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1. Accurate Evaluation of 
Cassava Germplasm 
Resources



MTA signed by Embrapa and CATAS              CIAT special cassava resources  Brazilian precious cassava resources

Cassava germplasm resources

Supported by NSFC-CGIAR cooperative projects (No. 31361140366) and NSFC (No. 31271776, No. 31371684)

Through the project cooperation with Prof. Luiz Carvalho from Embrapa and Prof. 

Hernan Ceballos from Alliance of Bioversity-CIAT, the germplasm samples from 

CIAT and Embrapa were introduced.



Chinese National Repository of Casava germplasm Resources have collected more 
than 3000 cassava accessions, and the genetic diversity index has reached above 0.5, 
which greatly meets the needs of genetic improvement of cassava in China.

Collection and preservation of cassava resources



Q =

Accurate evaluation of cassava germplasm resources

Generation of Phenotypic accurate evaluation model：The accurate evaluation model
of quality phenotype group of cassava germplasm resources was constructed by starch
content, cyanide content, β-carotene content, resistance (low temperature, postharvest
physiological deterioration (PPD), mosaic disease) and mean net photosynthetic rate of
leaves; 15 cassava germplasm with excellent quality indexes were evaluated.



The germplasm GPMS1024L -carotene content was up
to 7.853g/g

Analysis of -carotene content in cassava germplasm resources



The germplasms in low cyanoside contents of tuberous root

were excavated, as low as 4.161ppm

Analysis of cyanoside content in cassava germplasm resources



Using whole genome resequencing, 503 loci were filtered using minimum allele
frequency, Hardy-Weinberg equilibrium, and linkage disequilibrium, etc to construct
368 cassava germplasm fingerprints and then get 368 QR code of cassava germplasm
molecular identity card.

Construction of cassava germplasm fingerprints 



Cassava germplasm GPMS1029L with the highest score and its
molecular ID card QR code and fingerprint map

The excavation of backbone parent



High -carotene content sugar cassava South China No. 17: In the tuberous root, 

-carotene content is 6.5 g/g in (SC9 2.6 g/g) and sucrose content is 28.66 
g/kg (SC9 8.98 g/kg).

SC 17 morphological characteristics, QR code and molecular ID card

The excavation of backbone parent



Leaf high anthocyanin cassava South China No. 20. β-carotene

content is rich in root, leaves are purple, and the anthocyanin content in

leaves is 413 ng/g, much higher than SC9 (12.39ng/g)

SC 20 morphological characteristics, QR code and molecular ID card

The excavation of backbone parent



Plants and leaf phenotypes after inoculation with CMD

ZMI 93 variety was planted in Cambodia from
2020 to 2022, and found that the SLCMV
disease index was 0.

PPD observation of SC9 and SC102 tuberous 
roots after treatments

Cassava SC14 and SC102 can tolerate
PPD for more than 15 days, which can
reduce the deterioration loss during
transportation and processing.

The excavation of backbone parent



Cassava genome

Completed cassava genome sequence;  Proposed the models of transportation of cassava
photosynthetic products, and carbon flow distribution and efficient starch accumulation; Allele-
defined genome reveals biallelic differentiation during cassava evolution.

Nature Communications (2014), Molecular Plant (2021), Genome Biology (2021)



Manhattan and QQ plots of HCN content, PPD, photosynthetic rate and -carotene content with GWAS

Important agronomic traits and GWAS for key gene mining in cassava germplasms. 33
agronomic traits in 337 germplasms, including root starch content, HCN content, PPD
and -carotene content, performed GWAS of 33 agronomic traits based on 1,313,775
high-quality SNPs, and obtained 42 association signals for 21 agronomic traits.

Cassava gene mining



Selection for homozygous GG allele in MeTIR1 during domestication contributes to increased

starch content. We have verified the positive roles of MeTIR1 in increasing starch content.

Cassava gene mining

Supported by National Key R&D Program of China: Accurate evaluation and gene
exploration of germplasm resources of tropical crops (2019YFD1000500)



Systematic Analysis of bHLH transcription factors in cassava uncovers their roles in PPD and

cyanogenic glycosides biosynthesis. Frontiers in plant science (2022). The candidate genes
MeCHS3 and MeANR and metabolites in flavonoid pathways could participate in PPD regulation.

Postharvest biology and technology (2023)

Cassava gene mining



2. Cassava Breeding 
Program



The direction of cassava breeding

Industrial development request

• Starch industrial raw materials: High photosynthesis, 
high starch accumulation, and high biomass.

• Food and feed：High carotenoids, high protein, 
tolerance to PPD and low cyanogenic glycoside content.

Challenges to cassava breeding

• High heterozygosity in the cassava genome (Wild relatives 
W14: 3.9%，KU50: 3.5%).

• The generation separation is serious, and the cycle of 
breeding is about 79 years.

• PPD leads to the loss of 30 million tons of cassava per year.
• CMD and pests result in reduced root yield and a decrease in 

leaf quality. 



The root yield of ZMI93 was 42t/ha in Chunfeng company, Combodia

A: Cassava infected SLCMV in Cambodia；B: ZMI93, a resistant SLCMV  variety; C: ZMI93 variety

Planting at Chunfeng
company in Cambodia

National Cassava  
Germplasm Bank

China –Aided the Republic 
of Congo Agricultural 

Demonstration Center

Shuttle breeding

Set up SC8 Natural 
crossing populationSC8

Selected ZMI93, a resistant 
CMD Cassava variety

Propagation of virus-free 
ZMI93 seedlings

ZMI93 is immune To Sri 
Lanka CMV

Shuttle breeding technology



The starch content of the grafted cassava was 35.72%, significantly higher than the 
29.81% of SC9; The dry matter rate of grafted cassava was 44.29%, which was 
significantly higher than the 33.97% of SC9.

Cassava Grafting



Optimization of the regeneration system and genetic system of cassava

Plant regeneration and genetic 
transformation of cassava TM60444 plants

Cassava regeneration & genetic transformation system 



Using transgenic 

technology and genetic 

transformation system, 

a series of cassava 

germplasms have been 

created, such as waxy 

cassava, PPD tolerant 

cassava and high-yield 

cassava.

Cassava transgenic technology



New varieties were created based on CRISPR/Cas 9 gene editing

Luo et al., 2021, Plant Molecular Biology

CRISPR/Cas 9 gene editing



The cassava resource database contains the sequence alignment module, the
genome browser module, the variant module, the phenotype module, and the
generation letter tool analysis module.  Website:  http://www.tropical-
resources.org.cn/.

Cassava Database



Cassava Database Demo 



3. Vision for International 
Cooperative Project



NSFC-CGIAR and AgriTT Cooperative Project will be a  
driving force for cassava international cooperation

CATAS in cooperation with Alliance of Bioversity-CIAT, IITA, University of Greenwich
and Uganda Institute for Innovation implemented AgriTT project to work for food
security in Africa countries.
Six NSFC-CGIAR International Cooperative Projects supported cassava basic research 
area between CATAS and Alliance of Bioversity-CIAT.



Support cooperative projects such as “Mining key genes from wild cassava and serving breeding”

Mining key genes from wild cassava and serving breeding



Global cassava breeding program 



Alliance won the International Science and Technology Cooperation Award on 2021. This
award was inseparable from the NSFC-CGIAR Cooperative Project grants; Dr Hernán
Ceballos won 2022 Chinese Government Friendship Award.

40-year Cooperation between CATAS and Alliance



Email: songbichen@catas.cn
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