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• Name: Vigna unguiculata (L.) Walp.

• Genome: Diploid (2n = 2x = 22), 
genome size of 640.6 Mbp

• Reproduction: Self-pollinated, 1-
2% outcrossing

• Origin: Recent evidence shows 
West Africa as the centre of 
domestication

Cowpea
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o Area: 14.9 m ha

o Production: 8.9 m tons

o SSA: 7.8 m tons

o SSA Yield: 602.6 Kg/ha

o Cultivated >88 countries

o Nigeria is the largest 
producer in Africa (46% 
of world production) 

Cowpea statistics

Source: Becky Mackelprang, 2019, FAO 2017
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Objectives: Develop Short, Medium, and Late duration cowpea 
varieties with enhanced resistance to Striga, Insects, and Diseases, 
and with agronomic attributes of high yield, and well adapted to the 
dry and hot zones in the tropics, targeting medium to large, white 
and brown  seeded cowpea for food and feed.

Constraints and Breeding Focus
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Cowpea genomic resources
Reference genome of IITA variety IT97K-499-35 [Lonardi et al 2019].

Illumina Cowpea iSelect Consortium Array: 51 128 SNPs [Muñoz-
Amatriaín ..Close..et al 2016]

Illumina 1,536-SNP GoldenGate genotyping array [Muchero et al 2009]

DArTSeq platform 

Low-density QC/QA KASP panel: 17SNPs [EiB, Ongom et al 2021]

Pan-genome: de novo assemblies of CB5-2, TZ30, ZN016, Suvita-2, Sanzi, 
and UCR779 [Liang, Muñoz-Amatriaí…Close…et al 2023]

Low-density Traits-based KASP panels [EiB]

Mid-density DArTag platform: ~ 2K SNPs [EiB, Ongom et al.pre-print]
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How genomics is being integrated

-Finding genetic varitions in germplasm

-Idntifying donor parents

Pre-discovery

Allele discovery

-Conduct marker-trait assosiations

[Linkage mapping/Genome-wide studies]

Validation

-QTL validation 

-Marker assay developmenet

Deployment

-Foward breeding 

-MABC

High/mid density panels 

Low density panel 

Mid/low density panels  
Low density

Mid-density
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Low-density marker panels 
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1. QC/QA markers 

2. Traits-specific markers 

All based on KASP (Kompetitive allele-
specific PCR)

KASP assay reaction contains:

• 2 Allele specific forward primers with 
fluorescent labels, 

• 1 common reverse primer and the sample 
DNA

Two Types of low-density markers
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Initially, 177 diverse cowpea lines were 
genotyped with Illumina 1,536-SNP 
GoldenGate assay 

Cowpea QC/QA panel: SNP selection

SNPs for QC were selected based on:
o High polymorphism

o SNPs call neutrality

o Low locus heterozygosity (<4%)

