
• Peanut (Arachis hypogaea L., 2n=4x=40) is a staple crop that is planted and consumed 
globally as a source of protein and oil

• In the United States, 2,782,290 MT of peanuts were produced in 20201

• Runner-Types, Virginia-Types, Spanish-Types, and Valencia-Types, are grown on 85%, 
10%, 2%, and 1%  of United States peanut acreage respectively2

• NCSU has been involved in Virginia-Type peanut breeding and improvement since the 
1930s4

• Breeding actives within the NCSU Peanut Breeding and Genetics (PB&G) program 
were informed by visual ratings and observations.  

• Novel mating schemes, which added genes from wild species into the peanut breeding 
population is an vital part of the PB&G program history. The genes from wild species 
allowed the cultivars produced from NCSU to be resistant to economically damaging 
pathogens.

• Contemporary genomic data are cheap, high volume and can be generated quickly

• Using genomic data in breeding is known as genomics-assisted breeding. Integrating 
genomic technology leads to more efficient and accurate cultivar development.
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Results

Funding
A) Create Genomic Resources for the NCSU PB&G Program 

B) Use Genomic Data to Characterize Peanut Lines within the Breeding Population 

C) Characterize Historical Wild Species Introgression Events

D) Generate the Information Needed for Genomics-Assisted Breeding in the NCSU 

PB&G Program

• Cultivar Bailey II was chosen to represent Virginia-Type peanut as the reference 

genomic sequence. This cultivar has excellent product shelf life, outstanding 

agronomic performance, and good disease resistance to fungal pathogens.

• Genome assembly was done with a series of bioinformatics software packages 

which took raw genomic sequence data and assembled the data into large pieces. 

Those pieces were further corrected and connected into chromosome-scale linear 

sequences. The genome was annotated using a modified BIND7 pipeline.

• Variant discovery, i.e. discovering genetic differences, was done for 66 peanut lines, 

of historical and agronomic significance to the breeding program. Variant discovery 

was largely done following GATK8 best practices.

Bailey II Genome Sequence:

Genomic Variant Discovery: 

Evidence of Wild Species Genome in Cultivated Peanut Lines

A) Create Genomic Resources for the NCSU PB&G Program

• Genome reference sequence was generated and 

represents a large enhancement in terms of contiguity   

• Greater than one million high quality variant sites were 

identified throughout the genome for the breeding 

population

B) Use Genomic Data to Characterize Peanut Lines within the Breeding 

Population 

• Markers discovered serve as ‘fingerprints’ for different 

individuals 

• The genomic relationship between individuals was 

quantified 

C) Characterize Historical Wild Species Introgression Events

• Genomic blocks were identified and delimited in better 

resolution when what was previously possible

D) Generate the Information Needed to Launch Genomics-Assisted Breeding 

in the NCSU PB&G program
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Figure 5. Twenty hypogaea chromosomes 

colored by marker density within windows 

of 500,000 base pairs. Marker density has 

been scaled by natural log

Figure 6. Genomic state identity matrix of individuals 

important to the NCSU PB&G program. Individuals are 

organized by Euclidean distance

Genome Assembly Number of Contigs Sequence Length (bp) Complete BUSCOs

Bailey II 591 2,532,481,151 5181

Tifrunner (v2)9 3496 2,534,699,547 5180

Shitoqi10 6289 2,506,086,556 5174

Fuhuasheng11 31747 2,483,343,588 5078

A 83% decrease in the number of contigs when 

compared with Tifrunner v2

Table 1. Comparison of the Bailey II genome assembly with other cultivated peanut assemblies as a way to 

contextualize the quality of the genome 

Gregory

NC 5

NC 6

N96076L

Bailey

Bailey II

Emery
Sullivan
Wynne

SPT 07-01

SPT 10-12ol

SPT 13-05ol

IAC 322

Figure 7. The genomic identity of several peanut lines (represented as rows) across chromosome eight. The 

dark red and orange within the black box represents foreign genetic material from the wild species mating event, 

shown in figure 3. Light yellow represents the baseline peanut genome. These blocks of foreign DNA allow for 

enhanced disease resistance in contemporary cultivars

Figure 4. The popular 

Bailey II peanut cultivar, 

chosen for whole 

genome sequencing 

and assembly 
Figure 1. Peanut Market-Types: Runner, Valencia, Spanish, Virginia 
(Listed from left to right3

Figure 2. Example of recurrent visual selection for breeding peanut5

cultivars used in the NCSU PB&G program 

Figure 3. Photograph6 showing the result of a wild 
species (A. cardenasii) mated with cultivated 
peanut (A. hypogaea) at NCSU in the 60s
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Enhanced Development of Peanut Cultivars!

Figure 7. Flowchart demonstrating how the genomic information in this 

study will lead to timely, accurate peanut cultivar development in the NCSU 

PB&G program
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