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ABSTRACT

Globally, peanut is an important crop, providing both oil and protein, 
and gene banks across the world have conserved a large collection 
of peanut germplasm including wild Arachis species. The key to the 
success in crop improvement depends on how effectively and effi ciently 
the new genetic variation is introduced to broaden the genetic base 
of cultigens. The genus Arachis harbors considerable diversity for 
morpho-agronomic traits including resistance to abiotic and biotic 
stresses. Impressive progress have been made towards developing 
a large number of markers specific to peanut in addition to the 
technological breakthrough in developing high-throughput genotyping 
platforms for unlocking the genetic variation present in the germplasm 
collections. Using core and mini core collections and genomic tools, 
peanut researchers have identifi ed a number of diverse germplasm 
possessing agronomically benefi cial traits that are now being used in 
peanut breeding. Amphidiploids originating from distant wild Arachis 
species crosses are expected to unravel the variation not earlier available 
to peanut research community due to bottlenecks associated with 
peanut domestication. 

Keywords: peanut, Arachis, germplasm, diversity, abiotic/biotic 
stresses, mapping

International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Patancheru 
502324, AP, India.
*Corresponding author: h.upadhyaya@cgiar.org



14 Genetics, Genomics and Breeding of Peanuts   

2.1 Introduction

Peanut (groundnut) (Arachis hypogaea L.), an important food legume crop, 
grown in more than 108 countries representing tropical, subtropical and 
warm temperate regions of the world, extending cultivation between 40°N 
to 40°S. It ranks 6th among the oilseed crops and 13th among food crops 
of the world. Globally it is cultivated on 24.1 million ha area, with a total 
production of 37.6 million tons and average productivity of 1.6 t ha–1 (FAO 
2010: http://www.faostat.fao.org). Developing countries account for 96% 
of the global peanut area and 92% of the global production. Asia accounts 
for 64% of the global peanut production, while Africa only 28%. In Asia, 
India and China together produce 57% of the global peanut production. 
Other countries in Asia that produce substantial peanut include Indonesia, 
Myanmar and Vietnam. Peanut in Africa is widely distributed, grown 
over 50 countries across the continent. Nigeria, Sudan, Senegal, Chad and 
Ghana together account for 54% of the peanut production in the continent, 
with Nigeria the leading producer. North America contributes ~5% of the 
global peanut production, 80% of which is in the USA, the world’s fourth-
largest producer. Europe and Oceania contribute less than 1% peanut 
production. 

Peanut seeds, rich in oil, protein, minerals and vitamins, are consumed 
in a variety of forms. About two-thirds of global peanut production is 
crushed for extracting vegetable oil, while the remaining is used in the 
form of edible products. Peanut cake obtained after oil extraction is used 
as protein-rich meal for livestock or for making other food products. The 
haulms are an important source of good quality animal fodder, especially in 
developing countries. Peanut helps improve soil fertility through biological 
nitrogen fi xation

 Peanut production is adversely affected by both biotic and abiotic 
stresses. Rust, early leaf spot and late leaf spot are the most common and 
widely distributed foliar diseases, while peanut bud necrosis virus in 
South Asia, rosette disease in Africa and bacterial wilt in Southeast Asia 
are the major diseases of peanut, impacting yield and quality. The pests are 
of localized importance, for example, leaf miner and Spodoptera in South 
and Southeast Asia, termites in Africa and corn earworm, lesser corn stock 
borer and southern corn rootworm in North America. Drought is one of 
the major abiotic stresses, potentially limiting the peanut productivity 
worldwide. Peanut quality is adversely affected by afl atoxin contamination. 
All these factors either alone or in combination cause substantial yield losses 
worldwide, which necessitates the utilization of host-plant resistance to 
ameliorate losses to peanut production caused by biotic and abiotic stresses 
(Dwivedi et al. 2003 and references therein). 
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Legumes, including peanut, has a narrow genetic base, particularly 
due to bottleneck associated with their evolution. Various studies have 
shown that the cultivated peanut originated by a single hybridization 
event between two wild diploid species with distinct genome giving rise 
to a sterile hybrid followed by a spontaneous duplication of chromosomes 
producing fertile tetraploid (peanut) that remain reproductively isolated 
from its wild ancestors (Kochert et al. 1991; Jung et al. 2003; Seijo et al. 
2004). Both pre- and post-zygotic hybridization barriers have been shown 
to restrict crossing between cultivated peanut and wild Arachis species 
(Halward and Stalker 1987). Crop genetic resources are the reservoir of 
many useful genes but general reluctance of the breeders to use exotic 
germplasm has severely restricted the introgression of useful variation 
present in exotic germplasm including wild Arachis species. The main 
reason for such low use of germplasm is due to the diffi culties in evaluating 
large sets of germplasm across multilocations to get information about the 
traits of economic importance. This chapter provides information about 
the nature and extent of peanut genetic resources preserved across gene 
banks globally, the pattern of diversity unearthed in cultivated and wild 
Arachis species and various approaches including genomic tools to promote 
utilization of genetic resources to broaden the genetic base for sustainable 
peanut production. 

