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Abstract A novel hybrid identification protocol was developed for F0:1 peanut seeds 
resulting from crosses between normal oleate cultivars with wild type FAD2B gene 
and high oleate genotypes with an A insertion in FAD2B gene. Presence of a series of 
overlapped peaks in trace file of the PCR product amplified with bF19/R1 primers was 
an indication of hybridity. This protocol may facilitate high oleate breeding and genetic 
studies in peanut. 
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INTRODUCTION 

Preferred by food processors and consumers, high oleate peanuts have prolonged 
shelf life and may decrease bad low density lipoprotein (LDL) cholesterol, while 
maintaining beneficial high density lipoprotein (HDL) cholesterol (O'Byrne et al. 1997). 
High oleate is likely to become an indispensable trait of the next generation peanut 
varieties. Though high in oleate content, the currently available materials have 
productivity far from acceptable. Incorporating this valuable trait in high yielding 
adapted cultivars is the endeavor of many peanut breeders worldwide. A simple 
protocol for identification of true peanut hybrids in normal oleate x high oleate crosses 
will undoubtedly facilitate this process. 

MATERIALS AND METHODS 

Peanut material 

To breed high oleate, Virginia-type peanut varieties for international market and high 
oleate, high yielding peanut for domestic consumption, four crosses were made 
between high oleate donors, FB4 and CTWE, 2 peanut lines developed by us, and 
normal oleate, high yielding peanut cultivars, Huayu 31, Huayu 22 and 08-test-A2 
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(Table 1). Crossing was carried out by workers with minimal training according to the 
standard procedure described by Yu et al. (2008). Ten seeds (F0:1, hybridity unknown) 
were randomly selected from each cross for hybrid identification. Seed serial numbers 
1-10, 11-20, 21-30 and 31-40 were from Huayu 31 x FB4, Huayu 22 x CTWE, 08-test-
A2 x CTWE and 08-test-A2 x FB4, respectively. 
 
Cloning and sequencing of FAD2B/fad2B gene in parental genotypes 

DNA templates were prepared from immature leaflets in peanut seeds as described 
by Wang et al. (2009). Gene-specific PCR primers, bF19/R1 (Patel et al. 2004), were 
used to amplify the FAD2B/fad2B gene. The PCR mixture (50 µl) contained 25 µl of 
Tiangen 2 x Taq platinum Master Mix (Tiangen Biotech, Beijing, China), 5 µl of DNA 
template, 2 µl of forward and reverse primers (10 µM) each. The PCR program was 
95ºC for 6 min, followed by 35 cycles of 94ºC for 30 sec，53ºC for 1 min，and 72ºC 
for 2 min, and a final extension of 74ºC for 4 min. The PCR program was run on a 
Biometra Tgradient thermal cycler (Biometra, Göttingen, Germany). The PCR 
products were purified, ligated into a pBS-T vector, and used in heat shock 
transformation with chemically competent TOP10 E. coli cells (Tiangen Biotech, 
Beijing, China). White colonies harboring plasmids with inserts of expected size 
identified by colony PCR were sequenced on an ABI 3730XL DNA sequence using 
the M13 forward and reverse primers. Translation and alignment of DNA sequences 
were completed with the LasergeneTM DNAStar package (DNASTAR, Madison, USA). 

Amplification of FAD2B/fad2B gene to identify true hybrids 

PCR templates were prepared from a slice of cotyledonary tissue (Yu et al. 2010). 
The PCR mixture (50 µl) consisted of 5 µl of DNA template, 2 µl of bF19/R1 (10 µM) 
primers each (Patel et al. 2004), and 25 µl of Tiangen 2 x Taq PCR Master Mix 

 

Fig. 1 Difference in FAD2B/fad2b sequence between high oleate (top) and normal oleate 
genotypes (bottom), note an A insertion in high oleate fad2b sequence. 
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(Tiangen Biotech, Beijing). The thermal cycling profile and PCR machine were the 
same as mentioned above. After checking for presence of amplification bands on 
agarose gel, the PCR products were purified and then sequenced on an ABI 3730XL 
DNA sequencer using the bF19 primer. The trace files were viewed with Finch 
TV1.4.0 (Geospiza Inc., Seattle, USA). 

RESULTS AND DISCUSSION 

Cloning and sequencing of FAD2B/fad2B gene in parental genotypes 

With bF19/R1 primers, all of the parental genotypes, viz., normal oleate peanut 
varieties, Huayu 22, Huayu 31 and 08-test-A2, and high oleate peanut lines, FB4 and 
CTWE, produced PCR products of expected size. Positive colonies were obtained 
through colony PCR. 

Multiple alignment of the resultant DNA sequences and the Arachis hypogaea L. 
FAD2B sequence deposited in GenBank (GenBank acc# AF272950) showed that in 
high oleate parental lines, there was an A insertion immediately after the 521 base 
counting from the bF19 primer, corresponding to the position after 441 in coding 
region of the FAD2B gene (Figure 1), which caused a frameshift and a truncated 
protein. The mutant type of FAD2B, fad2B, was the same as those described by Yu et 
al. (2008) and Chu et al. (2009). 

