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ABSTRACT

Proteins and six enzymes (esterase, peroxidase,
catalase, leucine aminopeptidase, alcohol dehydro
genase, achromatic oxidase) in individual seeds from
36 species and collections of Arachis were character
ized by using polyacrylamide and starch gel electro
phoretic techniques. These data were used to eval
uate the biosystematics of Arachis. Support was
found for the thesis that each wild relative of the
cultivated peanut, Arachis hypogaea L., has been
properly classified into coherent groups of species
under the following taxonomic sections: Axonomor
phae, Erectoides, Caulorhizae, Rhizomatosae, Ex
tranervosae, Pseudoaxonomorphae and Trisemi
nalae. For example, the mobility of most bands in
the gel patterns of proteins and enzymes of A. hy
pogaea coincided very closely with those of the wild
species, A. monticola PI 219824, supporting studies
which have shown that these two species are closely
related and should be classified together. The Simi
larity Index method, based upon the percent of pro
tein and enzyme bands with similar and dissimilar
mobilities compared among gels of seeds of species
and collections, produced s-values that further sup
ported the taxonomy of this genus as it is known
today.

Additional keywords: Wild species, Cult.ivars.
Chemotaxonomy, Similarity Index method.

Substantial evidence suggests that the genetic
base or gene pool of the cultivated peanut, Arachis
hypogaea, does not have the reserve germ plasm
needed to resist many of the new agricultural
problems brought on by pollution, dwindling
water supplies, and the necessity for biological
control methods against insects and plant path
ogens (Hammons, 1972, 1973; Cherry et al., 1971,
1974; Cherry and Ory, 1973a, b; Cherry, 1974;
Simpson and Haney, 1973; Miller, 1973). Fortu
nately, there are about 50-70 wild species ofAra
chis containing untapped genetic resources for
future breeding programs with A. hypogaea
(Gregory et al., 1973).

Only a partially complete taxonomic evaluation
of Arachis has been published, thus, much work
remains in this area (Gregory et al. 1973; Leppik,
1971; Smartt and Gregory, 1967; Raman, 1973;
Krapovickas, 1969). A joint effort in different dis
ciplines is needed to simultaneously evaluate the
genetic and biochemical potentials of these wild
species for improving the commercial varieties of
A. hypogaea.

Gel electrophoretic techniques have been used
to study the biosystematics of different genera
(Sheen, 1972; Cherry et aI., 1970, 1971, 1972; Cher-
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ry and Ory, 1973a, b; Cherry, 1974; Mitra et al.,
1970; Siddiq et al., 1972). Utilizing these biochem
ical tools, this study characterized and compared
the storage proteins and six enzymes from ex
tracts of individual seeds of 36 species and collec
tions of Arachis in order to initiate the chemotax
onomy of this genus. Proteins and the enzymes
esterase, peroxidase, catalase, leucine aminopepti
dase, alcohol dehydrogenase and achromatic oxi
dase were chosen because well-established stain
ing techniques are available for their detection in
electrophoretic gels (Brewbaker et al., 1968; Scan
dalios, 1969); all have been reported for peanuts
(Cherry et al., 1971, 1973; Cherry and Ory 1973a,
b; Cherry, 1974).

Materials and Methods
The 35 collections of wild species (originally from

South America) and 15 cultivars of A. hypogaea (United
States) from which seeds were available are listed in
Table 1. See Gregory et al- (1973) for a detailed descrip
tion of the collection sites. Preliminary studies suggested
that there are species among the undescribed collections
labeled as Arachis species (A. sp.); however, there is
not yet sufficient information for peanut taxonomists to
assign specific names. Four to 17 seeds (random samples
of field grown and/ or greenhouse plots) from each wild
species or collection, 84 seeds (4 seeds from each of 21
plants) of Virginia 56R grown in Louisiana and 12 seeds
(random samples of field-grown plots) of each of the
other cultivars were individually examined for protein
and enzyme composition. For further details of com
pleted research on A. hypogaea, see Cherry et. al, (1971),
Cherry and Ory (197 3a, b) and Cherry (1974).

