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a b s t r a c t
Background: Cultivated peanut (Arachis hypogaea. L) represents one of the most important oil crops in the world.
Although much effort has been expended to characterize microsatellites or Simple Sequence Repeats (SSRs) in
peanut, the quantity and quality of the markers in breeding applications remain limited. Here, genome-wide
SSR characterization and marker development were performed using the recently assembled genome of the
cultivar Tifrunner.
Results: In total, 512,900 microsatellites were identiﬁed from 2556.9-Mb genomic sequences. Based on the
ﬂanking sequences of the identiﬁed microsatellites, 7757 primer pairs (markers) were designed, and further
evaluated in the assembled genomic sequences of the tetraploid Arachis cultivars, Tifrunner and Shitouqi, and
the diploid ancestral species, A. duranensis and A. ipaensis. In silico PCR analysis showed that the SSR markers
had high ampliﬁcation efﬁciency and polymorphism in four Arachis genotypes. Notably, nearly 60% of these
markers were single-locus SSRs in tetraploid Arachis species, indicating they are more speciﬁc in distinguishing
the alleles of the A and B sub-genomes of peanut. In addition, two markers closely related with purple testa
color and 27 markers near to FAD2 genes were identiﬁed, which could be used for breeding varieties with
purple testa and high-oleic acid content, respectively. Moreover, the potential application of these SSR markers
in tracking introgressions from Arachis wild relatives was discussed.
Conclusions: This study reported the development of genomic SSRs from assembled genomic sequences of the
tetraploid Arachis Tifrunner, which will be useful for diversity analysis, genetic mapping and functional
genomics studies in peanut.
How to cite: Ma J, Zhao Y, Chen H, et al. Genome-wide development of polymorphic microsatellite markers and
their application in peanut breeding program. Electron J Biotechnol 2020;44. https://doi.org/10.1016/j.ejbt.2020.
01.004.
© 2020 Pontiﬁcia Universidad Católica de Valparaíso. Production and hosting by Elsevier B.V. All rights reserved.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction
Microsatellites (or simple sequence repeats, SSRs), are a group of
DNA sequences consisting of tandemly repeated motifs [1,2]. SSRs are
widely distributed in the genome of animals and plants, with large
number, rich polymorphism, codominant inheritance and relatively
conservative ﬂanking sequences. The polymorphism of SSRs derives
from the repeat times of motifs, which can be easily detected by PCR
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Peer review under responsibility of Pontiﬁcia Universidad Católica de Valparaíso.

ampliﬁcation [3]. Thus, SSR markers are considered as a class of costeffective, reliable, and highly polymorphic molecular markers, and
widely used in genetics and breeding researches [4]. Even
today, although the third-generation molecular markers are
developing rapidly such as single nucleotide polymorphism (SNP) and
insertion–deletion (InDel), SSR markers are still indispensable in crop
genetic analysis, quantitative trait loci (QTL) mapping, and molecular
breeding.
SSR markers can be developed from sequences of expressed
sequence tags (EST), transcriptome and genome, corresponding to
EST-SSRs, transcriptome-SSRs and g-SSRs, respectively [5]. In
comparison to EST-SSRs and transcriptome-SSRs, g-SSRs showed the

https://doi.org/10.1016/j.ejbt.2020.01.004
0717-3458/© 2020 Pontiﬁcia Universidad Católica de Valparaíso. Production and hosting by Elsevier B.V. All rights reserved. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

