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Lag Behind: Yield of Cassava and Maize
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Selection Breeding



Pain Point #1:  LOW efficiency in trait introgression

Mix everything up

Targeted improvement

Heterozygous parents

Homozygous parents

Inbred progenitor is essential to make change quickly.

Selection Breeding  ----> Design Breeding



“
”

In a changing world, we 
must change quickly.

Upgraded NAROCASS1 with CBSD resistance

Upgraded KU50 with CMD resistance

New varieties are similar with the one farmers have been planting.



Euphytica (2016) 210:79-92

Pain Point #2:  SMALL between-family variance



Starch

Diploid

Cross-pollinated

Self-compatible

Inbreeding depression

Clonal propagation 
– no seed production system

Cassava Hybrid Breeding

Cassava vs. Maize



Clonal Propagation is a Dream for Hybrid Rice, but a Given for Cassava



● 1.0 FTE for each market (=1.0 x 450,000 USD)
● 5.0 FTB in total.



ONE foundation population and four conversion population
3.0-3.5 F

New Model



Flower Inducing Technology

Photoperiod Extension induced 
early flowering by 2-3 months 
for progenitors with erect plant 
architecture.

Feasibility: Technology #1



Doubled Haploid

Semi-inbred progenitors with purged genetic load make DH feasible.

Feasibility: Technology #2



Develop semi-inbred progenitors

Create heterotic groups

Understand inbreeding depression

Improve population using rapid cycling

Cassava Hybrid Breeding 

Short-read sequencing & 
Bioinformatics

Consulting + QG simulation

Doubled Haploid technology

Deleterious Mutations & 
Database for variation profiling



population 
type

family name
maternal 

parent
paternal 
parent

number of seeds 
germinated

S1 AM 1605A SM 2828- 28 SM 2828- 28 156

S1 AM 1627A SM 3559- 11 SM 3559- 11 176

S1 AM 1472A C- 243 C- 243 118

F1 GM14055B SM 3559- 11 SM 2828- 28 136

F1 GM 9612A C- 243 SM2828-28 221

total 807

POP1: Understand Inbreeding Depression



S1, C243

F1, 
C243 x SM2828-28

S1, SM2828-28

F1, 
SM3559-11 x 
SM2828-28

S1, 
SM3559-11



POP2: Explore and Implement Hybrid Breeding

Progenitor Number of S1 Group

SM1427-1 60 DM
SM1511-6 60 DM
SM3559-11 60 DM
SM3134-73 60 DM
GM8868-85 60 DM
GM9124-12 60 DM
HB60 60 DM
CM9962-27 60 DM
SM3110-15 60 DM
TAI8 59 DM
GM9125-5 41 DM
CM9912-167 31 DM
GM9108-5 30 DM
SMB2446-2 29 DM
SM2828-28 27 DM
GM579-13 24 DM
SM3464-29 22 DM
CM4919-1 21 DM
SM2773-32 16 DM
SM2775-4 16 DM

Progenitor Number of S1 Group

CR24-3 85 DMMD
CR52A-4 50 DMMD

AR18-1 41 DMMD
C-33 39 DMMD
CR52A-2 22 DMMD
SM2792-31 60 DMTD
ARG73 60 DMTD
SM1219-9 25 DMTD
PAR68 20 DMTD

In total, 33 breeding progenitors of Cassava 
for starch and animal feeding. 

DM, dry matter
MD, cassava Mosaic Disease
TD, Trait Deployment



* Genomewide marker for prediction or association; solid arrow, germplasm delivery; broken arrow, information sharing; ID, inbreeding depression.
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Cassava Hybrid Breeding – Inbreeding Depression



* Genomewide marker for prediction or association; solid arrow, germplasm delivery; broken arrow, information sharing; ID, inbreeding depression.
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Cassava Hybrid Breeding – Semi-inbred Progenitors



* Genomewide marker for prediction or association; solid arrow, germplasm delivery; broken arrow, information sharing; ID, inbreeding depression.
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Cassava Hybrid Breeding – Population Improvement 



* Genomewide marker for prediction or association; solid arrow, germplasm delivery; broken arrow, information sharing; ID, inbreeding depression.
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Cassava Hybrid Breeding – Heterotic Groups



* Genomewide marker for prediction or association; solid arrow, germplasm delivery; broken arrow, information sharing; ID, inbreeding depression.
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Cassava Hybrid Breeding – Variety Development and Population Improvement
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