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Genetic Analysis of On-Farm Cacao in Dominica
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Genetic Analysis of Cocoa

Protect 100% fine or flavour status

Better idea of on-farm diversity

Propagation garden 

Germplasm collection

Regional/island batching 

Varieties to import for future work

Genetic Analysis of On-Farm Cacao in Dominica
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Genetic Analysis of On-Farm Cacao in Dominica

Visit farms throughout Dominica

Ask farmer for permission and inform 
him/her about survey

Ask to collect from multiple trees

Each tree is a unique sample

Code each leaf with unique identifier

Sample Design
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Tree flagging

Genetic Analysis of On-Farm Cacao in Dominica
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Collect two leaves from each tree.
Healthy, green stalk, green stems.
Write tree id on undersurface of leaf with permanent marker.
Excise & place leaf section in desiccant tube

Leaf collection

Genetic Analysis of On-Farm Cacao in Dominica
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Genetic Analysis of On-Farm Cacao in Dominica

CCP 2020 Sampling

Samples coded as                    
Region/Farmer Name and number  
e.g. ER/LT 050

 Unique identifier for every sample
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Genetic Analysis of On-Farm Cacao in Dominica

1 sample per farm (2 samples from each of 3 farms): 

CCP 2020 Sampling

Region # 
Farms

# 
Samples

N 14 14

NE 16 18

E 16 16

SE 5 5

S 23 24

C 23 23

W 14 14

All 111 114
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Why use DNA markers?

Morphological

May be 
Subjective

Few states

Affected by 
environment

Trait controlled by 
large area of DNA

Molecular

Objective

Few to many

Unaffected by 
environment

Polymorphism from 
specific DNA site

Genetic Analysis of On-Farm Cacao in Dominica
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DNA Marker System

Genetic Analysis of On-Farm Cacao in Dominica
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SNP genotyping method

ICS1

SCA6

TSH919

DNA extracted

Generate   192 SNPs

Analyze Data

Genetic Analysis of On-Farm Cacao in Dominica
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Forastero CriolloTrinitario

Traditional types

Genetic Analysis of On-Farm Cacao in Dominica
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Genetic grps
Amelonado
Contamana
Curaray
Criollo
Guiana
Iquitos
Marañon
Nacional
Nanay
Purús

Accession grps
AMELONADO
SCA
LCT EEN
CRIOLLO
GU
IMC
PA
CL
NA
RB

Accessions
West African Amelonado
SCA 6
LCT EEN 123
CRIOLLO 22
GU 300/P
IMC 67
PA 120
CL 19/2
NA 194
RB 39

Varieties
Creoule
ICS 1
TSH 1188

Genetic Analysis of On-Farm Cacao in Dominica

Cacao Naming System
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Identity Diversity     Relatedness    Ancestry

Genetic Analysis of On-Farm Cacao in Dominica
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Identity of Farm Varieties

• Any similar/ identical? 
• If similar, how similar?
• Any known varieties e.g. ICS 1, TSH 919?

Genetic Analysis of On-Farm Cacao in Dominica
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Genetic Analysis of On-Farm Cacao in Dominica

CCP Internal Identity Analysis

Group # Samples Ids Match @ 183 
SNPs

1 5 CR_CS24
NER_WAS106

NR_BG83
SR_AS06
SR_RC14

All

2 5 CR_ML114
CR_PR34

NER_HR77
NR_BB88
SR_KI102

181-183

3 2 CR_RS38
NR_JSA96

All

Samples either identical or highly similar; probably government distribution
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Genetic Analysis of On-Farm Cacao in Dominica

