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ABSTRACT
Oleic acid (C18:1), a monounsaturated omega-

9 fatty acid, is an important seed quality trait in
peanut (Arachis hypogaea L.) because it provides
enhanced fatty acid composition, a beneficial
effect on human health, improved flavor, and
increased shelf life for stored food products by
delaying rancidity. Consequently, an emphasis
has been placed on breeding peanuts with high
levels of oleic acid and low levels of linoleic acid
(C18:2), a polyunsaturated, omega-6 fatty acid.
Therefore, crosses were prepared between high
oleic and normal peanut lines to develop segre-
gating F2 populations. Total fatty acid composi-
tion and the ahFAD2B genotype were determined
in the parents and progeny. The oleic to linoleic
(O/L) ratio varied from 0.85 to 30.30 in the F2

progeny. Comparing the mean oleic acid values
from the three genotypic classes (Ol2Ol2, Ol2ol2,
and ol2ol2) in each population confirmed that the
means were significantly different. Statistical
analysis demonstrated that oleic acid was nega-
tively correlated with linoleic (C18:2) and palmitic
acid (C16:0), but was positively correlated with
gadoleic (C20:1) and lignoceric (C24:0) fatty
acids. This suggests that modifier genes may
influence fatty acid composition. Principally,
integration of genotyping and phenotyping data
from segregating populations provided valuable
insights on the genetic factors controlling total
fatty acid composition.

Key Words: Oleic acid (C18:1), gas
chromatography (GC), fatty acid composi-
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Introduction
Cultivated allotetraploid (2n 5 4x5 40) peanut

(Arachis hypogaea L.) is an important oil seed crop
worldwide. Peanuts are important both due to the

oil produced in the seeds and also the favorable
seed composition for promoting positive human
health. Chemical and epidemiological studies have
consistently shown that peanuts are nutritionally
beneficial because they contain lipids, folate,
tocopherol, and protein (Dean et al., 2009).
Unsaturated fatty acyl residues and their effect on
human health have received a lot of attention
during the past decade (Vassiliou et al., 2009). For
example, oleic acid has been shown to be associated
with reducing systolic blood pressure (Teres et al.,
2008), reducing triacylglycerol (Pelkman et al.,
2004), guarding low density lipoproteins (LDL)
from oxidative modification (Parthasarathy et al.,
1990), helping maintain good cholesterol levels
known as high density lipoproteins (HDL), reduc-
ing blood glucose levels in type II diabetes
(Vassiliou et al., 2009), and slowing down athero-
sclerosis (Yu et al., 2008). Further, low fat diets
rich in monounsaturated fats are more effective for
improving serum lipid and apolipoprotein levels
than a low fat diet devoid of monounsaturated fats
(O’Byrne et al., 1997).

Fatty acids found in plants are the principal
components of membrane phospholipids and
triacylglycerol (TAG) storage (Zhang et al.,
2009). Generally, peanuts are composed of 45–
51% oil in the seed, of which, approximately 80% is
composed of the two major fatty acids oleic (C18:1)
and linoleic (C18:2) [Lopez et al., 2000]. The range
of these predominant fatty acids in peanut germ-
plasm can vary, but generally span 36 to 80% for
oleic acid and 2 to 43% for linoleic acid (Norden et
al., 1987). The fatty acid composition in oil seed
crops are, however, a major determinant of their
overall quality (Moore and Knauft, 1989; Jung et
al., 2000b). The fatty acids influence seed quality
due to the likelihood of oxidation of the oil which
can break down over time and ultimately produce
noxious odors or off flavors in stored food
products. Consequently, the shelf life of peanut
products is limited. Generally, saturated fatty acids
are less prone to oxidation during processing and
storage than unsaturated fatty acids (Moore and
Knauft, 1989; Lopez et al., 2001) because the
double bonds in polyunsaturated fat break down to
produce acids, aldehydes, ketones, and hydrocar-
bons (Moore and Knauft, 1989). Hence, peanut
seeds that have a high amount of oleic acid, a
monounsaturated omega-9 fatty acid, and a low

1USDA-ARS, Plant Genetic Resources Conservation Unit, 1109
Experiment Street, Griffin, GA 30223 USA.

2USDA-ARS, Wheat, Peanut, and Other Field Crops Research
Unit, 1301 N. Western Stillwater, OK 74075 USA.

*Corresponding author, Phone: 770-412-4035, Fax: 770-229-3323,
E-mail: Elle.Barkley@ars.usda.gov

Peanut Science (2011) 38:11–19 11



amount of linoleic acid, a polyunsaturated omega-6
fatty acid, are generally preferred by manufacturers
and consumers.

In 1987, the first reported high oleic mutants
(F435-2–1 and F435-2–2) were discovered with
high oleic acid levels of 80% and low linoleic acid
levels of 2%. This composition was similar to the
oleic acid percentages found in olive oil (Norden et
al., 1987). The oleic to linoleic (O/L) ratio in most
commercial peanuts varies from 1.0–2.5 (Lopez et
al., 2000); whereas, F435 has an O/L ratio near 35
(Norden et al., 1987). This high oleate phenotype
originated from two recessive mutations in ah-
FAD2A and ahFAD2B (Moore and Knauft, 1989;
Jung et al., 2000a), which seem to have no affect on
other agronomic characteristics (Ray et al., 1993).
These non-allelic genes are homoeologues originat-
ing from the diploid progenitors of A. hypogaea,
encode microsomal oleoyl-PC desaturase also
known as D12 fatty acid desaturase (Jung et al.,
2000b). Normally, both of these homoeologous
genes encode active desaturases (Bruner et al.,
2001) that catalyze the first step in the biosynthesis
of polyunsaturated fatty acids by converting oleic
acid to linoleic acid by adding a second double
bond in the hydrocarbon chain, which generates a
polyunsaturated fatty acid from a monounsaturat-
ed fatty acid (Ray et al., 1993; Schwartzbeck et al.,
2001). Loss of function of enzyme activity in both
ahFAD2A and ahFAD2B has been shown to be
responsible for the high oleate phenotype (Ray et
al., 1993; Jung et al., 2000a).

