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• 50 QC/QA markers developed and validated

• Additional QTLs linked with key agronomic and tuber 
quality developed

• QTL markers related to 7 traits developed and validated
 
• YamBase fully operational and used in the breeding 
program with additional functionalities  

 

Primary Outcome 2: Methods and Tools

Key Achievements (June 2021 – 2022)



www.iita.org | 
www.cgiar.org

IITA is a member of the CGIAR System Organization.

Different genotyping platforms used

• DArT
• 506 D. rotundata == GWAS and for pop validation, forward marker 

development
• 100 D. alata GWAS for key agronomic, tuber quality traits and textural 

traits
• 86 D. rotundata farmer varieties (trait profiling)
• 2903 D. rotundata for parental selection and breeding advancement using 

GPCP
• 940 D. rotundata (SCG Abuja)
• 1624 D. rotundata (Seedling nursery Ibadan)

• Intertek
• 374 multiple yam species (QC/QA markers development/validation)
• 940 D. rotundata for markers validation targeting 7 traits
• 374 D. rotundata used for varietal tracking and verification
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Summary of significant QTLs detected for 
yam anthracnose disease tolerance in water 
yam

Markers  Chr Pos (cM) LOD R2 (%) Gene function

Qyad-7-1 7 10.60 4.51 33.7 DRNTG_08663.1

QTL-7-2 7 19.21 5.28 29.54 DRNTG_08664.1, 
DRNTG_23336.1 

Qyad-15   15 28.80 4.43 30.90   DRNTG_14305.1

Qyad-18 18 61.4 4.65 39.40 DRNTG_18245.1, 
DRNTG_29617.1

Linkage analysis for QTL detection for anthracnose resistance in 
D. alata
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Association mapping
D. rotundata
Set of materials used:
• Diversity panel 

• 332 yam genotype  sequenced using WGRS 
• Breeding panel 

• 406 genotypes sequenced using DArT
• 206 genotypes using GBS (historical data)

Traits
• YMV, tuber appearance, tuber yield per plant, plant sex, 

flowering intensity, cross-compatibility related traits such 
as average crossability rate (ACR), and percentage of high 
crossability (PHC)

Analysis 
• Phenotypic value as BLUE estimated for respective traits 

of the study populations
• GWAS analysis using mixed linear model implemented in 

mrMLM, CMPLOT and GAPIT R package 

• Gene annotation conducted for gene 
prediction
• Promising SNP markers identified and converted into 

Kasp-PCR with INTERTEK  

D. alata

Set of materials used:

• Diversity panel 

• 100 yam genotype  sequenced using 
DArT 

• Historical trials 

• 72  genotypes (historical data)
Traits
• YAD, tuber yield, plant sex, flowering 

intensity, average crossability rate (ACR), 
percentage of high crossability (PHC), 
tuber shape, tuber browning 
index/oxidation, dry matter content

Analysis 
• Phenotypic value as BLUE estimated for 

respective traits of the study populations
• GWAS analysis using mixed linear model 

implemented in GWASPOLY using K+Q model  

• Gene annotation conducted for gene 
prediction
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Association mapping in D.rotundata breeding panel
Multiples SNPs marker 

located on chromosome 6, 8, 
14, 15 and 19 were identified 

to be associated with the 
TTY/Plant

Multiples SNPs marker 
located on chromosome 3, 

4, 10 and 16 were 
identified for YMV
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Association mapping in D.rotundata diversity panel
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Association mapping in D. rotundata based historical information 
ACR

PHC

Plant sex
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Association mapping in D. alata historical data
ACR

PHC

Plant sex

In D. alata, female clones were identified with 92% 
homozygote of the allele variants associated with plant sex 
while the male clones displayed heterozygote  
https://www.mdpi.com/2223-7747/10/7/1412  

Primary Outcome 2: Methods and Tools

https://www.mdpi.com/2223-7747/10/7/1412


www.iita.org | 
www.cgiar.org

IITA is a member of the CGIAR System Organization.