2.2 Origin, Dissemination and Gene Pools

The genus Arachis contains nine sections comprising 80 species. Most of 
these species are diploid with 2n = 2x = 20 and 2n = 2x = 18 (A. praecox, 
A. palustris and A. decora in section Arachis and A. porphyrocalyx in section 
Erectoides) except A. pseudovillosa, A. glabrata and A. nitida in section 
Rhizomatosae and A. hypogaea (cultivated peanut) and A. monticola in section 
Arachis, which are tetraploid with 2n = 4x = 40 (reviewed in Upadhyaya 
et al. 2011a). The genus Arachis originated in South America, where it is 
widely distributed, mainly in Argentina, Brazil, Paraguay and Uruguay. 
The cultivated A. hypogaea probably originated in the region of southern 
Bolivia and northern Argentina, since its progenitor A. monticola, the only 
wild allotetraploid species that crosses with A. hypogaea is found in this 
area (Krapovickas 1969). The diploid species A. duranensis and A. ipaensis, 
the most likely donors of A and B genomes, are restricted to northwest 
Argentina and southeast Bolivia (Krapovickas and Gregory 1994, 2007) 
that overlap to the segmental allotetraploid, A. monticola/A. hypogaea and 
A. monticola (Seijo et al. 2004). This, together with evidence on archeological 
and morphological diversity, indicate that this region may be the center 
of origin and the primary center of diversity for A. hypogaea (Krapovickas 
and Rigoni 1957; Hammons 1994; Singh and Simpson 1994; Kochert et al. 
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1996). Archeological evidences suggest that peanut has been cultivated 
for over 3,500 years. Domestication probably fi rst took place in northern 
Argentina and southern Bolivia and was subsequently introduced to Africa, 
India and the Far East by the Portuguese and from the west coast of South 
America to the western pacifi c to Indonesia and China by the Spaniards in 
the early 16th century; and later on from Asian countries to east Africa. By 
the middle of the 16th century, peanut was introduced to North America 
and other parts of the world. Subsequent spread of the crop to different 
agroclimatic zones brought further diversifi cation and variability in growth 
habit and seed and pod characteristics, which resulted into evolution of a 
number of morphologically distinct botanical varieties that predominate 
and show high levels of diversity in some geographical areas (Singh 1995; 
Singh and Nigam 1997).

The four gene pools in genus Arachis include i) primary gene pool 
(A. hypogaea landraces and its wild form A. monticola), ii) secondary gene 
pool (diploid species from section Arachis that are cross-compatible with 
A. hypogaea), iii) tertiary gene pool (species of section Procumbentes, weakly 
cross-compatible with A. hypogaea), and iv) the remaining Arachis species 
from other seven sections, not easily cross-compatible with A. hypogaea 
(Singh and Simpson 1994). 

2.3 Conserving Arachis Species Diversity

Crop genetic diversity is threatened by several factors such as replacement 
of traditional varieties and landraces with genetically uniform high yielding 
cultivars, changes in dietary habits, habitat loss, natural calamities, land 
and crop conversion, introduction of exotic crops, environmental pollution 
and above all global warming. These genetically uniform modern cultivars 
could become vulnerable to new pests and diseases resulting into epidemics 
as have been seen in the past (Tatum 1971). Such experiences necessitate the 
use of diverse sources in plant breeding programs with a view to broaden 
the genetic base of crop cultigens. The landraces, exotic germplasm and 
wild relatives are the repository of many useful genes/alleles and can 
be utilized in breeding programs to develop new high yielding climate 
resilient cultivars. 

The Consultative Group on International Agricultural Research 
(CGIAR), comprising 16 centers, represents the largest concerted effort 
toward collecting, preserving and utilizing global agricultural resources 
and holds nearly 7,60,000 samples of the estimated 7.4 million accessions 
of different crops preserved globally (FAO 2009). There are a number of 
germplasm banks, which are conserving the peanut germplasm worldwide. 
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), 
Patancheru, India has the global responsibility of collecting, conserving 
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and distributing the peanut germplasm comprising landraces, modern 
cultivars, genetic stocks, mutants and wild Arachis species. It contains 14,968 
accessions of cultivated peanut and 477 accessions of 48 wild Arachis species 
representing eight sections from 93 countries. These accessions came from 
donations as well as from collecting missions launched in different countries. 
Other major gene banks holding peanut germplasm include the National 
Bureau of Plant Genetic Resources, New Delhi (14,593 accessions), India; 
the Directorate of Groundnut Research, Junagadh (8,934 accessions), India; 
the United States Department of Agriculture (9,964 accessions), USA; the 
Instituto Nacional de Tecnologia Agropecuaria, Argentina (8,347 accessions); 
the Institute of Crop Germplasm Resources, Beijing (6,565 accessions), 
China; Institute of Oil Crops Research, Wuhan (5,688 accessions), China; 
Crop Science Department, North Carolina State University, Raleigh, USA 
(3,788 accessions) and Estación Experimental Agropecuaria Manfredi, EEA 
INTA Manfredi, Argentina (2,158 accessions) (http://apps3.fao.org). Other 
gene banks specialized in conservation and maintenance of wild Arachis 
species are Texas A&M University, USA and Centro de Investigaciones de 
Nataima, Instituto Colombiano Agropecuario, Colombia (http://apps3.
fao.org). 

