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Abstract

Recent studies on the genusArachisusing molecular markers have revealed very little demonstrable polymorphism
in the cultivated groundnut,A. hypogaea. This has led to the hasty generalization that the groundnut lacks genetic
variation. However, this is in complete contradiction to the results of other lines of investigations into the origin and
evolution ofA. hypogaea. Further, a characterization of the world collection for various traits also shows significant
levels of variation for almost all genetic traits. The literature review in this article suggests that the lack of genetic
variation was inferred because of an inadequacy in the material studied, and the range of techniques used to study
molecular polymorphism. A comprehensive and rigorous examination of the material available in the groundnut
world collection, either by improving current techniques, or by using such advanced techniques as SSRs and AFLP
could well reveal polymorphism at the molecular level.

Introduction

Many recent investigators using such molecular marker
techniques as Restriction Fragment Length Polymor-
phism (RFLP), and such Polymerase Chain Reaction
(PCR) based marker analyses as Random Amplified
Polymorphic DNA sequences (RAPDs) have conclud-
ed that there is little demonstrable polymorphism in
cultivated groundnut (Kochert et al., 1991; Halward et
al., 1991, 1992; Paik-Ro et al., 1992). They observed
significant levels of polymorphism in the genusArachis
L. itself. These results led to the generalization that
accessions ofA. hypogaealack genetic variation. This
has restricted the production of polymorphic profiles
using DNA molecular marker techniques, and their
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use in differentiating accessions, and fingerprinting
germplasm. However, the morphological variation
recorded during characterization and classification of
world collections at ICRISAT, Texas Agricultural &
Mechanical University, Instituto Nacional de Tecnolo-
gia Agropecuaria (INTA) near Cordoba, Argentina,
and at Campinas, Brazil, and the fact that these acces-
sions originate from 91 countries, representing distinct
agroclimatic conditions ranging between 40� N and
40� S make it hard to agree with such generalizations
based on limited DNA molecular marker analyses on
the lack of polymorphism in groundnut. This paper
attempts to analyze the evidence gathered in the past
3–4 decades from the groundnut world collections on
the origin, evolution, phytogeographical distribution,
and variation of the crop. The data available from dif-
ferent lines of investigations are critically discussed
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and analyzed vis-à-vis molecular marker based obser-
vations.

Limitations of molecular DNA marker assessment

There can be several reasons why little polymorphism
is detected at the DNA sequence level using the com-
monest molecular techniques, between accessions of
a species even in the presence of a significant level of
variation. The major factors are:
1. The number of accessions used,
2. genetic base of the material used,
3. number of enzymes and probes (clones) used,
4. types of clone used and their ability to resolve poly-

morphism,
5. number of primers used for amplification and iden-

tification of polymorphic sequences, and
6. methodology and parameters used for analysis of

variation between species, and within a species.

Number of accessions used.The major weakness of
most investigations of groundnuts using DNA mole-
cular marker based analysis has been a lack of in-
depth, comprehensive, and rigorous examination of
the material available in world collections. Most stud-
ies (Kochert et al., 1991; Halward et al., 1991, 1992;
Paik-Ro et al., 1992) have used very few accessions to
detect molecular polymorphism (Table 1). Though the
number of accessions has been increased in subsequent
studies, it is still too low to represent adequately the
total variability of world germplasm collections, and to
permit drawing valid conclusions on genetic diversity
in the groundnut.

Genetic base of accessions used.Earlier studies were
confined to cultigens originating in the USA (Kochert
et al., 1991). These do not have a long history, and
have their origin in the narrow genetic base intro-
duced since the mid-16th century, predominantly from
Africa, and some from central America. Subsequent
studies (Halward et al., 1992), however, have attempt-
ed to include genotypes originating in a wider range of
groundnut growing regions but even they are predom-
inantly from secondary centers of diversity in South
America, belonging to only three botanical varieties,
hypogaea, fastigiata,, andvulgaris, of the six botanical
varieties now recognized (Krapovickas and Gregory,
1994). Further, these have probably undergone several
cycles of stock regeneration. This makes assessment
of genetic variability difficult, particularly in a high-
ly autogamous crop like the groundnut. Consequent-

ly, these studies have not detected the total variation
that has arisen through macroevolution in the differ-
entiation of six botanical varieties and their subtypes,
and through microevolution at the agronomic level, to
evolve cultivar groups and cultivars (Gibbons et al.,
1972) across the secondary centers of diversity and
various countries (91) where groundnut is grown.

