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Estimates of Epistasis for Diverse Peanut Cultivarst.s
T. G. Isleib, J. C. Wynne* and J. O. Hawlings-'

ABSTRACT

Progeny from a six-parent half-diallel of diverse peanut
(Arachis hypogaea L.) cultivars were evaluated for the F 1

through F 5 generations for presence of epistatic effects. Sig
nificant variability attributable to specific combining ability
(SCA) persisted over generations for yield and other seed
characters. Epistasis was indicated since dominance could
account for little ofthe variance due to SCA in the Fs genera
tion. Estimates of dominance and epistatic variance com
ponents were obtained using an iterative weighted least
squares procedure. For all cliaracters measured~estimates
of epistatic variance were larger than those of aominance
variance. It was concluded that considerable epistatic
variance may exist in populations derived from crosses of
diverse peanut lines.

Key Words: Arachis hupogaea, genetic variance, com
bining ability, exotic germplasm.

The effectiveness of selection for any quantitative
trait is largely determined by the nature ofthe genetic
effects governing the trait. In peanuts (Arachis
hypogaea L.) and other self-pollinated crop species,
the ultimate goal of a selection program is usually a
homozygous line. Dominance effects are not fixable
in a pure line, and in predicting genetic gains under
selection, breeders use narrow-sense heritability esti
mates which do not include the portion ofphenotypic
variation due to dominance effects. However, other
nonadditive effects are fixable, specifically additive
x additive and higher order epistasis, causing deviation
from additivity of single locus effects. Sampson and
Tarumoto (1976) found evidence of nonallelic inter
action in an eight-parent diallel cross ofoats. Hanson
et al. (1967) made estimates of additive x additive
epistatic variance that comprised more than one-half
the total genetic variance for yield among homozygous
soybean lines. Wynne and coworkers (1970, 1975)
found significant estimates of specific combining
ability (SeA) for a number ofcharacters in the F 1 and
F 2 generations ofa six-parent diallel cross ofdiverse
peanut lines. This was attributed to either dominance
or geometric gene action. Hammons (1973) suggested
that many characters in peanuts may be based on
epistatic interactions. In an evaluation ofearly genera
tion testing, Wynne (1976) found that the yields of
the F 2' S from a six-parent diallel cross were ineffective
in predicting the performance ofthe bulk F5 generations
and selected F slines derived by a modified pedigree
program from the ~~'s. He suggested that epistatic
genetic variance mignt be important for yield and that,
if so, selection for yield would be best practiced in
late generations to allow advantageous gene com
binations to come together. Itwas the purpose ofthis
study to examine crosses of diverse peanut lines for
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evidence ofepistatic genetic variance and to estimate
the additive x additive genetic component for yield
and other characters.

Materials and Methods
Field Procedure

Six lines of peanuts described previously (Parker et al., 1970;
Wynne et al., 1975), representing three botanical varieties from
three geographic areas of South America were crossed in diallel
without reciprocals. The two lines selected from each geographic
area were either Valencia (ssp. [astigiata var. fastigiata), Virginia
(ssp. hupogaea var. hypogaea) or Spanish (ssp.fastigiata var. vul
garis) types when classified by branching pattern (Gregory et at,
1951).

Crosses in the F 1 generation were grown at the Peanut Belt Re
search Station at Lewiston, NC in 1969. The 15 crosses and six
parents were planted in a randomized complete block (RCB) design
with five replications. Each plot consisted of a single row of 10
plants spaced 51 cm apart. Data were taken on individual plants
and plot averages computed. Equal numbers of seed from 30 plants
ofeach cross were bulked. Halfofthe seed was stored in a freezer
at 0 C and halfwas used to produce an F2generation in the following
year. In 1970 the F2crosses and parents were grown both at Lewis
ton and at the Upper Coastal Plain Research Station at Rocky Mount,
NC. Each entry was replicated four times in an RCB design. Each
plot consisted ot two rows spaced 91 em apart with 50 plants per
row. Plants were spaced 25.4 ern apart within rows. Plots in this
and subsequent years were dug and harvested mechanically. Seed
from each entry was bulked and sampled to produce the F genera
tion. The F3 and F4 crosses were grown at Lewiston in f971 and
1972 respectively. In both years the crosses and parents were repli
cated four times in an RCB design. Plots were constructed as in
1970. Seed for the F4..crosses was obtained from the first replication
of the F3's, and the 1" generation was produced in the same man
ner from the F4' In 19~3 the stored F2 seed was planted along with
the F 5 at Lewiston and Rocky Mount in an RCB design with three
replications. Each plot consisted of two rows with 35 plants per
row. Spacings were the same as in the F4.