Sequence analysis of ahFAD2A and ahFAD2B
has revealed that the open reading frames (ORF)
are 99% identical, encoding 379 amino acids, and
contain no introns in the ORF (Jung et al., 2000b;
Lopez et al., 2000). Comparison of a normal O/L
and high O/L line uncovered four single nucleotide
polymorphisms (SNPs) in these two homoeologous
genes. Two SNPs were synonymous; whereas, the
remaining SNPs were characterized by an insertion
(442insA) generating a shift in the reading frame in
ahFAD2B and a missense mutation (G448A or
D150N) in ahFAD2A (Lopez et al., 2000; Yu et al.,
2008). The presence or absence of the G448A (or
D150N) point mutation in ahFAD2A was deter-
mined to be the key factor controlling the F2

segregation ratios of either 3:1 or 15:1, respectively,
in crosses between normal and F435 derived high
oleate peanuts (Jung et al., 2000a; Chu et al., 2007).

Growers have been demanding elite high oleic
cultivars which can thwart disease and abiotic
challenges that exist in different environments (Chu
et al., 2007). Therefore, a concerted effort has been
put forth to generate high oleic peanut lines with
quality enhanced traits. In addition, more emphasis

recently has been placed on growing high oleic
peanuts by the peanut processing industry in the
United States, Mexico, Australia, South Africa,
and Brazil. Breeding multiple traits of interest such
as disease resistance or other quality traits into high
oleic cultivars is often time consuming due to the
generation time, phenotyping for the traits of
interest, and maintaining large populations that
are needed to obtain desired trait stacking.
Efficiency of peanut breeding programs can be
greatly enhanced by developing DNA markers
which are linked with traits of interest for marker
assisted selection (MAS). Molecular markers can
expedite this process by allowing the selection of
progeny with the desired traits and removal of
progeny that carry many undesirable traits at an
early stage. The focus of this work was to employ a
genotyping assay to rapidly detect ahFAD2B alleles
(Barkley et al., 2010) in four segregation popula-
tions along with quantifying total fatty acid
composition.

Materials and Methods
Parent Selection and Progeny Generation

Seeds of the parental lines were obtained from
the USDA-ARS Plant Genetic Resources Conser-
vation Unit in Griffin, GA. Two seeds per entry
were germinated by planting them in a metal food
serving tray containing a 1:1 mixture of Metro-Mix
300 and perlite (Progress Growers Supply Inc. Ball
Ground, GA). Plants were watered daily using an
automatic watering system and daylight was
extended by turning the greenhouse lights on from
6 pm to 11 pm. Greenhouse conditions were set to
maintain temperatures between 21uC and 29.5uC.
All crosses in this study were made during the
summer of 2008.

Emasculation of flowers of the female parents
started about 6 wk after planting. Emasculations
were preformed in the evening between 6:30–8:00
pm. Wire ties were used to mark the emasculated
flowers and aid in identification of the desired pegs.
Non-emasculated flowers were removed every
morning at 7am. Flowers from the male parents
were selected the next morning and placed in vials
with water. Pollinations were performed between
8:30–10:00 am. Pods were harvested 120 d after the
last pollination except a cross involving PI 565455
Chico (an early maturing parent, Bailey and
Hammons, 1975) which was harvested 90 d after
the last pollination. All putative F1 seeds harvested
were planted and grown in the greenhouse. Plants
determined to be a product of self pollination based
on the FAD2B genotyping assay were eliminated,
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while the hybrids were allowed to self and produce
F2 seeds. The F2 seeds selected for further analysis
were sliced with a razor blade (,75–150 mg) distal
from the embryo for DNA extraction and gas
chromatography (GC). The remaining portion of
the seed was treated with ethylene gas to germinate
and the seedlings were established in the green-
house for harvesting the next generation.
DNA Extraction and PCR Reactions

DNA samples were extracted by following the
directions from an Omega-BioTek E.Z.N.A Plant
DNA kit (Norcross, GA.). Leaf tissue or 75–150 mg
of seed slices were used to extract DNA. Leaves or
seed slices were placed in a 2 mL micro-centrifuge
tube along with two 3 mm tungsten carbide beads
(Qiagen Valencia, CA.) and 600 ml of P1 buffer
from the Omega-BioTek kit. Tissue was pulverized
by a Retsch Mixer Mill 301 (Leeds, UK) at 30 Hz
for three minutes. Extracts were quantified on a
DyNA Quant 200 fluorometer from Hoefer Phar-
macia Biotech (San Francisco, CA). In addition, all
samples were loaded on a 1% agarose gel (stained
with ethidium bromide) along with a Low DNA
MassTM Ladder from Invitrogen (Carlsbad, CA) to
evaluate quantity and determine the quality of each
extraction. All samples were subsequently diluted
to 10 ng/ml for Real-Time PCR.