CCP Match to CRC References

Group CCP Reference Match Mismatch Missing

1 CR_CS24 ICS 40 175 0 0

2 CR_RS38 GS 29 175 0 0

3 NER_HR77 ICS 60 175 0 0

4 NER_JD75 ICS 48 173 0 2

5 NER_STR74 ICS 46 Type3 173 0 2

6 NR_CD90 DOM 18 174 0 1

7 NR_TJ84 MAR 11 174 0 1

8 SR_HSJ104 AMELONADO 172 2 1



© LAMotilal, Cocoa Research Centre, The UWI
17

Protect 100% fine or flavour status

Genetic Analysis of On-Farm Cacao in Dominica

114 trees

G1             
5 trees

CR-
CS24

G2            
5 trees
NER-
HR77

G3            
2 trees

CR-
RS38

102 

105 Uniques
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Genetic Analysis of Cocoa

 Protect 100% fine or flavour status

Better idea of on-farm diversity

Propagation garden 

Germplasm collection

Regional/island batching 

Varieties to import for future work

Genetic Analysis of On-Farm Cacao in Dominica
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Genetic Analysis of On-Farm Cacao in Dominica

Genetic Diversity

Estimated by heterozygosity (He)
Individual heterozygosity  = 

(number of variable markers/total markers) × 100

He = 0 ……. Sample is homozygous 
may be good if tree has superior traits
may indicate low vigour

He ≥ 0.5 …… Sample is highly heterozygous
may indicate high vigour
good potential to meet environmental challenges
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Genetic Analysis of On-Farm Cacao in Dominica

0.00 -
0.09

0.10 –
0.19

0.20 –
0.29

0.30 –
0.39

0.40 –
0.49

≥ 0.50

Dominica 16 11 24 33 15 15

Distribution significant  
Dominica has range of genetic diversity to exploit

Genetic Diversity

χ2 = 117.158
df = 5
P = 0.0042
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Genetic Analysis of On-Farm Cacao in Dominica

Distribution non-significant  
Each region has similar distribution of heterozygosities
Within a region, low & high heterozygous both present to similar extent

Genetic Diversity

Region 0.00-0.25 ≥ 0.26 Chi-Sq Test

Central (23) 9 14 ns

North/Northeast (32) 11 21 ns

East (16) 7 9 ns

South/Southeast (29) 9 20 ns

West (14) 5 9 ns

Dominica CCP (114) 41 73 ns

χ2 = 0.863
df = 4
P = 0.93



© LAMotilal, Cocoa Research Centre, The UWI 22

• How are farm varieties arranged 
• amongst each other?
• in relation to genetic groups?

• Are there groups of related varieties?

Genetic Analysis of On-Farm Cacao in Dominica

Relatedness of Farm Varieties
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Genetic Analysis of On-Farm Cacao in Dominica

Cluster Analysis



© LAMotilal, Cocoa Research Centre, The UWI 24

Genetic Analysis of On-Farm Cacao in Dominica

Cluster Analysis
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Genetic Analysis of On-Farm Cacao in Dominica

Cluster Analysis



Ancestry Analysis

© Lambert A. Motilal, CRC, The UWI, 19August2020 26

Ancestries courtesy                           
Michel Boccara, CRC/CIRAD

Genetic Analysis of On-Farm Cacao in Dominica

• Which of the 10 genetic groups make up a variety?
• Is there only one group or more than one?
• What amount of a genetic group is present?
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Dominica Cacao

Genetic Analysis of On-Farm Cacao in Dominica

Gopaulchan et al. (2020) Genome 63(12):585-595 
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Genetic Analysis of On-Farm Cacao in Dominica

Island Ancestry

Type (≥ 5%) Frequency

Amelonado/Other 111

No Amelonado 3

CR_MH32       IMC/PA/CRIO

SER_CE92       IMC/PA/SCA

WR_CB47        IMC/PA/SCA/CRIO
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Genetic Analysis of On-Farm Cacao in Dominica

Island Ancestry

Group present if ≥ 5%

Sample pure if :
a group is ≥ 95% 
& no other single 
group is 5%  

χ2 = 88.193

df = 4

P = 0.0001
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Genetic Analysis of On-Farm Cacao in Dominica

