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Isozyme Variability in Mature Seeds of U. S. Peanut Cultivars and Collections'

Uta Grieshammer and J. C. Wynne®?

ABSTRACT

The matare seeds of 61 UL S, peanat Crachis hgpogaea 1.
cultivars, one breeding and six exotic peanut lines representing
three botanical types were surveved for 25 enzvine svstems using
horizontal starch gelelectrophoresis, The gcnotypes assaved showed
no variation for most of the enzvmes, For catalase and inalate
dehvdrogenase, variability was present bt not reproducibly within
genatypes. Ouly three enzvmes - ghitamate oxaloacetate
transaminase (GO isocitrate delvdrogenase  (IDHD, and
phasphohiesose isomerse (PHD - were consistenthy polymomliic.
}C;n:hn“ln-lhrvv(-nz_\'nu's(lis[)lu}'v(l(\\'mlil"i'«-rwl(h.nnlim_:]);ut('rns.
With three exceptions, the distribution of the zvmograms for GOT
and PHI reflected the tasonomic relateduess of spanish and valencia
botanical tvpe peanuts which are members of the subspecies A.
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hypogaca 1., ssp. fastigiata Waldron when compared with virginia
hotanical varietios which belong to the subspecies hiypogaca. 1D
showed only one banding pattern for the spanish-and valencia-type
peanuts (one exception). whereas the virginia-type cultivars varied
for this cnzyine reflecting the narrow genetic base of most spanish
cultivarsand the broader genmplasm base used for the development
of virginia cultivars. The limited amount of variability appears to
restrict the applicability of isozvines as genetic markers in the
cultivated peanut.
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The cultivated peannt species, Arachis hypogaca 1., has
been subdivided into two subspecies, ssp. hypogaca and ssp.
Jastigiata Waldron, according to morphological and vhysio-
logical characteristics (9). Krapovickas (7.8) and Gregery et
al (5) further classified the peannt relating its variability to
six geographical regions in South America. The Bolivian
region was recognized as the center ol origin of the culti-
vated peanut and the remaining regions as secondary cen-
ters of diversity. The subspecies hypogaca was divided into
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the two botanical varicties var. hypogaca (virginia botanical
type) and var. hirsuta and the subspecies fastigiata Waldron
intovar. fastigiata {(valencia botanical tvpe) and var. culgaris
(spanish botanical type) (16). The commercial peanut crop
in the United States is composed of four market types (6).
The virginia botanical variety of the subspecies hypogaca is
marketed as two different topes. virginia and mnner market
types.with the distinetion being based on fruit and seed size.
The two botanical varicties of the subspecies fastigiata
Waldron (valenciaand spanish) are marketed asvalencia and
spanish types, respectively (Fig, 1),

Species Arachis hypogaea L.
Subspecies hypogaea fastigiata Waldron
Botanical type hypogaea hirsuta fastigiata vulgaris
(virginia) ' (valencia) {spanish)
| I l
virginia runner valencia spanish

Market type

Fig. L. Classification of intraspecific variation of A. hypogaea.

Information about the genetic relatedness among lines
and cultivars is useful in choosing parents for the introgres-
sion of genes from wild species or for pure line cultivar
development. Recently, Knauft and Gorbet (6) assessed the
genetie diversitywithin the cultivated peanut using pedigree
information. They pointed ont that one of the assumptions
made for the calculation of the coefficient of parentage—
i.c.. all lines used in crossing were homozygous and homo-
geneons —may have been particularly violated. Therefore,
it would be useful to obtain additional estimates of genetie
distance among peanut enltivars based on biochemical and
morphological markers. Theiruse hasthe advantage that the
assessment of genetic diversity can be extended to natural
plant populations for which detailed pedigree data are not
available, Cox et al . (1) compared coefficients of parentage
(r) and similarity indices (s) based on 13 isozyme loci and
seven morphological traits for combinations of 115 soybean
enltivars and ancestral introductions and conelnded that it is
advisable to use a composite index including both rand s for
the estimation of genetic relationships among cultivars
becanse their biases cancel.

