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The self-incompatibility system 
of Theobroma cacao L.: from 
genomics to diagnostic markers



The several steps of cocoa self 
incompatibility studies

• Favorise genetic exchanges and recombination, increasing plant 
heterozygosity
• Important factor to increase yield (young trees)
• Important  for clonal selection to ensure cocoa production, 

• First Genetic studies in the fifties-sixties (Cope,1939-62; Knight & 
Rogers, 1955; Bouharmont, 1960; Glendinning, 1967; etc... -> multilocus-
late acting self incompatibility system –dominance relationships 
between alleles – results in gamete non fusion and fruit drop
• Evidence of the non efficiency of incompatibility system for hybrid seed 
production in biclonal seed gardens (Lanaud et al.; 1987)
• Genetic mapping (with molecular markers) of one locus (CH4) 
(Crouzillat et al., 1996; Royaert et al., 2010; Yamada et al., 2010) and 
recent cytological studies by Ford and Wilkinson (2012)

OBJECTIVES: Use new technology tools to increase our knowledge of the 
incompatibility system and produce diagnostic markers



Exploring cocoa genome sequence

 new field of researches openned by the availability of 
the genome sequences (Argout et al, 2011: Motamayor et 
al, 2013) to refine the genetic and molecular basis of SI, 
and to define diagnostic markers, close to the genes, for 
genetic breeding

Genetic/genomic studies were based on several large
populations :
• a F2 mapping population (850 ind.) located in Brazil used
for fine mapping
• a diverse population (710 ind.) from Brazil, Ecuador,
Cameroun, Trinidad evaluated for self–incompatibility used
for association mapping and SC/SI prediction analyses



F2 progeny (850 ind): • selfing self-incompatible TSH516 (ICS1 x SCA6), using mentor 
pollen. Fruits are maintained until maturity even in case of gametic non-fusions
•Genotype selection could be observed in the progeny with markers – 2 skewed regions
•TSH516 heterozygous at each locus with Amelonado (a)/SCA6(b) alleles: 3 genotypes are 
expected at each loci.

Fine mapping of two self-incompatibility loci

70,3 Kb

257 Kb

Identification of 2 regions involved in genotype selection, with a complete absence of 
recombinant plant. Incompatibility alleles closely linked to markers candidate genes



Impact on fruit drop: 
• GWAS conducted with 16480 SNP markers (GBS)
• on 570 cocoa trees from Brazil, Cameroun, Ecuador, 
Trinidad, evaluated for self incompatibility

Genome Wide Association Studies (GWAS)

Only one region located in CH4 was identified as involved in fruit drop, 
(evaluated by 0/1 or by the % fruit retention after selfing)

Only one significant marker, located in a GEX (gamete expressed) gene, 
included in the « non-recombinant » region of CH4 identified by fine mapping

69 Kb
189.4 kb 
(GEX1)

1328.2 kb
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F1 : TSH516 (ICS1 x SCA6)

F2 self-compatible plants BR36 and BR59
F2 self-incompatible plants

CH4: Sf/Sx 
(Amelonado/sca6)

Behavior of the CH1 locus

Is the CH1 functional when the cocoa tree is self-compatible, due to the 
presence of the Sf Amelonado allele, homozygous in the CH4 locus?

CH4: Sf/SfCH1: 223 (Amel) / 225 (Sca6) +

YES, it remains
functional in 
case of self-
compatibility

After selfing

Does it result in selective gamete non-fusion?

% of aborted ovules  
easily observable 7 days
after pollination

25 % of aborted
ovules  expected in 
case of selective
gamete non fusion

11 % and 9% of aborted
ovules  respectively
observed after self or 
cross pollination (CCN51)

Genotypic selection happened before gamete
non-fusion stage and after pollen germination



Search for candidate genes
Search for candidate genes, orthologous to genes known to interact with incompatibility system, 
in the non-recombinant regions of CH1 and CH4, and analyses of their expression during compatible 
and incompatible reactions

CH1: 3 candidate genes differentially expressed, and 
among them a transporter and a gene containing a site of 
protein-protein interactions

CH4: 7 candidate genes differentially expressed, 
and among them 2 GEX1 orthologs known to be
involved in early embryo and gametophyte
development. They interact also with HAPLESS genes
essential for pollen tube guidance and fertilization



Localization of CH1 candidate genes 
proteins by immunolocalization
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Search for diagnostic markers

Predictions established
• from a population of 710 cocoa trees from Brazil, Cameroun, Trinidad and Ecuador, 
covering a large diversity
• with highly multi-allelic SSR markers (until 24 alleles) located in the CH4 restricted
region (based on a strong linkage between SSR alleles and incompatibility alleles

Identification of SSR alleles specific to self-compatible varieties:  Amelonado
(MSI_460-161) and Criollo (MSI_303-217)

Other T. cacao
incompatibility allele 
combinations could result 
in SC or SI plants. 

Multi-allelic status of SSR 
markers allowed a better 
discrimination of S-allele 
interactions and result of 
improved predictions. 

marker1 marker2 S_0 S_1 Prob-SI Prob-SC

mSI_303 227/227 17 57 0,23 0,77

mSI_303 mSI_7 227/227 200/200 0 50 0,00 1,00

mSI_303 mSI_411 227/227 286/286 1 53 0,02 0,98

mSI_303 225/227 1 14 0,07 0,93

mSI_35 119/119 28 86 0,25 0,75

mSI_35 mSI_303 119/119 227/227 1 53 0,02 0,98

mSI_460 161/161 0 44 0,00 1,00

mSI_107 mSI_35 239/245 119/119 0 27 0,00 1,00

mSI_107 mSI_458 239/245 292/292 1 26 0,04 0,96

mSI_2 280/283 35 6 0,85 0,15

mSI_303 231/233 23 0 1,00 0,00

mSI_303 231/231 24 0 1,00 0,00

mSI_458 306/306 26 2 0,93 0,07

mSI_460 155/161 22 1 0,96 0,04

mSI_460 145/146 24 2 0,92 0,08

mSI_7 194/197 22 1 0,96 0,04

genotype

Some examples of predictions



Conclusions

• Identification of 2 loci involved in the T. cacao incompatibility system by 2
different and independant mechanisms.
• only one (on CH4) seems to be linked to fruit drop, but the CH1 locus
generates a genotypic selection, even in case of self-compatibility of the
plant, and acts prior to the gamete fusion stage.

• A fine mapping of these 2 genomic regions, made thanks to the available
T. cacao genome sequences,  allowed us to identify several candidate genes
potentially involved in the self incompatibility system, and some of them
are differentially expressed between SC/SI reactions. 
• Immunolocalization of CH1 candidate genes show that these genes are 
expressed in the ovule tissues surrounding the embryo sac and in the style 
during pollen tube progression.

• Diagnostic SSR markers, highly polymorphic, were designed in the CH4 
region identified by fine mapping, linked by a strong linkage disequilibrium 
with incompatibility alleles.
• SSR alleles specific to self-compatible Amelonado and Criollo varieties
were identified, as well as some genotypic combinations, allowing to screen
efficiently self compatible plants in cocoa populations.

Lanaud et al., 2017. J. exp. bot. Vol 68 - 17 (open access)
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