The development of the genotyping assay, the
PCR master mix, and cycling conditions were all as
described previously (Barkley et al., 2010). All PCR
reactions were performed in an ABI StepOneTM

Real-time PCR machine using MicroAmpH fast
optical 48-well plate and adhesive film seals
(Applied Biosystems, Foster City, CA.). Each
PCR run included non-template controls to ensure
that reagents were free of contaminants. StepOne
version 2.0 (Applied Biosystems, Foster City, CA.)
was utilized to analyze and score genotypes among
parents and progeny using the default parameters.
Gas Chromatography

Fatty acid composition was determined by gas
chromatography on an Agilent 7890A (Agilent
Technologies, Santa Clara, CA) gas chromato-
graph with a flame ionization detector (FID). Oil
from a small amount (,100 mg) of ground peanut
seed was extracted in 5 mL of heptane and
transesterified to fatty acid methyl esters (FAMEs)
with 500 ml of 0.5 N sodium methoxide. Peak
separation was performed on a DB-225 capillary
column (15 m 3 0.25 mm i.d. with a 0.25 mm film)
from Agilent Technologies. One microliter of
prepared sample was injected at a 60:1 split ratio
into the column maintained isothermally at 208uC.
The inlet and detector were set at 280uC and 300uC,
respectively. The carrier gas was helium set at a
flow rate of 1 mL/min (38 cm/sec). Peaks were

identified by comparison to a FAME standard mix
RM-3 (Sigma-Aldrich, St Louis, MO). A total of
eight fatty acids (palmitic C16:0, stearic C18:0,
oleic C18:1, linoleic C18:2, arachidic C20:0, gado-
leic C20:1, behenic C22:0, and lignoceric acid
C24:0) were identified in each sample.
Data Analysis

GraphPad Prism version 3.0 was employed to
statistically analyze the data and construct graphs.
Correlations were determined by employing the
Pearson correlation and calculating a two-tailed P
value with 95% confidence intervals. One way
ANOVA was utilized to test for significant
differences among the mean values of oleic acid
(C18:1) for each genotypic class. Chi-square
analysis was utilized to test the segregation patterns
of digenic or monogenic inheritance for the oleic
acid trait.

Results and Discussion
In order to evaluate the inheritance of ahFAD2B

alleles and characterize fatty acid composition for
each genotype, crosses were deliberately prepared
between high oleic and normal oleic peanuts that
were either early maturing such as PI 565455,
Chico, (Bailey and Hammons, 1975) or previously
displayed some disease resistance. The crosses
chosen were cross number 17 [PI 652938 Florida-
07 (Gorbet and Tillman, 2009)/PI 280688 A.
hypogaea subsp. hypogaea var. hirsuta], cross
number 19 [PI 653717 York/PI 502096 A. hypogaea
subsp. fastigiata var. peruviana], cross number 25
[PI 651853 Tifguard (Holbrook et al., 2008)/PI
653717 York], and cross number 28 [PI 565455
Chico (Bailey and Hammons, 1975)/PI 653717
York]. [These selected genotypes have either a high
oleic (ol1ol1ol2ol2) or normal oleic (ol1ol1Ol2Ol2 or
Ol1Ol1Ol2Ol2) genotype which will produce a 3:1 or
15:1 segregation ratio of normal and high oleic F2

progeny, respectively. The first three crosses were
selected because they either represent diverse
germplasm, have disease resistance to TSWV, leaf
spot, or nematodes. Cross 28 was selected because
a previous study demonstrated that Spanish
cultivars when crossed with a high oleic line did
not always conform to either a digenic or
monogenic inheritance pattern (Lopez et al., 2001).

The oleic to linoleic ratio (O/L) of the parents
was ascertained by gas chromatography (GC) and
ranged from 0.95 to 41.2 and the genotype for
ahFAD2B was determined by employing a Real-
Time PCR genotyping assay to be either OL2OL2

or ol2ol2 (Table 1). A total of 84 seeds were
obtained from the four crosses made. Leaves were
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Table 1. Fatty acid composition and ahFAD2B genotypes determined by Real-Time PCR and GC of the parents and their respective F2

progeny for crosses 17, 19, 25, and 28.

Cross PI

Parent or F2

Identifier

B Genome

Genotype C16:0 C18:0 C18:1 C18:2 C20:0 C20:1 C22:0 C24:0

O/L

Ratio

17 652938 Florida-07a ol2ol2 6.71 2.50 81.30 2.70 1.20 1.71 2.45 1.41 30.20

17 280688 A. hypogaea var.