The testa was removed and each seed ground individ
ually with a mortar and pestle in pH 7.9 phosphate buf
fer, I = 0.01, and centrifuged at 39,000 x g for 30 min.
The partially purified extract from each seed was sub
mitted to starch slab gel electrophoresis (Brewbaker
et aI., 1968) to fractionate leucine aminopeptidase, cat
alase, alcohol dehydrogenase and achromatic oxidase into
distinct bands which were visualized by procedures of
Brewbaker et al, (1968) and of Scandalios (1969).
Achromatic oxidase and alcohol dehydrogenase were
identified on the same starch slab as clear areas and
dark blue bands, respectively, on a light blue back
ground. The remaining portion of each seed extract was
examined for proteins, esterase and peroxidase by poly
acrylamide disc gel electrophoresis (Cherry et al., 1970,
1972; Cherry and Ory 197 3a, b). Thus, protein and six
enzymes were examined in an extract of a single seed.
The exact position of each band within the patterns was
confirmed by examining 1: 1 mixtures of extracts from
different species or collections representing each of the
taxonomic sections of Arachis.

Results and Discussion
The first classification of species of the genus

Arachis as collections into natural groups (sec
tions and series) based on plant morphology, geo
graphical area where the samples were collected,
species cross-compatibility and hybrid fertility
among species was recently published by Gregory
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et al. (1973). A number of undescribed collections
(A. sp.) are listed in sections ofAxonomorphae,
Erectoides, Rhizomatosae and Pseudoaxonomor
phae because they lack formal descriptions (Table
1). A chemotaxonomic evaluation of Arachis
follows.

PROTEINS AND ENZYMES OF ARACHIS

SECTION AXONOMORPHAE

Species ofAxonomorphae are naturally distrib
uted in the central area of South America (Greg
ory et al., 1973) and samples of this section used
in this study were collected in northern Argentina
and western Paraguay (Table 1). Studies to de
termine cross-compatibility among plants of Ara
chis demonstrated that A. monticola PI 219824 and
A. hypogaea of series Amphiploides, section Axon
omorphae, are closely related. Moreover, these
species have formed hybrids of variable fertility
with species of series Annuae and Perennes in
this section (Smartt and Gregory, 1967; Raman,
1973). Polyacrylamide gel electrophoresis of seed
extracts from Axonomorphae showed that the spe
cies and collections of this section contained large
amounts of protein polymorphism (Fig. 1). In

Table 1. List of species and collections of Arachis L.
(n = 10) studied and arranged according to Greg
ory et al. (1973).
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Species Collection
N~~~~r2

Location (Co11ectors)3
Numberl

Section I. Axonomorphae
Series: Annuae (2n)

A. duranensis 7988 219823 Argentina (K)
A. sp, 10038 263133 Argentina (GKP)

Series: Perennes (2n)
A. correntina 7830 262137 Argenti na (K)
A. corrent i na 7897 262134 Argentina (K)
A. correntina 9530 262808 Argentina (GKP)
A. chacoense 10602 276235 Paraguay (GKP)
A. vt l l osa 22585 298636 Argenti na (B)

Series: Amphip10ides (4n)

~: ~~~~~~~~~
7264 219824 Argenti na (K)

United States
subspecies hypoqaea

vari ety hypogaea
subspeci es fas ti gi ata

variety vulgaris
Section II. Erectoides

Series Tetrafo1io1atae (2n)
A. paraguariensis 9646 262842 Brazi 1 (GKP)
A. benthami i 9764 262859 Brazi 1 (GKP)
A. sp. 9835 262308 Brazil (GKP)
A. sp. 9841 262278 Brazil (GKP)
A. sp , 9990 261877 Brazil (GKP)
A. sp. 10002 262140 Brazil (GKP)
A. sp. 10543 276209 Brazil (GK)
A. sp. 10573 276225 Paraguay (GK)
A. sp. 10576 276228 Paraguay (GK)
A. sp , 10580 276229 Paraguay (GK)
A. paraguariensis 11462 331188 Paraguay (KCF)
A. paraguariensis 11488 331187 Paraguay (KC)

Series: Procumbensae (2n)
A. rigonii 10034 262142 Bo1i via (GKP)

Section III. Caulorhizae (2n)
A. pi ntoi 12787 338447 Brazil (GK)

Section IV. Rhizomatosae
Series: Eurhi zomatosae (4n)

A. sp. 9553 262801 Argentina (GKP)
A. sp. 9570 262817 Paraguay (GKP)
A. sp, 9667 262848 Brazil (GKP)
A. sp , 9815 262794 Brazil (GKP)
A. glabrata 9830 262797 Brazil (GKP)
A. sp, 9882 262286 Brazil (GKP)
A. sp. 9935 262301 Brazil (GKP)
A. sp , 10105 276200 Brazil (GKP)
A. sp. 10596 276233 Paraguay (GK)

Section V. Extranervosae (2n)
A. vt l losul icarpa 14445 336985 Brazil (KHE)

Section VI. Pseudoaxonomorphae (2n)
A. sp , 12943 338452 Brazi 1 (GK)
A. sp , 12946 338453 Brazi 1 (GK)

Section VII. Trisemina1ae (2n)
A. pusi11a 12922 338449 Brazil (GK)

_._~~~

1From Gregory ~ sl- (1973).

