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by marker assisted backcrossing in our breeding pro-
gram. The objective of present study is to character-
ize bacterial wilt disease resistance and yield related 
traits in these novel peanut lines. The two-year dis-
ease nursery survival rates were used as an indica-
tor for bacterial wilt resistance, and the diagnostic 
markers identified by QTL mapping were used for 
molecular verification. Genetic background of high 
oleic peanut lines was estimated by 40 K genotyping 
by target sequencing (GBTS) SNP panel. Preliminary 
and regional yield tests were performed for selected 
breeding lines in 2021. As a result, an elite high oleic 
peanut accession Yuhua183 was identified, inherit-
ing the superior characteristics of its recurrent par-
ent such as resistance to bacterial wilt, high shelling 
percentage and early maturity. The development of 
Yuhua183 broadened the genetic background of high 
oleic peanut germplasm, providing valuable genetic 
resources for peanut breeding and further utilization.

Keywords  Peanut · Arachis hypogaea · Oleic acid · 
Bacterial wilt resistance · Genotyping by target 
sequencing · Yield related traits · Marker assisted 
backcross

Introduction

Peanut (Arachis hypogaea L.) is a valuable source 
of plant protein and edible oil worldwide. It is 
grown in more than 100 countries, with India and 

Abstract  The peanut rich in oleic acid in seed oil, 
also known as high oleic peanut, renders its products 
superior in human healthy diet, long shelf life and 
high oxidative stability in food and oil processing. 
High oleic peanut varieties in China are derived from 
a handful of high oleic donors with limited genetic 
background. Improvement of high oleic peanut culti-
vars by integrating key target traits is crucial for both 
food security and germplasm enhancement. Several 
superior high oleic peanut lines have been developed 
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China ranking first in acreage and production, 
respectively (FAOSTAT 2020 https://​www.​fao.​
org/​faost​at/​en/#​home). Peanut oil is composed of 
eight fatty acids, namely palmitic acid (C16:0), 
stearic acid (C18:0), oleic acid (C18:1), linoleic 
acid (C18:2), behenic acid (C22:0), arachidic acid 
(C20:0), gadoleic acid (C20:1) and lignoceric 
acid (C24:0), of which oleic acid and linoleic acid 
account for approximately 80% of the total fatty 
acids (Shasidhar el al. 2017). The ratio of oleic acid 
and linoleic acid determines the quality of peanut 
oil. As unsaturated fatty acids, both oleic and lin-
oleic acids are capable of lowering cholesterols 
and the risks of cardiovascular diseases. Linoleic 
acid encompasses one more reactive double bond 
than oleic acid, and is hence more prone to oxida-
tion compared to oleic acid. Therefore, high oleic 
peanut oil is preferred in food industry because of 
chemical stability and long shelf life (Talcott et al. 
2005a, b).

The direct conversion of oleic acid to linoleic 
acid was catalyzed by omega-6 fatty acid desatu-
rase (namely FAD2) in seed oil of peanut (Ray 
et  al. 1993; Lopez et  al. 2001). Typically, the 
amount of oleic acid in peanut kernels ranges from 
48 to 54%. A peanut mutant line F435, with the 
amount of oleic acid reaching 80%, was reported 
in 1987 (Norden et  al. 1987). Mutations in FAD2, 
including single nucleotide substitution on chro-
mosome A09 and nucleotide insertion on chromo-
some B09, result in marked attenuation in FAD2 
activity and increased proportion of oleic acid at 
the expense of linoleic acid in F435 seed oil (Jung 
et  al. 2000a, b). Consequently, a series of high 
oleic peanut cultivars were developed by using 
F435 as high oleic donor parent.

In the three decades of high oleic breeding 
in peanut, desirable traits such as disease resist-
ance have been integrated in high oleic peanuts by 
marker assisted selection (Holbrook et  al. 2017; 
Deshmukh et  al. 2020). To facilitate the broaden-
ing of genetic background in high oleic peanut, we 
developed 34 advanced high oleic breeding lines 
by FAD2 marker assisted backcrossing (MABC) 
using high yielding, disease resistant and early 
matured elite peanut cultivars as recurrent parents 
(Huang et al. 2019). In the present study, we aim to 
characterize such elite lines derived from MABC 

and explore their utilization in high oleic peanut 
germplasm.