hirsuta

Ol2Ol2 17.40 2.38 36.10 38.00 1.22 0.92 2.87 1.19 0.95

17 -------- A1 Ol2Ol2 12.47 3.11 38.97 38.38 1.61 0.98 3.17 1.31 1.02

17 -------- A2 Ol2ol2 12.28 1.54 46.24 29.75 1.05 2.11 4.71 2.32 1.55

17 -------- A3 Ol2ol2 10.61 3.45 45.87 32.72 1.59 1.21 3.15 1.41 1.40

17 -------- A4 Ol2ol2 9.68 2.36 61.35 19.68 1.26 1.45 2.58 1.64 3.12

17 -------- A5 ol2ol2 11.46 1.74 54.40 24.75 1.13 1.63 3.24 1.64 2.20

17 -------- A6 ol2ol2 8.91 2.30 58.60 22.29 1.26 1.68 3.00 1.96 2.63

17 -------- A7 Ol2Ol2 14.38 2.06 35.90 40.58 1.20 1.15 3.28 1.45 0.88

17 -------- A8 Ol2ol2 10.18 3.02 63.71 17.60 1.32 0.93 2.18 1.07 3.62

17 -------- A9 Ol2ol2 11.14 1.69 56.89 19.69 1.14 2.27 4.86 2.31 2.89

17 -------- A10 Ol2ol2 9.25 2.54 63.91 15.53 1.51 1.62 3.87 1.76 4.12

17 -------- A11 Ol2Ol2 12.72 2.40 40.88 38.45 1.13 0.90 2.35 1.16 1.06

17 -------- A12 Ol2Ol2 15.87 1.76 34.15 40.34 1.05 1.37 3.63 1.83 0.85

17 -------- A13 Ol2ol2 12.35 1.96 53.63 23.95 1.24 1.57 3.56 1.74 2.24

17 -------- A14 Ol2Ol2 12.63 2.17 46.02 34.68 0.97 1.17 2.36 0.00 1.33

17 -------- A15 Ol2ol2 11.86 2.27 49.06 31.16 1.07 1.17 2.17 1.24 1.57

17 -------- A16 Ol2Ol2 12.79 2.39 50.22 29.26 1.16 0.97 2.24 0.97 1.72

17 -------- B1 ol2ol2 8.96 2.05 71.39 10.86 1.14 1.44 2.73 1.44 6.57

17 -------- B2 Ol2Ol2 12.31 1.55 44.82 30.39 1.07 2.13 4.99 2.74 1.47

17 -------- B3 ol2ol2 10.13 3.06 54.59 26.40 1.33 0.96 2.33 1.20 2.07

17 -------- B4 Ol2ol2 11.98 2.25 46.68 32.47 1.20 1.24 2.82 1.36 1.44

17 -------- B5 ol2ol2 8.97 3.52 66.78 16.07 1.29 0.78 1.89 0.70 4.16

17 -------- B6 Ol2ol2 12.10 2.48 45.88 33.90 1.19 1.02 2.22 1.21 1.35

17 -------- B7 Ol2ol2 10.38 2.08 49.39 31.20 1.19 1.48 2.74 1.54 1.58

17 -------- B8 Ol2Ol2 13.33 2.11 48.70 29.29 1.16 1.25 2.83 1.34 1.66

17 -------- B9 Ol2ol2 8.27 2.95 58.89 22.05 1.56 1.40 3.35 1.52 2.67

17 -------- B10 ol2ol2 9.84 3.18 67.60 14.84 1.22 0.85 1.74 0.75 4.56

17 -------- B11 Ol2ol2 12.92 1.53 41.46 35.64 1.09 1.67 3.66 2.04 1.16

17 -------- B12 Ol2ol2 10.69 2.68 54.45 26.25 1.28 1.13 2.32 1.20 2.07

17 -------- B13 Ol2Ol2 11.46 3.01 40.01 38.83 1.51 1.13 2.66 1.39 1.03

17 -------- B14 Ol2Ol2 11.48 2.75 43.48 35.58 1.39 1.06 2.87 1.39 1.22

17 -------- B15 Ol2ol2 10.49 2.76 45.28 33.53 1.41 1.37 3.73 1.43 1.35

17 -------- B16 ol2ol2 9.36 2.54 62.03 20.72 1.14 1.15 2.07 1.00 2.99

19 653717 York ol2ol2 5.89 3.13 80.30 1.95 1.64 1.81 3.68 1.62 41.20

19 502096 A. hypogaea var.

peruviana

Ol2Ol2 11.17 2.42 51.60 27.80 1.20 1.37 2.67 1.73 1.86

19 -------- A1 ol2ol2 8.96 1.58 64.99 16.61 0.92 2.04 3.38 1.53 3.91

19 -------- A2 Ol2Ol2 8.31 1.27 61.63 21.55 0.80 1.92 3.04 1.48 2.86

19 -------- A3 ol2ol2 8.19 1.44 65.20 18.35 0.86 1.82 2.62 1.52 3.55

19 -------- A4 Ol2ol2 8.23 1.45 65.28 17.32 0.95 1.98 3.07 1.72 3.77

19 -------- A5 ol2ol2 7.10 1.93 80.86 3.19 0.98 2.09 2.49 1.36 25.35

19 -------- A6 Ol2ol2 8.54 2.46 65.38 16.37 1.16 1.69 2.90 1.49 3.99

19 -------- A7 ol2ol2 10.65 2.18 58.74 19.88 1.19 1.56 4.07 1.72 2.95

19 -------- A8 Ol2ol2 9.29 2.82 56.55 23.66 1.41 1.21 3.67 1.39 2.39

19 -------- A9 Ol2Ol2 9.69 4.57 46.21 33.86 1.67 0.69 2.37 0.93 1.36

19 -------- A10 ol2ol2 8.85 2.08 64.43 18.76 1.03 1.43 2.33 1.09 3.43

19 -------- A11 ol2ol2 8.11 2.28 64.28 17.68 1.23 1.53 3.38 1.50 3.64

19 -------- A12 ol2ol2 7.87 1.43 67.25 15.27 0.92 2.15 3.31 1.81 4.40

19 -------- A13 Ol2Ol2 11.52 1.56 44.56 34.90 1.01 1.58 3.37 1.54 1.28

19 -------- A14 Ol2ol2 7.68 2.57 62.92 19.32 1.24 1.47 3.19 1.61 3.26

19 -------- A15 Ol2ol2 8.81 3.32 59.30 21.73 1.55 1.10 2.95 1.25 2.73

19 -------- A16 Ol2ol2 10.15 1.99 53.70 27.58 1.02 1.41 2.78 1.37 1.95

19 -------- B1 ol2ol2 8.29 1.44 66.14 17.15 0.76 2.05 2.76 1.43 3.86

19 -------- B2 Ol2Ol2 12.98 1.83 37.78 40.52 1.07 1.20 3.16 1.45 0.93
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Cross PI

