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



Cassava Objectives in SP1

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



Genetic Resources of Cassava-A Rich
Heritage

Building the “composite set” of 3000 accessions from
genebanks collections around the world




AMERICAS (18)

| Argentina
B soiivia
B Brazil

B colombia
- Costa Rica
| Cuba

I pominican Republic
- Ecuador
I Guatemala
- Honduras
- Mexico
- Nicaragua
- Panama
- Paraguay
0 Peru

B ruerto Rico
| United States
Bl Venezuela




AFRICA (23)
AFRICA
I Angola
- Benin
- Burkina Faso
B cameroon
- Cape Verde
B chad
- Congo
B Gambia
I Ghana
- Guinea
- Ivory Coast
- Kenya
B Liberia
- Madagascar
| Malawi
B vai
Niger
- Nigeria
- Rwanda
- Sierra Leone
- Tanzania
B o0
- Uganda




ASIA (6)

B china
H i

- Indonesia
|:| Malaysia
B Philippines
| Thailand




Structural Diversity in Cassava

e A pilot study to compare DArT and SSR
Markers in structural characterization of
436 accessions

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



Pilot Studies to Assess Marker Systems in
Analyzing Structural Diversity

SSRs — 36 SSR Markers DArTs: Diversity Array of

(CIAT) ~1000 clones (DArT P/L)
Codominant eDominant
*Highly polymorphic Moderately polymorphic

eDevelopment costs

~ US$ 20000 per chip
(1000 polymorphic
clones)

Cost of getting genetic *High Throughput
information /locus / *Cost of getting genetic

genotype: US$0.5/data information /locus /
point genotype: US$0.025

Development costs
~US$36000 per 36 markers

Low Throughput
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Pilot Study Results

BFEvEE
L4508
=18 o=
Flivad

S HE

SSR

LXaw

Begio

-

-

E L=

"
r

“*

e

s .
TrnrenT.

"0.‘»_"

.

— -l |—|—|—|=|—|=|—|= |- |=|—|—|—|—|—|=o|=|—|—
— -l |—|—|—|=|—|=|—|= |- |=|—|—|—|—|—|=o|=|—|—
— —lg|l—lg|=||—|~|l2|~|~|~|—|=|—|— |~ |2 ||~ |— X
— - |lo|=|lg|=|=|—|=|o|~=|=|=|—|=|—~|—|~|O|z |~ |— .1
- T FFFFEF R == -
- Py oy ey oy ey ey oy gy oy gy ey ey gy ey ey Py ey ey
o olo|—|— |~~~ |~~~ |~ |~|~ |~ |~ |~ |~ |~ |— a
L=} oo|~|~|||" ]I || I""|I" ||| |I~ ||| |— m
= o |Ir|e|r ||| |=E| || = | =
(=] O D | D [ | S | o | o e D [ e e S o
L= O | | | D | | Do | D |2 D O | D S | | [ S| | | | y
E=1 L= ol = = U ol =T = = o s B o T e ol = = ol Rl Bl =] r
[=} o|l-lololelo|leola|le|le|le|la|le|le |~ |e|le ||~ || a
o o|l-lololele|leola|le|le|le|la|le|le|~|e|le|~|—|e | n
— — e ||| ||| || ||| == | .1
- Ll E=T ol Rl L Bl Ll o ol e Ll Bl Ll Rl L B =T = B
= YRR ESE EE B Bl P Po P B B PN Pl Bl P P P P B
= =R R R e R R e L R Eo Rl o Rl Eol R ol R Pl Eo B
N~
I I L EE R RS AN
*
¢
Ll
i
L
L
¥
. 0
L
-
+
-
L]
-
L}
L

5 ¢

fHe
* 40000 & &0

G869 9
®

Binary scores for genotypes
analysed at polimorphic spots

DArT

Presence of alleles/locus/genotype



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
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Cassava Genotyping of 3000
Accessions Using 36 SSR markers

CIAT-EMBRAPA IITA
»2580 genotypes »23575 genotypes
evaluated with 22 of 22 evaluated with 8 of 14
SSR markers SSR markers
»Raw SSR data set: »Raw SSR data set:
*2494 genotypes (80- 1974 genotypes (50-
100% complete data) 100% complete data)

*N. of alleles: 6-16 *N. of alleles: 6-24



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



PCoA of Global Cassava Germplasm

)
A
O]
Bl
i
QJ&:
LI
Gl
Vel : N
Q!-.Q
2%
=7

AP‘; 93 i v
OIS e O

N

2

0
Gya®:
efe)
o
&t

s
o2
)

A

s
)
N
X

Nz 7 e
"”‘7@ ()
o T
R
CTTON
%
/)
¢

S
TS
O
9050
35
-8
o0
2
Vg

A

o
o
X ;[(
N\ v; AN
byt
N
oV

A
;
o

IITA
CIAT
EMBRAPA

"r

9

\/

Sv

o5 d5)



