated a genetic linkage map 
with 190 markers in cultivated groundnut (Mondal et al. 
2014). Based on this genetic linkage information, a prelimi-
nary QTL analysis revealed that the consensus QTL peak 
for HKW lies in between GM2073 and TE282 marker in 
linkage group B07, but these two flanking markers were 

placed at 49.05 cM interval (Suppl. Figure 1). Searching 
of repeat motif in B07 (in between marker GM2073 and 
TE282) chromosomal sequence revealed 110 SSR repeat 
motifs with minimum repeat length of 14 bp. Of the 110 
repeat motifs, 40 were with dinucleotide, 47 with trinu-
cleotide, 3 with tetranucleotide, 2 with pentanucleotide, 2 
with hexanucleotide and 16 with compound repeat motif 
(Suppl. Table 2). Of these 110 SSR primer pairs, six (5.45%) 

Table 1  Descriptive parameters of HKW of RILs at different six environments

Keh-S08 Kehal, Maharashtra in summer (Jan to May) 2008, Gau-S08 Gauribidanur, Karnataka in summer 2008, Gau-R08 Gauribidanur in rainy 
season (June to September) 2008, Tro-R08 Trombay, Mumbai in rainy season 2008, Tro-R09 Trombay in rainy season 2009, Gau-R11 Gau-
ribidanur in rainy season 2011

Environment Number 
of RILs

Min HKW (g) Max HKW (g) Mean HKW (g) Skewness Kurtosis Normality test

Shapiro–Wilk statistic Jarque–Bera statistic

Keh-S08 156 23 62 42.35 0.09 − 0.55 0.99
(P = 0.31)

2.35
(P = 0.31)

Gau-S08 153 26 66 45.16 0.15 − 0.32 0.99
(P = 0.34)

1.35
(P = 0.51)

Gau-R08 164 25 70 42.95 0.41 0.24 0.98
(P = 0.11)

4.70
(P = 0.09)

Tro-R08 164 23 75 45.90 0.41 − 0.12 0.98
(P = 0.05)

4.62
(P = 0.09)

Tro-R09 162 24 68 46.30 0.06 − 0.70 0.98
(P = 0.01)

3.61
(P = 0.16)

Gau-R11 157 24.3 72 42.10 0.87 1.77 0.96
(NS)

37.82
(NS)

Fig. 1  Frequency distribution of hundred kernel weight of RIL population at six different environments
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were found polymorphic between two parents. All these six 
new SSR markers were used for genotyping in 164 RILs 
for updating the existing genetic linkage map (mentioned in 
Mondal et al. 2014). Genotyping of 164 RILs revealed that 
four new markers (B07_53, B07_77, B07_80 and B07_109) 
have followed 1:1 ratio (P value = 0.87–1.00). Of the six B07 
specific SSR markers, five were placed in B07 linkage group 
and the remaining one (B07_72) was unlinked. Placing of 
five new markers in the updated linkage map has increased 
map density from 22.3 cM/interval to 12.5 cM/interval in 
B07 group in the present study.

A total of three QTLs for seed size (in terms of HKW), 
two for pod beak, one for pod reticulation and two for pod 
constriction were identified in this study. QTL analysis for 
HKW revealed a major consensus QTL (qHKW-B07) in 

B07 linkage group in all the six analyzed environments. 
This major consensus QTL explained 10.50–23.88% phe-
notypic variance of HKW in RILs (Table 3). The signifi-
cant QTL peak detected in between SSR markers B07_109 
and pPGPseq_2E06 within a 20.6 cM map interval (Fig. 3). 
The additive effect of this major QTL was contributed by 
TAG 24 allele. Fonceka et al. (2012) identified two QTLs 
for HKW in chromosome A07 and B02. The closest marker 
pPGPseq_2E06 was placed in linkage group A07 in that 
report. In another report, Luo et al. (2018b) revealed three 
QTLs for hundred pod weight, pod length and pod width 
that were co-localized in a 5 cM interval (1.48 Mb in physi-
cal map) on chromosome A07. The present study detected 
two flanking markers pPGPseq_2E06 (genbank accession 
CC000271) and B07_109 (designed from chromosome 7 

Table 2  Descriptive parameters of pod traits of RILs at different environments

Tro-R08 Trombay, Mumbai in rainy season (June to September) 2008, Tro-R09 Trombay in rainy season 2009, Gau-R11 Gauribidanur in rainy 
season 2011