Materials and methods

Plant materials

Thirty-four high oleic peanut breeding lines devel-
oped by MABC, were selected to identify bacterial 
wilt resistance in a disease nursery (Table  1). Their 
recurrent parent Yuanza9102, is a Spanish-type pea-
nut variety with bacterial wilt disease resistance 
released by the Institute of Industrial Crops, Henan 
Academy of Agricultural Sciences in 2001. A high 
oleic germplasm DF12, was the donor parent for high 
oleic alleles which were selected by fad2 markers in 
MABC (Huang et al. 2019).

Phenotyping for bacterial wilt resistance

High oleic breeding lines derived from Yuanza9102 
were planted in a randomized complete block design 
with two replications in a bacterial wilt disease nurs-
ery (at Hezhou, Guangxi Province) in autumn 2018 
and spring 2019. Twenty seeds of each accession 
were planted in row of 200 cm long with rows 30 cm 
apart. The numbers of emerging seedlings were 
recorded two weeks after sowing. At maturation, the 
established plants of each accession were counted and 
survival rates were calculated as an indicator of bac-
terial wilt resistance. Analysis of Variance (ANOVA) 
tests for survival rates of thirty-eight varieties were 
conducted by GenStat software 18th edition (VSN 
International Ltd.).

DNA extraction and marker genotyping

Genomic DNA was extracted from thin slices of 
mature seeds using the Plant Genomic DNA Kit 
(TIANGEN BIOTECH CO., Beijing, China). DNA 
concentrations were measured using NanoDrop 2000 
(Thermo Scientific). The Kompetitive Allele Specific 
PCR (KASP) reaction mixture entailed 2.5 μL DNA 
template (10 to 20 ng), 2.43 μL of 2 × KASP Master 
Mix (LGC, Hoddesdon, UK), and 0.07 μL KASP 
Assay mix. The assay mix contains two allele-specific 

https://www.fao.org/faostat/en/#home
https://www.fao.org/faostat/en/#home
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Table 1   Peanut breeding lines analyzed by phenotyping and genotyping

Accession Methods of evaluation

Yuanza9102 (Recurrent parent of HAAS2) Survival rate; KASP assay; preliminary test; 40 K SNP panel
DF12 (Donor parent of HAAS2) Survival rate; KASP assay
Zhonghua12 (Susceptible) Survival rate
Zhonghua6 (Resistant) Survival rate
HAAS2BC4-118(N)-2–1–1 KASP assay; preliminary test; 40 K SNP panel
HAAS2BC4-118(N)-2–1–5 Survival rate
HAAS2BC4-118(N)-2–1–6 Survival rate
HAAS2BC4-118(N)-2–1–7 Survival rate
HAAS2BC4-118(N)-2–1–9 Survival rate
HAAS2BC4-118(N)-4–1–1 Survival rate
HAAS2BC4-118(N)-4–1–2 Survival rate
HAAS2BC4-118(N)-4–1–3 Survival rate
HAAS2BC4-118(N)-4–1–4 Survival rate
HAAS2BC4-118(N)-4–1–7 Preliminary test
HAAS2BC4-118(N)-6–1–1 Survival rate
HAAS2BC4-118(N)-6–1–3 Survival rate
HAAS2BC4-118(N)-6–1–4 Survival rate; preliminary test
HAAS2BC4-118(N)-6–1–5 Survival rate
HAAS2BC4-118(N)-6–6–4 Survival rate
HAAS2BC4-118(N)-6–6–5 Survival rate; preliminary test
HAAS2BC4-118(N)-6–6–6 Survival rate
HAAS2BC4-118(N)-6–10–2 Survival rate
HAAS2BC4-118(N)-6–10–3 Survival rate
HAAS2BC4-118(N)-6–10–4 Survival rate
HAAS2BC4-118(N)-7–1–4 Survival rate
HAAS2BC4-118(N)-7–1–5 Survival rate
HAAS2BC4-118(N)-7–1–6 Survival rate
HAAS2BC4-140(N)-4–10–3 KASP assay; preliminary test; 40 K SNP panel
HAAS2BC4-140(N)-5–1–3 Survival rate
HAAS2BC4-140(N)-5–1–4 Survival rate
HAAS2BC4-140(N)-5–1–7 Survival rate
HAAS2BC4-140(N)-5–11–9 Survival rate; KASP assay; preliminary test; 40 K SNP panel
HAAS2BC4-140(N)-5–17–4 Survival rate
HAAS2BC4-140(N)-5–17–5 Survival rate
HAAS2BC4-140(N)-5–17–6 Survival rate
HAAS2BC4-140(N)-5–17–7 Survival rate
HAAS2BC4-140(N)-5–17–10 KASP assay; preliminary test; 40 K SNP panel
HAAS2BC4-140(N)-11–2–1 Survival rate
HAAS2BC4-140(N)-11–2–3 (Yuhua183) Survival rate; KASP assay; preliminary test; 40 K SNP panel
HAAS2BC4-140(N)-11–2–4 Survival rate
HAAS2BC4-140(N)-11–4–3 Survival rate
HAAS2BC4-140(N)-11–4–5 Survival rate
Yuhua15(recurrent parent of HAAS1) 40 K SNP panel
Kainong1715(donor parent of HAAS1) 40 K SNP panel
HAAS1BC4-105(N)-6–5–1 40 K SNP panel
HAAS1BC4-105(N)-9–2–4 40 K SNP panel
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forward primers and one reverse primer (Table  2). 
Five breeding lines derived from Yuanza9102 were 
genotyped by KASP assay to identify bacterial wilt 
resistance using qBWA12 markers previously devel-
oped (Qi et al. 2022). All breeding lines derived from 
MABC were selected by fad2 KASP markers previ-
ously described (Huang et al. 2019).