2P1ant Introduction (P.!.) numbers from Gregory ~~. (1973) .

3Co11ectors 1is ted by Gregory ~ ~. (1973) .

4peanut cu1tivars examined: var. hypogaea, Virginia botanical (a) runner market type:
Early Runner, Horunner , Virginia Bunch 67, and (b) Virginia market type; Virginia 56R,
Virginia 61R, Florigiant, NC 17, NC 5, NC 2; var. vulgaris, Spanish botanical type:
Tifspan, Starr, Argentine. Spancross, Comet, Spanhoma.

Fig. 1. Polyacrylamide disc gel electrophoretic patterns
of proteins of individual seeds from proposed species
of section Axonomorphae. Gel frequencies showing
intraspecific polymorphism, accession numbers (Acces.
No.) and plant introduction numbers (P. I. No.) or
names (where assigned) for each species are pre
sented.

general, gels showed a group of major (dark
staining) bands in region 1.0-5.0 em. Patterns dif
fering from these gels contained quantitative or
qualitative banding variations in region 1.0-2.5
and 4.0-5.5 em. Because patterns of both high- and
low-frequency gels were similar among most of
the species and collections of this section, it was
difficult to use protein patterns alone to differen
tiate the series Perennes, Annuae and Amphiplo
ides. Seed samples of A. correntina PI 262134,
262137, 262808 collected at different locations in
Argentina, showed similar patterns.

On the other hand, species and collections with
in each of these series showed esterase patterns
which were more similar to one another than to
members of the other groups in this section (Fig.
2). Arachis duranensis PI 219823 and A. sp. PI
263133 of Annuae contained three major bands in
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Fig. 2. Polyacrylamide disc gel electrophoretic patterns
of esterases of individual seeds f'rom sections Axon
omorphae, Extranervosae, Pseudoaxonomorphae and
Triseminalae. Gel frequencies showing intraspecific
polymorphism and plant introduction numbers or
names (where assigned) for species are presented.

region 3.5-5.5 em and the species of Perennes had
a major band in region 5.5 cm; these bands were
not clearly shown in ether Annuae or Amphiplo
ides. Many esterase bands were common to all of
these species confirming their classification into
this section. For example, two major bands in
region 5.0-6.0 em were clearly shown in all of the
patterns of A. monticola PI 219824 and A. hypo
gaea and in a number of gels of species in Per
ennes. In general, most of the patterns ofA. villosa
PI 298636 and A. correntina PI 262134, 262137,
262808 coincided more closely with those of Am
phiploides than with those of Annuae. This obser
vation supported breeding studies suggesting that
A. villosa PI 298636 appeared to be a close relative

Migration (em)

Fig. 3. Starch slab gel electrophorettc patterns of leu
cine amlnopeptfdases of seeds from the seven sections
of Arachis. The plant introduction numbers of three
collections (a, h, c) of A. correntina PI 262134, 262
137, 262808 and A. paraguariensis PI 262842, 331187,
331188 are listed in Figs. 1 and fl. Coltections PI 262
848 and PI 262286 of Bhizomatosae showed one vari
able pattern (b).
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of cultivated A. hypogaea (Raman, 1973). Zym
ograms occurring most frequently among the three
collections of A. correntina PI 262134, 262137,
262808 were very similar.

