
Genotyping of Global Cassava 
Genetic Resources;  

Determination of LD and 
Association Mapping for Dry 

Matter Content
Projects #02j and #08

CIAT, IITA, DArT PL, 
EMBRAPA, IPGRI



Year one

•To build a "composite set“ representing the 
diversity of cassava species from the genebanks   
(3000 accessions)

•To determine the structural genetic diversity of 
the composite set using molecular markers 
(DArTs/SSR)

•To select a "reference sample" for advanced 
characterization and association mapping studies 

Cassava Objectives in SP1



Genetic Resources of Cassava-A Rich 
Heritage

CIATCIAT

EMBRAPAEMBRAPA

IITAIITA

•6112 landraces, elites, 
hybrid lines, regional 
varieties, breeding lines

•6112 landraces, elites, 
hybrid lines, regional 
varieties, breeding lines

•2300 landraces, elites•2300 landraces, elites

•2395 landraces, elites•2395 landraces, elites

10807 variedades10807 variedades
15001500

500500

10001000

3000 in GCP 3000 in GCP 

Building the “composite set” of 3000 accessions from 
genebanks collections around the world
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• A pilot study to compare DArT and SSR 
Markers in structural characterization of
436 accessions

• A diversity study to infer the population
structure of 3000 cassava accessions
using 36 SSR markers

Structural Diversity in Cassava



•Codominant
•Highly polymorphic
•Development costs
~US$36000 per 36 markers
•Low Throughput

•Cost of getting genetic
information /locus / 
genotype: US$0.5/data 
point

DArTs: Diversity Array of
~1000 clones (DArT P/L)

•Dominant
•Moderately polymorphic
•Development costs
~ US$ 20000 per chip 
(1000 polymorphic
clones)
•High Throughput
•Cost of getting genetic
information /locus / 
genotype: US$0.025

SSRs – 36 SSR Markers
(CIAT)

Pilot Studies to Assess Marker Systems in 
Analyzing Structural Diversity 
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Pilot Study: Statistical Analysis

•Principal Coordinate Analysis (PCoA)
Binary Matrix 
Similarity Matrix 

Jaccard’s similarity Index

•Clustering analysis

•Similarity between and within the 
groups defined by PCoA



Pilot Study PCoA
SSR DArT
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GROUP COUNTRY FREQUENCY (%)

1

B

A
2

3

CAMEROUN/ NIGERIA 37.1/37.9

NIGERIA 100

GUATEMALA 80

BRASIL 86.7

NIGERIA 86.6

GROUP COUNTRY FREQUENCY (%)

Z

X

Y

A

A1 GUATEMALA 40

B NIGERIA 93

GHANA 12

NIGERIA 100

BRASIL 23

GUATEMALA 80



CIAT-EMBRAPA IITA

2580 genotypes 
evaluated with 22 of 22 
SSR markers

Raw SSR data set:

•2494 genotypes (80-
100% complete data)

•N. of alleles: 6-16

2575 genotypes 
evaluated with 8 of 14 
SSR markers

Raw SSR data set:

•1974 genotypes (50-
100% complete data)

•N. of alleles: 6-24

Cassava Genotyping of 3000 
Accessions Using 36 SSR markers 



Statistical Analysis

•Principal Coordinate Analysis (PCoA): 
based on individuals

Based on Jaccard’s similarity index

•Cluster Analysis: based on countries

•UPGMA, using Nei’s (1972) genetic 
identity and genetic distance



IITA
CIAT
EMBRAPA

PCoA of Global Cassava Germplasm 
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UPGMA Cluster Analysis (based on countries)
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Summary

The results agree with previous diversity 
studies in Cassava (structure is largely 
explained by the accession’s origin) 

The additional structure within American and 
African could be due to introgression from wild 
relatives, mutation, selection, or small sample 
sizes

Genotyping with 36 SSR markers needs to be 
completed to better define structure



What  Next?