The data measured in each generation were:
a) Percentage fancy size pods (FS); pods which ride a 1.34 x

7.62-cm screen,
b) Percentage extra large kernels (XL); kernels which ride a.85

x 2.54-cm screen,
c) Percentage sound mature kernels (SM); kernels which ride a

60 x 2.54-cm screen,
d) Number of kernels per kg (CT),
e) Length of 20 randomly drawn pods in ern (FL), and
f) Yield in kg per plot (YP).

Analyses

Combining ability analyses were performed for each character
using the computer program DIALL (Schaffer and Usanis, 1969),
which follows Griffing's (1956) Method IV, Model II. Parents were
omitted from all analyses. The DIALL program pooled the SCA x
environment and error sums ofsquares, so conventional analyses
ofvariance wereperformed to obtain the error sum of squares and,
by subtraction, the SCA x environment sum of squares for the F 2
and Fs generations. For the F2and F5 there were no exact tests ot
significance for general combining ability (GCA), so Satterthwaite
approximations were constructed.

For the F l' F3' and F4' DIALLC, an extension of the DIALL
program, was used to calculate the variance components for general
and specific combining ability. For the F2 and F5' and GCA and
SCA variance components were calculated by equating the mean
squares to their expectations in the analysis ofvariance. The
variance components for GCA (ue) and SCA (u~) were equated
to the covariance among relatives as:

o e= Cov(l)

a §= Cov (2) - 2Cov (1)



ESTIMATES OF EPISTASIS 107

after Cockerham (196:l) where Cov(l) was the covariance of half
sib relatives or their progeny fonned by bulk selfing and Cov(2)
was the covariance offull sib relatives or their progeny formed by
bulk selfing.

Genetic variance components were estimated using a modification
of the method presented by Stuber (1970). The components were
expressed in tenns ofgenetic variances defined for the non-inbred
generation represented by the F 1 (non-inbred) progenies of the
diallel matings, Assumptions similar to those of Stuber (1970) were
made in fonnulating covariances among inbredrelatives.The variance
components due to SCA and SCA x E interaction from each inbred
generation were partitioned into linear combinations of dominance
and additive by additive (A x A) epistatic variance (Table 1). This
partitioning required no assumptions as to gene frequencies in
the diallel while separation of GCA variance into genetic components
would require knowledge of the gene frequencies.

Table 1. Coefficients of genetic components of the SCA variance
component.

Generation 2 2
°O(F=O) °AA(F=O)

F1 1/2

F2 1/4 1/2

F3 1/16 1/2

F4 1/64 1/2

FS 1/2S6 1/2

Since field plot size was not constant over generations, the error
variances were not assumed to be homogeneous. Bartlett's test
showed heterogeneity at the .01 probability level for all traits ex
ceptXL. Therefore, the expectations for the mean squares for SCA
and SeA x environment interaction minus their respective error
terms were expressed in terms ofdominance variance, additive x
additive epistatic variance, dominance x environment interaction,
and additive x additive epistasis x environment interaction variances.
Even though the SCA x environment mean square was estimable
from only the F2 and FI') generations, the environmental interaction
components were included in all expectations. Equating the observed
mean squares, minus error, for SCA and SCA x environment to
their expectations led to seven equations in four unknowns - 0'5,
O'~, O'D.E' and ulA.E' Letting mil and mi2 be the mean squares
mmus error for SeA and SCA x environment for the Figeneration.
this system of equations was written as:

mll 5 2.5 5 2.5 (j2
0

3.5 7 0.875 1. 75 2m21 (jAA

0 0 0.875 1. 75 2m22 (JOE

0.25 2 0.25 2 2m31 6AAE

m41 0.0625 2 0.0625 2

m51 0.0234375 3 0.0117188 1.5

m52 0 0 0.0117188 1.5

or
M =)Q:.