26

J. Ma et al. / Electronic Journal of Biotechnology 44 (2020) 25–32

higher polymorphism rate [6,7]. Furthermore, most of the g-SSRs come
from a certain position in the genome and with the known physical
position in the chromosome, which can provide more accurate
information in genetic research especially in gene/QTL mapping.
Recently, the completion of genome sequencing of more and more
plants has provided opportunities to explore genome-wide SSR
markers from the whole genome, resulting in the rapid increasing of
g-SSR markers in plants. For example, the assembled genomic
sequences of Brassica rapa, B. oleracea and B. napus were used for SSRs
scanning, and resulted in the identiﬁcation of 140,998, 229,389 and
420,991 perfect mono- to hexanucleotide repeat microsatellites,
respectively [8]. In cotton, a total of 100,290, 83,160 and 56,937
microsatellites were identiﬁed using three sequenced Gossypium
species: G. hirsutum, G. arboreum, and G. raimondii, respectively [9]. In
wheat, a total of 364,347 SSRs were reported using the genome
sequences of Chinese spring [7]. Moreover, genome-wide SSR
characterization or marker development has been also conducted in
other plants, such as Boswellia papyrifera [10], Chinese cabbage [11],
bamboo [12], chickpea [13], Sargassum thunbergii [14], Jute [15] and
Flax [16]. These reported SSRs have become an important resource in
the genetic research for these plant species.
Peanut, which contains high-quality cooking oil (40–60%), protein
(20–40%), and many other nutritional ingredients, is one of the most
important oil crops in the world. Cultivated peanut is allotetraploid
(AABB, 2n = 4 × = 40), while most wild peanut species are diploid
including A. duranensis (AA, 2n = 2× = 20) and A. ipaensis (BB, 2n =
2 × = 20), the ancestral donor species of A and B sub-genomes,
respectively [17]. The development of SSRs from peanut was ﬁrst
reported 20 years ago, when the probes labeled with 32P were used to
screen the SSR motifs of (GT)10 and (CT)10 from the peanut genome
DNA library [18]. Soon afterwards, SSRs with other motifs were
developed, such as (GA/CT)n, (ATT)n and (GA)n [19,20,21]. In
addition, ESTs from the cDNA libraries sequencing have been the
important sources for SSR development [22,23,24]. Recently, the
completed whole genome sequence of the diploid ancestral species of
peanut [25] provided an opportunity for peanut identiﬁcation. In our
previous studies, we developed 51,354 and 60,893 SSR markers
through scanning the genome sequences of A. duranensis and A.
ipaensis, respectively [5]. These SSRs were used in QTL mapping and
identiﬁcation of true F1 individuals [26,27]. However, because these
SSRs were from wild species, the ampliﬁcation efﬁciency and
polymorphism are limited in cultivated peanut species. In this year,
the whole genome sequences of the cultivated peanuts have been
completed [28,29]. The assembled genome sequences of cultivated
peanuts provided new opportunity for developing more high-quality
g-SSRs.
In this study, we conducted whole-genome microsatellite
characterization and marker development using the recently
assembled genome sequences of Tifrunner. The number, frequency,
distribution, and types of repeat motifs in Tifrunner were analyzed.
Furthermore, we evaluated the ampliﬁcation efﬁciency and
polymorphism of SSR markers in four sequenced peanut genotypes,
including Tifrunner, A. duranensis, A. ipaensis and Shitouqi. Moreover,
the potential application of SSR markers in QTL/gene mapping,
breeding high-oleic peanuts using the MAS method and utility of
Arachis wild relatives was analyzed.
2. Materials and methods
2.1. Plant material and DNA extraction
Cultivated peanut variety Shitouqi was provided by Dr. Weijian
Zhuang of Fujian Agriculture and Forestry University (FAFU). Two
diploid ancestors of peanut A. duranensis (V14167), A. ipaensis
(K30076) were provided by Soraya CM Leal-Bertioli of University of
Georgia. Tifrunner, Weihua 10 (WH10), YH29 and F2 individual of