Number of enzymes, probes (clones) and primers used.
Since the plant genome is believed to contain 100,000
or more genes and repetitive sequences, the num-
ber of enzyme-probe combinations used in RFLPs;
primers used in RAPDs; and clones or DNA sequences
used in PCR analysis are very important in diver-
sity studies. This becomes all the more important
when one is dealing with a segmental allopolyploid
species like the groundnut (which has evolved through
amphidiplodization of diploid species with closely
related genomes (Singh and Moss, 1982, 1984)). This
however can be presumed to have a greater number of
loci compared to diploid species, which are probably
in the form of repeated sequences many loci, and might
actually be largely redundant. However, such variation
can be resolved with some of the recently developed
DNA molecular marker techniques. Unfortunately, the
numbers of enzyme and probe combinations, primers,
and clones used in groundnutmolecular marker studies
have been very limited. It is difficult to visualize how
a combination of 21 probes� 8 enzymes (Kochert
et al., 1991); 60 probes� 13 enzymes; 29 primers
and 6 nucleotide groundnut genomic clones (Halward
et al., 1992); 2 enzymes� 30 probes (Paik-Ro et
al., 1992) can appropriately cover the total genom-
ic polymorphism, of a segmental allopolyploid like
groundnut, unless, its genome organization is simi-
lar to crop species where such limited numbers have
resolved polymorphism. In any event, failure to detect
variation does not prove that it does not exist; it merely
reflects the adequacy and appropriateness of the pro-
cedures used. This is particularly so in the groundnut
where genetically determined morphological variation
is abundant.

Types of clones used to generate data.DNA clones
used as probes in plants have generally been single
or very low copy versions of multilocus probes. Use
of multiple restriction enzymes is required to identify
most polymorphic restriction enzyme and probe com-
binations. Each enzyme can reveal variation at differ-
ent restriction sites at or around the region at which the
probe is hybridized.
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Table 1. Details of number of genotypes, enzymes, probes, clones, and primers used in molecular marker studies on
groundnut

Reference No. of No. of No. of Number of

accessions botanical countries enzymes clones/ primers

varieties probes

Kochert

et al., 1991 8 3 1 8 21 (7)1 –

Halward

et al., 1995 27 4 10 13 (4)2 60 (3)1 10

Halward

et al., 1992 26 4 11 – – 10

Paik-Ro

et al., 1992 14 3 1 2 16+7 –

1 Polymorphic probes (clones).
2 Four cutter enzymes.

Methodology used for analysis of polymorphism.
Finally, the general inference of these studies has
been that there is significant polymorphism, within the
genusArachisbut not in the accessions ofA. hypogaea
when the same molecular marker techniques and meth-
ods of analysis are used. This is hardly surprising if one
uses the same set of techniques and methods of analy-
sis to study variation between species in a genus on
the one hand, and between cultivars, landraces, and
breeding lines of a single species on the other. Inter-
specific levels of variation cannot be equated with vari-
ation at the level of infraspecific taxa. Clearly, while
the diagnostic value of the procedures used is high in
making distinctions between species, these procedures,
rather unsurprisingly, are insensitive to variation with-
in species. Such inappropriate use of procedures leads
to quite unwarranted conclusions.