The seeds ofAxonomorphae showed little or no
intraspecific polymorphism in the patterns of leu
cine aminopeptidase, catalase, alcohol dehydro
genase and achromatic oxidase (Figs. 3, 4). Leu
cine aminopeptidase patterns distinguished the
species of Amphiploides from those of Perennes
and Annuae. Arachis villosa PI 298636 could be
distinguished from the other plants of this section
by comparing catalase zymograms. No differences
among species and collections of this section were
noted for alcohol dehydrogenase. Achromatic oxi
dase distinguished Perennes from the other series
of this section and its pattern for A. chacoense PI
276235 was unique. For peroxidase, most of the
variability among species and collections of Axon-

Migration (em)

Ffg. 4. Starch slab gel electrophoretdc patterns of cata
lases, alcohol dehydrogenases and achromatic oxidases
from the sections of Arachis. The plant introduction
numbers of the three collel'tions (a, b, c) of A. cor
rentina PI 262V~4, 2621:J7, 262808 and A. paraguari
ensis PI 262842, 3:J1187, :l:l1188 are listed in Figs. 1
and 6. Variable patterns (b) are noted for collections
of Erectoides and Bhizomatosae.

omorphae was in region 2.0-4.0 em (Fig. 5). Ara
chis hypogaea contained more peroxidase activity
than the other species ofAxonomorphae.

Migration (em)

Fig. 5. Polyacrylamide disc gel electrophoretic patterns
of peroxidases of the sections of Arachis. Plant intro
duction numbers or names (where assigned) of species
are presented. The plant introduction numbers of three
collections (a, b, c) of A. correntina PI 262134, 262
1:~71 262808 and A. paraguar iensis PI 262842, :J31187,
:l:J1188 are listed in Figs. 1 and 6.
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Fig. 6. Polyacrylamide disc gel electrophoretic patterns
of proteins of Erectoides, Gel frequencies, accession
numbers (Acces. No.) and plant introduction numbers
(P. I. No.) or names (where assigned) for each spe
cies are presented.

SECTION ERECTOIDES

The species and collections of Tetrafoliolatae
and Procumbensae of Erectoides were gathered in
Paraguay and south central Brazil (Table 1).
Seeds of this section contained lower quantities of
protein in region 3.0-5.0 em than those of Axon
omorphae (ct. Figs. 1, 6). However, protein band
similarities could be noted in the patterns of A.
rigonii PI 262142 and A. sp. PI 262140 and PI 261877
of Erectoides and the species ofAxonomorphae.
Examination of protein patterns of seeds of Erec
toides showed that the gel patterns occurring in
high frequency for A. benthamii PI 262859, and
A. sp. PI 262308, PI 276209, PI 276225, PI 27622.9,
PI 262140, and PI 261877 from Tetrafoliolatae con
tained more protein in region 1.5-3.0 em than those
of the other species or collections of this section,
including A. rigonii PI 262142 and A. sp. PI 276228,
PI 262278, PI 262842, PI 331187, and PI 331188.

0.500
0.333 10034
0.167

frequency
ofgel Species

0.200 A.benthamii
0.800

0.300 262308
0.700

0.583
2762090.417

1.000 276225

0.750 276228
0.250

1.000 276229

0.700 262278
0.300

0.539
a: A.paraguariensiS

0.461

0.583 b: A.paraguarienSis
0.417

0.571
c: A.paraguariensls

0.429

1.000 262140

1.000 261877

1.000 A.rlgonii

0.546 A.pintoi
0.454

Fig. 7. Polyacrylamide disc gel electrophoretic patterns
of esterases of Erectoides and Caulorhizae. Gel fre
quencies and plant introduction numbers or names
(where assigned) for species are presented.

Moreover, the gel patterns of A. sp. PI 276228 and
two of the samples collected for A.paraguariensis
(PI 262842, PI 331187) contained very little pro
tein in region 1.5-3.0 cm. Intraspecific polymorph
ism for the species and collections of this section
was mainly among the proteins in regions 1.0-3.0
(quantitative variations) and 3.0-5.0 em (qualita-
tive). For A. paraguariensis, PI 262842, 331187,
331188, the gels occurring in high frequency in col
lections PI 331187 and PI 331188 were more similar
to one another than to those of PI 262842.

The esterase patterns of species from Tetrafolio
lata could be grouped as follows: (1) A. benthamii
PI 262859 and A. sp. PI 262308, PI 276209, PI
276225, PI 276228, PI 276229, and PI 262278; (2)
the three collections of A. paraguariensis PI
262842, 331187, 331188 and (3) A. sp. PI 262140 and
PI 261877 (Fig. 7). The patterns of group (1) con
tained a major (dark staining) esterase in region
6.0 em which was not consistent in the other spe-

262142
A.rigonli

Species

Acces. No. - P.1. No.