(WH10 × YH29) were available in our laboratory, and the segregation
population was constructed as described in our previous studies [30].
All the peanut materials were planted at Jinan, Shandong, China.
Genomic DNA was isolated from leaﬂets using Plant Genomic DNA
Extraction Kit (TIANGEN, Beijing, China).
2.2. Identiﬁcation of SSRs using MISA
The genome sequences of Tifrunner, A. duranensis and A. ipaensis
were downloaded from PeanutBase (http://peanutbase.org/) [25,28].
The genome sequences of Shitouqi were obtained by Dr. Weijian
Zhuang of FAFU [29]. Perl scripts software MISA (http://pgrc.ipkgatersleben.de/misa/) was used to scan SSR loci from the genome of
Tifrunner, and generate the FASTA ﬁle x.misa. The MISA was
performed using the following parameters [5,31]. For mononucleotide repeat motifs, repeat times ≥ 12; for di-nucleotide with
repeats motifs, repeat times ≥ 6; for tri- and quad-nucleotide repeats
motifs, repeat times ≥5; for penta- and hexanucleotide repeats motifs,
repeat times ≥ 4; for compound microsatellites, the interval between
two repeats motifs b 100 nt.
2.3. Design and ﬁlter of SSR primers
SSR primers were designed from the FASTA ﬁle x.misa generated
from MISA and analyzed by perl scripts p3_in.pl (http://pgrc.ipkgatersleben.de/misa/primer3.html). The FASTA ﬁle x.p3in was
obtained which contained the ﬂanking sequences of the
microsatellites. Then, the x.p3in ﬁle was analyzed in primer3 program
(https://primer3.org/) for designing the primers, and the result was
obtained as the FASTA ﬁle x.p3out. The parameters of primer3 were as
follows. Primer length N 18 and b27, melting temperature N 55°C and
b63°C, GC content N 30% and b 70%, the length of PCR product N 80 bp
and b 300 bp. Finally, the FASTA ﬁle x.p3out was invoked by perl
scripts p3_out.pl (http://pgrc.ipk-gatersleben.de/misa/primer3.html),
and the result was made available in excel.
2.4. Evaluation of SSRs in diploid and tetraploid peanut genotypes
The ampliﬁcation efﬁciency of newly developed SSRs was evaluated
using e-PCR program (Version: 2.3.12), which has been replaced by an
up-dated program “Primer-BLAST” (https://www.ncbi.nlm.nih.gov/
tools/primer-blast/index.cgi). The genome sequences of A. duranensis,
A. ipaensis, Tifrunner and Shitouqi were used as templates for primers
blast with the following parameters: no more than 2-bp mismatch, no
more than 1-bp gap, and the PCR product N50 bp and b 1000 bp [8].
Through e-PCR, the size of PCR product for each pair of primers in
each template (Arachis species) was scored. If the size of PCR products
was different in two Arachis species, this pair of primers was known as
the polymorphic markers.
2.5. Veriﬁcation using PCR ampliﬁcation
To verify the e-PCR results, polymerase chain reactions (PCRs) were
performed as described in our previous studies [5]. In brief, the PCR
reaction was performed in sterile 200-μl tubes using 20-μl ﬁnal
reaction volumes containing dNTP Mix, primers, rTaq (DR100A,
TaKaRa, Dalian, China), Mg2+, PCR buffer and template DNA. The
ampliﬁcation program consisted of 94°C (4 min), 35 cycles of 94°C/
55–63°C (Table S1)/72°C (30 s each), followed by 72°C for 7 min, and
then terminated at 16°C. PCR reaction was performed in Thermal
Cycler Dice TP600 (TaKaRa, Dalian, China). The PCR products were
detected through polyacrylamide gel electrophoresis [5]. The fragment
sizes of the PCR products were estimated by a comparison with
DL2000 DNA ladder (TaKaRa, Dalian, China).

J. Ma et al. / Electronic Journal of Biotechnology 44 (2020) 25–32

of Tifrunner with average 372 SSRs per chromosome (Table 2, Table
S1). Among them, chromosome 19 had the largest number (520) of
SSR markers, followed by chromosome 13 and 03, containing 510 and
462 SSR markers, respectively. Chromosome 07 (247) and 05 (343)
had fewer SSR markers in Tifrunner (Table 2, Table S1). These datasets
provided a platform for marker assisted breeding, gene and QTL
mapping in peanut.