Parent or F2

Identifier

B Genome

Genotype C16:0 C18:0 C18:1 C18:2 C20:0 C20:1 C22:0 C24:0

O/L

Ratio

19 -------- B3 Ol2Ol2 11.18 2.03 48.09 31.96 1.14 1.30 2.99 1.31 1.50

19 -------- B4 ol2ol2 9.16 1.90 54.88 27.06 1.00 1.49 3.26 1.24 2.03

19 -------- B5 Ol2Ol2 10.05 2.25 50.74 28.58 1.26 1.43 3.90 1.78 1.78

19 -------- B6 Ol2ol2 9.91 2.20 46.66 34.19 1.09 1.39 3.18 1.39 1.36

19 -------- B7 ol2ol2 8.81 1.85 66.89 16.41 0.93 1.54 2.42 1.15 4.08

19 -------- B8 Ol2Ol2 12.68 1.95 38.18 40.44 1.03 1.20 3.25 1.26 0.94

19 -------- B9 ol2ol2 6.46 1.53 80.90 2.67 0.97 2.42 3.19 1.86 30.30

19 -------- B10 Ol2ol2 9.61 2.54 55.63 25.72 1.16 1.24 2.78 1.32 2.16

19 -------- B11 Ol2ol2 10.42 3.25 50.08 29.16 1.64 0.96 3.33 1.17 1.72

19 -------- B12 Ol2Ol2 10.19 2.78 49.22 31.60 1.21 1.04 2.80 1.17 1.56

19 -------- B13 Ol2Ol2 10.03 1.42 51.38 27.94 0.99 2.09 4.07 2.09 1.84

19 -------- B14 Ol2ol2 9.57 3.24 51.81 27.34 1.68 1.18 3.78 1.40 1.90

19 -------- B15 Ol2ol2 10.44 2.40 51.19 27.80 1.24 1.35 4.09 1.49 1.84

19 -------- B16 Ol2ol2 8.93 2.79 63.75 18.29 1.20 1.21 2.72 1.11 3.49

25 651853 TifguardB Ol2Ol2 9.58 1.94 46.30 33.90 1.08 1.79 3.42 1.97 1.37

25 653717 York ol2ol2 5.89 3.13 80.30 1.95 1.64 1.81 3.68 1.62 41.20

25 -------- A1 Ol2ol2 8.11 1.88 56.82 25.28 1.03 1.97 3.14 1.77 2.25

25 -------- A2 Ol2ol2 8.66 2.55 59.48 21.99 1.27 1.46 3.11 1.48 2.70

25 -------- A3 Ol2Ol2 9.15 2.22 46.60 34.52 1.18 1.50 3.23 1.61 1.35

25 -------- A4 ol2ol2 5.43 1.91 78.23 4.52 1.15 2.70 3.81 2.27 17.31

25 -------- A5 ol2ol2 5.87 4.36 79.52 3.64 1.45 1.38 2.53 1.26 21.85

25 -------- A6 Ol2ol2 8.49 1.70 57.39 24.11 1.01 1.98 3.49 1.82 2.38

25 -------- A7 Ol2ol2 7.28 3.21 64.39 15.80 1.81 1.47 4.15 1.88 4.08

25 -------- A8 Ol2ol2 6.73 3.27 67.04 15.30 1.65 1.36 3.18 1.48 4.38

25 -------- A9 ol2ol2 5.69 1.98 78.02 4.88 1.11 2.72 3.57 2.03 15.99

25 -------- A10 ol2ol2 6.43 1.85 73.84 7.13 1.16 2.86 4.27 2.46 10.36

25 -------- A11 ol2ol2 6.00 3.11 77.66 4.39 1.50 1.96 3.63 1.75 17.69

25 -------- A12 ol2ol2 5.35 2.08 81.06 3.53 1.08 2.33 2.75 1.83 22.96

25 -------- A13 Ol2ol2 8.75 2.36 55.81 26.28 1.11 1.49 2.71 1.49 2.12

25 -------- A14 ol2ol2 5.40 2.60 80.23 3.72 1.22 2.27 2.75 1.81 21.57

25 -------- A15 Ol2ol2 7.55 3.84 64.81 16.21 1.71 1.29 3.08 1.50 4.00

25 -------- A16 ol2ol2 4.93 3.08 80.30 3.89 1.34 1.98 2.80 1.69 20.64

25 -------- B1 Ol2ol2 8.28 2.02 59.75 22.36 1.12 1.71 3.12 1.63 2.67

25 -------- B2 Ol2Ol2 9.57 2.09 44.68 35.69 1.15 1.69 3.31 1.81 1.25

25 -------- B3 Ol2Ol2 9.56 2.38 48.87 30.71 1.40 1.41 3.84 1.82 1.59

25 -------- B4 Ol2Ol2 9.39 2.99 50.85 30.38 1.39 1.10 2.79 1.11 1.67

25 -------- B5 Ol2ol2 8.15 2.13 59.07 22.47 1.23 1.70 3.38 1.87 2.63

25 -------- B6 Ol2Ol2 9.00 3.46 49.09 31.22 1.49 1.28 2.93 1.53 1.57

25 -------- B7 Ol2ol2 7.70 2.94 62.80 19.13 1.56 1.27 3.23 1.38 3.28

25 -------- B8 ol2ol2 5.47 2.31 80.10 3.69 1.14 2.44 2.77 2.07 21.71

25 -------- B9 Ol2Ol2 9.87 2.50 45.87 33.42 1.35 1.48 3.57 1.95 1.37

25 -------- B10 Ol2Ol2 9.17 2.03 48.18 32.99 1.15 1.56 3.18 1.75 1.46

25 -------- B11 Ol2ol2 7.62 3.06 63.14 17.39 1.63 1.57 3.90 1.69 3.63

25 -------- B12 Ol2ol2 7.83 2.42 59.09 22.55 1.23 1.84 3.15 1.90 2.62

25 -------- B13 ol2ol2 5.33 1.78 78.41 4.72 1.06 2.97 3.46 2.28 16.61