Iterative weighted least squares were used to obtain the estimates
~ + 1 = (X'w~)-l(X'WkM), where Wk is the inverse of the estimated
variance-eovariance matrix using the results of the kth iteration
and assuming the original mean squares are multiples of indepen
dent chi-square random varibles. In all cases, negative estimates
ofvariance components were set equal to zero before computing
Wk for the next iteration.

Re~essionerror, s~Y'"'' w~s computed after Draper and Smith
(1966) and scalar multiplication by the final (x'w~)-l produced
the estimated variance-covariance matrix of the general compon
ent estimates.

Results and Discussion

Estimates of GCA and SCA variance components
(Table 2) were mostly positive, although the GCA
components for yield were negative in later genera
tions. Except for the SCA components for extra large
kernels, none ofthe series ofestimates ofa component
for a trait exhibited a consistent trend of increase or
decrease through the F5 generation. The variability
for GCA and SCA estimates within a series could have
arisen from environmental factors unaccounted for
in the generations grown at a single location or simply
from the inherent difficulty in estimating variance
components. Large negative estimates for components
due to SCA in the F3 for FL, GCA x E for CT in the F5'

and SCA x E for FS in the F 5 may have been due to
failure ofthe data to fit the statistical model imposed
upon them in the analysis.

Table 2. Estimates of GCA and SCA variance components with
their standard deviations.

Trait Genera- .2 .2 .2 2
tion °GCA °SCA °GCA x E °SCA x E

FS F1 8.S6±12.89 49.97.':22.43**
F2 22. 36±16.46* 2S. 75±12.33* 2. 63±2. 15 O.94±3. 52
F3 27.87±18.96* 14.49±12.72
F4 15. 39±10.61 * 4. 95±7. 76
FS

24.68±17.27* 20.20.':10.04** 2. 76±2. 41 -12 .82±4. 44

XL F
1

22.97±16.10* 25. 20±11 .38**
F2

8.08.':8.72 25.05.':11.10** 3.43±1.54** 0.11±1.13
F

3
11. 25±9. 71 20.86±10.66**

F4 14.43±10.59* 16. 66±8. 54**
F

5
10. 24±7. 54* 12.96±6.28** -.20±.49 -.51±1.60

SM F1
O.46±2. 26 9.81±5.18**

F
2

1. 39±2. 88 12.19±5.53** 0.36±.44 O.98±. 84
F3

5.71 ±4. 69 9. 62±4. 76**
F4 4. 25±4. 94 14.66±7.41**
F

S
3. 55±3. 03 5. 26±3. 38* -. 07±. 77 -. 45±2. 20

CT F1 43572±34691 72228±33185**
F

2
3541 ±3211 1452±2183 4303.':2731 6912±3500**

F3 1988±2121 3991 ±3050*
F4 8640± 5279** 2198±2074
FS 8869±5923 5538±5775 -2234.': 1458 2950±5765

FL F1
2. 65±1.64** 1. 47±. 69**

F
2

7. 35±4. 67* 4.47 ! 2 . 50** - .62± .44 1.69±1.47
F3

9.73±5.83* -5.04±3.13
F4 4. 46±4. 28 3.34.':5.87
F5

8.91±7.91 13. 34±6. 40** 3.41.':2.27* -. 68±1. 53

yp F1
0.01 ±. 02 0.1 O±-05**

F
2

0.01±.03 0.10±.06** O.03±. 03 0.06±.05
F
3

-.16±-12 0.86!. 44**
F4

-.08±.12 O.66±. 37**
F

5 -. 09±. 06 0.12.':.11 0.12±.10 0.04±.11

*.**Indicate that the mean square from which the component was derived

'ojas si9nificant at the .05 or .01 probability level.