o Linkage group coverage (2 SNPs/ LG)
SNP ID Chr SNP Design sequence

snpVU0001 1 c/g ATGGAGGATTATATCCTCCATTGAGCAGAAGGAGGAGAGCAGAGGCAATGAGGACCACGT[C/G]GCTATTATAAAGGAGTACAGGGGAAAGATTGAGACCGAACTCAGCAAGATCTGTGATGGG
snpVU0002 1 a/g GCTCGTAGCAGCCTTATCTCCACTGTTCCATCCAAGCTGCAACAATCATTTTCATTCTGG[A/G]ACATGGGAAGATCGAAACTAGAGTCAGGTCCTCTTCCGAGCATTGATCGCTCCAGTAATA
snpVU0003 2 a/g GGGAGTTGAATGAAAACCTCTGCTCACTGAKGTAGAGATGGAAGATTCAGAAGAAGCGAC[A/G]AGTTTTGCGGCGGATCTGAGTGCGTTGTTGAAGGCCATTGGTAGCGCCGATTGGATTCGA
snpVU0004 2 a/g AGAAGCATCAGTCAACTCTTCACAGCATCCAATGTCCAGTGCCTCAAGGTTTCTGCATTG[A/G]CTTAAAACACAGCTCAATGAGGAATCAGAAATGTTTAGACACCAATCCATCCTTAAGTTT
snpVU0007 4 a/g AAAAGACTAGAACCAACAAAAACATACTCCTCGTAACTACTTTTGTAGACAGATTTTCAG[A/G]CACCATCAAACATTCATCAAAAATACTCATTTCTTGGATTTCTTTGGCGCTTGTGCAGGT
snpVU0008 5 a/g GGCAGTGATGCTGTCATCTACCCTGCTCCAGAATTGTTGGAGAAAGAAGCAGAGGATAAA[A/G]TCCAGCTCTACCCAAAATTTGTGTTCGAGGACTACATGAAGCTCTATGCTAAGCTCAAAT
snpVU0009 6 a/c AGAGGTTCGCCAATCGCTCAGAATGATGATTCTTCTTTCTTCTCGGGTYTTGGTTCTCAG[A/C]TTCAATCTGGATTAAGGTTTTACTAGTGGTTTTAGTTGTTTCTTATTTTCTTTTGGTAAG
snpVU0010 6 a/c ACCAAAACAAAACAGCTAAGAACTCACTATAACAGGCAAAAAAATAGAAACCAACTCTTA[A/C]CAAAAGGCGCAACAAAATCATAGGTTTTTGTAAGACTACGCAATAATTTTCACTTGAAGC
snpVU0011 7 a/g AGTGAATATGATCATTCCAGTCTCATCACCAACCAAACATTCAGCAATTCGCATTTGGCG[A/G]GACTGAGGACCATCAGAACGACCTTTCTGCATCACCATCTTAGCATTGACCACCTTCACA
snpVU0012 8 a/c TGGCAATGTGGTGGAGGCCATCAAGAAATGGTACCTTGGTGGCTCAAGGGCAGTGTCTTC[A/C]ACAACCATTCAATCTCTGGCTGCCACTTTTTCTCAGGAGCTCTCCRAGTGAACATAACTT
snpVU0013 8 a/t ATTATTATCAGGTGTCCGGACCTTCTTGAAAGTGTATTCCACAATCTCCYTTGCAAAACT[A/T]GCGAGTTACATGGAAGTCGATGAACCTACCTTAAGGACTATCTTGATGACATACAAGCAC
snpVU0014 9 a/g TAWGTTTTCTGCCATATTTCACTGGTTGATTTTATATAAATGGTAAATTTTCTTCCTTTC[A/G]GTTTCGTTAGCCAGTAGGCAATAGCTCACATAAGTCATTGCCTTAATGTATGTTCTGGAG
snpVU0015 9 a/g AGAGGCTTCTGGAGAAACTGAGAGAAGTGGAATTGGAAATGGAATGGGAAGAGGAAGTGA[A/G]GGAAAGGTTCTTCATTTGGGAAGGAAGGGTAAGCCATGAGCACGAAACAGCGGTTGCCAT
snpVU0016 10 a/g AATTCCTGCCAACAACAAGGGAAAACACAGCATTGGATGTCTCTTTTGGCTTCTTGCCAG[A/G]ATGGTGTTGCAAATGAGGGGTACCATTCGTCCTGGCCTMAAATGGGATGTTATGGTGGAC
snpVU0017 10 c/g GTCTTCGCCGGAAAATGGCTTCTGTGTTCCTCACAACCGCTACAACCGCCACAACCCCAA[C/G]CTCTCTTTCCTTCACCTCATCCTCCATTTTTCTCTCTTCACACCAATTCCACATTCACAA
snpVU0018 11 a/g GTCCTAACAGAGGGCAGTATGTATTTTGGGATGCCTTCCATCCATCTGAAAAGGCCAATA[A/G]ACTTATTGTGGAGGAAATCATGTCAGGTTCTAAAGCTTACATGAACCCTATGAACCTTAG
snpVU0019 11 a/c TGGGTCTTTCTCCATGCTCCTTTGGTGCTCCACAAAGGAAATAGCAAGGAATTCAATGAC[A/C]AGAATCGTGGGTAGTGTGCCCCATGGAACTGGGTTGCCTAGGTAGGTAGCTTGGCCCCCA
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• Initially, 19 QC SNPs were selected and 
tested with sample including both fixed 
lines and F1s  

• 17 SNPs passed KASP assay 
technical verification

o SNP alleles that were able to 
differentiate between 
homozygotes and heterozygote  

• The 17 SNPs Constitute a cowpea QC 
panel

QC/QA panel: KASP development
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We tested reliability of 17 SNP-based KASP markers for routine QC/QA in cowpea