25 -------- B14 Ol2Ol2 9.86 2.45 46.93 33.25 1.30 1.42 3.23 1.56 1.41

25 -------- B15 Ol2ol2 7.04 3.97 64.39 15.85 1.89 1.40 3.69 1.77 4.06

25 -------- B16 ol2ol2 5.30 3.52 79.29 3.06 1.70 1.77 3.61 1.76 25.91

28 565455 Chicoc Ol2Ol2 13.91 3.35 38.50 36.30 1.65 0.88 3.78 1.63 1.06

28 653717 York ol2ol2 5.89 3.13 80.30 1.95 1.64 1.81 3.68 1.62 41.20

28 -------- A1 Ol2Ol2 9.53 4.44 52.97 27.00 1.59 0.89 2.52 1.06 1.96

28 -------- A2 Ol2ol2 10.24 3.58 48.46 30.05 1.69 1.14 3.49 1.35 1.61

28 -------- A3 Ol2ol2 7.65 3.42 64.91 16.64 1.57 1.31 3.21 1.30 3.90

28 -------- A4 Ol2ol2 9.43 2.92 51.00 29.82 1.46 1.12 2.98 1.26 1.71

28 -------- A5 Ol2ol2 9.37 4.16 54.10 24.53 1.81 1.06 3.45 1.52 2.21

28 -------- A6 Ol2Ol2 10.36 3.02 45.35 34.53 1.46 1.09 2.96 1.25 1.31

28 -------- A7 Ol2Ol2 10.43 4.12 40.94 37.57 1.84 0.83 3.11 1.17 1.09

Table 1. Continued.
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harvested from all of the putative F1 progeny and
subsequently genotyped for the 442insA mutation
in ahFAD2B. The genotyping assay revealed that
75 plants (89.3%) were real F1 hybrids since they
carried the ahFAD2B allele from the male parent;
however, the remaining nine plants were products
of self fertilization. The number of hybrids revealed
here was slightly higher than a previous study
which used microsatellite markers to distinguish
hybrid from self fertilized progeny (Gomez et al.,
2008). A total of 32 F2 seeds were randomly
selected from each of these four crosses for
ahFAD2B genotyping and fatty acid composition
was collected (Table 1 and Fig. 1). An analysis of
variance (ANOVA) revealed that the mean oleic
acid produced from each genotypic class (Ol2Ol2,
Ol2ol2, and ol2ol2) were significantly different at
P , 0.0001. Overall, oleic acid (C18:1) in these four
F2 populations ranged from 34.15 to 81.06%;
whereas, linoleic acid (C18:2) ranged from 2.67 to
40.58%. The O/L ratio varied from 0.85 to 30.30.
Although eight different fatty acids were detected,
oleic (18:1) and linoleic (18:2) comprised the
majority of the fatty acids found in the oil. This
phenomenon has been previously documented in

peanuts (Norden et al., 1987; Moore and Knauft,
1989).

Phenotyping the fatty acid composition of the
F2 populations revealed notable differences in these
four crosses. First of all, cross 25 [PI 651853
Tifguard (Holbrook et al., 2008)/PI 653717 York],
had a large portion of high oleic progeny produced
from a relatively small sample set compared to the
other three remaining crosses. For example, the
majority (,96%) of the F2 progeny produced from
cross 17, 19, and 28 had O/L ratios less than 10;
whereas, cross 25 had 34.4% of the F2 progeny with
O/L ratios greater than 10 (Table 1, Fig. 1). The F2

individuals evaluated from cross 25 that were
homozygous (ol2ol2) for the 442insA mutation in
ahFAD2B all had oleic acid values ranging from
73.84 to 81.06% and O/L ratios ranging from 10.36
to 22.96. Progenies of the three remaining crosses
that were homozygous (ol2ol2) for 442insA muta-
tion in ahFAD2B had oleic acid values ranging
from 54.4 to 80.90% and O/L ratios of 2.03 to
30.30. Further, each ahFAD2B genotype identified
from cross 25 had a range of phenotypes produced
for oleic (Ol2Ol2, 44.68 to 50.85; Ol2ol2, 55.81 to
67.04; and ol2ol2, 73.84 to 81.06) and linoleic acid

