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Scope
• Est. Sep. 2014
• 20 PI’s
• 7 Institutions
• 6 Countries
• 4 Continents
• 15 Time Zones
• 1 Crop
• $12.4 M

The Genomic Tools for Sweetpotato
Improvement Project – GT4SP



A “Vision” for MAB Breeding in SSA
Breeding pipeline investments should include:
• Genomic Resources –

– A reference genome
– Marker development – we are way behind the curve….
– A robust set of SNP markers and a low-cost genotyping platform
– Advanced laboratory sequencing linked with developing country phenotyping and breeding 

activities
– 2x and 6x mapping, training and test populations

• Phenotyping, analytics and database resources –
– Improved  phenotyping options
– Web-based bioinformatic resources
– New database, data collection and analysis resources

• Human Resources and Capacity Development –
– Continue to develop a dynamic team of breeders and allied disciplines 
– Training in the use of traditional and genomic breeding methods
– Effective communication and collaboration
– Multi-institutional training and capacity development

• A common vision and continuity of effort.

• A stellar team to implement phase 1 !!



The Genomic Tools for Sweetpotato Improvement 
Project – GT4SP

Sweetpotato Genome
(MSU, BTI, CIP)

Sweetpotato Breeding & 
Capacity Development

(NCSU, CIP Peru, CIP Uganda, 
CIP Ghana, CIP at BecA)

Sweetpotato Database: Bioinformatics, Phenotyping
& Genomics (CIP, MSU, BTI, NaCCRI)

Bioinformatics
(NCSU, UQ, CIP)

Genotyping by Sequencing
(NCSU, UQ, CIP, BTI)

Collaborators: Boyce Thompson Institute at Cornell, Michigan State University, University of 
Queensland, Australia; The International Potato Center, Peru; BioSciences East and Central Africa, 

Kenya;  National Crops Resources Research Institute, Uganda; Crops Research Institute, Ghana

An ambitious project to sequence sweetpotato and develop modern breeding tools 
for a food crop that sustains million of people in SSA. 



GT4SP Project Meetings

Start-Up, San Diego
Jan. 2015

1st Annual Mtg. 
San Diego, Jan. 2016



1st Annual SASHA-GT4SP Joint 
Meeting, Mukono, Uganda



2nd Annual SASHA-GT4SP Joint 
Meeting, CIP-ILRI, Nairobi, Kenya





Genomics-Assisted Sweetpotato
Improvement Workshop (day 2)





On-Site Capacity Building

• Mercy Kitavi visited and trained staff in 
Uganda and Ghana – between July and 
August 2016

• Pending visit to Mozambique
• Several webinars conducted and pending
• Posted on SweetpotatoKnowledgePortal



SSA NARS Genomic infrastructure

• Basic molecular genetic facilities exist among 
most NARS partners, but not all.

• Sequencing capabilities generally not available.
• Computational and bioinformatics capabilities 

lacking.
• Biosciences Eastern and Central Africa (BecA-

ILRI Hub) – a key partner.
– Africa Biosciences Challenge Fund - 3 GT4SP 

fellows identified



Major Accomplishments



Two Diploid Reference Genomes for 
Sweetpotato – A first…

Estimated genome size: 495.9 MbEstimated genome size: 526.5 Mb

82.3% 88.2%87.8% 92.2%

I. trifida I. triloba

Dr. Zhangjun Fei



Diploid Ipomoea v1 Assembly Annotation 
Summary

I. trifida I. triloba
Number of Gene 

Models: 34,277 34,122
Avg Gene Length: 3,527.3 3,835.22

Avg Transcript Length 1,462.7 1,530.4
Avg CDS Length: 1,319.8 1,391.4
Avg Exon Length: 263.8 259.9

Avg Intron Length: 456.2 473.4

Single Exon 
Transcripts: 11,412 9,798

I. trifida I. triloba
TAIR 27,549 26,751

PFAM 1,296 1,218
Swiss-Prot 318 328
Conserved 

Hypo. 1,439 1,457
Hypothetical 3,675 4,368

• Locus Name Assignment:
• I. trifida locus name: v1_itf_[GT]000000
• I. triloba locus name: v1_itb_[GT]000000