Evidence of variation from other lines of investigations.
Like other crops, groundnut too has produced variation
during its evolution (Brassica, Kresovich et al., 1992;
Maize, Smith et al., 1991; Soybean, Cregan et al.,
1990; Rice, Wang and Tanksley, 1989). Significant
levels of genotypic and phenotypic variability are also
found in the form of differences in various botanical
and agronomic features, and responses to stress factors
(Singh and Nigam, 1997). So much so, that the species
A. hypogaeahas been divided into two subspecies, and
six botanical varieties and two agronomic types using
conventional taxonomic principles (Krapovickas and
Gregory, 1994). These botanical varieties have been
further broken down into different cultivar groups in
different regions/countries (Gibbons et al., 1972). In

this context, it is important to appreciate the origin and
evolution of this variation relative to time span, space,
and environment.

Origin and differentiation at interspecific lev-
els. Arachis hypogaeaprobably originated in the
region of southern Bolivia and northeast Argentina
(Krapovickas, 1969), about 25� S. The climatic condi-
tions and topographyof this region are among the most
variable in the world. Though no one is certain when
the domestication of the groundnut occurred, there is
archeological evidence to suggest groundnut cultiva-
tion prior to that of maize at Huaca Prieta. Ground-
nuts do not appear in pre-ceramic refuse, but appear
to have been introduced in association with the first
pottery. Carbon dating from this period, and therefore
groundnut, ranges from 1200–1500 BC (Hammons,
1994). Archeological evidence indicates much varia-
tion in groundnuts found in coastal Peru, and at Supe
(Hammons, 1994). The wide range of environmen-
tal selection pressures has resulted in the evolution of
very distinct types. In southern Bolivia and northern
Argentina two subspecies (ssp.),hypogaeaand fasti-
giataWaldron have been found which have significant
genetic differences in their habit, branching pattern,
and such botanical features as stem, leaf and fruit;
they differ physiologically in relation to their maturity
period, water use efficiency and partitioning of pho-
tosynthates. These differences suggest that significant
levels of variation do in fact occur. Additionally, there
is another tetraploid species in this region,A. monti-
cola Krapov. & Rigoni, considered to be the ground-
nut prototype and biosystematically a wild form ofA.
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hypogaea(Singh and Moss, 1982, 1984). Therefore,
there are no strong reasons to expect that the groundnut
originating in this region will show a lesser degree of
polymorphism than any other comparable crop species.

Differentiation and evolution at the intraspecific lev-
el. From its origin, groundnut travelled to other parts
of South America with human movement, extending
between the equator and 35� S. This resulted in further
diversification and genetic polymorphism in growth
habit, vigor, stem, leaf, seed and pod characteristics;
and a physiological polymorphism in maturation peri-
od, water use efficiency and in translocation of photo-
synthate to seeds through partitioning. Various physi-
cal and genetic pressures in this part of the continent
contributed to further variation, and the evolution of six
botanical varieties in seven distinct agroclimatic zones
– var. fastigiata Krapov. & W.C. Gregory and var.
vulgaris C. Harz. in the Guarani regions of southern
Brazil, Uruguay and Paraguay, and in Goias and Minas
Geraes regions of Brazil; typenambyquaraeHoehne
of var. hypogaeain Rondonia and northwestern Mato
Grosso of Brazil; predominantly var.hypogaeaand
some var.fastigiatain the eastern foothills in the Andes
in Bolivia; var. hypogaea, var. hirsuta Kohler, var.
fastigiataand var.peruvianaKrapov. & W.C. Gregory
in Peru and Ecuador; var.fastigiataand var.vulgarisin
northeastern Brazil, and var.aequatorianaKrapov. &
W.C. Gregory in Ecuador.This demonstrates the evolu-
tion of specific botanical types associated with specific
regions, and presumably that selection responses in
the various agroclimatic zones through which ground-
nut has migrated have produced significant levels of
variation in response to those selection pressures.