QC/QA panel: Deployment

220 parents crossed to 
IT99K-573-1-1 and 
IT99K-573-2-1

Created 225 unique 
cross combinations

This gave rise to a total 
of 1,436 F1s

Ongom et al 2021. Front Plant Sci. 
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QC markers able to detect  closely 
related parental lines  

Efficiency = ability to differentiate between 
the parents of a cross

Efficiency of QC markers Detecting Parental relatedness

QC/QA panel: Performance 
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Hybridity and purity authentication 

• QC markers able to identify 
heterozygous or mixed lines 

• QC markers distinguished between self 
vs product of successful crossing

SNP IT97K-573-1-1 Danila F1-1 F1-2 F1-3 F1-4 F1-5
SNP1 C:C T:T C:T C:T C:T C:C C:T
SNP2 G:G A:A A:G A:G A:G G:G A:G
SNP3 A:A G:G A:G A:G A:G A:A A:G

QC/QA panel: Performance 



www.iita.org | www.cgiar.orgIITA is a member of the CGIAR System Organization.

Routine usage: F1 verification  
Customer Sample Name #PolySNPs #hetLoci#missingLoci%hbridity Comment snpVU00001snpVU00002snpVU00003snpVU00004snpVU00007snpVU00008

Parent 1 11 C:C A:A T:T C:C C:C A:A
Parent 2 11 C:C G:G C:C C:C T:T G:G

F1-1 11 7 0 63.6 TRUE C:C G:A C:T C:C C:T A:A
F1-2 11 7 1 70.0 TRUE C:C G:A C:T C:C UncallableA:A
F1-3 11 7 0 63.6 TRUE C:C G:A C:T C:C C:T A:A
F1-4 11 8 0 72.7 TRUE C:C G:A C:T C:C C:T A:A
F1-5 11 7 0 63.6 TRUE C:C G:A C:T C:C C:T A:A
F1-6 11 8 1 80.0 TRUE C:C G:A C:T C:C C:T A:A
F1-7 11 8 0 72.7 TRUE C:C G:A C:T C:C C:T A:A
F1-8 11 8 0 72.7 TRUE C:C G:A C:T C:C C:T A:A
F1-9 11 8 0 72.7 TRUE C:C G:A C:T C:C C:T A:A

F1-10 11 7 0 63.6 TRUE C:C G:A C:T C:C C:T A:A
F1-11 11 8 0 72.7 TRUE C:C G:A C:T C:C C:T A:A
F1-12 11 8 0 72.7 TRUE C:C G:A C:T C:C C:T A:A
F1-13 11 8 0 72.7 TRUE C:C G:A C:T C:C C:T A:A
F1-14 11 8 0 72.7 TRUE C:C G:A C:T C:C C:T A:A
F1-15 11 0 0 0.0 FALSE C:C G:G C:C C:C T:T G:G
F1-16 11 9 0 81.8 TRUE C:C G:A C:T C:C C:T G:A
F1-17 11 9 0 81.8 TRUE C:C G:A C:T C:C C:T G:A
F1-18 11 0 0 0.0 FALSE C:C G:G C:C C:C T:T G:G
F1-19 11 0 1 0.0 FALSE C:C G:G C:C C:C T:T G:G
F1-20 11 0 0 0.0 FALSE C:C G:G C:C C:C T:T G:G

Customer Sample Name #PolySNPs #hetLoci#missingLoci%hbridity Comment snpVU00001snpVU00002snpVU00003snpVU00004snpVU00007snpVU00008
Parent 1 11 C:C A:A T:T C:C C:C A:A
Parent 2 11 C:C G:G C:C C:C T:T G:G

F1-1 11 7 0 63.6 TRUE C:C G:A C:T C:C C:T A:A
F1-2 11 7 1 70.0 TRUE C:C G:A C:T C:C UncallableA:A
F1-3 11 7 0 63.6 TRUE C:C G:A C:T C:C C:T A:A
F1-4 11 8 0 72.7 TRUE C:C G:A C:T C:C C:T A:A
F1-5 11 7 0 63.6 TRUE C:C G:A C:T C:C C:T A:A
F1-6 11 8 1 80.0 TRUE C:C G:A C:T C:C C:T A:A
F1-7 11 8 0 72.7 TRUE C:C G:A C:T C:C C:T A:A
F1-8 11 8 0 72.7 TRUE C:C G:A C:T C:C C:T A:A
F1-9 11 8 0 72.7 TRUE C:C G:A C:T C:C C:T A:A