Markers development for forward  
breeding 
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Traits Species Sources Number of QTL Promising QTL Validated QTL
YMV D.rotundata Association 

mapping
15 4 2

Yield per plant D.rotundata Association 
mapping

18 3 2

Plant sex D.rotundata Association 
mapping

14 2 2

Flowering 
Intensity

D.rotundata Association 
mapping

7 4 2

Plant vigor D.rotundata Association 
mapping

3 1 1

Tuber 
appearance

D.rotundata Association 
mapping

4 2 1

YAD D.alata Linkage mapping 5 2 NA
Dry matter D.alata Association 

mapping
2 2 NA

Oxidation D.alata Association 
mapping

4 2 NA

Plant sex D.alata Association 
mapping

57 - -

ACR D.alata Association 
mapping

12 - -

PHC D.alata Association 
mapping

6 - -

PHC D.rotundata Association 
mapping

2  -  

ACR D.rotundata Association 
mapping

2  -  

SNP markers already identified to be associated with different traits using different 
breeding population and technics 
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Haplotypes associated TTY: Frequency and markers prediction effect 

GWAS result in D. rotundata breeding panel

Traits

Markers Hap Seq Freq

Adjusted 
probabilit

y

Prob. 
Adj. 

significan
ce

Yield chr04_6236404 Hap1 CCCT 0.475 3.74 e-05 ****
  Hap2 CCTT 0.296 7.11 e-07 ****
  Hap3 CTTT 0.228 0.001 ***
chr04_8196378 Hap1 CCCT 0.481 0.218 ns
  Hap2 CCTT 0.364 0.041 *
  Hap3 CTTT 0.154 0.218 ns
chr04_18269860 Hap1 AAAC 0.328 0.399 ns
  Hap2 AACC 0.359 0.814 ns
  Hap3 ACCC 0.312 0.814 ns
chr04_23401186 Hap1 AAAG 0.274 0.029 *
  Hap2 AAGG 0.396 0.001 ***
  Hap3 AGGG 0.330 0.619 ns
chr05_24237388 Hap1 CCCT 0.367 0.020 *
  Hap2 CCTT 0.316 3.57 e-11 ****
  Hap3 CTTT 0.317 1.02 e-05 ****
chr05_24682916 Hap1 AAAC 0.295 0.921 ns
  Hap2 AACC 0.305 0.044 *

    Hap3 ACCC 0.400 0.043 *
  chr08_7046574 Hap1 AAAC 0.142 0.294 ns

  Hap2 AACC 0.423 1.25 e-11 ****
  Hap3 ACCC 0.435 2.16 e-08 ****
chr08_10135940 Hap1 CCCG 0.217 0.363 ns
  Hap2 CCGG 0.326 0.522 ns
  Hap3 CGGG 0.457 0.522 ns
chr10_1317508 Hap1 CCCT 0.363 0.079 ns
  Hap2 CCTT 0.359 0.713 ns
  Hap3 CTTT 0.278 0.246 ns
chr10_1571815 Hap1 CCCT 0.144 0.873 ns
  Hap2 CCTT 0.362 0.873 ns
  Hap3 CTTT 0.494 0.978 ns
chr13_13467988 Hap1 CCCT 0.364 0.912 ns
  Hap2 CCTT 0.365 6.12 e-04 ***
  Hap3 CTTT 0.270 0.001 ***
chr14_11301309 Hap1 AAAG 0.110 0.705 ns
  Hap2 AAGG 0.393 0.386 ns
  Hap3 AGGG 0.498 1.01 e-20 ****
chr14_11128124 Hap1 CCGG 0.414 6.59 e-18 ****
chr15_5858214 Hap1 CCCT 0.394 0.003 **
  Hap2 CCTT 0.192 0.242 ns
  Hap3 CTTT 0.315 0.057 ns
chr17_15363223 Hap1 AAAT 0.539 1.20 e-13 ****
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GWAS result in D. rotundata breeding panel