9764 262859
A.benthamli

9835 262308

10543 276209

10573 276225

10576 276228

10580 276229

9841 262278

9646 262842
A.paraguar'.nsls

11488 331187
A.paraguar'.n•••

n462 331188
A.paraguar'.n.ls

10002 262140

9990 261877
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frequency

of gel

1.000

0.750

0.250

0.750

0.250

0.583

0.417

0.750

0.250

0.417

0.333

0.250

0.500

0.333

0.083

0.083

0.513

0.417

0.750

0.250

0.667

0.333

LOOO

0.538

0.307

0.155
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cies and collections of Erectoides. A large amount
of esterase activity in region 4.0-5.0 em was typical
of the gels of A. paraguariensis PI 262842, 331187,
331188. Moreover, as with proteins, the esterase
patterns of PI 331187 (b) and PI 331188 (c) were
very similar. The remaining two species or group
(3) contained esterases in region 5.5-7.0 em which
were not consistently found in the other patterns
of this section.

The esterase patterns of A. rigonii PI 262142
differed from those of Tetrafoliolatae, supporting
the placement of this species into a separate series,
Procumbensae (Fig. 7). However, some of the
esterases of A. rigonii PI 262142 were observed in
A. sp. PI 262140 and PI 261877 of Tetrafoliolatae.
The esterases in the gels from A. rigonii PI 262142
and A. pintoi PI 338447 of section Caulorhizae
showed many similarities (Fig. 7). These latter
two species showed similar patterns for catalase
and achromatic oxidase (Fig. 4) confirming the
preliminary report that Caulorhizae may be close
ly related to Erectoides (Gregory et al., 1973).

The patterns for peroxidase and alcohol dehy
drogenase separated the species and collections of
Erectoides into the same groups distinguished by
the esterases (Figs. 4, 5). The species and collec-

frequency Species
ofgel Acces. No. - P. I. No.

0.667

0.166 9553 262801
0.166

0.750 9570 262817
0.250

0.667
9667 262848

0.333

0.500
9815 262794

0.500

0.750 262797
0.125 9830
0.125 A. glabrata

0.750

0.125 9882 262286
Q.125

0.7. 9935 262301
0.250

0.175 10105 276200
Q125

0.750
10596 276233

0.250

Fig. 8. Polyacrylamide disc gel electrophoretic patterns
of proteins of Rhizomatosae. Gel frequencies, acces
sion numbers (Acces, No.) and plant intorduction
numbers (P. I. No.) 01' names (where assigned) for
each species are presented,

tions of Tetrafoliolatae could not be distinguished
from each other by their leucine aminopeptidase
and achromatic oxidase patterns (Figs. 3, 4).
Achromatic oxidase did distinguish between seeds
of Procumbensae and Tetrafoliolatae (Fig. 4).

SECTION RHIZOMATOSAE

Samples of Rhizomatosae were collected in
southwestern Brazil and Paraguay (Table 1), The
protein patterns of these seeds compared more
closely to those of Erectoides than Axonomorphae
(cf. Figs. 1,6, 8). Much intra- and/or interspecific
polymorphism was noted for the proteins and en-
zymes of these seeds making it difficult to deter
mine the chemotaxonomy of this section (Figs.
3-5, 8-9). Moreover, specific esterase bands in
region 4.0-6.5 em were infrequent in one species
and frequent in another whereas the reverse was
true with other patterns (Fig. 9). For example A.
sp. PI 262801 had a pattern occurring with a fre
quency of 0.600 while A. sp. PI 262817 had a sim
ilar gel with a frequency of 0.400. The relationship
was similar between gels of A. sp. PI 276286 and
PI 276233 (cf. gels with high and low frequencies
of 0.800 and 0.286 in these two species, respective
ly). In A. sp. PI 262848, a gel with a low frequency
of 0.200 occurred in all of the patterns for A. sp.
PI 262794. Esterase bands in other gels were pres
ent in two different patterns. The most frequent
gel in A. sp. PI 262848 showed a combination of

Esterases
Section- Rhizomatosae frequency
Series - Eurhizomatosae of gel Species

0.400 262801
0.600

0.600 262817
0.400

0.400
0.400 262848
0.200

1.000 262794
0.429
0~286 A.glabrata
0.143
0.143

0.714
2622860.286

1.000 262301
0.714

2762000.286

0.800
2762330.200

Ftg, 9. Polyacrylamide disc gel clectrophorettc patterns
of estCl'8SCS of Hhlzomatosae. Gel frequencies and
plant Introduction numbers or names (where assigned)
for species are presented.
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frequency Species
of gel Access. No. - RI. No.