I sufficient isozyme polymorphism is present in peanut
germplasm, it could not only contribute to diversity studies
but also could be used for increasing the understanding of
the genetie strueture of the allotetraploid caltivated peanut.
The detection of linkages of isozyme alleles to genes of
agronomic importance could potentially facilitate the trans-
[i-r()i‘(*cmmn|i(';l]|}' uscful traits from one line to another. In
this study 61 U.S. peanut cultivars, 1 breeding line, and 6
plant introductions, two cach collected from centers of
diversity for the three major botanical varicties were sereened
for isozyme polvmorphisms using 25 enzyme systems.

Materials and Methods
The germplasm sereened using horizontal starch gel electrophoresis for
25 different enzymes consisted of 61 U.S. peanit cultivars, 1 breeding lie,
and 6 plant introductions. The year of release, the releasing ageney, and the
sonree of the seeds used in this study are hsted in Table 1.

Table 1. Peanut germplasm of three botanical varieties screened
for isozyme polymorphism.

Year ReleasiBg Breeding Source for
C/L/E? released agency method®™ this study

Genotype

Spanish botanical type

GFA Spanish C 1941(“55) GA LS C.H.
Spantex C 1948 X LS NC-75-F
Dixie Spanish C 1950 GA Pl NC-F
Argent ine C 195] 0K Pl NC-L-87
Spanette C 1959 GA LS C.H.
Starr C 1961 TX HY NC-75-F
Spancross C 1970 GA-ARS ;0K H C.H.
Iifspan C 1970 GA-ARS;0K HY NC-76-F
Spanhoma C 1970 0K;GA LS NC-75-F
Comet C 1970 0K;GA HY/LS NC-L-87
Chico C 197 GA-USDA, VA, 0K {MS/LS) T.C.
Tamnut 74 C 1974 IX:GA IH 0.5.
Toatson C 1979 1X HY 0.5.
Pronto C 1980 OK;USDA-GA HY NC-L-87
Spanco C 1981 0K HY I.C.
Pl 261924 E NC-L-87
Pl 262000 t NC-L-87
Valencia botanical type
H.M. Valencia 2 C 1971 NM LS D.H.
Vaiencia McRan C 1973 Borden Pl C.H.
N.M. Valencia C C 1979 NH HY{P1) D.H.
Georgia Red C 1986 GA;USDA-GA HY C.H.
Tennessee Red [ NC-L-87
NM Valencia C NC-L-87
Pl 275751 £ NC-L-87
NC 17090 t NC-L-87
Virginia botanical type, virgipia markel type
VA Bunch 67 C 1945 GA LS C.H.
VA Bunch G2 C 1952 GA LS C.H.
NC 1 c 1952 NC HY NC-¢
NC 2 C 1952 NC HY NC-75-F
GA 119-20 C 1954 GA HY C.H.,
VA 56R C 1956 VA LS NC-78-F
HC 4 C 1959 NC MU NC-R-87
Florigiant C 1961 fL HY NC-R-87
VA 6IR C 1962 VA LS T.C.
HC S C 1964 NC HY NC-R-87
Shulamith C 1968 Israel (GA) HY NC-75-F
NC 17 C 1969 NC HY NC-R-87
VA 72R c 1971 VA HY NC-75-F
Altika C 1972 FL-Guyana HY D.K.
NC-Fla 14 C 1973 NC-FL Hy HC-R-87
NC 6 C 1976 HC HY NC-R-87
GK 3 C 1976 Gold Kist WY 0.K.
Avoca-11 C 1976 Reynolds HY/LS NC-75-F
Early Bunch C 1977 NC HY C-F
NC 7 [ 1978 NC NC-R-87
VA 8} Bunch c 1981 VA HY NC-78-F
K29 [ 1981 Keel HY/LS NC-76-F
NC BC [ 1992 NC HY NC-R-87
NC 9 [ 1985 NC NC-R-87
NC 10C [ 1988 NC NC-R-87
HC 18411 L NC-L-87
Pl 262090 £ NC-L-87
Coll. no. 486 E NC-L-87
Yirginia botanical type, runner market type
Dixie runner o 1943 FL HY D.K.
S.E. Runner 56-15 ¢ 1947 GA LS C.H,
Early Runner C 1951 FL HY D.K.
YA Runner G26 C 1952 GA LS C.H.
Florispan Runner ¢ 1953 FL HY 0.K.
florunner [ 1969 FL HY NC-L-87
Goldin-{ [ 1976 Wilco HY 0.5.
Tifrun C 1977 GA-USDA HY C.H,
Sunbelt Runner C 1982 GA-USDA HY C.H.
Sunrunner [ 1982 FL HY NC-L-87
GK 7 C 1984 Gold Kist HY NC-L-87
Langley [ 1986 TX HY NC-L-87
Okrun [ 1986 0K HY NC-L-87
Southern Runner C 1986 FL HY NC-L-87
Tamrun 88 C 1988 X HY 0.S.