Yield and quality traits of eight lines derived from 
Yuanza9102

Eight breeding lines were included in a preliminary 
test in the spring of 2021 at Yuanyang, Henan Prov-
ince and planted in randomized complete block design 
with two replications. 160 seeds of each breeding line 
were sowed in plot consisted of four rows 40 cm apart 
and 600  cm long with plant space of 15  cm. Oleic 

acid content in the kernels of each breeding line was 
measured by a DA7250 near infrared analyzer (Perten 
Instruments, Sweden), as previously described 
(Huang et  al. 2019). Yield traits including hundred-
pod weight (HPW), hundred-kernel weight (HKW) 
and shelling percentage were investigated. One-way 
Analysis of Variance (ANOVA) tests for yield data of 
eight breeding lines were conducted by GenStat soft-
ware 18th edition (VSN International Ltd.).

Phylogenetic analysis of five Yuanza9102 derived 
lines

Eleven accessions including five Yuanza9102 
derived lines were genotyped by 40  K SNP panel 
developed from genotyping by target sequencing 
(GBTS). A phylogenetic tree was constructed by 

Table 1   (continued)

Accession Methods of evaluation

HAAS1BC4-105(N)-16–1–6 40 K SNP panel

Table 2   Primer sequences of KASP markers for genotyping bacterial wilt resistance and oleic content

Trait Genomic position Primer_AlleleFAM Primer_AlleleHEX Primer_Common Allele_FAM Allele_HEX