Diversification and differentiation at varietal levels.
From the east coast of South America, the groundnut
was taken to Africa, India, and the Far East by the
Portuguese; and the Spaniards took it from the west
coast of South America to Indonesia, China and up
to Madagascar in the sixteenth century (Krapovickas,
1995). Later it was introduced to North America and
other parts of the world, and became established as an
important crop in most tropical and sub-tropical coun-
tries of the world. The variable climate of the secondary
centers of diversity, and that of countries to which the
crop was introduced, together with human selection
pressures for agriculturally adaptive features, ensured
further variation in groundnut at the microevolutionary
level, and resulted in a very large number of cultivars

and cultivar groups in South America and other parts
of the world.

Available variation in botanical characters.Growth
habit in groundnut varies from the procumbent runner
type with a short or long main axis and horizontally
running laterals, to the decumbent type where laterals
ascend to differing degrees. In ssp.fastigiatathey are
strongly erect, while ssp.hypogaeacomprises most-
ly of spreading types with some which are strongly
ascending. One of the most consistent differences is
that the accessions belonging to ssp.hypogaeahave
no inflorescences on the main axis, while those of ssp.
fastigiatado. The height of the main axis varies from
15–38 cm, but in var.hirsuta it may be greater. There
is further variation in the distribution of reproductive
and vegetative branches, which can basically be alter-
nate or sequential. Many accessions, however, show a
mixture of alternate and sequential growth both within
and between plants.

Similarly there is profound variation in depth of
color of leaf (light to dark green) and flower (usually
orange or yellow to white to brick red). An unstable
flower color has also been observed, for which a trans-
poson has been implicated (Dwivedi et al., 1996).

Known variation in agronomic characters.There is
much variation between accessions of groundnut in
yield, and such yield components as total biomass pro-
duction, partitioning of photosynthate, thickness of
the pod wall, seed size, and the nutritional quality
of the seed. Pod yield can vary from 500 kg ha�1 in
some Peruvian landraces to 11000 kg ha�1 in improved
cultivars developed in China (Yanhao Sun and Caibin
Wang, 1990). Variation in pod and seed characters is
enormous – shelling percentage varies from 35–75%,
the pods may have deep or almost no constrictions from
prominently reticulated to an essentially smooth pod
surface, from a distinct beak to no beak, and pod length
from 1 to 9 cm. Single seed weight varies from 20–
25 mg each, to 1.36 g. More than 20 different basic seed
coat colors and combinations occurring in blotches,
flecks, hazy suffusions and stripes can be found.Chem-
ically, oil content varies from 31.8–53.1% invulgaris,
32.2–55.0% infastigiata, 32.3–51.5% inhypogaea
type bunch and 34.4–50.3% inhypogaeatype runner.
Protein content does not vary much between accessions
of a botanical variety, but between botanical varieties
it ranges from 16.1–34%.

There is also variation in maturation period and
seed dormancy; generally accessions belonging to ssp.
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Table 2. Range of variation in cultivated groundnut observed at ICRISAT Asia Center, Patancheru,
India

Character Minimum Maximum Intermediate(s)

Life form Annual – –
Growth habit Erect Procumbent Decumbent
Branching pattern Sequential Alternate Irregular
Stem pigmentation Absent Present –
Stem hairiness Glabrous Woolly Hairy, very hairy
Reproductive branch
length > 1 cm 10 cm Continuous
No. of flowers/
inflorescence 1 5 2, 3, 4
Peg color Absent Present –
Standard petal color Yellow Garnet Lemon yellow, light

orange orange,
dark orange,
orange

Standard petal Yellow Garnet Lemon yellow, light
markings orange,

dark orange,
orange

Leaf color Yellowish Dark green Light green, green,
bottle green

Leaflet length 17 mm 94 mm Continuous
Leaflet width 7 mm 52 mm Continuous
Leaflet L/W ratio 1 6 Continuous
Leaflet shape Suborbicular Linear Elliptic, ovate,

lanceolate,
obovate,
oblong

Leaflet hairiness Subglabrous Profuse and Scarce and short,
long scarce and long,

profuse and short
No. of seeds/pod 1 5 2, 3, 4
Pod beak Absent V. Prominent Slight, moderate,