F1-10 11 7 0 63.6 TRUE C:C G:A C:T C:C C:T A:A
F1-11 11 8 0 72.7 TRUE C:C G:A C:T C:C C:T A:A
F1-12 11 8 0 72.7 TRUE C:C G:A C:T C:C C:T A:A
F1-13 11 8 0 72.7 TRUE C:C G:A C:T C:C C:T A:A
F1-14 11 8 0 72.7 TRUE C:C G:A C:T C:C C:T A:A
F1-15 11 0 0 0.0 FALSE C:C G:G C:C C:C T:T G:G
F1-16 11 9 0 81.8 TRUE C:C G:A C:T C:C C:T G:A
F1-17 11 9 0 81.8 TRUE C:C G:A C:T C:C C:T G:A
F1-18 11 0 0 0.0 FALSE C:C G:G C:C C:C T:T G:G
F1-19 11 0 1 0.0 FALSE C:C G:G C:C C:C T:T G:G
F1-20 11 0 0 0.0 FALSE C:C G:G C:C C:C T:T G:G

𝑯𝒚𝒃𝒓𝒊𝒅𝒊𝒕𝒚

=
#𝐻𝑒𝑡

#𝒑𝒐𝒍. 𝑺𝑵𝑷𝑺 − #𝑚𝑖𝑠
∗ 100

𝒔𝒖𝒑𝒑𝒐𝒓𝒕 𝒕𝒐 𝒐𝒖𝒓 𝑵𝑨𝑹𝒔 𝒖𝒏𝒅𝒆𝒓 CtEH Genotyping 
project

Ghana: 
• Verified 72 putative 

F1s + 6 parents
• 46 lines purification
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Customer Sample Name #loci #homLoci#missingLoci %homo DisimilarityIndex comment snpVU00001snpVU00002snpVU00003snpVU00004snpVU00007snpVU00008
A-12-1 20 20 0 100 0.00 C:C G:G C:C C:C C:C G:G
A-12-2 20 20 0 100 0.00 C:C G:G C:C C:C C:C G:G
A-12-3 20 20 0 100 0.00 C:C G:G C:C C:C C:C G:G
A-12-4 20 20 0 100 0.00 C:C G:G C:C C:C C:C G:G
A-12-5 20 20 0 100 0.00 C:C G:G C:C C:C C:C G:G
A-12-6 20 20 0 100 0.00 C:C G:G C:C C:C C:C G:G
A-12-7 20 20 0 100 0.00 C:C G:G C:C C:C C:C G:G
A-12-8 20 20 0 100 0.00 C:C G:G C:C C:C C:C G:G
A-12-9 20 20 0 100 0.00 C:C G:G C:C C:C C:C G:G
A-12-10 20 20 0 100 0.00 C:C G:G C:C C:C C:C G:G

A-11-1 20 19 0 95 0.20 C:C G:G C:C C:C C:C G:A
A-11-2 20 20 0 100 0.07 C:C G:G T:T T:T C:C A:A
A-11-3 20 20 0 100 0.07 C:C G:G T:T T:T C:C A:A
A-11-4 20 20 0 100 0.07 C:C G:G T:T T:T C:C A:A
A-11-5 20 20 0 100 0.05 C:C A:A T:T T:T C:C A:A
A-11-6 20 8 12 100 0.18 C:C A:A ? ? ? ?
A-11-7 20 19 1 100 0.05 C:C A:A T:T Uncallable C:C A:A
A-11-8 20 18 2 100 0.06 C:C A:A T:T T:T C:C A:A
A-11-9 20 18 1 94.73684 0.06 C:C G:A T:T T:T C:C A:A
A-11-10 20 19 1 100 0.05 C:C A:A T:T T:T C:C A:A

all can be bulked

Needs 
purification, do 

plant to row

Customer Sample Name #loci #homLoci#missingLoci %homo DisimilarityIndex comment snpVU00001snpVU00002snpVU00003snpVU00004snpVU00007snpVU00008
A-12-1 20 20 0 100 0.00 C:C G:G C:C C:C C:C G:G
A-12-2 20 20 0 100 0.00 C:C G:G C:C C:C C:C G:G
A-12-3 20 20 0 100 0.00 C:C G:G C:C C:C C:C G:G
A-12-4 20 20 0 100 0.00 C:C G:G C:C C:C C:C G:G
A-12-5 20 20 0 100 0.00 C:C G:G C:C C:C C:C G:G
A-12-6 20 20 0 100 0.00 C:C G:G C:C C:C C:C G:G
A-12-7 20 20 0 100 0.00 C:C G:G C:C C:C C:C G:G
A-12-8 20 20 0 100 0.00 C:C G:G C:C C:C C:C G:G
A-12-9 20 20 0 100 0.00 C:C G:G C:C C:C C:C G:G
A-12-10 20 20 0 100 0.00 C:C G:G C:C C:C C:C G:G