Haplotypes associated YMV: frequency and markers prediction effect 

YMV
chr03_6338751 Hap1 GGGT 0.427 1.000 ns

  Hap2 GGTT 0.320 1.000 ns

  Hap3 GTTT 0.466 1.000 ns

chr10_1116193 Hap1 AAAG 0.226 0.254 ns

  Hap2 AAGG 0.309 0.003 **

  Hap3 AGGG 0.465
6.75 e-

07 ****

chr15_3906069 Hap1 AAAC 0.214 0.882 ns

  Hap2 AACC 0.281 0.882 ns

  Hap3 ACCC 0.412 0.882 ns

chr16_1482029 Hap1 AAAT 0.307 0.096 ns

  Hap2 AATT 0.424
2.01 e-

04 ***
  Hap3 ATTT 0.576 0.006 **

chr05_30671001 Hap1 AAAG 0.365 1.000 ns

  Hap2 AAGG 0.265 1.000 ns

  Hap3 AGGG 0.369 1.000 ns
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Markers validation and deployment 

Seven traits were 
considered for the 
markers validation in 
D. rotundata 
• Tuber yield per 

plant
• Yam mosaic virus
• Plant sex, 
• Flowering intensity 
• Plant vigor
• Tuber appearance
• Tuber shape  

Flanking sequencing around the target region associated 
with each trait was developed and sent to INTERTEK for 
conversation into KASP-PCR  

• For trait like sex, clones with well known sex information were 
selected for the validation as well as unknown sex plant 
information

• For disease,  susceptible and tolerant to disease clones were used 
for the validation 

• We then developed haplotype variant to estimate the marker 
prediction accuracy of each marker and for each trait     
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snpDR00153: Plant sex 

snpDR00153CC <2e-16 ***
snpDR00153TC  <2e-16 ***
snpDR00153TT 0.826    

snpDR00152CC <2e-16 ***
snpDR00152TC  <2e-16 ***
snpDR00152TT  0.223    

snpDR00152: Plant sex 
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snpDR00154: Flowering intensity   

snpDR00154 GG  < 2.46e-07 ***
snpDR00154AA   < 2e-16 ***
snpDR00154GA   < 2e-16 ***

snpDR00155CC < 2e-16 ***
snpDR00155GC   0.557    
snpDR00155GG   9.35e-07 ***

snpDR00155: Flowering intensity 
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snpDR00156: Flowering intensity   

snpDR001564CC <2e-16 ***
snpDR00156TC <2e-16 ***
snpDR00156TT <2e-16 ***

snpDR00159: Flowering intensity   

snpDR00159AA: <2e-16 ***
snpDR00159GA <2e-16 ***
snpDR00159GG <2e-16 ***
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snpDR00160TT <2e-16 ***
snpDR00160GG <2e-16 ***
snpDR00160TG <2e-16 ***

snpDR00160: Yam mosaic virus

snpDR00162TT <2e-16 ***
snpDR00162AA <2e-16 ***
snpDR00162TA <2e-16 ***

snpDR00162: Yam mosaic virus
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snpDR00164TT < 2e-16 ***
snpDR00164GG  0.058 .  
snpDR00164TG  2.29e-06 ***

snpDR00163GG <2e-16 ***
snpDR00163TG 0.21    
snpDR00163TT <2e-16 ***

snpDR00164: Yield per plant

snpDR00163: Yield per plant
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2.1.3. Molecular tool-kits available for routine use (quality control 
and assurance) in yam breeding 

Milestone: Ultra low SNP markers (at least 50) for QA/QC 
selected from the previous data IITA

• PIC
• Ho/He
• MAF
• Putative Paralogs
• GC content
• Duplicate 
• Missing % 
• INDELS
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QC Marker selection procedure

99 SNP markers well distributed across the 
genome have been selected and 
successfully converted to KASP markers 
and are yet to be validated in a diversity 
panel for QC/QA usage

§ 374 divers clones representing D. alata, D. 
rotundata, D. prehensilis, D. esculenta D. 
cayennensis sent to INTERTEK for 
validation 
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In general, high-quality 
data was obtained 

SNP markers quality view
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Application of QC/QA marker in yam breeding

• Pedigree verification and reconstruction 
•  
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• Fourteen SNP selected for varietal tracking, verification 
• Selected of advanced trials (APT, NPT, RVT, VVT) 
• Six plants selected per plot and rep across various locations’ 
•   Disc leave sent to INTERTEK

Application of QC/QA marker in yam breeding
Primary Outcome 2: Methods and Tools
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Thank you

Yam Breeding Unit
Bioscience IITA Ibadan
Polyploidy group
Excellence in Breeding
INTERTEK
University of Illinois
AfricaYam Partners’     