Bacterial wilt 
resistance

A12.4097252 CAA​AAC​AGC​
AAG​TTG​AAG​
AAT​GTT​AG

CAA​AAC​AGC​
AAG​TTG​AAG​
AAT​GTT​AC

TAC​AAT​CCT​TTT​
AGT​GGC​CTT​
ACT​C

G C

A12.4240574 GAG​AAA​ATA​
GGG​TTA​TTT​
TCT​GCC​TTGTT​

GAA​AAT​AGG​
GTT​ATT​TTC​
TGC​CTT​GTC​

TAC​AGT​AAG​
ATG​TCA​GAA​
CTT​GAG​CCTT​

A G

A12.4471816 AAA​AAT​TTA​ATT​
AAG​TGG​CAT​
TTC​ATT​TAA​
GAA​

AAA​AAT​TTA​ATT​
AAG​TGG​CAT​
TTC​ATT​TAA​
GAG​

GAG​ATA​ATT​
GTG​AAG​
GAT​CGG​ATG​
AGATA​

A G

A12.4574468 ATT​ATA​CTT​TAA​
TAT​ATA​TTC​
ACT​ACT​TAT​
ACA​

ATA​CTT​TAA​TAT​
ATA​TTC​ACT​
ACT​TAT​ACG​

TCC​TTC​CTA​GCT​
AGC​TTG​TTT​
CTT​TTA​AAA​

A G

A12.5049380 TTT​GCA​TTG​TGT​
ATA​CAA​CAA​
CTC​ATTAG​

AAA​TTT​TGC​ATT​
GTG​TAT​ACA​
ACA​ACT​CAT​
TAA​

GAC​GAA​CTA​
ATG​ACT​AAT​
TCG​TTG​TAT​
ATT​

C T

Oleic content FAD2a TGG​TTT​TGG​GAC​
AAA​CAC​TTC​
GTC​

TTG​GTT​TTG​GGA​
CAA​ACA​CTT​
CGT​T

GCC​ACC​ACT​
CCA​ACA​CCG​
GTT​

G A

FAD2b ACA​AAC​ACT​
TCG​TCG​CGG​
TCG​

GAC​AAA​CAC​
TTC​GTC​GCG​
GTCT​

CGC​CAC​CAC​
TCC​AAC​ACA​
GGTT​

– A
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Neighbor-Joining method with 1000 bootstrap repli-
cations in MEGA software (Kumar et al. 2018). The 
tree was drawn by online tool iTOL v6 (https://​itol.​
embl.​de/).

Multi‑location test

Among the high oleic lines derived from 
Yuanza9102, HAAS2BC4-140(N)-11–2–3, also 
known as Yuhua183, was included in the yield test in 
Jiangxi Province with Changhua1 (CH1) as the check 
cultivar. Eight accessions were planted in a rand-
omized complete block design with three replications 
at five locations in 2021. Each plot was 5 m long and 
2  m wide. 300 seeds of each accession were sowed 
per plot. Ten plants from each plot were collected 
for phenotyping. Maturity date was recorded for 
each accession. Yield traits were estimated by HPW, 
HKW and shelling percentage. The whole plots were 
harvested for yield evaluation. Analysis of Variance 
(ANOVA) tests for yield data of eight varieties were 
conducted by GenStat software 18th edition (VSN 
International Ltd.).

Results

Bacterial wilt resistance of Yuanza9102 derived lines

In spring 2018 and autumn 2019, 34 breeding lines 
derived from marker assisted backcrossing were 
tested in the bacterial wilt disease nursery at Hezhou, 
Guangxi Province (Table  1). Survival rates of the 
breeding lines were not different from those of recur-
rent parent Yuanza9102 and resistant check Zhon-
ghua6. These derived lines were distinct from sus-
ceptible check Zhonghua12 and high oleic donor 
parent DF12 based on survival rates (Supplementary 
Table S1). However, significant variation of survival 
rates was observed between the years of 2018 and 
2019 (Supplementary Table S2).

Variation of yield and quality traits

Eight superior lines derived from Yuanza9102 were 
investigated for yield related traits in a preliminary 
test at Yuanyang, Henan province in 2021 (Table 1). 
The shelling percentage of these lines were not sig-
nificantly different from one another (Table  3; Sup-
plementary Table S3). Significant variations of HPW 
and HKW were observed among eight breeding lines. 

Table 3   Yield and quality traits of eight advanced lines in 2021

Tukey’s test was declared for significance at p value threshold of 0.05

Accession Oleic acid (%) Hundred-
pod weight 
(g)

Multiple 
comparison 
(Tukey’s)

Hundred-
kernel weight 
(g)

Multiple 
comparison 
(Tukey’s)

Shelling 
percentage 
(%)

Multiple 
comparison 
(Tukey’s)