3. Results
3.1. Characterization of the SSRs in cultivated peanut Tifrunner genomes
MISA results showed that the total length of the assembled genome
of Tifrunner was 2556.9 Mb, in which a total of 512,900 microsatellites
were identiﬁed with average 200.6 SSRs per Mb. The distance between
SSRs was average 5.0 Kb.
A more detailed investigation of individual motifs (repeat types)
was performed and a total of 410 types of SSR motifs were detected.
Among them, there were 2, 4, 10, 28, 94, 272 types of mono- to
hexanucleotide repeats in Tifrunner, respectively. A total of 196,389
dinucleotide repeats (38.3%) were identiﬁed, representing the most
abundant type of SSRs, followed by mono- (153,866, 30.0%), tri(119,361, 23.3%), penta- (21,525, 4.2%), tetra- (14,115, 2.8%) and
hexa- (7644, 1.5%) nucleotide SSRs (Fig. 1A). We then analyzed the
distribution of top 40 types of SSR motifs (Fig. 1B). As expected, A/T
had the highest occurrence (28.6% in Tifrunner), followed by AT/AT
(22.4% in Tifrunner), AG/CT (12.3% in Tifrunner) and AAT/ATT (11.3%
in Tifrunner) (Fig. 1B), which was in consistence with the results of
diploid peanut species [5]. In comparison with C/G containing motifs,
more A/T enriched motifs were identiﬁed in Tifrunner genome. For
example, A, AT, AAT, AAAT, AAAAT and AAAAAT represented the most
abundant motifs in mono- to hexanucleotide repeats, respectively
(Fig. 2).

3.3. In silico e-PCR analysis
To test the ampliﬁcation efﬁciency, speciﬁcity and polymorphism of
the newly developed SSR primers, the genome sequences of A.
duranensis, A. ipaensis, Tifrunner and Shitouqi were used as the
templates for in silico e-PCR analysis. The number, length, and location
of the in silico PCR product (s) were recorded and summarized (Table
3). In Tifrunner, a total of 4612 (59.46%), 1305 (16.82%), 334 (4.31%)
and 1506 (19.41%) of these primers could generate 1, 2, 3, N3 PCR
products in Tifrunner, respectively, and the ampliﬁcation efﬁciency of
these primers was 100%. In Shitouqi, a total 4562 (58.81%), 1278
(16.48%), 327 (4.22%) and 1507 (19.43%) of the primers could
generate1, 2, 3, N3 PCR products, respectively. Only 83 (1.07%) of the
primers could not generate PCR product, and the ampliﬁcation
efﬁciency was 99% (Table 3). Notably, nearly 59.46% and 58.81% of
these SSRs are single-locus SSR markers which generated only one
PCR product in Tifrunner and Shitouqi, respectively (Table 3).
In A. duranensis, the A sub-genome donor of cultivated peanut, a
total of 4948 (63.79%), 1734 (22.35%), 266 (3.43%), 117 (1.51%) and
692 (8.92%) of these primers could generate 0, 1, 2, 3, N 3 PCR
products, respectively. In A. ipaensis, the B sub-genome donor of
cultivated peanut, a total of 5400 (69.61%), 1127 (14.53%), 267
(3.44%), 125 (1.61%) and 838 (10.80%) of them could generate 0, 1, 2,
3, N 3 PCR products, respectively. The ampliﬁcation efﬁciency was
36.21% and 30.39% in A. duranensis and A. ipaensis, respectively, which
was signiﬁcantly lower than that in tetraploid peanut species (Table 3).
Venn analysis showed that a total of 1287 (16.6%) of these
primers could amplify in both A. duranensis, A. ipaensis, Tifrunner