2.4 Assessing Species Diversity

2.4.1 Wild Relatives

Besides resistance to biotic and abiotic stresses (Dwivedi et al. 2003, 2008), 
wild Arachis species also harbor novel sources of variation for morpho-
agronomic and nutritional traits, which can be used to enhance the genetic 
base of cultivated peanut. Stalker (1990) reported substantial variation 
in leafl et size and shape, branching habit and fl ower size among 73 wild 
Arachis species accessions, while Singh et al. (1996) found that the height of 
the main axis, length of apical leafl et on the main stem, length of isthmus 
between pods, seed width, and reaction to rust accounted for the greater 
part of variation amongst 42 A. duranensis accessions. The A. pintoi accessions 
from section Caulorrhizae also showed greater variability for most of the 
morphological traits (Carvalho and Quesenberry 2009). Nautiyal et al. 
(2008) based on relative injury identifi ed NRCG 11824 (A. glabrata) as heat 
tolerant and NRCG 12042 (A. paraguariensis) as cold tolerant, while NRCG 
11786 (A. appresipila) susceptible both to heat and cold. Their study indicated 
that the plants with thicker leaves were better protected from heat injuries 
and epi-cuticular wax load helped in maintaining stomatal regulation and 
leaf water relations, thus enabling these species to thrive under water-
limited environments. More recently, Upadhyaya et al. (2011b) evaluated 
the largest collections of wild Arachis species accessions (269) from 20 wild 
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Arachis species representing six sections for 41 morpho-agronomic traits 
and 89 accessions for nutritional traits. The species accessions showed large 
variability for days to fl owering, pod and seed characteristics, Specifi c Leaf 
Area (SLA) and for SPAD Chlorophyll Meter Reading (SCMR). For example, 
A. pusilla accessions, ICG 14898 and ICG 14906 fl owered in 13–14 days, the 
earliest fl owering accessions among the 20 wild Arachis species studied 
and were a week earlier than the earliest fl owering cultivated groundnut 
germplasm, Chico. Further, A. duranensis had maximum intraspecific 
variability for 23 of the 41 traits. The other species with desirable traits was 
A. villosa (high SCMR at 60 and 80 days after sowing). The best 20 wild 
Arachis accessions, possessing one to fi ve desirable agronomic, nutritional 
and drought related traits identifi ed in this study were ICG 8144 (A. villosa) 
high in SCMR, low SLA, high sugar content; ICG 3223, 13244, 14868, 14872, 
14874, 14884 (A. stenosperma) superior in pod length and width and/or 
seed length and width; ICG 13211 (A. pusilla) earliest to fl ower; ICG 13178 
(A. monticola) and ICG 13189 (A. duranensis) high in sugar; ICG 15142 (A. 
pusilla) and ICG 13227 (A. dardani) high in protein ), which may be exploited 
to broaden the genetic base of cultivated peanut (Upadhyaya et al. 2011b).

2.4.2 Cultigens

2.4.2.1 Geographical Diversity 

Geographical pattern of diversity, involving 13,342 accessions from 92 
countries and 14 regions conserved in ICRISAT gene bank, revealed that 
South America (where primary and seven secondary centers of diversity 
are located) and China (an important center of diversity) are under-
represented, which necessitates the exploration and collection of germplasm 
from these regions (Upadhyaya et al. 2002a). This study further revealed 
that though South America is under-represented in terms of number of 
accessions (10.06% of total accessions) but contained adequate diversity 
for morphological and agronomic traits. Further, the principal component 
analysis grouped the 14 regions into three clusters—accessions from North 
America, Middle East, and East Asia in the fi rst cluster; South America in 
the second cluster; and West Africa, Europe, Central Africa, South Asia, 
Oceania, South Africa, East Africa, Southeast Asia, Central Asia, and 
Caribbean in the third cluster. 

2.4.2.2 Biological Diversity

Several studies in the past involving 22 to 125 genotypes were used to 
quantify variability for morpho-agronomic traits (Vaddoria and Patel 1990; 
Reddy and Gupta 1992; Pathirana 1993; Senapati and Roy 1998; Singh and 
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Chaubey 2003; John et al. 2005; Kotzamanidis et al. 2006; Sumathi and 
Muralidharan 2007; Korat et al. 2009; Sumathi et al. 2009; Sadeghi et al. 
2011; Vekariya et al. 2011; Nautiyal et al. 2012). 

Upadhyaya (2003) used morpho-agronomic traits to study phenotypic 
diversity in peanut core collection consisting of 1,704 accessions of which 
910 belong to subsp. fastigiata (var. fastigiata, vulgaris, aequatoriana, peruviana) 
and 794 to subsp. hypogaea (var. hypogaea, hirsuta). The two groups, subsp. 
fastigiata and hypogaea, differed signifi cantly for most of the traits with the 
hypogaea accessions having signifi cantly greater mean pod length, pod 
width, seed length, seed width, yield per plant and 100-seed weight. The 
fastigiata accessions had higher plant height, leafl et length, leafl et width and 
shelling percentage. They detected maximum diversity between ICG 13479 
and ICG 8422 in the fastigiata group and between ICG 13723 and ICG 20016 
in the hypogaea group. Further, they found that 12–15 morpho-agronomic 
traits explained most of the phenotypic variability. The ICRISAT peanut 
mini core (182 accessions) also showed suffi cient variability for most of the 
morphological traits (Madhura et al. 2011). Swamy et al. (2003) evaluated 
Asia-specifi c peanut core collection (504 accessions (Upadhyaya et al. 2001) 
for 20 agronomic traits for two seasons that detected suffi cient variability 
(except pod yield) explaining multivariate polymorphism. Accessions with 
maximum diversity were ICG 9581 and ICG 9973 in the fastigiata group and 
ICG 4906 and ICG 15126 in the hypogaea group. 