A-11-1 20 19 0 95 0.20 C:C G:G C:C C:C C:C G:A
A-11-2 20 20 0 100 0.07 C:C G:G T:T T:T C:C A:A
A-11-3 20 20 0 100 0.07 C:C G:G T:T T:T C:C A:A
A-11-4 20 20 0 100 0.07 C:C G:G T:T T:T C:C A:A
A-11-5 20 20 0 100 0.05 C:C A:A T:T T:T C:C A:A
A-11-6 20 8 12 100 0.18 C:C A:A ? ? ? ?
A-11-7 20 19 1 100 0.05 C:C A:A T:T Uncallable C:C A:A
A-11-8 20 18 2 100 0.06 C:C A:A T:T T:T C:C A:A
A-11-9 20 18 1 94.73684 0.06 C:C G:A T:T T:T C:C A:A
A-11-10 20 19 1 100 0.05 C:C A:A T:T T:T C:C A:A

all can be bulked

Needs 
purification, do 

plant to row

Line purity assessment

A-12-1 A-12-2 A-12-3 A-12-4 A-12-5 A-12-6 A-12-7 A-12-8 A-12-9 A-12-10 index
A-12-1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A-12-2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A-12-3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A-12-4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A-12-5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A-12-6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A-12-7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A-12-8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A-12-9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A-12-10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

A-12-1 A-12-2 A-12-3 A-12-4 A-12-5 A-12-6 A-12-7 A-12-8 A-12-9 A-12-10 index
A-12-1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A-12-2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A-12-3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A-12-4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A-12-5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A-12-6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A-12-7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A-12-8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A-12-9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A-12-10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Homozygosity

=
#𝑯𝒐𝒎

#𝑺𝑵𝑷𝒔 − #𝒎𝒊𝒔
∗ 𝟏𝟎𝟎

Dissimilarity matrix

𝒔𝒖𝒑𝒑𝒐𝒓𝒕 𝒕𝒐 𝒐𝒖𝒓 𝑵𝑨𝑹𝒔 𝒖𝒏𝒅𝒆𝒓 CtEH Genotyping 
project

QC panel was very useful in identifying breeding lines that are mixed up and 
should then be purified. 
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Trait specific markers

In-house  
mapping

Previous 
mapping 

Seed size: Lucas et al 2013 Bacterial blight: 
Agbicodo et al 2010 Aphid: Huynh  et al 2015

Aphid: Ongom et al 2022 Striga resistance Flower thrips 

Assembly of trait-linked SNPs

Heat: Lucas et al 2013
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• Developed KASP assays for the 75 trait-linked SNP markers

• Used diverse genotypes for KASP Technical verification :