3.2. Development of genome wide SSR primers
Using primer3 package, a total of 7757 SSRs ampliﬁcation primers
were designed (Table 1). The annealing temperature (Tm) ranged
from 55.0 to 62.5°C with average of 57.5°C. The expected length of
PCR product ranged from 80 to 300 bp with average length of
168.5 bp (Table 1). For each pair of primers, the SSR repeat motif,
position in chromosome, primer sequences, annealing temperature
(Tm), and the length of PCR production, etc. were listed (Table S1). All
these SSR primers were unequally distributed in the 20 chromosomes
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Fig. 1. Distribution of microsatellite motifs in Tifrunner. (A) Distribution of SSR motif length from mono- to hexanucleotide repeats in Tifrunner. Flexible relaxed criteria were used to
identify SSRs with minimum repeats number of 12, 6, 5, 5, 4, and 4 for mono- to hexanucleotide repeat motifs. (B) The most abundant SSRs motifs.
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Fig. 2. Distribution of SSR motif repeat number from mono- to hexanucleotide. The vertical axis shows the abundance of SSRs with different motif repeat number (from 4 to N20), which
are discriminated by legends of different colors.

and Shitouqi, suggesting these SSR markers had transferability
between cultivated and wild Arachis species. In addition, we
found that 1070 (13.8%), 1522 (19.6%) of these primers were
speciﬁc in A. duranensis and A. ipaensis, respectively, implying
that the primers can be used to distinguish the A. duranensis and
A. ipaensis (Fig. 3).

(Fig. 5). These results demonstrated that these SSR primers have high
polymorphisms, especially between A. duranensis and A. ipaensis,
indicating that these SSRs have a high application value in peanuts,
and can be used for distinguishing the alleles from A or B sub-genome.

3.4. Polymorphism analysis of SSR primers in different cultivars and wild
species

In our previous study, a candidate gene AhTc1 that controls purple
seed coat color was mapped in a 4.7-Mb region (108.0 Mb to
112.7 Mb) in chromosome A10 [30]. In this study, a total of 33 SSR
markers were selected between 108.0 to 112.70 Mb of chromosome
A10 (Table S1). After screening, we found that two SSR markers
Arahy.10_191964_3 and Arahy.10_191425_1 showed polymorphism

To evaluate the polymorphism of the developed SSR primers, the
length of e-PCR product was compared between two cultivars,
Tifrunner and Shitouqi, and a total of 4562 primers could generate one
speciﬁc PCR products, and 2286 (50.11%) of them showed
polymorphism. Between two wild peanut species, A. duranensis and A.
ipaensis, 1416 out of 1417 (99.93%) of primers showed polymorphism.
Between cultivars and wild peanut species, including Tifrunner and A.
duranensis, Tifrunner and A. ipaensis, Shitouqi and A. duranensis,
Shitouqi and A. ipaensis, 4314 out of 4584 (94.11%), 4220 out of 4591
(91.92%), 4204 out of 4465 (91.15%) and 4126 out of 4471 (92.28%)
primers showed polymorphism, respectively (Fig. 4). To validate the
polymorphism predicted by electric PCR, 20 SSRs were selected for
ampliﬁcation in A. duranensis, A. ipaensis, Tifrunner and Shitouqi. Our
results showed all these primers could produce clear ampliﬁcation
products. Most of the SSRs displayed polymorphism in the tetraploid
and diploid peanuts which is consistent with the results of e-PCR

Table 1
Summary of SSR markers in Tifrunner.
Repeats

Number

Types

Proportion (%)

Frequency (per Mb)

MonoDiTriTetraPentaHexaTotal

66
4743
2358
229
264
97
7757

3
10
36
29
58
54
190

0.85%
61.14%
30.40%
2.95%
3.40%
1.25%
100.00%

0.03
1.87
0.93
0.09
0.10
0.04
3.06

3.5. Identiﬁcation SSR markers linked with purple testa and high-oleic acid

Table 2
Distribution of SSR primers in chromosomes of Tifrunner.
Chr.