2.4.2.3 Trait Diversity

2.4.2.3.1 Early maturity: Most breeding programs aim at developing 
early-maturing cultivars that matches with the available crop duration. 
Appropriate time to fl owering is a major component of crop adaptation, 
particularly in the environments where the growing season is restricted 
by terminal drought and high temperature. In most breeding programs, 
Chico has been used as the source of early maturity, which resulted in a 
narrow genetic base of peanut cultivars of this early maturing source. In a 
study involving sources of early maturity germplasm revealed that 21 such 
germplasm had similar a maturity as of Chico but produced ~12 and ~8% 
greater pod yield at 75 and 90 days harvest including the control cultivars 
such as Gangapuri and JL 24 (Upadhyaya et al. 2006). These new sources 
of early maturity grouped into three distinct clusters—cluster I comprises 
of ICG 9930, ICG 4558, Gangapuri and Chico, cluster II 12 landraces and 
JL 24, while cluster III had seven landraces. 

2.4.2.3.2 Yield and component traits: Evaluation of a peanut core collection 
for Asia across multilocations resulted in identifi cation of 15 fastigiata, 20 
vulgaris, and 25 hypogaea type peanut accessions for pod yield, total pods, 
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shelling percentage, 100-seed weight and oil content. Clustering of these 
accessions together with controls resulted in four clusters in fastigiata and 
three clusters each in vulgaris and hypogaea. The control cultivars, Gangapuri 
in fastigiata, ICGS 44 in vulgaris and ICGS 76 and S 230 in hypogaea clustered 
separately indicating that the selected accessions were diverse from the 
control cultivars (Upadhyaya et al. 2005). 

2.4.2.3.3 Drought tolerance: Upadhyaya (2005) evaluated peanut mini core 
collection for SLA and SCMR, associated with drought tolerance. The fi ve 
and 13 most promising vulgaris and hypogaea accessions identifi ed in this 
study clustered into four groups, all vulgaris types (ICG 118, ICG 14985, 
ICG 2106, ICG 5236 and ICG 6654) clustering with controls (Gangapuri, 
ICGS 44 and ICGS 76) in Cluster I, most of the hypogaea accessions including 
control cultivar M 13 (hypogaea) in cluster II, while ICG 6766 and ICG 14523 
forming separate clusters, indicating that these two are diverse and can be 
used in breeding to enhance drought tolerance in peanut cultivars. Ravindra 
et al. (1990) reported that GG 2 in comparison to J11, JL 24 and TMV 10 
has an inherent ability to produce more under drought stress occurring 
at any growth stage, while Ratnakumar and Vadez (2011) suggested that 
genotypes with lower leaf area may use water more sparingly under 
intermittent drought stress, which will have less damaging consequences 
for reproductive and pod development than genotypes having larger leaf 
area. 

2.4.2.3.4 Cold tolerance: Upadhyaya et al. (2009) studied the phenotypic 
diversity in 158 cold tolerant peanut germplasm, which reported substantial 
diversity for base-temperature tolerance at germination (12°C, as used 
by Bell et al. 1994) as well as for agronomic traits. The clustering pattern 
grouped the cold tolerant accessions into four clusters. The accessions in 
these four clusters differed in mean, variance and range for agronomic traits. 
The cold tolerant accessions were superior to control cultivars for several 
agronomic traits indicating the potential of these accessions in developing 
genetically diverse cold tolerant peanut cultivars.

2.4.2.3.5 Salinity: Srivastava (2010) evaluated 275 accessions representing 
mini core, high yielding breeding lines and landraces from salinity prone 
areas and identifi ed ICG 5195, ICG 442, ICG 7283, ICG 1711, ICG 2106 and 
ICG 1519 as good sources of salinity tolerance. 

2.4.2.3.6 Resistance to diseases: ICG 11426, ICG 13787 and ICG 8760 were 
identifi ed as resistant to rust and late leaf spot, ICG 14985, ICG 3673, ICG 
6025, ICG 12625, ICG 13787 and ICG 8760. Of these, ICG 13787 and ICG 8760 
were resistant to all the three diseases (Kusuma et al. 2007); ICG 875, ICG 
928, ICG 1668, and ICG 14466 resistant to the bud necrosis disease (Ahmed 
2008). In another study, accessions from ICRISAT peanut mini core were 
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found more resistant to seed colonization by Aspergillus fl avus and afl atoxin 
production from ICRISAT peanut mini core than those from Chinese peanut 
mini core, with ICG 6813, ICG 12370, ICG 4750, ICG 4156, ICG 12625, ICG 
12697, ICG 14482 combining resistance to both seed invasion and afl atoxin 
production (Jiang et al. 2010a). Molecular profi ling study further revealed 
that ICG 12625 (resistance to afl atoxin production) and ICG 4750 (resistance 
to seed invasion) were diverse from the rest of the accessions (Jiang et al. 
2010a). ICG 36, ICG 118, ICG 1448, ICG 434, ICG 1415, ICG 5745, ICG 76, 
ICG 1668, ICG 14710, ICG 6057, ICG 6201, ICG 1455, ICG 397 and ICG 
7633 were identifi ed as resistance to bacterial wilt (ref). US researchers 
identifi ed a number of accessions tolerant to root-knot nematode, early leaf 
spot, pepper spot, tomato spotted wilt virus and soil borne fungal diseases, 
including pre-harvest afl atoxin contamination (Isleib et al. 1995; Anderson 
et al. 1996; Holbrook et al. 1998, 2000; Franke et al. 1999; Damicone et al. 
2010; Chamberlin et al. 2010). 