Cross PI

Parent or F2

Identifier

B Genome

Genotype C16:0 C18:0 C18:1 C18:2 C20:0 C20:1 C22:0 C24:0

O/L

Ratio

28 -------- A8 Ol2ol2 11.39 3.23 43.63 35.19 1.38 0.96 2.99 1.22 1.24

28 -------- A9 Ol2ol2 10.85 2.91 47.58 31.46 1.45 1.02 3.15 1.59 1.51

28 -------- A10 ol2ol2 6.50 3.17 78.66 4.08 1.37 1.75 2.78 1.68 19.28

28 -------- A11 Ol2ol2 7.70 2.56 63.65 18.34 1.36 1.46 3.34 1.58 3.47

28 -------- A12 Ol2Ol2 9.94 3.03 43.85 36.37 1.39 1.04 3.02 1.36 1.21

28 -------- A13 Ol2ol2 8.08 1.94 63.69 18.26 1.13 1.71 3.51 1.67 3.49

28 -------- A14 Ol2ol2 10.42 3.89 46.71 32.09 1.67 0.98 2.94 1.31 1.46

28 -------- A15 ol2ol2 9.12 4.19 54.98 23.81 1.79 1.12 3.48 1.51 2.31

28 -------- A16 ol2ol2 6.25 2.54 77.19 3.55 1.45 2.34 4.43 2.26 21.74

28 -------- B1 Ol2ol2 10.82 3.23 44.67 32.48 1.84 1.16 4.27 1.53 1.38

28 -------- B2 Ol2ol2 10.17 2.87 49.71 29.83 1.43 1.22 3.32 1.45 1.67

28 -------- B3 ol2ol2 7.50 2.94 63.02 20.02 1.30 1.26 2.69 1.26 3.15

28 -------- B4 ol2ol2 7.78 2.56 61.38 19.62 1.47 1.65 3.76 1.78 3.13

28 -------- B5 Ol2ol2 9.01 4.01 55.95 24.96 1.61 0.89 2.54 1.05 2.24

28 -------- B6 Ol2Ol2 11.23 3.43 43.16 36.08 1.49 0.81 2.69 1.10 1.20

28 -------- B7 ol2ol2 8.81 3.01 59.52 21.52 1.45 1.33 2.86 1.50 2.77

28 -------- B8 Ol2ol2 7.81 2.66 64.11 17.31 1.42 1.49 3.51 1.69 3.70

28 -------- B9 Ol2Ol2 10.82 2.96 43.30 34.99 1.55 1.14 3.59 1.65 1.24

28 -------- B10 ol2ol2 8.38 3.89 66.52 15.40 1.40 1.01 2.37 1.03 4.32

28 -------- B11 Ol2ol2 10.02 3.19 51.14 28.83 1.47 1.10 2.92 1.33 1.77

28 -------- B12 Ol2ol2 9.11 4.09 55.50 24.66 1.70 0.95 2.81 1.18 2.25

28 -------- B13 Ol2Ol2 11.55 3.88 40.27 36.35 1.92 0.99 3.56 1.48 1.11

28 -------- B14 ol2ol2 8.88 3.89 58.81 21.01 1.73 1.14 3.12 1.42 2.80

28 -------- B15 Ol2Ol2 9.73 3.38 50.72 29.70 1.54 1.01 2.78 1.14 1.71

28 -------- B16 Ol2ol2 9.18 3.37 52.43 27.05 1.69 1.18 3.45 1.66 1.94

a 5 (Gorbet and Tillman 2009)
b 5 (Holbrook et al., 2008)
c 5 (Bailey and Hammons 1975)

Table 1. Continued.

16 PEANUT SCIENCE



(Ol2Ol2, 30.38 to 35.69; Ol2ol2, 15.30 to 26.28; and
ol2ol2, 3.53 to 7.13) which were non-overlapping
from one genotypic class to another; however, a
similar trend was not observed in cross 17, 19, and
28 (Table 1 and Fig. 1). Consequently, crosses (17,
19, and 28) are still segregating for ahFAD2A so the
F2 progeny with normal or mid-oleic acid pheno-
types are expected to have at least one copy (or
more) of the wild type allele in ahFAD2A, which
causes the progeny to have lower oleic values and
low O/L ratios.

Previous reports have suggested that segregation
ratios were generally either consistent with a
monogenic 3:1 or digenic 15:1 inheritance for the
oleic acid phenotype (Moore and Knauft, 1989;
Lopez et al., 2001). The discrepancy in the
segregation ratios for this trait was demonstrated
to be controlled by the ahFAD2A genotype in the
normal parent (Jung et al., 2000a; Chu et al., 2007).
Hence, it was determined whether the segregation
in these four F2 populations fit a monogenic or
digenic inheritance pattern. Three of four crosses

(17, 19, and 28) were consistent with a 15:1
segregation ratio, but cross 25 conformed to a 3:1
ratio (Table 2). None of these crosses evaluated
had segregation ratios that did not fit any of the
expected ratios as observed in a previous study
(Lopez et al., 2001).