3Cultivar/breeding 1ine/exotic.

bstate Agricultural Experiment Stations in FL (Florida), GA (Georgia),
NC (North Carolina), NM (New Mexico), DK (Oklahoma), IX (Texas), VA
(Virginia); ARS (Agricultura) Research Service) and USDA (U.S. Department of
Agriculture).

CHY = hybridization followed by selection to attain stable line(s), LS
= line selection in a land race, MS = mass selection, MU = mutation
breeding, Pi = introduction with some MS or LS, IH = interspecific hybrid.

drc. - Terry Coffelt (Virginia); C.H. = Corley Holbrook (Georgia);
D.H. = David C. H. Hsi (Mew Mexico); D.K. = David Knauft {florida); 0.5. =
Dlin D. Smith (Texas); NC-L-87 = grown in Lewiston, NC, 1987; NC-R-87 = grown
in Rocky Mount, NC, 1987; and NC-75-F, NC-76-F, NC-78-F = grown in NC, 1975,
1976 and 1978, respectively, and stored frozen until October 1988.
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The source material were embryvos of mature seeds imbibed for 24 hrs.
at room temperature. KEmbrvos of mature seed were used as the source
tissne since better resolution was obtained in a preliminary study for
embryos and cotyledous than for flower and leaf tissues. For the extraction
of the enzyvines cuch embrvo was macerated at 4 C in 80 i1, of extraction
bufter modified from Arulsekar and Parfitt (1) (pH was changed from 8.0
to ©.5 and 2-mercaptocthanol was onmiitted). The procedures of starch gel
preparation and electrophoresis pablished by Stuber et al. (14) were
emploved. The staining solutions nsed for the deteetion of the isozymes are
reterencedin Table 2. The 23 enzymes survevedin this study are listed also
in Table 2. Staining for an additional 30 enzvime systems ina preliminary
study led to cither smcared bands or no reaction. Fach genotype was
assaved at least three times ou different gels for each enzyme. To confirm
the polyinorphic isozymes. all genotypes were assaved for GOT and PIHI
seven times and for IDH 1T times on different gels. The assavs for the
genotypes vanving for IDH were fnther replicated to confirm the
inconsistency.