2.4.2.3.7 Seed quality traits: Upadhyaya et al. (2012) found suffi cient variation 
for protein, oil and fatty acid composition including oleic (O), linoleic (L) 
fatty acids and O/L ratio in peanut mini core collection. Subsp. fastigiata 
as a group has shown relatively high variation for protein, while subsp. 
hypogaea for high O/L ratio. They identifi ed accessions with high protein 
and oil, and better O/L ratio. Cluster analysis delineated these accessions 
into three clusters: cluster 1 those with high oleic acid, high pod yield, 
and high 100-seed weight, cluster 2 with those having high O/L and early 
fl owering, while cluster 3 had accessions with high protein and high shelling 
percentage. 

2.5 Genetic and Genomic Resources to Promote Utilization of 
Germplasm in Breeding

2.5.1 Core/mini core Subsets to Identifying New Sources of 
Variation

The low use of germplasm accessions in breeding programs is mainly due 
to the lack of information on traits of economic importance such as yield, 
resistance to biotic and abiotic stresses and quality traits, which often 
show high genotype x environment interactions that require replicated 
multilocational evaluations. This is a costly and resource-demanding task 
owing to the large size of the germplasm collections. Thus, the collection 
needs to be sampled to get the size of the collections to a manageable 
level for meaningful evaluation. Frankel (1984) coined the term “core 
collection” to sample representative variability from the entire collection. 
A core collection contains 10% of the accessions from the entire collection 
that captures most of the available diversity in the species (Brown 1989a). 
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Frankel and Brown (1984) suggested that greater use of germplasm in crop 
improvement is possible if a small collection representing diversity is made 
available for characterization and utilization. Thus, core collection has a 
reduced size containing a diverse set of germplasm that represents the 
entire collection. Such a core collection can be evaluated extensively and 
the information derived could be used to guide more effi cient utilization 
of the entire collection (Brown 1989b). 

A number of reduced subsets in the form of core or mini core collections 
(Upadhyaya and Ortiz 2001) have been reported in peanut (Table 2-1), 
which researchers at ICRISAT have used to identify new sources of variation 
for important agronomic and nutritional traits (Table 2-2) or resistance to 
various biotic and abiotic stresses (Table 2-3). For example, 21 accessions 
combining early maturity with high yield (Upadhyaya et al. 2006), 60 
accessions having greater pod yield, shelling percentage, 100-seed weight 
and oil content (Upadhyaya et al. 2005), or 12 accessions with 100-seed 
weight ≥60 g (Upadhyaya et al. 2010), Likewise, a number of accessions 
with high oil and protein contents or accessions with O/L ratio greater than 
3.0 have been identifi ed (Upadhyaya et al. 2012). Furthermore, accessions 
tolerant to drought (Upadhyaya 2005), low temperature (Upadhyaya et al. 
2009), salinity (Srivastava 2010), afl atoxin (Kusuma et al. 2007; Jiang et al. 
2010a) or resistant to bud necrosis disease (Ahmed 2008) have been reported. 
Few of these accessions have also shown multiple resistances—ICG 11426, 

Table 2-1 Core and mini core collections as reported in peanut.

Reduced 
subset

# accessions 
used in 
forming 

reduced subset

# traits used 
in forming 

reduced subset

# accessions 
in 

constituted 
subset

% of accessions 
in reduced 

subset 
representing 

entire 
collection

Reference

US 
Valencia 

core 

630 26 77 12.22 Dwivedi et al. 
2008

US core 7,432 6 831 11.18 Holbrook et al. 
1993

Chinese 
core 

6,390 15 576 9.01 Jiang et al. 2008

Asian 
core 

4738 15 504 10.64 Upadhyaya et 
al. 2001

Global 
core 

14,310 14 1,704 11.91 Upadhyaya et 
al. 2003

USA mini 
core 

831 16 111 13.36 Holbrook and 
Dong 2005

ICRISAT 
mini core

1,704 31 184 1.28 Upadhyaya et 
al. 2002b
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Table 2-2 Promising germplasm accessions identifi ed for agronomic and nutritional traits.

Traits Few promising germplasm Reference

Early maturity ICG# 4558, 4890, 9930, and 11605 having 
early maturity and 3–4 seeds per pod

Upadhyaya et al. 2006

Large seed size ICG# 2381, 5016, 5051, 5745, 5662, 6057, 
6766, 8760, 11219, 11855, 11862, and 14482

Upadhyaya et al. 2010

Yield and component 
traits

60 accessions: ICG# 4, 29, 3443, 14161, 
11188, 7140, 2918 and others

Upadhyaya et al. 2005

Protein content (>30%) 5 accessions: ICG# 36, 5779, 3421, 3584, 
and 2019

Upadhyaya et al. 2012

Oil content (>50%) ICG 442 Upadhyaya et al. 2012

Oleic acid (≥60%) 6 accessions: ICG# 2381, 10185, 15419, 
12276, 7243, and 11088

Upadhyaya et al. 2012

O/L ratio (>3.0) 12 accessions: ICG# 2381 (O/L ratio of 
7.0), 10185, 6022, 1274, 7243, 6766, 12625, 
12276, 15419, PI 274193, PI 290594, PI 
468271 

Upadhyaya et al. 2012; 
Dean et al. 2009

Table 2-3 Promising germplasm accessions having tolerance/resistance to abiotic/biotic 
stresses.