Chromosome size
(Mb)

Number

Frequency
(per Mb)

Frequency
(one every kb)

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
Others
Total

112.42
102.97
143.79
128.80
115.90
115.49
81.10
51.86
120.50
117.08
149.27
120.57
146.71
143.20
160.87
154.79
134.92
135.13
158.59
143.96
1.98
2539.90

364
346
462
368
343
303
247
321
387
343
381
359
510
353
430
444
435
422
520
407
12
7757

3.24
3.36
3.21
2.86
2.96
2.62
3.05
6.19
3.21
2.93
2.55
2.98
3.48
2.47
2.67
2.87
3.22
3.12
3.28
2.83
6.05
3.29

308.83
297.59
311.24
350.00
337.90
381.16
328.36
161.54
311.36
341.35
391.79
335.85
287.67
405.68
374.11
348.63
310.16
320.22
304.97
353.71
165.17
320.35
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Table 3
Generated number of in silico PCR products by genome-wide SSR markers in A. duranensis, A. ipaensis, Tifrunner and Shitouqi genomes.
In silico PCR in

Zero

One

Two

Three

NThree

Total

A. duranensis
A. ipaënsis
Tifrunner
Shitouqi

4948 (63.79%)
5400 (69.61%)
0 (0.00%)
83 (1.07%)

1734 (22.35%)
1127 (14.53%)
4612 (59.46%)
4562 (58.81%)

266 (3.43%)
267 (3.44%)
1305 (16.82%)
1278 (16.48%)

117 (1.51%)
125 (1.61%)
334 (4.31%)
327 (4.22%)

692 (8.92%)
838 (10.80%)
1506 (19.41%)
1507 (19.43%)

7757 (100.00%)
7757 (100.00%)
7757 (100.00%)
7757 (100.00%)
7757 (100.00%)
7757 (100.00%)

between the purple and pink testa parents. To test the linkage between
these two markers with the purple testa, 10 purple and 10 pink extreme
trait F2 individuals were selected for veriﬁcation (Fig. 6A). Results
showed that these two SSR markers were all co-segregated with the
testa color, which conﬁrmed the QTL-seq results of our previous
studies. In addition, this result suggested that these two markers were
closely related with the purple testa (Fig. 6B).
In peanut, high-oleic acid trait is jointly controlled by two recessive
genes, FAD2A and FAD2B, which are homologous alleles from A subgenome and B sub-genome, respectively [32,33]. FAD2A was located at
114,194,562- to 114,195,701-bp map position on chromosome 09 and
the FAD2B was located at 154,049,683- to 154,048,544-bp map
position on chromosome 19. In our dataset, there are 11 and 16 SSR
markers near to FAD2A and FAD2B, respectively (Table S1). These SSR
markers located on Chr09: 113,236,238 ~ 115,199,158 and Chr19:
153,152,701 ~ 155,030,189, and the distances between SSR markers
with each FAD2 genes are no more than 1 Mb, indicating that the
probabilities of segregation and recombination between these SSR
markers with the FAD genes are rare. Thus, these SSR markers have
potential application value in screening the genotype of FAD genes.
4. Discussion
4.1. Quality and speciﬁcity of the SSR markers
Despite the rapid development of new generation of molecular
markers, such as SNPs and Indels, SSRs are found to be an
indispensable marker for genotyping, diversity estimation, QTL
mapping and other related genetic and genomic studies. Thus, many
efforts have been made for large-scale identiﬁcation of the SSR
markers from ESTs, transcriptomes and genome sequences of diploid
peanut [34,35,36]. Cultivated peanut is an allotetraploid (AABB)
originated from a single hybridization event between A. duranensis

Fig. 3. Transferability of SSR markers between different Arachis.

(AA) and A. ipaensis (BB). Many studies have revealed the presence of
repeating sequences in both the genome and the transcriptome of
peanut because of their polyploid nature. Hence, many of the
previously identiﬁed SSR markers come from the homologous DNA
sequences. In this study, we developed a total of 7757 SSRs markers
using recently assembled genome of cultivated peanuts. Considering
the potential repetitive sequences in peanut genomes, strict
parameters were applied and low-quality primers were removed
including the repeat primers, length of PCR product N 2000 bp,
mismatched bases N 1 in peanut genome. The e-PCR results
demonstrated that nearly 60% of them are single-locus SSR markers,
which have advantages in genetics and molecular breeding studies
compared with multi-locus markers, such as the speciﬁcity in
distinguishing the alleles of A and B sub-genomes (Fig. 3).

