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BIOCHEMICAL CHARACTERIZATION OF Arachis SPECIES OF THE
SECTION Arachis

K. CHANDRAN AND S. M. PANDYA l , National Research Centre for Groundnut, P.B. No.5, Ivnagar
Road, Junagadh, Gujarat 362001; 1Department of Biosciences, Saurashtra University, Rajkot, (Gujarat)

Thirty five accessions of 13 Arachis species belonging to the section Arachis were characterized for
seed storage proteins and isozymes (peroxidase, esterase and glutamate oxaloacetate transaminase)
banding pattern. The results of proteins and individual enzymes banding pattern were discussed and
the cluster analysis based on cosine coefficient of similarity was done to ascertain the species
relationship. High intraspecific variation was observed in banding pattern. Accessions of A. monticola,
A. batizocoi, A. kempf meracadoi and A. correntina were found closely related to A. hypogaea and
two accessions in the collection were found as duplicates based on these studies.

Key Words: Arachis, characterization, seed storage proteins, isozymes, banding pattern, cluster analysis

Groundnut (Arachis hypogaea) is one of the

major oil seed crop of India which is cultivated
in about 8.1 million hectares with a production

of 8.3 million tonnes and productivity of 1.02

tonnes/ha. The productivity is much lower than

the world average (1.3 tonnes/ha). The major

factors contributing to the poor productivity of
groundnut include, biotic and abiotic stresses for

which variability within the species is meagre.

Hence, other species of the section Arachis are

looked for incorporating the desirable genes to

the cultivated species as the members of the

section are relatively easier for gene transfer than
species of the other sections. The major constraints

to the utilization of the germplasm in crop

improvement programmes are their poor

characterisation and lack of knowledge about the

phylogenetic relationship. Biochemical evaluation

offers an effective way of finding inter- and intra

specific variability and relationship. The

electrophoretic separation of proteins and isozymes

are commonly used technique to study the

relationship. The present studies were carried out
on electrophoretic banding pattern of seed storage

proteins and isozyme banding pattern of

peroxidase, esterase and Glutamate oxaloacetatate

(GOn to find inter- and intra-specific variability

among the Arachis species.

MATERIALS AND METHODS

Thirty five accessions belonging to 13 species
of Arachis of the section Arachis were procured

from International Crops Research Institute for

Semi-Arid Tropics (ICRISAT) and grown in

unre.plicated plot (2.8 X 3.5 M 2
) during 1996

1997. Seeds were sown in t~ month of June
96 and harvesting was done in May 97 except

for the cultivated species where, the harvesting

was done between 120-130 days after sowing. To

avoid seed deterioration, the pods of cultivated

species were stored under -low temperatute till the

harvesting of other species were completed lists

of the accessions studied (Table 1).

-----.Ill
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Table 1. List of accessions used in this study

Species Name (ICG No)

A. batizocoi (ICG Nos. 8124, 8209, 8210, 8958)

A.cardenasii (ICG No. 8216)

A.correntina (ICG No. 8132, 8918)...
A.diogoi (ICG No. 4983)

A.duranensis (ICG Nos. 8123, 8139, 8196, 8200, 8201,
8205,8207,8208,8956,8957)

A.heodes (ICG No. 8955)

A.hoehnei (ICG No. 8190)

A. hypogaea. ssp. hypogaea var. hypogaea bunch type (ICG
No. 5813)

A. hypogaea. ssp. hypogaea var. hypogaea runner type (ICG
No. 5770)

A.hypogaea ssp.fastifiata var. vulgaris (ICG No. 287)

A.hypogaea ssp. fastigiata var. fastigiata (ICG No. 3704)

A.kempfmercadoi (ICG No. 8164, 8959)

A.khulmanii (ICG No. 8954)

A.monticola (ICG No. 8197, 8198, 8135)

A.stenosperma (ICG No. 8125,8126,8137,8906)

A. valida (h:G No. 11548)

ICG No. =ICRISAT germplasm collection number

Protein Electrophoresis

The seeds were crushed in a mortar and
defatted the cake using hexane by changing the
solvent 3 to 4 times till it becomes fine powder.
The defatted powder was extracted with 0.05M
Tris-HCl buffer (pH 7.5) by keeping overnight.
The mixture was then centrifuged at 13000 rpm
in eppendorf tube and supernatant collected and
estimated for protein using Bradfords method
(Bradford, 1976). The extract then mixed with
sample buffer contalntng glycerol and
bromophenol blue. Sample containing

approximately 100 ~g of proteins were loaded in
each wells of 15 per cent T Polyacrylamide gel
and electrophoresis was conducted at the constant
current of 1.5 rnA per well at 15°C using a
BIO-RAD Protean II electrophoresis system.
Protein molecular weight markers were also loaded

in one well in each gel for calculating the molecular
weight. The run was continued till the dye front
reached the bottom of the gel. Two gel were run
simultaneously to accommodate 35 accessions. The
experiment was repeated three times. The separated
bands were scanned against the molecular weight
markers for studying the polymorphism.