Structural Annotation Summary: Functional Annotation Summary:

Annotation after final MAKER run and functional annotation assignment:

Dr. Robin Buell

The Arabidopsis Information Resource (TAIR)
Protein Families Database
Swiss Protein Database

Sweetpotato Genomics Resource
http://sweetpotato.plantbiology.msu.edu/



RNAseq Annotation 
I. trifida (NCNSP-0306) and I. triloba (NCNSP-0323)



Diploid Ipomoea Genome Annotation:
Jbrowse Genome Browser – A first…

Tracks available on the Jbrowse:
• Genome Annotation (Loci, Gene Models)
• Gene Predictions (Augustus, SNAP, FGENESH)
• MAKER Transcript Evidence
• MAKER Protein Evidence
• CIP Sweetpotato Gene Index Alignments

• RepeatMasker Repeats
• RNA-Seq Coverage – Wiggle 
• RNA-Seq Coverage – XY
• I. trifida 0431-1 SNPs

Sweetpotato Genomics Resource
http://sweetpotato.plantbiology.msu.edu/

Robin Buell



Genotyping-by-Sequencing
Strategy: Optimized enzyme and fragment size 
selection for SP

Optimal # of fragments/SNPs: 
• low density (genetic map) 
• high density (GWAS/GS)

Cost effectiveness: 
• exclude repeat regions
• unusable for SNP calling
• methylation sensitive enzyme



33,086 SNPs identified 
in BT population

After quality analyses, 
11,091 SNPs mapped 
on 95 linkage groups.

DArTseq for hexaploid sweetpotato: 
B x T mapping population



High-density genetic map of the I. trifida CIP M9 x M19 
mapping population.

Map was made using GBS data generated by Bode Okulu at NCSU on 212 progeny plus 2 parents in a F1 cross of M9 X M19.   This map indicates 
the position of the scaffolds obtained from the Trifida assembly.  Only the starting and ending position of each scaffold is shown (indicated with 
+ and – respectively).  As a result some apparently large gaps greater than 50cM are long scaffolds.  Where scaffolds have been split, this is 
indicated using _1 and _2 to indicate the split scaffolds.



GT4SP Mapping Populations
• M9 x M19 – Diploid I. trifida

– 212 clones
• Beauregard x Tanzania (BT)

– 316 clones
• Tanzania x Beauregard (TB) 

– 247 clones
• New Kawogo x Beauregard (NKB),

– 287 clones 
• Mwanga Diversity Population, 

– 8 x 8 mating design, 
– 1,920 clones

• Multi-location, multi-year phenotyping in Peru, USA, Ghana 
and Uganda 



SweetpotatoBase

Managing Phenotypic Data 
SweetPotatoBase and FieldBook App.Dr. Lukas Mueller



SweetpotatoBase

Meeting the Data Management Needs



HIDAP



What’s needed and how do we get there?
Lesson’s Learned  -

For more information see: 
SweetpotatoGenomics.CALS.NCSU.edu

• Reference genome(s)
• A sequence-based genotyping platform
• Breeder friendly bioinformatics and analytical environments

• This is easier said than done!  What will this look like? 
• Special needs for clonally propagated, polyploid crops?
• Assured technical support to breeders required

• Populations (QTL mapping and GWAS) – We’re breeders….no worries
• Improved phenotyping and data collection capabilities including 

mechanization equipment…
• Sustained funding – multiple sources (NGO, Gov., private industry)
• Sustained capacity development – people, institutional, programs, 

farmers, industry – all are critical.



Genomic-Assisted Breeding in 
Sweetpotato – Hope or Hype?

Vision

Resources
Capacity Cultivars

You decide!



http://www.blakeleypritchard.com/ncsu-chancellors-office-e-card/
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