 17 diverse cowpea lines

 Included 3 technical replicates per line 

 43 F1 progenies

• KASP Assy development  done at INTERTEK lab, Sweden

Trait markers: KASP assay development  

S/no SNP Name* Alternative ID SNP* Chr Sequence*
1 snpVU00063 2_05789 A/G 2 TGTCTAAATGGTGAACAAAGATGCGACAGGGATAATTTAAAGGTTTCTGGTGGTCATTTG[A/G]CAGCTTTGGATGACGATTTGACATTTAAGTACAAATGATGAAACCTTTGTCCAAAATGTT
2 snpVU00064 2_18924 T/C 2 CCCAACCCGTTCAATATCRCTCTGTGGAGAAGAAAAGTACTCATCMTCTACATTGTGGAC[T/C]AAGTGGTTTCCCGTTTGAGATTCTAGGTAATTAGTGGTGATCCTCTGCACTGTATCCACG
3 snpVU00065 2_18925 A/C 2 CTTCTTCCTTGCCTTTCCAAATACATCCTGTTAAAGGGAGAGATAAGAGTTAAGAGTTAA[A/C]GAACAGAATCCACTTATCAATGTATCCATAAAATCATATTTATCATTCTAGAGAGGGATC
4 snpVU00066 2_22778 A/G 2 CAGCTCCATGTTTCATGGTT-CAGGGGCAAAATGATGTAAATCTGAATAGTCACATGACC[A/G]AAGAAATATCAACCGTAGGTGATTCCGGAATCATAATTGGTTTCTTTAACCATGAAAAAC
5 snpVU00067 2_48732 T/G 2 CACAATGTGGGTCGGCATGTTTCATCATGCATTTTAACTGTAGGTTGAAAAGTCTGGTCC[T/G]TCTCACATAAATGCGAGTTTGCGAACTTGTGGGCTAGTCCACTTTTTTTAATTTATTTTA
6 snpVU00068 2_00674 A/G 7 TGCGCTACTGCCGAAGACCATATATTGTACTCAATACAATCAAAATGTTGCTCACATTGA[A/G]TTATGTTCGTATGGAAATGTTTTCGCTATGACCATTGATTACAAAATTACACAAGTATAC
7 snpVU00069 2_14573 A/G 7 AAAGTTGTTTATTGAGTGTGTATAACTCTGAAACTATAAGTTTTTGTTGAGTTTGTGGAA[A/G]CTGTTAATACCGTTGAATTTATTTGATATAATTTGTGGTTGTAGTTCTGCCTTTTTTGGA
8 snpVU00070 2_20936 T/G 7 CTTTCTTTCGTTTTTGCTCATCTACTCCACATGAAAGAYGAAAACGCAAAAACGYCATTC[T/G]TTCTTCGTTCTGATGTCCCTCGATACTGGGCTGGGCCTGGCCCTTCTGGCCCATCAAATG
9 snpVU00071 2_24995 A/C 7 ATRTAATTCAGAAACACTATTTTAGAATAAGTTATATTCTACAACTATTTTTTGTTAATA[A/C]AAAAATTTAAAAGATTTTCTTATAAATTTTTTCTCCTTATAGCATAACGAAATTTTAAGA

10 snpVU00072 2_27836 A/G 7 GAATCAGAAACACTGGTAAGGTTGGTTTATTGTGGTTGAAAATAATTTGTCCATTATTAC[A/G]TATAATTAATCAAGGACTCTGGACAAGTGAATAAAACTTCACCTTTTGGTTTTGGACAAG
11 snpVU00073 2_32524 C/G 10 ATAATCGGAGAGGAAGCTTATTGGCATCCCAGTTTGCACCCAACACTTTACTTTACATTG[C/G]TAGAGCAGAAGCTCTAGAAAGTGAAAACCTTGAAGACACATTGGGCGAAAGGCGCAATCT
12 snpVU00074 2_46726 A/G 10 ACCACTGGACCAGTTCTAACATGCCAACCTGAAACTGAACAAATAGAAGAAATGTCACTT[A/G]ACAGAGAAAGAACCATGAAAGAATTAGCCAACCCTGATATTGGATACCAATCTCTATGCG
13 snpVU00075 2_07557 T/C 11 AGTGAATAGACCAAAATGTCTCTCARATTTATAACCTYGCTTGTTATTTTCATCAAACAT[T/C]GCAAACAAGTAAGTCTCTATAGGCCCACCTGGTCTCTTCGGAGTTCCACTCCCACTCTTT
14 snpVU00076 2_15481 T/G 11 GAAATTAATTGCTTTGCTGATTGAGTAATGCCCTTCCATGTCTTCTCATAGAAACTGAAA[T/G]TCCCCTGTTTCAAAGTATTTGATTTGGTAAGCAAGAACATTATAGAACTGTCACTTGAYG
15 snpVU00077 2_42259 C/G 11 GTTCTTATAGTTGTTACAAGATTGACATTATTTCSTATTTTCTGTTCTTTGTGGCATTAT[C/G]TGGTTCCTTAACCTTACATGTTATACCTTTCAATTTCTATTATATGTCTTCTACA-TACA
16 snpVU00078 2_49024 A/G 11 TTTAGTGCTCTTCTATCAACACACTTACCACCACTTTGTGTTTTTACCACCTTTACATCA[A/G]GGTTCTATCCAAAAACYAATAGAAACACAACAYAAACTTGTTATGCACAAGATTCTCATT
17 snpVU00079 2_50655 T/C 11 GTCATCATTATAAAAGYCATGTTGTTAAGTGATGATGGAGAAGAACTTCATGACGAAGAC[T/C]CACTTTGGAGCATTTGACTACTTATTTGGTTCCTCCATTGATGGGTAATAAGACGTATAC