Island Ancestry

χ2 = 154.284

df = 4

P = 0.0001
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Genetic Analysis of On-Farm Cacao in Dominica

North Ancestry (n = 14)
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Genetic Analysis of On-Farm Cacao in Dominica

North East Ancestry (n = 18)
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Genetic Analysis of On-Farm Cacao in Dominica

East Ancestry (n =16)
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Genetic Analysis of On-Farm Cacao in Dominica

South East Ancestry (n = 5)
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Genetic Analysis of On-Farm Cacao in Dominica

South Ancestry(n = 24)
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Genetic Analysis of On-Farm Cacao in Dominica

Central Ancestry (n =23)
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Genetic Analysis of On-Farm Cacao in Dominica

West Ancestry
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Genetic Analysis of On-Farm Cacao in Dominica

Regional Ancestry
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Genetic Analysis of Cocoa

 Protect 100% fine or flavour status

 Better idea of on-farm diversity

Propagation garden 

Germplasm collection

Regional/island batching 

Varieties to import for future work

Genetic Analysis of On-Farm Cacao in Dominica
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Genetic Analysis of On-Farm Cacao in Dominica

35 Medium-High Criollo Samples

30%-49% ≥50%
CR_CE21 (37%) CR_CS24 (51%)

CR_HP26 (41%) CR_ML114 (52%)

ER_PD62 (32%) CR_PR34 (52%)

ER_RB54 (36%) CR_RS38 (52%)

ER_VV61 (46%) NER_WAS106 (51%)

NER_EA107 (41%) NER_HR 77 (52%)

NER_JG78 (30%) NER_JD75 (52%)

NER_SG72 (44%) NER_MD65 (50%)

NER_WW73 (35%) NER_STR74 (53%)

NR_AT87 (38%) NR_BB88 (52%)

NR_AV89 (48%) NR_BG83 (51%)

NR_SR86 (37%) NR_JSA96 (52%)

SR_AA03 (34%) SR_AS06 (51%)

SR_EB13 (41%) SR_AS10 (52%)

SR_EJW101 (30%) SR_KJ102 (52%)

SR_GJ05 (30%) SR_RC14 (51%)

SR_JD01 (39%)

WR_GA46 (32%)

WR_SA40 (45%)
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Propagation Garden

Rooted cuttings or seedlings 
105 Mother trees represent Dominica
35 medium-high Criollo trees

Genetic Analysis of On-Farm Cacao in Dominica

Check Cross-compatibility 
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Genetic Analysis of On-Farm Cacao in Dominica

Selected Ancestries

Contamana

WR_WL48 (73%)

Iquitos

CR_AM20 (53%)

CR_DL36 (56%)

CR_MH32 (54%)

CR_RS29 (57%)

ER_CR52 (54%)

ER_DA63 (55%)

NER_RJB66 (59%)

NER_RV68 (62%)

SER_CE92 (61%)

Group 30% - 49% ≥ 50%

Amelonado 30 66

Contamana 1 1

Criollo 19 16

Curaray 0 0

Guiana 0 0

Iquitos 9 9

Marañon 3 0

Nacional 0 0

Nanay 1 0

Purús 0 0
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Germplasm Collection

Genetic Analysis of On-Farm Cacao in Dominica

Criterion Sample Note

High Contamana WR_WL48 73%

High Iquitos NER_RV68 62%

High Criollo NER_STR74 53%

High Amelonado ER_VR53 100%

Nanay NE_AP76 30%

Marañon ER_EG51 41%

Curaray CR_RC35 5%

Nacional SR_TL07 13%

Non-Amelonado mix WR_CB47 IMC/PA/SCA/Crio

Mix of 5 SER_EB91 IMC/AMEL/CRIO/PA/SCA

Mix of 6 CR_RC35 AMEL/CRIO/SCA/CURA/IMC/
NACI

10 Base Samples

Assess phenotypes of 105 uniques to decide on germplasm set
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Island Batching