Several mid-oleic peanuts were observed in these
segregating populations from the four crosses
(Table 1). Genotypes observed for mid-oleic prog-
eny were either heterozygous Ol2ol2 or homozy-
gous recessive ol2ol2; although, the majority of the
mid-oleic peanuts in the segregating populations
had an ol2ol2 genotype. The F2 progeny, however,
from cross 25 that were classified as mid-oleic, all
had an Ol2ol2 genotype and putatively ol1ol1 in
ahFAD2A. Though, in crosses 17, 19, and 28 mid
oleic progeny had either an Ol2ol2 or an ol2ol2
genotype. This implies that mid oleic peanuts only
have one copy of the wild type allele in either the A
or B genome and three copies of the mutant allele
to produce a mid-oleic phenotype. The genotypes
(Ol1ol1ol2ol2 or ol1ol1Ol2ol2) would never breed

Fig. 1. Mean values of oleic, linoleic, and O/L ratio of the F2 progeny in selected crosses. (The parents of each cross are added on the far ends of the graph
as a reference of normal and high oleic peanuts). The y-axis shows percentage of two fatty acids or total O/L ratio measured by GC and the x-axis
shows the genotypes of F2 progeny and the parents. The F2 progeny are divided into the three detected ahFAD2B genotypes Ol2Ol2, Ol2ol2, and
ol2ol2. ANOVA analysis demonstrated that the mean oleic values for each genotypic class were significantly different at P , 0.0001.
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true since segregation will occur in the next
generation. However, it is also possible that mid-
oleic cultivars have a genotype that is fixed for
ahFAD2, but environmental effects or epistasis
may result in an increase in C18:1 to produce
peanuts with 65 to 70% oleic acid. Prior studies
have shown that oleate values can vary dependent
on the genotype, seed maturity, and environmental
interactions such as time of year planted, seasonal
variation, insect damage, temperature, and soil
conditions (Norden et al., 1987; Andersen and
Gorbet, 2002). Further testing needs to be per-
formed on mid-oleic peanuts to evaluate their
genotype or determine if there are other genetic
factors that control this phenotype.

Significant correlations between oleic acid con-
centration and other fatty acids commonly detected
in peanut have been previously reported (Isleib et
al., 1996; Andersen and Gorbet, 2002; Isleib et al.,
2006). Therefore, to determine whether different
fatty acids vary together or independently, corre-
lation coefficients were calculated utilizing the fatty
acid composition measured in the segregating
populations (Fig. 2). Oleic acid had a strong
negative correlation with linoleic (r 5 2 0.9932;
P , 0.0001) and palmitic acid (r 5 2 0.8796; P ,
0.0001). On the other hand, a positive correlation
(r 5 0.6105; P , 0.001) was revealed between oleic
and gadoleic acid (C20:1). A weak, but, significant
positive correlation (r 5 0.2342; P , 0.001) was
also found between oleic and lignoceric acid
(C24:0) [data not shown]. This suggests that the
ol genotype influences the levels of oleic, linoleic,
palmitic, and gadoleic fatty acids, and suggests that
genetic modifiers may be involved for determining
fatty acid composition. These data are comparable

to correlations determined in previous studies
(Isleib et al., 1996; Andersen and Gorbet, 2002;
Isleib et al., 2006); however, weak correlations were
detected previously between oleic and behenic acid
(Andersen and Gorbet, 2002).

Development of cultivars with quality enhanced
traits is often difficult and laborious, especially
when plants must fully mature and produce seeds
before assessing the presence or absence of the trait
or traits of interest. The capability now exists to
rapidly screen for the key mutations in ahFAD2
[CAPS markers previously developed for ahFAD2
(Chu et al., 2007; Chu et al., 2009) and 442insA in
ahFAD2B via Real-Time PCR, (Barkley et al.,
2010)], both of which are required for the high oleic
phenotype in peanuts. These molecular assays can
facilitate peanut breeding programs aiming to
develop high oleate lines, by providing an early
detection method of eliminating unwanted geno-

Table 2. Observed and expected segregation ratios of high and low oleic acid (based on gas chromatography) in F2 peanut populations

along with their x2 values. All the x2 values were compared for one degree of freedom. High oleic were classified as any progeny that

had an O/L ratio . 10 and an oleic value . 70; whereas, normal oleic were classified as having an O/L ratio , 10 and oleic value

, 70.

Cross

ID Cross

Range of

O/L Ratio

in the F2

Progeny

Observed

Normal

Oleic

Observed

High Oleic

Expected

Normal

(15:1)

Expected

High (15:1)

x2

(15:1)

Expected

Normal

(3:1)

Expected

High

(3:1)l

x2

(3:1)

17 Florida 07a / A.

hypogaea var.

hirsuta

0.85–6.57 32 0 30 2 2.133 24 8 10.667**

19 York / A. hypogaea

var. peruviana

0.93–30.30 30 2 30 2 0.00 24 8 6.00*

25 Tifguardb / York 1.35–25.91 21 11 30 2 43.20*** 24 8 1.50

28 Chicoc / York 1.09–21.74 30 2 30 2 0.00 24 8 6.00*

a5 (Gorbet and Tillman 2009)
b5 (Holbrook et al., 2008)
c5 (Bailey and Hammons 1975)
*, **, *** 5 difference is statistically significant at 0.05, 0.01, and 0.001 probability level, respectively.

Fig. 2. Correlations detected between the proportion of oleic acid and
three other detected fatty acids (palmitic, linoleic, and gadoleic) in
the F2 progeny.
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types. Moreover, self fertilizalization can be rapidly
identified and discarded from the population,
which would save valuable time and space com-
pared to growing out all the individual progenies.
In time, more molecular markers will become
available for selecting disease resistance and other
novel traits; therefore, marker assisted selection
(MAS) gene pyramiding may facilitate pyramiding
multiple genes of interest in a single genotype
(Kumar and Nayak, 2010), which will allow
improved peanut breeding lines to be released in
a shorter time period than conventional breeding.
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