Results and Discussion

Most enzymes were found o be monomorphic for the
genotvpes monitored in this study (Table 2), two enzymes
(cetalase and malate dehvdrogenase) gave inconsistent results
within genotypes, and three enzvmes were polymorphic—
glntzunutv oxaloacetate  vansaminase (GOT). isocitrate
dehvdrogenase (1IDHD and phosphohexoscisomerase (PH1).
Each of the polvmorphic enzymes displaved two different
banding patterns, the difference being the presence vs. the
absence of eitherone (IDID or two (GOT, PTHI) bauds (Fig.
2). GCTand PHI showed consistent banding patterns for all
genotypes, exeept Goldin-Ifor PHIwhereas ID1H AVINOZrams
for seven of the 68 genotypes (NC 2, Florispan Runner,
Sunbelt Runner, Okrun, Florunner, Goldin-1, and N.M.
Valenciajwere nothomogencous. Forindividual embryosof
sach of these seven genotypes, the polymorphic band was
cither present or absent, with absence of the band ranging
from one-third to one-half depending on genotype.

The extent of isosyme polymorphism found among the
U.S. peanut enltivars was considered not to be sufficient to
caleulate meaningful similarity indices for the asse ssment of
geneticrelatednessamonglines. Thersfore, it was not possible

Table 2. Epzyme systems monitored.

Stainingb
Enzyme EC number Zymograma procedure

reference
Acid phosphatase 3.1.3.2 M 14
Aconitase 4.2.1.3 M 14
Adenylate kinase 2.7.4.3 M 14
Alanine aminopeptidase M 3
Alcohol dehydrogenase 1.1 M 14
Aldolase 4.1.2.13 M 15
Arginine aminopeptidase 3.4.11.6 M 14
Aromatic amino acid transaminase 2.6.1.5 ] 1!
Catalase 1.11.1.6 1 3
Diaphorase 1.6.2.2 M 14
Esterase 310 M 14
Galactose dehydrogenase 1.1.1.48 M 15
Glutamate dehydrogenase 1.4.1.3 M 14
Glutamate oxaloaretate transaminase 2.6.1.1 4 14
Glyceraldehyde 3-phosphate dehydrogenase 1.2.1.12 M 12
Glycerol 3-phosphate dehydrogenase 1.1.1.8 M 12
3-Hydroxybutyrate dehydrogenase 1.1.1.30 M 11
Isocitrate dehydrogenase 1.1.1.42 p 14
Leucine aminopeptidase 3.4.N0 M 3
Malate dehydrogenase 1.1.1.37 1 14
Menadione reductase 1.6.99.2 M k]
Phosphoglucomutase 2.7.5.1 M 14
Pnosphohexose isomerase 5.3.1.9 P 14
Shikimate dehydrogenase 1.1.1.25 M 14
Superoxide dismutase 1.15.1.1 M -
Triosephosphate isomerase 5.3.1.1 M 14

3p « polymorphic, K = monomorphic and 1 « inconsistent for gens-
types assayed.

bfor more details, see Grieshammer, U. (1989), Isozymes in peanuts:
Variability among U.S. cultivars and Mendeifan and non-Hendelian inheritance,
Master’s thesis, N. C. State Univ., Raleigh.
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Figure 2. Zymograms of polymorphic enzymes.

A: GOT;lanes 1-4 = spanish botanieal types (1 = Comet,

2 = Argentine, 3 = PI 261924, 4 = PI 262000); lanes 5-

8 = valencia botanical types (5 = Tennessee Red, 6 =

NM Valencia, 7 = P1 275751, 8 = NC 17090); lanes 9-

13 = virginiu botanical types (9 = NC 18411, 10 = NC

4, 11 = NC 9, 12 = P1 262090, 13 = Coll. no. 486).

PHI; lanes 1-5 = spanish botanical types (1 = Comet,

2 = Argentine, 3 and 4 = PI 261924, 5 = P1 262000);

lanes 6-10 = valencia botanieal types (6 = Tennessee

Red, 7 = NM Valencia, 8 and 9 = PI 275751, 10 = NC

17090); lanes 11-15 = virginia botanical types (11 =

NC 13411, 12 = NC 4, 13 = NC 9, 14 = PI 262090, 15

= Coll. no. 456).