Fig. 10. Polyacrylamide disc gel electrophoretic pat
terns of proteins of Caulorhizae, Triseminalae, Pseu
doaxonomorphae and Extranervosae. Gel frequencies,
accession numbers (Acces. No.) and plant introduc
tion numbers (P. I. No.) or names (where assigned)
for each species are presented.

0.917 12787 338447
0.083 A. pintoi

1.000 12922 338449
A.pusilla

Section - Pseudoaxonomorphae

0.583 12943 338452
0.417

0.583 12946 338453
0.417

SECTIONS CAULORHIZAE, EXTRANERVOSAE,
PSEUDOAXONOMORPHAE AND TRISEMINALAE

Available species and collections of these sec-
tions were collected in eastern (Caulorhizae),
south-central (Extranervosae) and northeastern
(Pseudoaxonomorphae, Triseminalae) Brazil (Ta
ble 1). Proteins, esterase, peroxidase and catalase
distinguished the seeds of specimens of these sec
tions while similar zymograms of leucine amino
peptidase were noted among species of Caulorhizae
and Triseminalae and Extranervosae and Pseudo
axonomorphae, respectively (Figs. 2-6, 10). Caul
orhizae and Pseudoaxonomorphae and Extraner
vosae and Triseminalae, respectively, exhibited
similar patterns for alcohol dehydrogenase while
Caulorhizae and Triseminalae produced identical
gels of achromatic oxidase. The two collections of

Pseudoaxonomorphae differed in their patterns of
esterase, peroxidase, leucine aminopeptidase and
achromatic oxidase activities, but showed similar
gels for proteins, catalase and alcohol dehydro
genase.

SIMILARITY INDEX VALUES AMONG ARACHIS SPECIES

Proteins and enzyme bands within electropho
retic gels may be assumed to represent a random
sample of gene loci of species within a genus
(Sheen, 1972). The Similarity Index method
(Sokal and Sneath, 1963) was shown by Sheen
(1972) to be useful for evaluating genetic similari
ties or genomic homologies among species when
based on their contents of similar and dissimilar
isozymes in gel patterns. For our estimations, sim
ilarities and dissimilarities were a measure (cm)
of the regions of overlap and nonoverlap, respec
tively, of bands in gels compared among species
and/or collections. The positions of bands in the
gels were determined by measuring the distances
of their fronts and trailing edges from the origins.
The Similarity Index value (s-value) for any two
species or collections or both was an estimate of
the percent of total band overlap in their gel pat
terns (Sheen, 1972). When an overlap region in
the gel patterns involved major and minor bands,
the estimate of similarity was arbitrarily weighed
by a factor of 0.7. The s-values among species of
Arachis were determined by combining the com
parisons of the proteins and six enzymes (Table
2).

Within A rachis the s-values ranged from 19
(least related species or collections) to 86% (close
ly related). S-values were highest among seeds
within species and/or collections within a series
or section than s-values of seeds from other
groups. For example, in series Annuae and Am
phiploides ofAxonomorphae, the s-value was 57%
for A. duranensis PI 219823 and A. sp. PI 263133
and it was 59% for A, hypogaea and A. m..onticola
PI 219824. Comparisons among these series showed
that the s-value was 39% for A. duranensis PI
219823, A. monticola PI 219824, 33% for A. dura
nensis PI 219823, A. hypogaea, 39% for A. sp. PI
263133, A. monticola PI 219824 and 40% for A. sp.
PI 263133, A. hypogaea. Within series Perennes of
this section, A. correntina PI 262134, 262137, 262808,
A. chacoense PI 276235 and A. villosa PI 298636
were within 42 to 45%, but comparisons among
Annuae and Perennes were 32 to 40%, Annuae and
Amphiploides, 33 to 40%, and Perennes and Am
phiploides, 30 to 38%. The three collections of A.
correntina PI 262134, 262137, 262808 of Perennes
had s-values of 50, 52 and 57%, and the three col
lections of A. paraguariensis PI 262842, 331187,
331188 of series Tetrafoliolatae, section Erectoides,
had s-values of 70, 74 and 86%. The range of s
values among Axonomorphae - Erectoides pairs
was 26 to 31%.

