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Read our publication to learn more

https://www.nature.com/articles/s41467-022-29114-w



The greater yam, D. alata

• Water/winged/purple yam, ube (monocot, Dioscoreales)

• Most broadly cultivated Dioscorea species

• High nutritional content, low glycemic index

• Yields well in marginal soil

• Easily propagated, early vigor, low post-harvest losses

• Breeding difficult due to: 
– obligate outcrossing  
– long growth cycle  
– Poor/no flowering  
– polyploidy



Suitability index

Huge potential for yam in Africa

http://www.rtb.cgiar.org/RTBMaps

Harvested area



Goal: Enhance food security for 
smallholder farmers

NSF BREAD Project aims: 

• Accelerate the pace of improvement by:

• Facilitating genome-enhanced breeding approaches

• Connecting phenotype to genotype

• Characterizing global genetic diversity

• Transfer advanced genomic technologies to African research 
institutions



TDa95/00328, a popular breeding line

• Disomic inheritance
• Used in many crosses
• Anthracnose resistance

Arnau et al. 2009. 10.1007/s00122-009-0977-6
Mignouna et al. 2002. 10.1007/s00122-002-0912-6

Anthracnose



Deep long reads and long-range linkages 
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• PacBio Sequel
• Raw CLR: 177×
• Corrected: 80× (~20kb)

• Hi-C
• 358.5 M pairs

• Mate-pairs 2 + 4 + 7kb
• 274 + 218 + 72 M pairs

• WGS 2×251
• 130.7 M pairs (131×) Eva Hřibová 

(IEB Czech Rep.)
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Assembly reconstructs 20 chromosomes

• Est. size: 455±39 Mb
• Contig: 479.5 Mb
• Chr: 475 Mb
• N50 length: 4.5 Mb

• 25,189 genes
• 38,603 total isoforms

BUSCO (%) Embryophyta Liliopsida

Complete 97.8 93.4
Fragmented 1.5 3.8

Missing 0.7 2.8

5 μm 

Shengqiang Shu (DOE JGI)

2n = 40



Inferring Dioscorea 
genome evolutionary 

history



D. dumetorum

D. rotundata

D. alata

D. zingiberensis

9- 3- 20 26 18 6- 13 21-15- 14 5- 16- 12- 7- 17- 8 24 1- 4 10- 2- 11 22 19-

9 3 20 18 6 13 15 14 5- 16 12- 7- 17 8- 1 4- 10 2- 11 19-

1 2 9- 8- 3 10 6 4- 7- 5

Dioscorea 1:1 collinearity conserved

Siadjeu et al. 2020.  doi:10.3390/genes11030274 
Sugihara et al. 2020. doi:10.1073/pnas.2015830117 
Cheng et al. 2021. doi:10.1016/j.xplc.2020.100079

Contig assembly

Chromosome-scale  
assemblies

~48 Mya

~13 Mya

~35 Mya



D. alata chromosome
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Dioscorea genomes share a WGD
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Pr(k; n) = 2k ᐧ n! / (k! ᐧ choose(2n, n)) 

Species k n A B Median p

D. alata 11 11 0.632 0.484 0.552 2.9×10-3

D. rotundata 11 11 0.623 0.493 0.545 2.9×10-3

D. dumetorum 11 11 0.630 0.485 0.557 2.9×10-3

D. zingiberensis 9 11 0.652 0.461 0.553 7.9×10-2



WGDs in phylogenetic context

Dioscorea–Trichopus: ~68 Mya

Dioscorea–Asparagus: ~120 Mya

Dioscorea–Spirodella: ~128 Mya
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D. rotundata 14,889 0.064
T. zeylanicus 9,013 0.804

D. alata (delta) 1,578 0.869
A. comosus 6,405 1.263
D. alata (tau) 404 1.316
S. polyrhiza 4,973 1.564

0.09
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Elaeis guineensis (2n=32)
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Asparagus officinalis (2n=20)
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Identifying agronomically 
important QTL



Linkage mapping and QTL for crosses 
segregating for key traits

Populations: 

• 10 F1, 6 outbred parents

• 83–320 progeny / cross

Target traits: 

• Anthracnose resistance

• Tuber quality traits

QTL analysis:

• DArT genotyping at 
IGSS, BecA-ILRI, Kenya

• AlphaFamImpute imputation

• Logistic regression, Wald Test 

• max(T) correction, 1×106 iterations



Anthracnose resistance (field trial)
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Dioal.05G18350:
EIX1/2 protein, LRR superfamily

p = 1.69×10-4, n = 53 (additive effect)
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Anthracnose resistance (field trial)
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Dioal.19G063700:  
EMSY-LIKE (EML) family of immune regulators of fungal disease resistance 

Dioal.19G073100, Dioal.19G074700, Dioal.19G08460:  
NB-ARC domain-containing R-gene analog (RGA) disease resistance protein-
encoding genes 

Dioal.19G066100, Dioal.19G066200:  
proteins of unknown function that contain C-terminal domains of the 
ENHANCED DISEASE RESISTANCE 2 (EDR2) family that are negative 
regulators of plant-pathogen response

p = 1.25×10-4, n = 49
Chr19:8,369,514 (3.73–17.57 Mb)
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Tuber oxidation
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TDa1427 tuber oxidation, 30 MAP
TDa1419 (n = 151):  
   Chr18: 26,496,992 (26.20–26.75 Mb)
 30 mins: p = 5.86×10-3 
180 mins: p = 1.38×10-2 (h2 = 0.1188)
Dioal.18G098800, Dioal.18G099400, Dioal.18G100900:  
peroxidase-encoding genes
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TDa1419 tuber oxidation, 30 MAP

TDa1419 tuber oxidation, 180 MAP

TDa1427 tuber oxidation, 30 MAP

TDa1427 (n = 97):
   Chr18: 24,495,033 (24.03–24.94 Mb)
30 mins: p = 4.52×10-6



Potential marker-assisted breeding targets

Table summarizing all QTL traits, stats, and locations



A sneak peek: 
African yam diversity



Dense sampling of African Yam Belt

• 1,272 D. alata samples

• IGSS, BecA-ILRI, Kenya

• 87 replicated samples 
(181 total replicates)

• 101 contaminated samples

• 7,441 QC-passing loci @ 
MAF ≥ 5%

Nominal source Count

Total 1,272

Nigeria 
(1,026 IITA; 28 NRCRI) 1,054

Cote d'Ivoire 90

Tanzania 82

Cameroon 18

Japan 16

Vietnam 12



Diversity sample is highly clonal

n = 1,171

Remove 
identicals

(n = 986)

n = 185

Remove 
≤1° relatives

(n = 158)

Unrelated 
samples

(n = 27)

IBS2 IBS1 IBS0



Can we analyze in a broader global context?

Best

FASTSIMCOAL  
continuous time  
coalescent simulator

Sharif et al. (2020) DOI:10.1093/aob/mcaa122

• 93 unrelated  
samples 

• 6k GBS SNPs



Accessions semi-differentiated by continent
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To do: segmental population assignment
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Thank you for listening!
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