Traits Promising accessions Reference

Drought 18 accessions: ICG# 14523, 6766, 7243, 862, 
6654, 14985 and others 

Upadhyaya 2005

30 accessions: ICG# 11088, 12697, 8751, 
3140, 3584 and others

Hamidou et al. 2012

Low temperature 15 accessions with superior pod yield: 
ICG# 12625, 7898, 11130, 6148, 7013, 6022, 
7905, 7884, 4992, 9515, 10915, 10567, 1710, 
11088 and 10945 

Upadhyaya et al. 
2009

Salinity 6 accessions: ICG# 5195, 442, 7283, 1711, 
2106, and 1519

Srivastava 2010

Rhizoctonia limb rot 
resistant

6 accessions: PI# 343398, 343361, 288178, 
331326, 497351 and 274193 

Franke et al. 1999

Late leaf spot 7 accessions: ICG# 12625, 11426, 12672, 
13787, 14475, 2857, and 8760

Kusuma et al. 2007

Rust 5 accessions: ICG# 9809, 11088, 11426, 
13787, and 8760

Kusuma et al. 2007

A. fl avus 12 accessions: ICG# 14985, 3673, 6025, 
12625, 13787, 8760, 6813, 12370, 4750, 4156, 
12697, and 14482

Kusuma et al. 2007; 
Jiang et al. 2010a

Bud necrosis 4 accessions: ICG# 875, 928, 1668, and 14466 Ahmed 2008

Combined resistance to 
Sclerotinia blight, pepper 
spot and web blotch

5 accessions: PI# 274193, 497599, 458619, 
468195, and 259796

Damicone et al. 2010

Sclerotinia blight 
resistant

39 accessions Chamberlin et al. 
2010
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ICG 13787 and ICG 8760 resistant to late leaf spot and rust or ICG 13787 
and ICG 8760 resistant to late leaf spot, rust and A. fl avus (Kusuma et al. 
2007). 

2.5.2 Assessing Population Structure and Diversity in Germplasm

Of late, a number of publications have come out detailing the allelic 
richness and diversity amongst the cultivated peanut germplasm. Most 
of these studies reported on an average 3–15 alleles per locus (Table 2-4), 
with Barkley et al. (2007) and Kottapalli et al. (2011) detecting 13–15 alleles. 
Furthermore, a few of these studies clearly separated accessions based on 
botanical groups or accessions within species into different clusters, clearly 
indicating diversity among accessions (Ferguson et al. 2004; Moretzsohn et 
al. 2004; He et al. 2005; Mace et al. 2007; Kottapalli et al. 2011). For example, 
10 simple sequence repeat (SSR) loci separated South American landraces 
from African and Asian landraces (Ferguson et al. 2004); hypogaea and 
fastigiata forming distinct clusters (Mace et al. 2007); Valencia accessions 
clustering into different groups (Kottapalli et al. 2011); SSR loci contributing 
more variation to rust and/or late leaf spot (Mace et al. 2006) and bacterial 
wilt (Mace et al. 2007) or SSR loci detecting more diversity in fastigiata than 
those of hypogaea accessions (Jiang et al. 2007); Chinese peanut mini core 
contributing more diversity than that of ICRISAT mini core with accessions 
L 2 Gangguo (a Chinese genotype) and ICG 12625 (an ICRISAT genotype) 
revealing the highest genetic dissimilarity (Jiang et al. 2010b). Likewise, 
the South American landraces showed high allelic diversity than those 
from Africa and Asia (Ferguson et al. 2004), while a new marker (Ah-041) 
differentiated AA-genome species accessions with those from non-AA 
genome species accessions (Moretzsohn et al. 2004). These examples clearly 
demonstrate that marker-based information provides breeders critical 
inputs to plan future breeding strategies in peanut.

2.5.3 Molecular Markers and Genetic Maps

Molecular markers are important for germplasm characterization, to assess 
variability for identifying genetically diverse traits-specifi c germplasm 
and marker-trait association in crop improvement programs. DNA-based 
markers provide a reliable means of estimating the genetic relationships 
between genotypes and taxonomic groups as compared to morphological 
markers. Restriction Fragment Length Polymorphism (RFLP), Random 
Apmplifi ed Polymorphic DNA (RAPD) and Amplifi ed Fragment Length 
Polymorphism (AFLP) markers detected little variation among A. hypogaea 
cultivars and germplasm lines whereas abundant polymorphism amongst 
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wild Arachis species (Halward et al. 1991; Halward et al. 1992; Paik-Ro et al. 
1992; He and Prakash 1997; Subramanian et al. 2000; Gimenes et al. 2002). 

The SSR (also known as microsatellites) and Single Nucleotide 
Polymorphism (SNP) markers are becoming important in molecular 
breeding of most crops including peanut because of their codominant 
nature, high polymorphism and transferability among related species. 
Concerted effort during the past decade has led to the development of 
>6,000 SSR markers and about >2,000 SNPs at the University of Georgia, 
USA (Pandey et al. 2012). The other marker system, a Diversity Array 
Technology (DArT) platform comprising of about 15,000 DArT clones has 
been developed at DArT Ptv. Ltd (Australia) in collaboration with ICRISAT 
(India), CIRAD (France), Catholic University of Brasília and EMBRAPA 
(Brazil). Use of DArT arrays with a range of genotypes representing diploid 
(AA, BB) and tetraploid (AABB) genome species showed low polymorphism 
in tetraploids but more diversity among accessions from diploid species 
(Kilian 2008; Varshney et al. 2010), which indicate that DArT markers may 
not be very useful in peanut breeding and genetics; however, more useful 
in monitoring genome introgression from diploid to cultivated peanut 
(Pandey et al. 2012).