Preliminary genetic studies (unpublished data)
and present results observed on most of the en
zyme patterns (Figs. 3-5, 7) suggested that the
species and collections of series Tetrafoliolatae or
Erectoides may be subdivided as follows: (1) A.
benthamii PI 262859, and A. sp. PI 262308, PI

336985
A. villosullicarpa

144450.583

0.417

the esterases found in A. sp. PI 262801 and PI
262817. Similar combinations were observed among
the gels of A. sp. PI 276200, PI 276233, and PI
26230l.

Plants of Eurhizomatosae have a chromosome
number of 4n (Gregory et al., 1973). Since these
plants are polyploids, the extra genetic material
may be responsible for the increase in molecular
polymorphism shown by their protein and enzyme
contents as was discussed for similar observations
in the genus Gossypium (Cherry et al., 1970, 1972).
However, qualitative and semiquantitative pro
tein differences on electrophoretic gels have been
shown to exist among seeds of vaious cultivated
peanut types of A. hypogaea grown in different
geographical locations (Cherry et al., 1971; Ory
and Cherry, 1972; Cherry, 1974). Therefore, it
should be noted that possibly some of the variabil
ity in proteins and enzymes of wild species and
collections of Arachis examined in ths study are
due to environmental as well as genetic effects.

-
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Table 2. Combined Protein and Enzyme Similarity Index Values among Arachis Species.

P.1.
Species Number
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2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

1 A. duranensis 219823
2 A. sp. 263133 57
3 A. correntina 262137 38 34
4 A. correntina 262134 36 40 52
5 A. correntina 262808 36 40 50 57
6 A. chacoense 276235 36 36 44 42 43
7 A. vi110sa 298636 32 36 45 43 42 42
8 A. montico1a 219824 39 39 36 33 38 34 32
9 A. hypogaea 33 40 32 32 34 30 31 59

10 A. paraguariensis 262842 29 29 27 29 26 32 30 28 28
11 A. benthamii 262859 32 34 31 33 32 34 32 33 35 45
12 A. sp. 262308 32 33 27 29 29 33 26 30 30 40 55
13 A. sp. 262278 31 31 29 28 27 28 27 28 29 41 45 43
14 A. sp. 261877 29 30 27 27 27 28 29 30 33 39 37 36 41
15 A. sp. 262140 31 29 26 26 28 28 31 31 32 39 39 38 41 70
16 A. sp. 276209 28 29 29 28 33 32 29 28 28 38 56 54 48 34 37
17 A. sp. 276225 29 28 25 27 27 27 27 26 28 38 47 49 43 35 38 44
18 A. sp, 276228 30 31 27 26 30 33 28 31 31 39 50 46 49 37 42 49 48
19 A. sp. 276229 34 33 25 29 30 30 29 31 33 39 52 50 46 40 42 50 48 56
20 A. paraguariensis 331188 32 30 26 31 29 29 31 30 28 70 43 38 37 42 44 39 38 39 42
21 A. paraguariensis 331187 31 30 26 31 28 30 31 29 28 74 43 38 37 42 41 38 38 37 40 86
22 A. rigonii 262142 38 32 27 31 28 30 30 30 28 34 33 33 34 36 37 31 32 34 35 35 34
23 A. pintoi 338447 31 31 32 30 32 30 30 31 27 32 33 33 29 33 34 33 32 32 32 33 33 38
24 A. sp. 262801 24 25 25 25 25 25 29 27 27 29 27 23 23 25 28 24 24 24 26 28 29 27 28
25 A. sp. 262817 26 28 25 27 31 27 25 31 33 30 35 32 27 31 33 31 29 31 31 32 33 29 34 50
26 A. sp. 262848 25 23 25 24 25 23 24 25 25 30 28 25 26 26 28 25 28 25 25 31 32 24 27 47 50
27 A. sp. 262794 23 22 25 22 24 25 25 27 26 28 27 27 28 29 32 27 31 27 26 28 29 26 30 46 55 52
28 A. g1abrata 262797 21 22 22 25 23 22 27 27 26 32 30 28 26 31 33 27 31 26 28 30 32 27 31 44 49 44 58
29 A. sp. 262286 23 25 24 28 25 25 25 27 28 30 30 27 27 29 28 28 28 27 26 29 31 26 27 38 48 45 47 45
30 A. sp. 262301 22 22 24 24 26 23 27 28 26 23 25 24 24 26 27 22 28 22 23 25 28 25 27 48 41 38 44 42 41
31 A. sp. 276200 24 25 24 23 24 24 28 27 27 27 31 27 30 29 32 28 32 26 27 29 31 30 28 37 47 44 51 46 45 47
32 A. sp. 276233 25 25 25 28 24 26 27 27 28 28 29 26 27 31 34 29 29 29 29 31 30 30 30 37 47 41 45 45 51 38 56
33 A. vi11osu1icarpa 336985 27 28 27 28 27 30 33 28 27 26 27 25 23 29 32 26 27 24 26 29 30 29 26 26 21 24 24 25 26 27 23 25
34 A. sp. 338452 27 24 20 19 22 23 23 26 24 26 22 22 23 23 24 19 20 21 22 24 25 28 26 22 22 23 23 24 19 20 20 20 25
35 A. sp. 338453 29 28 24 25 27 25 26 27 26 31 28 25 27 27 28 23 26 23 24 29 29 29 28 27 25 26 25 28 21 23 22 23 28 57
36 A. pusi11a 338449 29 30 27 29 30 31 30 29 29 26 31 29 23 29 32 27 23 26 27 29 28 31 32 25 26 20 22 25 23 24 25 27 42 28 30