Dim-1

CIAT Germplasm

041 .BRA1433
JGuatemala
i BRA4G6104-13
MALIBRASST . BRPRFEE cds BRA213
4 ARGL6 BWAE BRAZ@AR““B JERALS
A338RrA217 BRA1073
- ©® OBRA426 ([}
BRA136¢ 5
; 2 CM7857
0.22— ’ BRA:.éa 3%?%%00 55%3%5
i A% 5/0
COL2526
- .BRA75
0.02— 3

| corz21 @
COL258

C
@

630 ()

COL226B
COL601

COL2625
(d

COL265
o

CO| C
()

QQ efl)g s

()

I% 098
RA294
CR59

@p&&m coL11

p]

‘E}’.\’f
BRA356
BRAI162 ®

e
011132 cpyp

.C . COL237A 1006. .gﬁl_ 3
CoL2257 coLs 5768 coLs?
9 coi7 f% coLisss @ MALSS
@ 0938 .. couisz2 @ PER292 ¢ M
Colombia .
-0'37 L L L L I L L L L I L L L I L L L L
-052 -0.31 -0.10 011 0.32

Dim-3



IITA Germplasm
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UPGMA Cluster Analysis (based on countries)
i’s (1972) genetic distance
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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



What Next?

*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



COMMISSIONED PROJECT

Population structure, phenotypic
information and association
studies in long-generation crops

Cassava update

SP1C2

_4CIRTy

|




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



Selection of Plant Materials

30 years of cassava breeding

“*Started with great genetic variation: more than
2000 genotypes from the Neotropics

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




Dry Matter Content

“*Correlated with dry
matter yield

* Determines starch
content (85-90% is
starch)

A key selection
parameter in cassava
breeding




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 Diversity GCP
436 accessions x 36 2494 accessions X
SSR markers 22 SSR markers
57 accessions 117 accessions
9 landraces-elite /48 42 landraces-Elite / 75

breeding lines breeding lines



Preliminary Determination of LD

Q’ B
S, s A
GROUP COUNTRY FREQUENCY (%)
1 CAMEROUN/ NIGERIA 37.1/37.9
57 accessions B NIGERIA —
A GUATEMALA 80
(282 alleles) ’ BRASIL 56.7
3 NIGERIA 86.6




Linkage Disequilibrium
57 accessions from pilot study

[Locus allale] - [Locus allete] L FiTes corralation chisg®  prob
[SSRY4 & ] - [sserial F 0. U106 0. 3169 4.4 0.0356
( [S5RYD o ] - [5sRr5o B 0. 0228 0.3211 4.95 0,026
SSRY1? c ] - [5mmrdi E 0. 0320 0, 2830 4.25 0,030
EEERds B EERYS2 B AL T o T B
SSRYLE F ] - [GsResz F 0. 0550 0. 3000 13,50 0.0002
SERY12 F ] - [55rves D 0. 0208 0. 3116 5,15 0.0233
| = =T ] H = [l a] E 0, O E 0, 3800 [ [
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SSRY20 W ] - [ssRadm F 0. 0106 0,4128 7.67  0.005%
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The number of significant (P < 0.0500) linkage disequilibria ¢LD) = 35.
% A1l chisquare tests have one degree of fresdom.




Preliminary Determination of LD
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(2494 accessions x 22 SSR)

117 accessions

(212 alleles)



Significant
LD in 92
allele

pairs

\

Linkage disequilibrium
117 accessions from GCP
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The number of significant (P < 0.05000 T1inkage disequilibria (LD) = B2.
* a1l Chisquare tests have one degree of freedom.




Determination of LD in the Cassava

rGY208

GY139
rGY138

GY164

rGY223

rCDY106

GY119

rGY168
rAY-4

132 —

B

[ rVvira

rAl6

GY151
rGY65

rGY191

GY188 19—
GY197

rGY147

rGY171

rGY174

202 mapped SSR of 1050 SSR markers

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

D

]

]

]

]

|

Lo

GY148

GY145
rGY201-1b

rGY167

rGY180 o8
GY222GY1785Y187
GY181GY150GY214
]

GY219GY129GY25 46

GY50Gy184
GY185
GY125
GY160
GY179
AD4e

Ail8b

019

rGY217

rGY205
GY176

GY15
rGY175

GY126
GY196 110

GY203 g5 +—
GY218
GY122

CDY107
GY162
GY37

GY204GY47
GY80GY133
GY194GY101GY221

GY186
GY 169

R14

rGY199

rGY170

rGY104

GY127

rGy211
GY216

rGY134

Genome

rGY130

GY201-1a

[ rcbyr4

[ cDY76

ADlc

rAY2
GY124

rGY108

GY182




Determination of LD in the Cassava Genome

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



Future Perspectives

[s the sub-sampling methodology
appropriate?

[s 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

64 starch biosynthesis
genes as candidate
genes —_— e —

DREB gene

Evaluation of the 200 e e
elite/breeding lines with

the candidate genes as

Chlacone Synthase gene
SSCP-SNP markers _ . :

Association mapping e —
using ‘Structure’ to

determine genes linked
to DMC
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