prominent
Pod constriction Absent Very deep Slight, moderate,

deep
Pod reticulation Smooth Prominent Slight, moderate
Pod length 14 mm 65 mm Continuous
Pod width 7 mm 20 mm Continuous
Seed color pattern One Variegated
Seed color White Dark purple Yellow, shades

of tan, rose,
shades of red,
grayed orange,
shades of purple

Seed length 4 mm 23 mm Continuous
Seed width 5 mm 13 mm Continuous
100-seed mass 14 g 140 g Continuous
Days to emergence 4 18 Continuous
Days to 50% flowering 15 54 Continuous
Days to maturity 75 > 155 Continuous
Fresh seed dormancy 0 days > 66 days Continuous
Oil content 31.8% 55.0% Continuous
Protein content 15.8 34.2 Continuous
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hypogaearequire a long (140–160 days) to medium
(120–140 days) period to mature, while those belong-
ing to ssp. fastigiata are of short duration (90–120
days). Table 2 summarizes the range of variability
recorded at ICRISAT for various plant, pod and seed
characters in the world collection of 14,000 accessions.

Known variation for biotic and abiotic stresses.
Three foliar diseases, late leaf spot, early leaf spot,
and rust, are the most widely distributed and econom-
ically important diseases of groundnut. At ICRISAT
over 13,000 accessions have been screened resulting
in the identification of 167 lines resistant to rust, 69
to late leaf spot, and 12 for early leaf spot (Singh et
al., 1997). Groundnut is attacked by several virus dis-
eases, and variation in resistance to almost all virus
diseases exists. This has led to the identification of
sources of resistance for groundnut rosette virus in
landraces from Burkina Faso (de Berchoux, 1960), for
peanut bud necrosis virus in several lines at ICRISAT
(Dwivedi et al., 1995), for peanut mottle virus in sev-
eral lines with low yield losses (ICRISAT, 1983), and
for tomato spotted wilt virus in breeding lines from
the USA (Culbreath et al., 1994). Variation in reac-
tion to soilborne diseases has also been recorded. For
bacterial wilt resistance, lines originating from China
and Indonesia have been identified (Mehan and Liao,
1994). Resistance has also been identified to black rot
(Green et al., 1983), toSclerotium rolfsii(Smith et al.,
1989), and for aflatoxin contamination of pre-harvest
seed,in-vitro seed colonization and aflatoxin produc-
tion (Mehan et al., 1991).

The groundnut suffers yield losses due to insects
and arachnids feeding on leaves, pegs, pods and seeds.
Sources of resistance to most insect pest have been
identified both inA. hypogaeaand wildArachisspecies
(Wightman and Ranga Rao, 1994). Variation for resis-
tance to root-knot nematode has even been found asso-
ciated with RAPD markers (Burow et al., 1996). Vari-
ability for physiological traits, such as resistance to
drought occurring at various stages of crop growth,
crop growth rate, water use efficiency, and partitioning
have also been recorded (Rao et al., 1994).

Intraspecific genome size and DNA variation.Mean
2C DNA amount in groundnut varied by 15–20%,
ranging from 10.26 pg to 11.82 pg between acces-
sions. Accessions belonging to ssp.hypogaea(mean
value 11.27 pg) had significantly higher DNA con-
tents than accessions of ssp.fastigiata (mean value
10.97 pg) (Singh et al., 1996). SimilarlyA. hypogaea

accessions exhibited considerable variation in their r
DNA unit length, which incidently are of same class as
that found in other species (Singh et al., 1997). Recent-
ly Guahao He and Prakash (personal communication)
have recorded significant levels of polymorphism using
AFLP and DNA Amplification Fingerprinting (DAF)
techniques. In DAF they recorded 3.7% polymorphic
bands from 559 primers, while in AFLP 6.7% from 64
primer combinations were recorded.