CIAT-EMBRAPA: 420 genotypes are being processed to 
fill missing data (end of September 2005)

IITA: 6 SSR markers remain to complete the genotyping 
(end of September 2005)

CIAT: To finish the analysis of the complete data set
–To analyze the data set from IITA based on previous 
diversity studies to reduce the allele number per locus 
–PCoA of 3000 accessions evaluated with 36 SSR 
markers to define the fine structural diversity
–To calculate the similarity between and within the 
clusters 



•To calculate parameters of diversity for 
different countries and identify niches of rich 
diversity

•To use a sub-sampling methodology to 
select accessions looking for association 
mapping with superior alleles for different 
traits

•To validate Cassava DArT array at a gene-
level resolution by making a high-density 
survey of diversity among some breeding 
lines 

What  Next?



COMMISSIONED PROJECT

Population structure, phenotypic 
information and association 

studies in long-generation crops

Cassava update

SP1C2



Specific Objectives

1. Compilation of phenotypic data from regional 
trials of a selected group of110 varieties and 25 
breeding lines from databases of the cassava 
program

2. Determination of LD in the cassava genome via 
genotyping the above materials with SSR markers 
on a genome-wide basis, 200 SSR markers, every 
10cM

3. Association mapping of dry matter content using 
candidate starch genes and the SSCP-SNP marker 
evaluation of the 135 selected varieties



30 years of cassava breeding 
Started with great genetic variation: more than 

2000 genotypes from the Neotropics

Selection of Plant Materials

Large number of  elite lines

800 breeding lines, elite 
parents and landraces 
evaluated over several years 
in multi-locations and 
replicated regional trials

Selection for DMC
200 elite or breeding lines 
having at least 4 years of 
replicated DMC data



Correlated with dry 
matter yield

Determines starch 
content (85-90% is 
starch)

A key selection 
parameter in cassava 
breeding

Dry Matter Content



Preliminary Determination of LD
117 accessions included in SP1 (year one) 

out of 800 in the breeding program 
(42 landraces-elite / 75 advanced breeding 

lines) 

Pilot study

436 accessions x 36 
SSR markers 

Diversity GCP

2494 accessions x 
22 SSR markers 

57 accessions

9 landraces-elite /48   
breeding lines

117 accessions

42 landraces-Elite / 75 
breeding lines



1

B

A

2

3

GROUP COUNTRY FREQUENCY (%)

1

B

A
2

3

CAMEROUN/ NIGERIA 37.1/37.9

NIGERIA 100

GUATEMALA 80

BRASIL 86.7

NIGERIA 86.6

57 accessions

(282 alleles)

AFRICA / AMERICA

Preliminary Determination of LD



Linkage Disequilibrium
57 accessions from pilot study

Significant 
LD in 35 
allele 
pairs
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America
117 accessions

(212 alleles)

(2494 accessions x 22 SSR)

Preliminary Determination of LD



Linkage disequilibrium
117 accessions from GCP

Significant 
LD in 92 
allele 
pairs
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202 mapped SSR of 1050 SSR markers

Determination of LD in the Cassava Genome

Fregene et. al. 1997. Theor Appl Genet. 95 (3):431-441



Selection of 200 SSR markers evenly distributed in the genome

(Would need to generate SSR markers for some regions)

Evaluate the 200 elite/breeding lines with 200 SSR markers

Estimation of LD across the cassava genome 

Determination of LD in the Cassava Genome



Future Perspectives 
Is the sub-sampling methodology 

appropriate?

Is the total sample size adequate?

What is a most appropriate methodology 
or software to calculate LD?

Do we need a physical map of clonally 
propagated crops via fingerprinting of BAC 
clones to accelerate LD mapping for traits of 
unknown genes? 



Association Mapping of DMC 

DREB gene

Chlacone Synthase gene

64 starch biosynthesis 
genes as candidate 
genes

Evaluation of the 200 
elite/breeding lines with 
the candidate genes as 
SSCP-SNP markers

Association mapping 
using ‘Structure’ to 
determine genes linked 
to DMC
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