Supported by HTPG
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Trait markers: KASP assay verification
Number of 

clusters
SNP quality 
assessment

Customer 
SNP ID

Intertek SNP 
ID

3Very good2_05789snpVU00063
3Very good2_18924snpVU00064
3Very good2_18925snpVU00065
3Very good2_22778snpVU00066
3Very good2_48732snpVU00067
3Very good2_00674snpVU00068
3Very good2_14573snpVU00069
3Very good2_20936snpVU00070
0Bad2_24995snpVU00071
2Inconclusive2_27836snpVU00072
1Inconclusive2_32524snpVU00073
3Good2_46726snpVU00074
3Medium2_07557snpVU00075
3Very good2_15481snpVU00076
3Good2_42259snpVU00077
3Very good2_49024snpVU00078
3Medium2_50655snpVU00079
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The 75 trait-linked markers being validated in different genetic backgrounds

Trait markers: Validation

Traits
No. of 

Markers
Pop size Validation population

1.        DANILA♀ X IT97K-499-35-1♂

2.        DANILA♀ X B301♂

1.        Tvx3236♀ X Tvu6464♂

2.        Tvu-1727♀ X Tvu-801♂

1.        VITA7♀ X SANZI♂

2.        VITA7♀ X Tvu-8671♂

1.        ACHISHURU♀ X IT107-318-33♂

2.        ACHISHURU♀X IT89KD-288♂

1.        IT86-D-1010♀ X CB27♂

2.        IT98K-589-2♀X IT98K-1111-1♂

Total 75

Heat 
tolerance

13 300

Thrips 
resistance

16 300

Seed size 14 300

Striga 
resistance

17 300

Aphid 
resistance

15 300
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Forward breeding using KASP markers for Bacterial blight (Agbicodo 
et al. 2010) and Aphid resistance (Huynh BL et al. 2015)

Trait markers: Deployment

Marker 
selection

Marker 
selection

Bacterial blight 
markers

Aphid 
markers

• 400 BB and 1000 Aph lines developed 

• F6 Lines undergoing phenotypic 
validation
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Trait markers: phenotypic validation
The genotyped lines are being phenotyped for confirmation.

Aphid populations phenotyping in special insect-proof cages 
in Kano, Nigeria

Bacterial blight populations being phenotyped 
in 3 hot-spot locations in Nigeria.

Discovered lines to be used as parents and/ or handed over for advanced yield testing  
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Mid-density marker panel 
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Medium density genotyping panel for cowpea 
Recently developed a mid-density genotyping panel based on diversity array 
technology (DArT)

The panel has 2,602 DArTag SNPs, derived from a 51K cowpea iSelect array

Recently developed a mid-density genotyping panel based on diversity array 
technology (DArT)

The panel has 2,602 DArTag SNPs, derived from a 51K cowpea iSelect array

Ongom et al. 2022. pre-print

Marker Name Reference Genome plus Version Used Chrom Chrom Pos VariantAllelesDef QC
2_24641 Cowpea_IT97K-499-35_v1.0 Vu01 78762 [T/C] PASS
2_19235 Cowpea_IT97K-499-35_v1.0 Vu01 224200 [G/A] PASS
2_27984 Cowpea_IT97K-499-35_v1.0 Vu01 385444 [A/C] PASS
2_16623 Cowpea_IT97K-499-35_v1.0 Vu01 528696 [C/T] PASS
2_12556 Cowpea_IT97K-499-35_v1.0 Vu01 674116 [A/G] PASS
2_54157 Cowpea_IT97K-499-35_v1.0 Vu01 840388 [T/C] PASS
2_19327 Cowpea_IT97K-499-35_v1.0 Vu01 991646 [C/T] PASS
2_55445 Cowpea_IT97K-499-35_v1.0 Vu01 1128064 [C/T] PASS
2_28825 Cowpea_IT97K-499-35_v1.0 Vu01 1269293 [T/C] PASS
2_28136 Cowpea_IT97K-499-35_v1.0 Vu01 1468530 [A/C] PASS
2_25371 Cowpea_IT97K-499-35_v1.0 Vu01 1715942 [C/T] PASS
2_29496 Cowpea_IT97K-499-35_v1.0 Vu01 1867588 [A/G] PASS
2_49900 Cowpea_IT97K-499-35_v1.0 Vu01 2056510 [A/C] PASS
2_40451 Cowpea_IT97K-499-35_v1.0 Vu01 2206327 [C/T] PASS
2_09060 Cowpea_IT97K-499-35_v1.0 Vu01 2356889 [C/T] PASS
2_29605 Cowpea_IT97K-499-35_v1.0 Vu01 2542990 [A/G] PASS
2_30402 Cowpea_IT97K-499-35_v1.0 Vu01 2705447 [G/A] PASS