C: IDH; lanes 1,6, 7,8 = spanish botanical types (1 - PX
261924, 6 = Comet, 7 = Argentine, 8 = PI 262000);
lanes 2, 3, 9, 10 = valencie botanical types (2 = Tenn-
essee Red, 3 = P1 275751, 9 = NM Valencia, 10 = NC
17020); lanes 4,5, 11, 12,13 = virginia botanical types
(4 = NC 18411, 5 = P1 262090, 11 = NC 4,12 =
NC 9, 13 = Coll. no. 486).

i

to study the statistical correlation between the coefficients
of parentage obtained by Knauft and Gorbet (6) from pedigree
information and a measure of genetic distance based on
isozyme markers in order to assess the utility of the two
diffc. cat similarity measures for peanuts. But, the general
trend of genetic variability within and among botanical and
market types of the cultivated peanuts shown from pedigree
data (6) was reflected by the polvmorphic isozyme systems,
GOT, IDI, and PHL The two handing patterns of GOT and
of PHI conformed to the botanical types with three
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('xc('pti(ms.'l‘h('hv()p()l}‘l)l()fphi(‘|)em(lsn[’l’lll'\\‘(-r«-prvsv1|t
in spanish- and valencia-tvpe peanuts and absent in virginia
botanical types with the exeeption of the cultivar Southern
Runner (virginia type with the two PHI bands present),
Embrvos of Goldin-I were not homogencous for cither
banding pattern of PHIL The two polytmorphic GOT bands
were absent in spanish and valencia botanical tvpes and
present invirginia tvpes except for the evotie line NC 17090
(valenciatypewith two G YFhands present . Thisdistribution
of banding patterns refleets the distinetion between the two
subspecies of the enltivated peannt A hypogaea 1. (ss.
Jastiziata Waldron contains the spanishand valenciabotanical
\';m'('tit's;m(lsxl)./1_1//)1);;’(11'(1mnt;tinslh('\'irginiu-typv|)v;muts)
u.\'\\'(*”ust]u-r('];lti()nsllipsd('ri\'v(lfl‘()llll)('(ligl'('(*inf'()rlnzlti()n.
Knaudt and Gorbet (6) had concluded from the coelficients
ol parentage they had calenlated for -4 peannt cultivars that
most spanish cultivars are inrelated to virginia cultivars
released in the United States « thevdid notinclude valencia-
Bpe peanuts in their stu(l.\')A

The two banding patterns of IDH did not conform to the
botanical types. Althongh the polvmorphic band was alwavs
absent from the spanish and valencia genotvpes with the
exception of the inconsistent resnlts of the caltivar N. M.
Valencia hothbanding patternswere well representedamong
the virginia botanical tvpe caltivars and lines., The virginia
market tvpes contained seven one-hand phenotypes. 20
two-hand phenotypes.and one inconsistent phenotype (NG
2). and among the rimner market tvpes five one-band
pll(*n()l'\'pv.&l'i\'('t\\'()—l);mdph('nnt.\'pvs‘;m(ll'i\'('in('()nsistvnt
phenotypes were found. This pattern ol variability reflects
the findings of Knanftand Gorbet (6) who reported that the
pedigrees ol the spanish type caltivars are less complex than
those of virginia and runmer enltivars. They found that
Spancross and Tifspan are unrelated to the other spanish
cultivars. while Starr and Comet, a selection from Starr. are
both closely reluted to the remaining spanish cultivars
included in their studv. Virginia and mnner market-tvpe
eultivars were developed by nsing a broader germplasm
hase.

The apparent Tack of variability scems to restrict the
applicability of isozvmes as genetic markersin the cultivated
peanut. A large anount of variability is present in widely
used lines of corn (13, whereas cultivars of other plant
species. in particnlar self-pollinated crop peamits, have been
tound to be remarkabh imiform with respect to isozvme
markers (2, 10), Becanse the wild Arachis species show more
isozyvme variation  (H. T, Stalker, personal comm.),
applications utilizing unmapped genctic markers can still be
readily adopted for peanut.
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