Environment RILs Min score Max score Mean score Skewness Kurtosis Normality test

Shapiro–Wilk 
statistic

Jarque–Bera statistic

Pod beak
 Tro-R08 164 0 9 5.76 − 0.42 0.88 0.82 (NS) 9.46 (NS)
 Tro-R09 162 0 9 5.34 − 0.51 0.36 0.88 (NS) 7.79 (NS)
 Gau-R11 164 0 9 5.76 − 0.42 0.88 0.82 (NS) 9.45 (NS)

Pod constriction
 Tro-R08 164 0 9 4.08 − 0.11 0.62 0.84 (NS) 2.51

(P = 0.28)
 Tro-R09 162 0 9 4.44 − 0.47 0.23 0.87 (NS) 6.25 (NS)
 Gau-R11 157 0 9 4.08 − 0.10 0.62 0.84 (NS) 2.50

(P 0.28)
Pod reticulation
 Tro-R08 164 0 9 5.77 0.05 − 0.80 0.89 (NS) 4.64

(P = 0.09)
 Tro-R09 162 3 9 6.17 0.008 − 0.84 0.88 (NS) 4.95

(P = 0.08)
 Gau-R11 157 0 9 5.77 0.05 − 0.88 0.89 4.64

(P 0.09)

Fig. 2  Contrasting pod and seed 
features of TAG 24 and VG 
9514

TAG 24 VG 9514



 3 Biotech (2019) 9:347

1 3

347 Page 6 of 9

of A. ipaensis) for the consensus QTL for HKW in B07 
linkage group. When we used CC000271 as query sequence 
in BLASTn in Peanutbase, we found that it has 99.86% 
sequence identity with 1,982,594–1,983,295 bp in Arahy.17 
chromosome. Similarly the SSR loci portion of B07_109 
has 100% identity with 4,645,102–4,645,410 bp in Arahy.17 
chromosome. Two major QTLs for HKW were also reported 
in B02 and B03 chromosome by Huang et al. (2015) and 
the QTL in B03 chromosome was positioned distally at 
124.2 cM. In the present study, another minor QTL was 
identified in B03 where it placed at the distal portion of the 
chromosome in between SSR marker TC11F02 and TC7E04 
(Fig. 3). This QTL in B03 (qHKW-B03) appeared only in 
Gauribidanur rainy season 2011 and explained 8.88% of phe-
notypic variance (Table 3). The additive effect of this minor 

QTL in B03 was contributed by TAG 24 allele. Another 
minor QTL (qHKW-B08) was also identified in linkage 
group B08 (Table 3). The QTL in B08 was detected only 
in two environments (Gauribidanur rainy 2008 and Trom-
bay rainy 2009) and it explained 6.71–7.97% phenotypic 
variance. This minor QTL in B08 group had additive effect 
that was contributed by the VG 9514 allele. Two flanking 
markers for the identified major QTL for HKW were later 
genotyped in 71 cultivated groundnut genotypes. Based on 
the single marker ANOVA, it was found that the SSR marker 
pPGPseq_2E06 was significantly associated with HKW 
and explained 17.94% phenotypic variation (R2 = 0.1794, 
P = 0.0005). But no association was detected for the other 
flanking marker B07_109. 

Table 3  Details of QTLs information of HKW in different environments

Keh-S08 Kehal, Maharashtra in summer (Jan to May) 2008, Gau-S08 Gauribidanur, Karnataka in summer 2008, Gau-R08 Garibidanur in rainy 
season (June to September) 2008, Tro-R08 Trombay, Mumbai in rainy season 2008, Tro-R09 Trombay in rainy season 2009, Gau-R11 Gau-
ribidanur in rainy season 2011

QTL name Environment Chr. Peak posi-
tion (cM)