Marker Name Reference Genome plus Version Used Chrom Chrom Pos VariantAllelesDef QC
2_24641 Cowpea_IT97K-499-35_v1.0 Vu01 78762 [T/C] PASS
2_19235 Cowpea_IT97K-499-35_v1.0 Vu01 224200 [G/A] PASS
2_27984 Cowpea_IT97K-499-35_v1.0 Vu01 385444 [A/C] PASS
2_16623 Cowpea_IT97K-499-35_v1.0 Vu01 528696 [C/T] PASS
2_12556 Cowpea_IT97K-499-35_v1.0 Vu01 674116 [A/G] PASS
2_54157 Cowpea_IT97K-499-35_v1.0 Vu01 840388 [T/C] PASS
2_19327 Cowpea_IT97K-499-35_v1.0 Vu01 991646 [C/T] PASS
2_55445 Cowpea_IT97K-499-35_v1.0 Vu01 1128064 [C/T] PASS
2_28825 Cowpea_IT97K-499-35_v1.0 Vu01 1269293 [T/C] PASS
2_28136 Cowpea_IT97K-499-35_v1.0 Vu01 1468530 [A/C] PASS
2_25371 Cowpea_IT97K-499-35_v1.0 Vu01 1715942 [C/T] PASS
2_29496 Cowpea_IT97K-499-35_v1.0 Vu01 1867588 [A/G] PASS
2_49900 Cowpea_IT97K-499-35_v1.0 Vu01 2056510 [A/C] PASS
2_40451 Cowpea_IT97K-499-35_v1.0 Vu01 2206327 [C/T] PASS
2_09060 Cowpea_IT97K-499-35_v1.0 Vu01 2356889 [C/T] PASS
2_29605 Cowpea_IT97K-499-35_v1.0 Vu01 2542990 [A/G] PASS
2_30402 Cowpea_IT97K-499-35_v1.0 Vu01 2705447 [G/A] PASS

SNP selection
• Missing data 

rate < 5%
• MAF >0.2
• Even spacing

Snapshot of mid-density SNPs
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Mid-density panel: Genetic diversity

The panel can discern stratification within a population The panel can discern stratification within a population 

DAPCPCA

Applications
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Mid-density panel: Possible trait mapping
The panel can assess LD and genomic regions associated with traits of interest The panel can assess LD and genomic regions associated with traits of interest 

GWAS

Bi-parental 
mapping

Vu07

SEEDCOL

FLCOL

Vigun07g110700
Correct assessment of LD decay 

Applications
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Mid-density panel: Quality control
Able to differentiate parents of a cross        |                  Able to discern true hybridsAble to differentiate parents of a cross        |                  Able to discern true hybrids

Polymorphism detection 
ranged from 16% – 61%
Polymorphism detection 
ranged from 16% – 61%

Clear distinction between 
hybrids vs non-hybrids
Clear distinction between 
hybrids vs non-hybrids

Applications
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Mid-density panel: Genomic selection Applications

Bhat et al., 2016
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We genotyped 840 breeding 
using the mid-density panel.

Created a sub-set of 210 lines 
being used as a training set

The training set is undergoing 
phenotyping.

Mid-density panel: GS in cowpea Applications
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Preliminary analysis: 
• Used G-BLUP model

• K-fold cross-validation with k= 5, 20 
Iterations

• Used one year of data on all 841 
lines

• Phenotyped across 4 locations

• Max GY prediction accuracy 
obtained was 0.24 

• DT50 had the highest prediction 
accuracy (max 

Mid-density panel: GS prediction accuracy Applications
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• Significant progress  made in developing, validating, and 
deployment of Low and mid-density marker panels in cowpea

• Markers are now used for:
• Parental selection
• Routine F1 verification
• Line purification
• Genetic diversity studies
• Trait mapping
• MAS—Forward breeding 
• GS

Summary
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