Isozyme Banding Pattern

Immature and un-opened leaves were
collected from 110 days old field grown plants
in an ice box and kept for freezing at 80°C for
1 hr. The frozen tissue were ground with neutral
sand and extraction buffer in a chilled mortar.
Tris-HCl buffer (0.05M) pH 8.6 was used for
extracting esterase and peroxidase enzymes and
Arulsekhar's buffer (Arulsekhar, 1986) was used
for GOT. The sample were centrifuged at 13000
rpm at 4°C for 30 min and the supernatant was
collected and estimated for protein. The extract
was then mixed with sample buffer containing
sucrose and bromophenol blue as tracking dye.
Electrophoresis was done in a basic buffer system
at 4°C by circulating cryo-fluid between the plates.
Electrophoresis was continued till the tracking dye
reached the bottom of the gel and activity staining
was imparted for Peroxidase (E.C. 1.11.1.7),
Esterase (E.C.3.1.12) and GOT (E.C. 2.6.1.1).
The polymorphism is studied on relative movement
and number of bands for each enzyme. Activity
staining procedure is given below:

Peroxidase: 8 mg of O-dianisidine was
dissolved in 1 ml of methyl formam ide and added
50 ml of OAM sodium acetate buffer (pH 5.6).
0.02 ml of water was added just before use and
incubated the gel in dark till golden brown bands
appeared. The gels were fixed and preserved in
7 per cent acetic acid.

Esterase: 20 mg of alpha naphthyl acetate
was dissolved in 0.5 ml of acetone and added
0.5 ml of water. 50 ml of 0.2 M potassium
phosphate buffer (pH 6.2) was added followed
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by 38 mg of fast blue BB salt. Incubation of gel
was carried out till dark bands appeared and
fixing was done in 7 per cent acetic acid.

GOT : 10' mg of a-ketogltarate and 200

mg of L-aspartic acid dissolved in 100 ml of
O.IM tris-HCI (pH 8.5). 10 mg of
pyridoxal-5-phosphate and 150 mg of fast blue
BB salts added just before use. The gel was
incubate in dark at 30oC, till blue bands appeared.
The gel was fixed in 7 per cent acetic acid.

Cluster analysis is performed based on cosine
coefficient of association (SPSS 6.0). Multi state
characters were converted into binary characters
(Sokal and Sneath, 1963) prior to analysis.

RESULTS AND DISCUSSION

I. Seed protein electrophoresis

A total of eighteen bands stained with
coomassie blue reagent. The molecular weight of
separated proteins ranged from 2.7 kD to 116
kD. Fourth and fifth bands are common in all
the accessions. First three bands are seen only in
ICG 8132 (A. correntina). Three accessions of A.

duranensis (ICGs 8201, 8205, 8139) and ICG
4983 (A. diogot) showed maximum number
(11) of bands (Table 2). Cent per cent
similarity in banding pattern is observed
among A. duranensis accessions (ICGs 8205, 8201,
8139), ICG 8123 and 8200 and A. stenosperma

accessions (ICGs 8126 and 8906). Among
the interspecific relationships, A. hoehnei shared
similar bands with ICG 8135 (A. monticola)

and A. valida with A. khulmanii, A. stenosperma

(ICGs 8125 and 8126) and ICG 8210
(A. batizocot). Singh et al (1991) observed
similarity in proteins profiles between
synthetic amhiploid species and of diploid species
A. duranensis and A. batizocoi and suggested the
two haploid species as progenitors of cultivated
speCies.

II. Isozyme Electrophoresis
1. Peroxidase (E.C. 1.11.1.7)

Peroxidases catalyses the dehydrogenation of
large number of organic compounds like phenols,
aromatic amines and hydroquinones. Totally eleven
bands were resolved for peroxidase with an Rf
value ranging from 0.02 to 0.38 (Table 3) The
maximum number of bands expressed by a
genotype was eight. All A. hypogaea accessions
(5813, 5770, 287, 3704), ICG 8132 (A.

correntina) , ICG 8209 (A. batizocot) , ICGs 8123,
8201, 8205, 8956 (A. duranensis) , ICG 8955 (A.
helodes), ICG 8959, (A. kempfmercadot) , ICGs
8198, 8135 (A. monticola) showed similar banding
pattern. In other accessions polymorphism was
found for different loci. Lu and pickergsill (1993)
observed that the tetraploid species were, identical
for Prxl, Prx2 and Prx4 but differed for Prx3.
In the present study such variations could not
be observed among tetraploid species. A. monticola

reported to show close similarity in banding pattern
with ssp. hypogaea was found true only with
two accessions of A monticola (ICGs 8198, 8135)
and the other accession showed difference in the
position of slow moving bands.