HAAS2BC4-
118(N)-2–1–1

75.23 180.00 bc 70.00 ab 70.40 a

HAAS2BC4-
118(N)-4–1–7

73.83 188.00 d 74.00 ab 71.80 a

HAAS2BC4-
118(N)-6–1–4

74.26 179.00 ab 68.00 a 71.60 a

HAAS2BC4-
118(N)-6–6–5

74.61 172.00 a 70.00 ab 73.00 a

HAAS2BC4-
140(N)-4–10–3

73.30 180.00 bc 72.00 ab 71.80 a

HAAS2BC4-
140(N)-5–11–9

72.52 175.00 ab 68.00 a 70.20 a

HAAS2BC4-
140(N)-5–17–10

73.45 187.00 cd 77.00 ab 72.80 a

HAAS2BC4-
140(N)-11–2–3

73.85 189.00 d 71.00 ab 72.20 a

Yuanza9102 41.38 177.00 ab 78.00 b 75.00 a

https://itol.embl.de/
https://itol.embl.de/
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The HPW of HAAS2BC4-140(N)-11–2–3 was signif-
icantly larger than that of Yuanza9102. The HKW of 
two breeding lines were significantly lower than that 
of their recurrent parent, while the HKW of other six 
lines were similar to Yuanza9102. The oleic acid con-
tent of eight Yuanza9102 derived lines was between 
72.52 and 75.23%, significantly higher than that of 
Yuanza9102.

Genetic characterization of Yuanza9102 derived lines

Five superior lines derived from Yuanza9102 
were selected and genotyped by 40  K SNP panel 
(Table  1). Three lines derived from Yuhua15 were 
also included. The 40  K SNP data of eleven acces-
sions was filtered by minor allele frequency (MAF) 
of 0.01, resulting in 11,435 SNPs. Phylogenetic 
analysis showed that these breeding lines were 

clearly grouped in association with their respective 
recurrent parent. HAAS2BC4-140(N)-4–10–3 and 
Yuanza9102 formed a single clade, indicating their 
close genetic association with each other, distinct 
from other Yuanza9102 derived lines. HAAS2BC4-
140(N)-11–2–3 and HAAS2BC4-118(N)-2–1–1 
were both found on separate branches distinct from 
Yuanza9102, with HAAS2BC4-140(N)-11–2–3 clus-
tered more closely with Yuanza9102 (Fig. 1).

The five lines derived from Yuanza9102 were 
examined by SNP markers closely linked to bacte-
rial wilt resistance. Their genotypes were the same 
as the genotype of bacterial wilt resistant parent 
Yuanza9102 based on KASP results at five SNP loci 
(Table  4). The five SNPs of high oleic donor par-
ent DF12 were different from those of bacterial wilt 
resistant accessions, indicating that alleles from 

Fig. 1   Phylogenetic tree 
of advanced lines derived 
from different recurrent 
parents. HAAS1 denoted 
breeding lines derived from 
Yuhua15 × Kainong1715 
(in red). HAAS2 denoted 
breeding lines derived 
from Yuanza9102 × DF12 
(in blue). Bootstrap values 
were indicated on the 
branches. (Color figure 
online)
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recurrent parent Yuanza9102 contributed to bacterial 
wilt resistance in these derived lines.

Yield related traits of Yuhua183 in multi‑location test

Yuhua183, namely the breeding line HAAS2BC4-
140(N)-11–2–3, matured 4 days earlier than the check 
cultivar CH1 in the multi-location test in Jiangxi 
province in 2021 (Table 5). The average shelling per-
centage of Yuhua183 reached 71.35%, which was the 
highest among eight varieties (Supplementary Tables 
S4 and S5). The pod yield and kernel yield (kg/ha) of 
Yuhua183 were not significantly different from those 
of the check cultivar at five locations.

Discussion

A spontaneous peanut mutant F435 with elevated 
oleic acid content was discovered in the U.S. breed-
ing program (Norden et  al. 1987). Since then, F435 
and its derived lines had been used as the high oleic 
donor lines in the U.S., leading to the release of sev-
eral high oleic peanut varieties including ‘SunOleic 

95R’, ‘Tamrun OL01’, ‘Tamrun OL02’, ‘Tamrun 
OL12’ and ‘Florida-07’ (Burow et  al. 2014; Gorbet 
and Knauft 1997; Gorbet and Tillman 2009; Simp-
son et  al. 2003, 2006). The early-maturing variety 
“Tamrun OL12”, was derived from a single cross 
between a high oleic runner-type breeding line and an 
early maturing Spanish-type landrace. In more recent 
breeding schemes for high oleic peanuts, high oleic 
trait was pyramided with disease resistance or high 
oil content by marker assisted selection and marker 
assisted backcrossing (Chu et  al. 2011; Janila et  al. 
2016; Holbrook et al. 2017; Huang et al. 2019).