4.2. Application of SSR markers in mapping QTLs/genes and molecular
marker-assisted breeding
In the last decades, great achievements have been made in
mapping QTLs/genes related to important agronomic traits of
peanut, such as purple testa color, oleic acid content, branch habit,
seed size, and resistance to nematode, leaf spot and Tomato spotted
wilt virus (TSWV) [30,37,38,39,40,41]. Using the recently released
genome sequences of peanuts [28,29,42], many of these markers,
QTL and candidate genes could be re-mapped in speciﬁc physical
region in peanut genome. In the present study, we developed
large-scale genome-wide SSR markers and their positions are
speciﬁc in peanut genome which can be used for re-mapping these
QTLs and even cloning the candidate genes. These SSR markers will
be an important genomic resource for the peanut research
community.
Testa color is an important agronomic trait for peanut. Recently,
peanuts with purple testa have attracted increasing attention of
customers due to their higher anthocyanin content and better
antioxidant effect [43]. Here, we identiﬁed two SSR markers,
Arahy.10_191964_3 and Arahy.10_191425_1 which were closely
related with the purple testa (Fig. 6). In comparison with SNPs, SSR
markers can easily be detected cost-effectively, and can be used for
breeding the purple testa peanut varieties using molecular markerassisted breeding (MAS) approach. Moreover, these SSR markers can
be used for genotyping all the F2 lines, which would assist in further
ﬁne mapping and cloning candidate genes.
High-oleic acid is one of the important objectives of peanut
breeding. To breed high-oleic acid cultivars using MAS together with
backcrossing approach, several kinds of molecular markers has been
developed for detecting the mutant of FAD2A and FAD2B, including
Cleaved Ampliﬁed Polymorphic Sequences (CAPS), Direct Sequencing
for PCR products, and Kompetitive allele speciﬁc PCR (KASP)
[44,45,46]. However, the stability of these methods was sometimes
not satisfactory. In this study, we identiﬁed 11 and 16 SSR markers
near to FAD2A and FAD2B (Table S1), respectively, which have
potential application value in screening the genotype of FAD genes,
and could be an alternative way to in high oleic acid peanut breeding
using MAS.
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Total tested primers

Polymorphic primers

Percentage
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94.11%

3500

91.92%

94.15%

92.28%
80.00%

3000
2500
2000

60.00%

2286
50.11%
1417

1500

1416

40.00%

Percentage of polymorphic SSRs

4500

Number of tested SSR primers

4591

4584

4562

1000
20.00%
500

0.00%

0
Tif VS Shi

Tif VS Dur

Tif VS Ipa

Shi VS Dur

Shi VS Ipa

Dur VS Ipa

Fig. 4. Characterization of the polymorphism of identiﬁed SSRs through pairwise comparison in different Arachis. Abbreviation: Tif, Tifrunner; Shi, Shitouqi; Dur, A. duranensis; Ipa, A.
ipaensis.

Fig. 5. Validation of the ampliﬁcation efﬁciency and polymorphism of SSRs through PCR ampliﬁcation and electrophoresis analysis. Abbreviation: Tif, Tifrunner; Shi, Shitouqi; Dur, A.
duranensis; Ipa, A. ipaensis.
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Fig. 6. Screening and identiﬁcation of SSRs closely related to the purple testa color. A: Seeds of parental lines and F2 extreme individuals. B: Genotyping the parental lines and F2 extreme
individuals using marker Arahy.10_191964_3 and marker Arahy.10_191425_1.

4.3. SSR markers could be used to accelerate the application of Arachis wild
relatives
Molecular marker analysis has shown that cultivated peanut has a
narrow genetic base [47]. Many wild species of peanut showed high
resistance to biotic and abiotic stresses, and are valuable genetic
resources for cultivars improvement [48,49,50]. Resynthesis of
tetraploid materials via the use of various diploid species have been
proved an effective method to utilize the excellent traits of wild
species [51]. In this study, the SSR markers showed highly
polymorphism between the cultivated and wild peanut species, which
could be used for both background selection and tracking target traits.
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