2. Esterase (E.C.3.1.1.2)

Eleven bands have been observed for esterase
with an Rf value ranging from 0.08 to 0.48
(Table 3). Mass et at. (1993) reported 11 bands
for esterase and 2nd and 11 th bands as
monomorphic in A. pintoi accessions. However,
none of the bands were monomorphic among
the accessions studied. Three accessions (ICGs
8958, 8124, 8123) could not give activity staining

"-
for esterase and these accessions were excluded
from the cluster analysis. Similar banding pattern
was observed among ICGs 8207, 8200 (A.

duranensis) and ICG 4983 (A. diogot). Cent per
cent similarity was also shown by ICG 5770 (A.
hypogaea) with ICG 8954 (A. khulmanit) , ICG
8133 (A. duranensis) with 8137 (A. stenosperma) ,

and ICG 8197 (A. monticola) with ICG 8164
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Table 2. Seed storage proteins banding pattern

ICG

287

8125

8126

8196

8197

8209

8210

8957

8958

8959

8956

8216

8208

8198

8190

8132 +

8124

3704

5813

8123

8135

8164

8200

8207

8906

8955

11548

5770

8954

8918

8205

8201

8139

8137

4983

2 3
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+
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+
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+

+ +

18

+

+
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+

Rf Value: 1 = 0.08,2= 0.08,3= 0.10, 4= 0.13,5= 0.14,6= 0.17, 7= 0.19,8= 0.21,9= 0.24,10= 0.27, 11= 0.29, 12= 0.32, 13= 0.43, 14= 0.47, 15=
0.50,16= 0.58,17= 0.67,18= 0.75;
'+' and '.' stands for presence and absence of bands respectively.
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Table 3. Isozymes banding pattern of peroxidase, esterase and Glutamate oxaloacetate transminase (GOT)

ICG Peroxidase Esterase GOT

No. 2 3 4 5 5 7 8 9 10 11 2 3 4 5 6 7 8 9 10 11 2 3
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+
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8210 +

8957

8958 +

+

+ +

+

+

+

+

+

+

+ + + +

+

+

+ + +

+ + +

+ + +

+ +

+

+

+

+

+

+

+

+

+ +

+ +

+

+ +

+ +

+ +

+ +

+ +

+ + +

+

+

+

+

+

+

+

+

+

+

+ + +

+ +

+

+

+

+

+

+

+

+ +

+

+

+

+

+ +

+

+

+

+

+

+

+

+

+

+

+

+

+

+ +

+ +

+

+

+

+

+

+

+

+

+

+

+

+

+ +

+ + +

+

+

+

+

+ +

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+ +

+

+

+ +

+ +

+ +

+ +

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+ +

+ +

+ +

+ +

+ +

+

+

+

+

+

+

+

+

+

+

+

+

+

++

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+8959 +

8956 +

8216 +

8208

8198 +

8190 +

8132 +

8124 +

3704 +

5813 +

8123 +

8135 +

8164 +

8200 +

8207 +

8906 +

8955 +

11548 +

5770 +

8954

8918

+

+ +

+

+

+ + + +

+

+ +

+

+

+

+ +

+

+ +

+

8205 +

8201 +

8139 +

8137 +

4983 +

+

...

+

+

+

+

+

+

+

+

+ +

+ +

+

+ +

+

+

+

+ + +

+ +

+ +

+

+

+

+

+

+

+

+

+ + +

+ + +

+ + + +

+ + + - +

+ + - +

Peroxidase, Rt value: 1 =0.02, 2 =0.04, 3 =0.09, 4 =0.12, 5 =0.16, 6 =0.17, 7 =0.19, 8 =0.21, 9 =0.31, 10 =0.34, 11 =0.38
Esterase, Rt value: 1 =0.08, 2 =0.13, 3 =0.17, 4 =0.21, 5 =0.25, 6 =0.28, 7 =0.31, 8 =0.33, 9 =0.37, 10 =0.43, 11 =0.48
GOT, Rt value: 1 =0.12, 2 =0.16, 3 =0.19
'+' and '.' indicate the presence and absence ot bands respectively.
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(A. kempf mercadoz). Between two accessions of

A. duranensis (lCGS 8205 and 8201), A.
stenosperma (lCGs 8125 and 8126) also showed
cent percent similarity in banding pattern.