Moretzsohn et al. (2005) constructed A-genome based genetic map in 
Arachis by using an F2 population derived from a cross between two diploid 
species with AA genome (A. duranensis x A. stenosperma). This genetic map 
placed 170 SSR loci on 11 linkage groups (LGs) covering 1,231 cM, with an 
average distance of 7.24 cM. Further, Gobbi et al. (2006) developed B-genome 
based F2 map by crossing A. ipaensis and A. magna, which mapped 130 SSR 
loci into 10 LGs. However, these maps have limited value to cultivated 
peanut, a tetraploid, and hence there is a need to develop tetraploid-based 
genetic maps in cultivated peanut. Varshney et al. (2009) were probably the 
fi rst to construct SSR-based genetic linkage map for the cultivated peanut 
that mapped 135 SSR loci into 22 LGs, which was further saturated with the 
current map having 191 SSR loci into 20 LGs and a total map distance of 1,785 
cM (Ravi et al. 2011). Subsequently, several other genetic maps for cultivated 
peanut have become available (reviewed in Pandey et al. 2012). 

2.5.4 Markers Associated with Agronomically Benefi cial Traits

Using genetic mapping, a number of markers/QTLs (Quantitative Trait 
Loci) associated with useful traits have been reported and used to introgress 
benefi cial traits to cultivated peanut. Introgression of nematode-resistant 
gene from A. cardenasii into A. hypogaea was reported in 10 of 11 linkage 
groups (Garcia et al. 1995), which were used to develop nematode-resistant 
germplasm (Garcia et al. 1996). Two dominant genes conferring resistance to 
root-knot nematode, Meloidogyne arenaria race 1 were mapped using RAPD 
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and Sequence-Characterized Amplifi ed Region (SCAR) markers (Garcia et 
al. 1996). One marker, Z3/265, closely linked with M. arenaria resistance, 
was mapped to a linkage group on a backcross map in an area known to 
contain A. cardenasii introgression. This marker was cloned to make SCAR 
and RFLP probes, which further confi rmed the linkage with nematode 
resistance. Subsequently, the RFLP markers linked to a locus for resistance 
to M. arenaria race 1 has been identifi ed by various workers (Choi et al. 1999; 
Church et al. 2000; Seib et al. 2003) that provided a useful selection method 
for identifying resistance to the peanut root-knot nematode. Likewise, 
RAPD markers associated with nematode resistance in BC4F2 of the cross 
involving Florunner and TxAg-6 has been identifi ed: RKN410 and RKN440 
closely linked with each other identifi ed a resistance gene derived from 
either A. cardenasii or A. diogoi, while. RKN229, inherited from A. cardenasii 
or A. diogoi was 9 cM away from this locus (Burow et al. 1996). Herselman 
et al. (2004) identifi ed 20 putative AFLP markers associated with aphid 
vector of peanut rosette disease, of which, 12 mapped to fi ve linkage groups 
covering a map distance of 139.4 cM, while Varma et al. (2005) reported two 
to seven SSR alleles associated with rust resistance in two F2 populations. A 
few SSR markers associated with yield and yield contributing traits were 
also reported (Liang et al. 2009; Selvaraj et al. 2009). 

Molecular mapping of drought tolerance traits identifi ed 153 main-
effect and 25 epistatic QTLs (Varshney et al. 2009; Ravi et al. 2011; Gautami 
et al. 2012). A major QTL each for leaf rust (Khedikar et al. 2010; Sujay et 
al. 2012) and late leaf spot (Sujay et al. 2012) has been identifi ed for use in 
peanut breeding. Likewise, QTLs associated with peanut nutritional traits 
such as oil and protein contents have been identifi ed (Sarvamangala et al. 
2011). Diagnostic markers for resistance to nematode (Nagy et al. 2010), leaf 
rust (Khedikar et al. 2010), late leaf spot (Sujay et al. 2012) and high-oleate 
trait (Chu et al. 2009; Chen et al. 2010) are available for use in molecular 
breeding of peanut. 

2.5.5 Association Mapping

The phenotypic variation of agronomically important traits is infl uenced 
by multiple QTLs, their interaction, the environment and the QTL x 
environment interactions. Association mapping, also known as Linkage 
Disequilibrium (LD) mapping, is a relatively new and promising tool 
for dissecting complex traits. Association mapping in comparison to 
the traditional linkage mapping has major advantages due to increased 
mapping resolution through exploitation of historical and evolutionary 
recombination events at the population level (Risch and Merikangas 1996; 
Nordborg and Tavare 2002). The prerequisites to perform association 
mapping include a dense genetic linkage map, passport information and 
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phenotypic data, an understanding of population structure, and contrasting 
genotypes for benefi cial traits (Kresovich et al. 2002). The marker-trait 
association approach relies on the assumption that an allele responsible for 
a phenotype and the associated fl anking markers are inherited as a block, 
and therefore neutral marker-based selection will be predictive of allelic 
content at critical genes determining favorable phenotype. Such marker-
trait associations in a collection of plant genetic resources would allow the 
assessment of the genetic potential of specifi c genotypes prior to phenotypic 
evaluation and identifi cation of superior trait alleles in germplasm collection 
(Gebhardt et al. 2004). 