Amplification of FAD2B/fad2B gene(s) to identify true hybrids 

With bF19/R1 primers, all the 40 seeds from the 4 crosses yielded PCR products of 
expected size. Two types of trace files were shown in Figure 2 and Figure 3. 

Huayu 31, Huayu 22 and 08-test-A2 were confirmed to have wild type FAD2B genes, 
whereas FB4 and CTWE had a loss-of-function FAD2B gene (fad2B). Characterized 
by presence of a series of overlapped peaks in trace files, true hybrids (F0:1) can be 
easily identified by visual inspection of trace files (Figure 2 and Figure 3). Among the 
40 seeds tested with sequencing, 4, 5, 5 and 1 seeds were identified as true hybrids 
for Huayu 31 x FB4, Huayu 22 x CTWE, 08-test-A2 x CTWE and 08-test-A2 x FB4, 
respectively, and the rest seeds were false hybrids (Table 1). On average, true 
hybrids accounted for 37.5% of the F0:1 seeds. 

Table 1. Direct sequencing of PCR products revealed true hybrids in normal oleate x high 
oleate crosses in peanut. 

Cross (♀x♂) 
Serial no. of seeds with 

overlapped peaks 
(true hybrids) 

Serial no. of seeds without 
overlapped peaks (selfs) 

Huayu 31 x FB4 1,3,5,6 2,4,7,8,9,10 
Huayu 22 x CTWE 11,12,13,16,20 14,15,17,18,19 
08-test-A2 x CTWE 21,22,25,28,30 23,24,26,27,29 
08-test-A2 x FB4 31 32,33,34,35,36,37,38,39,40 
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For detection of wild and mutant type FAD2A/FAD2B genes, cleaved amplified 
polymorphic sequences (CAPS) markers for both homologous genes (Chu et al. 
2007; Chu et al. 2009) and real-time PCR marker for wild and mutant alleles of 
FAD2B (Barkley et al. 2010) have also been developed. These protocols need 
restriction enzymes or a qPCR machine. More recently, Chen et al. (2010) reported 
development of a simple allele-specific PCR assay for both genes. However, in our 
lab, conducted with a PCR machine of different type, this assay was not as successful 
as described by the developers. In contrast, our protocol to detect mutant allele of 
FAD2B is straightforward and more reliable, as long as sequencing facilities are 
readily accessible. Since there are many companies providing sequencing service 
and the cost per run is constantly going down, the present protocol suits the need 
from poorly equipped labs without a DNA sequencer. 

True hybrids in peanut may also be identified by morphological features, though it is 
not always reliable, and sometimes time-consuming (Gomez et al. 2008). Other 
molecular tools, such as isozymes profiling and DNA marker system, have been 
successfully used to distinguish true hybrids from selfs (Lacks and Stalker, 1993; 
Gomez et al. 2008; Li et al. 2009); for a specific cross combination, screening for 
informative isozymes/primers are absolutely necessary. Our protocol, however, is 
widely applicable to crosses between normal oleate cultivars and high oleate 
genotypes with 441_442insA in FAD2B gene, since no normal oleate peanut 
genotype with such an insertion in FAD2B gene has thus far been identified in world 
peanut germplasm collections (Chen et al. 2010). It seems that there is no need to 
change primers and PCR thermal cycling profiles for different cross combinations. 

The present protocol has been successfully used to establish F2 segregating 
populations (F1:2 seeds) resulting from normal oleate x high oleate crosses, and 
robust near infrared spectroscopy (NIRS) calibration equations have been developed 
for predicting oleic (R2 = 97.20%), linoleic (R2 = 96.90%), and palmitic acids (R2 = 

 

Fig. 2 A true F0:1 hybrid was identified after direct sequencing of the FAD2B/fad2B PCR 
product, note a series of overlapped peaks beginning from the shaded base. 
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93.39%) in intact single peanut seeds (Chuan Tang Wang unpublished). The hybridity 
of the F0:1 seeds was supported by NIRS analysis. Oleate contents in the true F0:1 
seeds, as predicted by NIRS, were essentially intermediate relative to oleate in 
parental genotypes (data not shown), an indication that NIRS may have some 
potential in this regard, even though variation in oleate content of single intact peanut 
seeds of a specific cultivar does exist. 

Loss-of-function FAD2A and FAD2B genes (fad2A and fad2B) are considered to be 
the major genes responsible for high oleate trait of peanut, but there are also other 
genes that influence oleate content (Isleib et al. 2006). The present protocol is of 
significance to studies on the genetics of high oleate in peanut and the effects of 
FAD2A, FAD2B and additional genes, and is helpful to peanut breeders interested in 
developing high oleate peanut cultivars as well. Of course, this protocol can also be 
used to appraise the performance of workers in hybridizing peanuts. 
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