3. Glutamate oxalo acetate tansaminase
(E.C. 2.6.1.1)

Glutamate oxalo acetate tansaminase, also
known as aspartate amino transferase catalyses the
reversible transmination of glutamate and
oxaloacetate to 2-oxoglutarate and aspartate. The
other role assigned to it include biosynthetic, in
nitrogen metabolism and "transport of reducing
equivalents among sub cellular compartments
(Newton, 1983). Three to four bands have been

reported for GOT in plant system (Gottlieb,
1982). The maximum number of bands resolved
in this study was three (A. cardensaiz) in all other
accessions either only one or two bands could be
resolved (Table 3). All accessions was A. batizocoi

showed only one band with an Rf value of 0.16.
A. diogoi, ICG 8918, (A. correntina) , 8123, 8957
(A. duranensis), A. helodes, A. kempfmercadoi, 8198
(A. monticola) , 8125, 8126 (A. stenosperma) share
the banding pattern of A. batizocoi. Among A

hypogaea runner type accession was different from
other accessions in position of the bands.
Greishammer and Wynne (1990) and Lacks and
Stalker (1993) reported two different banding
pattern for GOT which are consistent among
Arachis species and their interspecific hybrids. In
the present study one more type of banding
pattern was observed with three bands in A.
cardensaii. A. duranensis accessions showed cent
per cent similarity for seed protein banding pattern
also showed similarity in GOT and Esterase
banding patterns.

Cluster Analysis

Combined cluster analysis of both seed

proteins and isozymes banding pattern showed
cent per cent similarity among ICG 8125 with

8126 (A. stenosperma) and leG 8201 with 8205

(A. duranensis) (Table 4). Probably one of the
accessions of the above species may be duplicate
in the collection. One accessions each of A.
batizocoi, A. correntina, A.kempfmercadoi and A.

monticola clustered with three accessions of A.

hypogaea showing similarity of the species with
the cultivated species. The spanish bunch accession

of A. hypogaea remain unclustered (Fig. 1). The
following groupings are formed at 13 cluster
stage.

Cluster no. List of accessions

I ICG 287 (A. hypogaea)

II ICGs 8125,8126 (A. stenosperma)

III ICGs 8196 (A. duranensis)

IV ICG 8197 (A. monticofa)

V ICGs 8209 (A. batizocoz) 8132 (A. correntina)

VI ICGs 8210 (A. batizocoi), 8957 (A. duranensis),

VII ICGs 8956 (A. duranensis), 8955 (A. helodes)

VIII ICGs 8216 (A. cardenasiz), 11548 (A. valida),

8954 (A. khulmaniz)

IX ICG 8208 (A. duranensis)

X ICG 8198 (A. monticofa)

XI ICG 8190 (A. hoehnez)

XII ICGs 4983 (A. diogoz), 8139, 8201, 8205
(A. duranensis), 8164, (A. kempfmercadoi),

8918 (A. correntina)

XIII ICGs 8200, 8207 (A. duranensis), 8906, 8137
(A. sten0SJ!..erma)

Very high intraspecific variability was
observed for banding pattern for isozymes as well
as seed storage proteins. This leads to the clustering
of different accessions of the same species with
other species. Species having high morphological
variability especially the annual and perennial
species found to be homogeneous in biochemical
characterization. Hence, it rules out the possibility
of using these traits in delimiting taxa at the
species level. However, these characters will be
much useful in ascertaining intraspecific variability

to a large extent and for finding duplicates in
the germplasm collection.
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Rescaled Distance Cluster Combine
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lCG 8205 31
rCG 8201 32
rCG 8139 33
lCG 4983 35
lCG 8164 22
lCG 8918 30
lCG 1154 27
lCG 8954 29
lCG 8216 12
lCG 8200 23
lCG 8207 24
lCG 8906 25
lCG 8137 34
lCG 8956 11
rCG 8955 26
lCG 8210 7
lCG 8957 8
lCG 8209 6
lCG 5770 28
lCG 3704 18
lCG 8135 21
lCG 5813 19
lCG 8959 10
lCG 8132 16
lCG 8198 14
lCG 287 1
lCG 8208 13
lCG 8190 15
lCG 8125 2
lCG 8126 3
lCG 8196 4
leG 8197 5

Fig. 1. Dendrogram based on biochemical characters
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