Conclusions

The analysis of literature on recorded variation in the
cultivated groundnut in its botanical and agronomic
features, reaction to various biotic and abiotic stresses,
and in genome size, r DNA, DAF and AFLP in the
light of the crop’s origin and evolution indicates sig-
nificant levels of genetic and physiological variation.
On this basis the species has been divided taxonomi-
cally into two subspecies, six botanical varieties, two
agronomic types, and numerous cultivar groups and
varieties distributed around the world. Given this, it
would be difficult to accept that the species DNA is
devoid of molecular variation. Since most morpholog-
ical variation is coded in the genes, and polymorphic
genes are probably not equally dispersed throughout
the genome, it is reasonable to conclude that there is
probably variation at the DNA molecular level, but
that the DNA molecular techniques used have bot been
able to detect this polymorphism because of the com-
plex nature of the groundnut genome. This is probably
because of small chromosome size, multiallelic loci,
the presence of much repetitive and redundant DNA,
and functional sequences being confined to a small
region, limited efforts devoted to appropriate develop-
ment and refinement of the techniques used, and lack
of adequate exploration of more recently developed
techniques that have been found to be more powerful
in detecting such molecular variation.

Suggestions for future research

Since it is highly probable that molecular genetic
variation in groundnut does exist, either the RFLP
and RAPD techniques used currently require further
refinement, or a greater number of accessions rep-
resenting the total spectrum of variation in anA.
hypogaeacore collection should be used. In RFLP
studies more restriction enzymes should be used with
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many probes, while in RAPD more primers should
be screened to identify an adequate number of poly-
morphic primers to provide a better coverage of the
A. hypogaeagenome. Greater use of gene specific
probes and primers is needed to discern the expect-
ed polymorphism at the gene level for certain genes,
e.g. those controlling anthocyanin development. If the
above attempts fails then advanced techniques such as
Amplified Fragment Length Polymorphic Sequences
(AFLPs), Simple Sequence Repeats (SSRs), Cleavable
Amplified Polymorphic Sequences (CAPs) and Single
Nucleotide Polymorphism-Genetic Bit Analysis (SNP-
GBAs) should be exploited. Genetic studies in several
crop species have shown that variation in relation to dif-
ferent traits in some crops may be accounted for by the
variation in a comparatively smaller number of specif-
ic genes than in others, in which the number of alleles
for specific genes contribute significantly. Therefore,
particular techniques may not be equally effective for
detecting variation. One has to select appropriate tech-
niques based on the genetic nature of each crop species.
Interspersed repetitive DNA sequence elements have
been found to be characteristic of eukaryotes. Variable
numbers of non-coding DNA sequences and pattern
tandem repeats include those loci known as hypervari-
able regions, i.e., minisatellites and microsatellites.
Tandemly repetitive DNA sequences show a range of
repeat unit size, number, and pattern. Therefore, these
sequences present a rich source of highly polymor-
phic multiallelic, stable, and widely dispersed markers.
In the Variable Number of Tandem Repeat Sequence
(VNTRs) loci, DNA sequences flanking the core unit
are conserved, allowing the design of PCR primers that
will amplify intervening sequences at specific loci in
all genotypes of target species. In this way the potential
amount of information acquired by use of interspersed
repetitive DNA markers is increased. Therefore, sim-
ple sequence repeats (microsatellites) may be ideal for
distinguishing closely related genotypes in the ground-
nut, because multiple alleles often occur at numerous
loci. If this proves unsatisfactory, AFLP markers are
another powerful new type of DNA marker that allows
a large number of DNA loci to be screened for polymor-
phism. This versatile technique can detect the presence
of restriction fragments in almost any DNA, regardless
of its complexity. Therefore, SSRs and AFLP mark-
ers are probably ideal for distinguishing closely related
genotypes in the groundnut.SSR marker assays can uti-
lize specific DNA primers that amplify a DNA region
containing variable repeats, while AFLP can allow a
large number of DNA loci to be screened for polymor-

phism in DNA fragments. AFLP can complement the
information obtained from SSR analysis.
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