Precise genetic interpretation of GCA variance was
not possible without knowledge of or assumptions
about gene frequencies in the reference population.
Nevertheless, the GCA component consists largely
ofadditive-type variances with more of the additive
component represented in a given generation than
the A x A epistatic component. Estimates ofthe GCA
component for sound mature kernels and yield were
not significant for any generation, indicating low ad
ditive variance. Inconsistently significant estimates
ofthe GCA component, as found for extra large kernels,
count per kg, and fruit length, could again have re
sulted from the effect ofenvironment in those genera
tions grown at only one location. Also the sensitivity
ofthe F -test ofthe GCA mean square was reduced by
the small size of the diallel cross, which provided
only 5 and 9 degrees of freedom for the test. Con
sistently significant estimates of GCA components,
as found for fancy size pods, indicated the presence
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ofadditive-type variance which could not, however,
be resolved into additive and epistatic components.

For all traits except count per kg, estimates ofSCA
variance remained significant at either the .05 or .01
probability level in the F and/or Fsgeneration. SCA
variance estimates for atl these traits except yield
were significant in the Fs' Under the genetic model
assumed, the SCA component contained only 1/64 or
.0156 ofthe dominance variance ofthe reference pop
ulation by the F 4 generation and only 1/256 or .0039
by the F . If A x A epistatic variance for a trait were
negligibfe, then the dominance variance alone would
have to be ofsufficientmagnitude to cause significance
of the SCA variance component.

The results ofthe least squares estimation procedure
(Table 3) indicated that A x A epistatic variance was
larger than dominance variance for all traits. For all
traits except CT, estimates ofthe epistatic component
wer~_ETeaterthan their standard deviations, and for
FS, XL and SM the estimates were statistically signifi
cant. This implied that epistatic effects, rather than
dominance, caused the significance oflate generation
estimates ofSCA variance. The implications for pea
nut breeders interested in utilization ofexotic germ
plasm are several. First, the development of homo
zygous lines or blends of lines for commercial use
should allow the best utilization ofadditive epistatic
variance. Second, selection based on early generation
testing would be ineffective compared to late genera
tion testing because unique gene combinations may
not come together in the early segregating generations.
Large populations should be maintained until late
generations to provide the best opportunity for ad
vantageous combinations to occur. Lastly, since the
number of possible homozygous genotypes in a
segregating population is a geometric function ofthe
number of segregating loci, incorporation ofdiverse
parental lines into a breeding program should increase
the amount ofadditive epistatic variance in the popu
lation.

Table 3. Estimates of genetic variance components with their
standard deviations.

Trait 2 2 2 2
"O(F=O) (JAA(F=O) (JOE (F=O) (JAA.E(F=O)

FS 1.49±18.54 41 .05±7. 95 50. 44±15.80 -25.82±6.37

XL 13.38±9.12 29.86±5.07 1. 75±4. 58 -.89±1. 90

SM -. 50±8. 93 17. 67±5. 02 3.B!:7.42 .14±3.50

CT -2089±26195 6140±9863 45264±29116 - 2948±10000

FL -17.58±14.85 16. 77±7. 66 11.44±11.12 -2.48±3.94

yp -.25±.65 .55±.35 .03±.62 . 16±.29

In conclusion, it must be recognized that the parents
used in this study represented only a small fraction
ofthe available exotic peanut cultivars and the popu
lations in each generation were limited in size. Never
theless, the findings ofthis study suggested that sig
nificant levels ofadditive epistatic variance for yield
and fruit characters occur in populations derived from
crosses ofdiverse peanut lines.

Additional studies using larger samples of exotic
germplasm are needed to critically define the import
ance ofepistatic genetic variance in peanut populations.
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