Belamkar et al. (2010) used 32 highly-polymorphic SSRs to study 
population structure and LD in 96 peanut genotypes comprising 92 US 
peanut mini core accessions, the diploid progenitors A. duranensis (AA) and 
A. ipaensis (BB) and synthetic amphidiploid accession TxAG-6 and a widely 
grown US peanut cultivar, Florunner. The population structure revealed 
that the diploid progenitors and their synthetic amphidiploid grouped 
separately from most mini core accessions. UPGMA and model-based 
clustering divided the population into four subgroups, two major subgroups 
representing subspecies fastigiata and hypogaea, a third group containing 
mixed individuals, while the fourth containing diploid progenitors and 
TxAG-6. Unifi ed mixed linear model analysis incorporating population 
structure and kinship identifi ed several SSR loci associated with drought 
tolerance traits. This study revealed the importance of LD mapping in 
exploiting the natural variation present in cultivated peanut. Wang et al. 
(2011) studied the population structure and marker-trait association by 
genotyping 94 accessions with 81 SSRs and two functional SNPs from Fatty 
Acid Desaturase 2 (FAD2), which identifi ed four major subpopulations, 
related to four botanical varieties. Candidate-gene association analysis 
verifi ed that one functional SNP from the FAD2A gene is signifi cantly 
associated with oleic acid (C18:1), linoleic acid (C18:2), and oleic-to-linoleic 
(O/L) ratio across this diverse collection. 

2.5.6 Amphidiploids as Source of Agronomically Benefi cial Traits

Utilization of wild Arachis species following interspecifi c hybridization has 
resulted in the development of many elite germplasm lines and cultivars 
with improved level of resistance to diseases and insect-pests (Dwivedi et 
al. 2008 and references cited therein). Varieties such as Spancross (Hammons 
1970), Tamnut 74 (Simpson and Smith 1975), Coan (Simpson and Starr 2001), 
NemaTAM (Simpson et al. 2003), having a genetic base from wild Arachis 
species, were released for cultivation in the USA. Likewise, ICGV-SM 85048 
and ICGV-SM 86715 have been released for cultivation in Mauritius (Nigam 
et al. 1998; Moss et al. 1998).
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The development and utilization of synthetic amphidiploids such as 
TxAG-6 with high genetic variations (Simpson et al. 1993) in breeding 
programs has made possible the transfer of resistance genes from wild 
species into cultivated peanut. This amphidiploid has been synthesized 
using species that are not in the direct lineage of the cultigen. However, it 
is crossable with the cultivated peanut and produced fertile progenies thus 
proved useful for introducing genetic variability into the cultigen. Crosses 
involving TxAG-6 with cultivated peanut has resulted in the release of two 
cultivars (Coan and NemaTAM) carrying genes for root-knot nematode 
(M. arenaria) resistance from A. cardenasii (Simpson and Starr 2001, Simpson et 
al. 2003). TxAG-6 is a small-seeded (~12 g 100 seed weight) and low-yielding 
(2–5 g plant–1), which when crossed with TMV 2 (32 g 100 seed weight) at 
ICRISAT produced backcrossed progenies with much higher seed weight 
and yielded 23 to 68% more than TMV 2 (3,343 kg ha–1). These backcrossed 
progenies also out yielded by 10 to 50% the highest yielding control cultivar 
ICGV 91114 (3,741 kg ha–1, 49 g 100-seed weight–1) (Upadhyaya 2008). This 
demonstrated that the novel alleles of wild relatives, that were considered 
to be lost in evolution to cultivated types, could be used to enhance the 
trait value in peanut cultivar development. Encouraged with this, the 
researchers at ICRISAT have developed a number of amphidiploids that 
are being assessed for releasing novel variation for use in peanut breeding 
(Mallikarjuna et al. 2012).

2.6 Conclusions

Natural genetic variation and means to exploit such variability is the key 
to the success of crop improvement programs. Large collections of peanut 
germplasm including wild Arachis species have been preserved in gene 
banks worldwide, representing a large spectrum of diversity in the genus 
Arachis. Development and evaluation of small-sized subsets such as core 
and mini core have resulted in the identifi cation of trait-specifi c germplasm 
accessions for agronomic traits including resistance to abiotic and biotic 
stresses and nutritional traits, which would result in the enhanced utilization 
of genetic resources to broaden the genetic base to face new challenges to 
peanut production. Considerable variability for some traits of interest exists 
in wild Arachis gene pools, which can be brought, using wide hybridization 
and applying novel tools, in crop cultigens for sustainable production of 
peanut globally. Several elite germplasm lines and the cultivars carrying 
resistances from wild Arachis species have been released for use as a 
resource in crop breeding or even for direct cultivation. More importantly, 
amphidiploids are now being developed using species that were earlier 
not easily crossable, and the work so far revealed that these amphiploids 
have the potential to release hidden variability that was locked due to 
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bottlenecks associated with the origin of cultivated peanut, thus making 
available more variability to peanut research community. Unlike in the 80s 
and 90s, the availability of a large number of PCR-based markers (SSRs and 
SNPs), high-throughput genotyping platforms and bioinformatics resources 
have enabling effects towards identifying and tracking allelic variants 
associated with benefi cial traits and identifying desirable recombinant 
plants with the traits of interest, thus accelerating molecular breeding in 
peanut improvement. 
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