Genetic Analysis of On-Farm Cacao in Dominica

111 of 114 are Amelonado type
54% are mix of two groups
96 of 114 are Amelonado/Criollo

Dominica can produce and maintain a 
unique fine flavour chocolate industry

Central fermentaries are a good option
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Regional Batching

Genetic Analysis of On-Farm Cacao in Dominica

Each region has similar 
distribution of 
heterozygosities

SE & N may have different  
composition but Amelonado
& Amelonado/Criollo are 
prominent

Test flavour profiles of 
representative regional 
fermentation

Opportunity for regional 
origin chocolates
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Genetic Analysis of Cocoa

 Protect 100% fine or flavour status

 Better idea of on-farm diversity

 Propagation garden 

 Germplasm collection

 Regional/island batching 

Varieties to import for future work

Genetic Analysis of On-Farm Cacao in Dominica
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Genetic Analysis of On-Farm Cacao in Dominica

Augmenting & Complementing 
Dominica Cacao

Cadmium
Disease
Genetic Variability
Stress
Quality
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Genetic Analysis of On-Farm Cacao in Dominica

Selected Ancestries
Low Cadmium/Potential Quality

Accession Expected Ancestry

ICS 1 Amelonado/Criollo

MO 109 Amelonado/Criollo

NA 111 Nanay/Contamana/Curaray

PA 169 Marañon

SLC 18 Amelonado/Criollo

IMC 58 Iquitos

IMC 71 Iquitos

JA 5/5 Nacional/Amelonado

LCT EEN 68/S-2 Nacional/Curaray

SLC 19 Nacional/Other
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Genetic Analysis of On-Farm Cacao in Dominica

BP/WBD  Selected Ancestries
Accession BP WBD Expected Ancestry

TSA 654  Contamana/Iquitos

TSAN 792 

TSH 565   Contamana/Amelonado/Criollo

TSH 774  Contamana/Iquitos/Other

SCA 6   Contamana

SCA 12  Contamana

CRUZ 7/14  Amelonado/Purús/Contamana

ICS 41  Contamana/Marañon

CL 10/5  Iquitos/Amelonado/Criollo

MOQ 6/95  Marañon

TRD 32  Nanay/Iquitos

TRD 85  Nanay/Amelonado/Criollo
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Genetic Analysis of On-Farm Cacao in Dominica

Selected Ancestries
Frosty Pod Rot/Potential Quality

Accession Expected Ancestry

CC 137 Amelonado/Criollo

CC 252 Amelonado/Criollo/Nacional

EET 183 Nacional/Amelonado/Criollo

EET 233 Nacional

ICS 10 Iquitos/Contamana

ICS 95 Amelonado/Criollo

PA 169 Marañon/Guiana

UF 273 Nacional/Amelonado

UF 712 Nacional
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Genetic Analysis of On-Farm Cacao in Dominica

Selected Ancestries
Genetic Variability

Contamana SCA 11, SCA 12

Curaray AGU 3339, LCT EEN 163/D, LCT EEN 302, 
NAPO 25, 

Iquitos            IMC 11, IMC 20, IMC 27, IMC 31, IMC 33, POUND 18

Marañon EET 162, PA 120, PA 121, PA 124, PA 137

Nacional        AM 1/8, LP 4/20, (AM 1/95, LP 4/24, SJ 1/40)

Nanay CRU 100, CRU 70, NA 232, NA 702, NA 710

Purús RB 29, RB 37, RB 43, RB 46
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Genetic Analysis of Cocoa

 Protect 100% fine or flavour status

 Better idea of on-farm diversity

 Propagation garden 

 Germplasm collection

 Regional/island batching 

 Varieties to import for future work

Genetic Analysis of On-Farm Cacao in Dominica
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Genetic Analysis of On-Farm Cacao in Dominica