Runner-type high oleic peanut accessions released 
in the U.S. are usually with long growth duration and 
spreading growth habit. The two-crop rotation cul-
tivation in China is not suitable for planting runner-
type peanuts. Cultivars released in China required 
shorter growth duration and are usually with erect 
or bunch growth habit. The goal of peanut breeding 
in China is high yield with growth duration around 
120  days adapted to the two-crop rotation system. 
When the U.S. high oleic peanut germplasm were 
crossed with Chinese peanut cultivars, the progenies 
would show wide segregation of yield related traits, 

Table 4   Genotyping results for Bacterial Wilt resistance and oleic content in peanut

Accession Genotypes of bacterial wilt resistance and FAD2 markers

A12.4097252 A12.4240574 A12.4471816 A12.4574468 A12.5049380 FAD2a FAD2b Bacterial wilt Oleic content

Yuanza9102 G:G G:G G:G G:G T:T G:G /: / Resistant Medium
DF12 C:C A:A A:A A:A C:C A:A A:A Susceptible High
HAAS2BC4-

140(N)-4–10–3
G:G G:G G:G G:G T:T A:A A:A Resistant High

HAAS2BC4-
140(N)-5–11–9

G:G G:G G:G G:G T:T A:A A:A Resistant High

HAAS2BC4-
118(N)-2–1–1

G:G G:G G:G G:G T:T A:A A:A Resistant High

HAAS2BC4-
140(N)-11–2–3

G:G G:G G:G G:G T:T A:A A:A Resistant High

HAAS2BC4-
140(N)-5–17–10

G:G G:G G:G G:G T:T A:A A:A Resistant High

Table 5   Yield related traits 
of YH183 at five locations 
in Jiangxi province in 2021

Trait Cultivar Gaoan Nanchang 
(Xinjian)

Nanchang 
(Jingkai)

Jinxian Xinfeng Mean

Shelling percentage (%) Yuhua183 77.40 69.20 71.07 72.85 66.25 71.35
CH1 66.30 63.60 67.46 60.72 67.34 65.08

Growth duration (days) Yuhua183 119 123 114 115 122 117.75
CH1 123 123 120 119 122 121.25
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such as growth habit, growth duration, and seed size. 
Based on a survey of nine released high oleic varie-
ties in the first decades (from year of 2007 to 2017) 
since introduction of high oleic peanut germplasm, 
the growth duration of five varieties were longer than 
125 days, while the HKW of six varieties were less 
than 80 g (Wang et al. 2021). Moreover, it is impera-
tive to pyramid disease resistance with high oleic trait 
to adapt to field conditions with disease and pests. 
Marker assisted backcrossing is an effective approach 
to increase oleic acid content in locally adapted culti-
vars. In the backcross breeding program, our goal is 
to increase oleic acid content of popular peanut varie-
ties in China. The recurrent parents are usually with 
erect branching habit and matured earlier than the 
high oleic donor parents.

To develop high oleic peanut varieties with bacte-
rial wilt resistance, Yuanza9102 was chosen as the 
recurrent parent in our marker assisted backcross 
breeding project. Among the advanced lines derived 
from Yuanza9102, Yuhua183 was selected due to its 
high oleic acid content and early maturity. Yuhua183 
and its recurrent parent Yuanza9102 share competi-
tive characteristics including high shelling percent-
age. In the multi-location test, the pod yield and 
kernel yield of Yuhua183 were not significantly dif-
ferent from those of the check cultivar. Genotyping 
results of 40  K SNP panel and bacterial wilt diag-
nostic KASP markers indicated that Yuhua183 is a 
high oleic peanut accession genetically similar to 
Yuanza9102 and is identified as resistant to bacterial 
wilt disease.

Conclusion

An elite high oleic peanut cultivar, Yuhua183, was 
developed by FAD2 marker assisted backcrossing 
using popular cultivar Yuanza9102 as recurrent par-
ent. The bacterial wilt resistance was evaluated in 
disease nursery for two seasons, which was validated 
by qBWA12 diagnostic SNP markers. Phenotypic data 
at five locations indicated that Yuhua183 matures 
early with stable yield and high shelling percentage. 
Yuhua183 is an elite peanut cultivar which expands 
the genetic background of high oleic peanuts, and is a 
valuable germplasm resource for further utilization in 
peanut breeding.
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