Left marker Right marker LOD value PVE (%) Additive value

qHKW-B07 Keh-S08 B07 88 B07_109 pPGPseq_2E06 8.14 20.55 − 4.40
qHKW-B07 Gau-S08 B07 90 B07_109 pPGPseq_2E06 6.47 17.80 − 4.20
qHKW-B07 Gau-R08 B07 94 B07_109 pPGPseq_2E06 4.35 10.50 − 3.22
qHKW-B08 B08 163 TC20B05 TE6 2.89 7.97 2.82
qHKW-B07 Tro-R08 B07 93 B07_109 pPGPseq_2E06 9.73 23.88 − 5.41
qHKW-B07 Tro-R09 B07 93 B07_109 pPGPseq_2E06 4.71 11.87 − 4.45
qHKW-B08 B08 159 TC20B05 TE6 2.58 6.71 3.35
qHKW-B07 Gau-R11 B07 89 B07_109 pPGPseq_2E06 6.08 18.13 − 3.32
qHKW-B03 B03 229 TC11F02 TC7E04 3.64 8.88 − 2.32

TC3E020.0
TC23E0420.6
pPGPseq_2B1044.1
AHBGSC1003E1057.0
TE263.2
GM173366.4
TE24977.8
pPGPseq_13E1197.7
TE459110.6
GM1996119.7
TE389122.2
RM14E11130.9
gi30420088135.6
pPGPseq_2C11141.4
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IPAHM219125.2
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Fig. 3  QTLs for hundred kernel weight, pod beak, pod reticulation 
and pod constriction in the linkage map of cultivated groundnut. 
Color codes for QTLs are as follows: black = QTL region for Keh-

S08, red = QTL region for Gau-S08, green = QTL region for Gau-
R08, blue = QTL region for Tro-R08, maroon = QTL region for Tro-
R09, and pink = QTL region for Gau-R11
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Identification of QTLs for pod traits (beak, constriction, 
reticulation) is equally important, as these traits determine 
the consumer or market acceptability. Confectionary ground-
nut with desirable pod features normally fetches premium 
price (Kale et al. 2000). Thus, QTLs for both HKW and 
pod traits will be helpful in introgression of desirable alleles 
in breeding for large seed trait in groundnut. Analysis of 
QTL for pod-related traits revealed five minor QTLs (in 
total) for pod beak, constriction and reticulation (Table 4). 
Two minor QTLs for pod beak (qbeak-B03 and qbeak-A08) 
were detected in linkage group B03 and A08 that explained 
8.73–8.89% and 6.31–6.78% of phenotypic variance, 
respectively. The QTL peak in B03 was present at 39 cM 
distance in between markers TC23E04 and pPGPseq_2B10. 
The other QTL peak in A08 was placed in between marker 
TC9B08 and Cer14 (Fig. 3). The same map interval in link-
age group A08 had another minor QTL (qreti-A08) for 
pod reticulation. This minor QTL for pod reticulation was 
detected in two environments and it explained 7.30–7.80% 
phenotypic variance (Table 4). Further, a correlation analy-
sis revealed that pod reticulation and pod beak are positively 
correlated (r = 0.30, P = 0.0007). An earlier report by Shi-
rasawa et al. (2012) revealed a QTL for pod beak named 
qSTP03 in between marker AhTE0570 and AHGS1744 in 
A03. The same report also described two other QTLs for 
pod constriction in linkage group A09 and B09. Another two 
minor QTLs for pod constriction (qconst-B08 and qconst-
B07) were detected in B08 (in Trombay rainy 2009) and 
B07 (in Gauribidanur rainy 2011) and explained 8.84% and 
8.45% phenotypic variance, respectively (Table 4). Interest-
ingly, both the qHKW-B08 and qconst-B08 were mapped in 
the same map interval (Fig. 3) and their additive effects were 
contributed by VG 9514 allele. Recently a single genomic 
region was found to be associated with pod constriction in 
B07 chromosome and the reported QTL explained 32% of 
the total phenotypic variation due to pod constriction in a 
mapping population (Patil et al. 2018). The identified minor 

QTL for pod constriction in this study is situated in between 
marker pPGPseq_2E06 and TE282 of B07 linkage group 
(Fig. 3). The same marker interval was closely spaced with 
the consensus QTL for HKW (qHKW-B07) in B07 linkage 
group in this study. The additive effect of both these QTLs 
(qHKW-B07 and qconst-B07) in B07 was contributed by 
TAG 24 alleles. Thus, to identify recombinant with large 
seed and less constriction, a large number of segregating 
plant materials has to be generated to identify desirable 
crossovers within these above QTLs. Future research may 
be directed to fine map this interesting loci that control both 
HKW and pod constriction in cultivated groundnut.
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