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

276209, PI 276225, PI 276228, and PI 276229; (2) A.
sp. PI 262278; (3) the three collections of A. par
aguariensis (PI 262842, PI 331187, PI 331188); and
(4) A. sp. PI 261877 and PI 262140. The s-values
among plants within groups (1), (3) and (4) aver
aged 51, 77 and 70%, respectively, whereas com
parisons among these groups ranged from 39 to
46%. Further, as similarly suggested by their
esterase patterns, the s-values indicated that A.
sp. PI 262278 of group (2) could be classified with
(1). Low s-values averaging 34% among plants of
Tetrafoliolatae and Procumbensae warranted this
sub-classification within Erectoides. The observa
tion that protein patterns of A. rigonii PI 262142
were similar to those of some species in Axono
morphae (e.g., A. duranensis PI 219823) and Caul
orhizae (A. pintoi PI 338447) was verified by rel
atively high s-values, averaging 38%, and suggest
ed that there may be some genetic homology
among these sections.

The protein and enzyme patterns within Rhizo
matosae did not clearly distinguish the species of
this section into a sub-classification. Among A.
glabrata PI 262797 and A. sp. PI 262801, PI 262817,
and PI 262848, s-values were relatively high (44
to 58%). Other s-values suggested that the follow
ing species may be closely related: (1) A. sp.
PI 262801 and PI 262301, (2) A. sp. PI 262817 and
PI 262286 and A. glabrata PI 262797, (3) A. sp. PI
262848 and PI 262794, (4) A. sp. PI 262794 and PI
276200 and A. glabrata PI 262797, and (5) A. sp.

PI 262286 and PI 276233; the latter collection also
compared closely with PI 276200.

An s-value of 57% for the two collections of
Pseudoaxonomorphae warranted their classifica
tion into this section. Comparisons of these two
collections with other seeds in the genus ranged
between 19 to 31%. Most of the s-values among A.
villosulicarpa PI 336985 and A. pusilla PI 338449
and other species and collections of Arachis ranged
between 21 to 31% giving support to the suggest
ion that these plants should be placed in sections
Extranervosae and Triseminalae, respectively.
However, an s-value of 42% for these two species
indicated that they may be closely related.

The importance of taxonomic studies has been
stressed (Frankel and Bennett, 1970). Wild species
contain new sources of germ plasm which can be
used to decrease "genetic erosion" (Miller, 1973)
by increasing the variability of the genetic base in
cultivated varieties. Once the cross-compatibility
of species within a genus is understood, studies
can begin to determine "bridge species" for the
introduction of new genetic information into cul
tivated varieties (Simpson and Haney, 1973). Sep
aration of proteins and enzymes of seeds into dis
crete bands with distinct physicochemical charac
teristics on polyacrylamide and starch electro
phoretic gels, and evaluating these data by the
Similarity Index method, confirmed the taxonomic
arrangement of Arachis species in present sections.
The da ta in this presen ta tion should promote more
detailed biochemical assays at the species level
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and provide corresponding genetic patterns to help
use these materials in improving commercial pea
nuts during future breeding programs.
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