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Types of genetic markers  

Use for diversity assessment 

Studies on Coffea in Mauritius 

New technologies for genotyping 

 



Conservation Planning 
Genetic diversity forms an additional level of organisation of 
individuals/species 

Conservation strategies consider information on ‘evolutionary 
units ’ 

Genetic variation in populations ensures higher evolutionary 
potential 

Geographical genetic approach for multivariate analysis 

 

 



Dynamics of molecular 
evolution 

Population genetics: frequencies of alleles change over time 
under the pressure of various forces 

Gene pool: set of all alleles found in a given population 

Deterministic model: knowledge of initial conditions can 
predict changes in allele frequencies 

Stochastic model: changes determined through a probabilistic 
manner  



Design  

How many sites to sample (what is the minimum) 

To what extent they represent the overall diversity  

Geographic locations of sites with highest allelic 
richness 



Genetic Data 
Information for diversity, based on DNA sequence differences 

This is highly informative and each nucleotide is considered as 
one character state 

Can be genic or non-genic sequences 

Can infer evolutionary history 



Which loci to use and how to get the 
data 

Wide array of markers available: 
Length polymorphism eg RFLP 

PCR Amplification –AFLP, SSR- microsatellites, CAPS 

 

 



Target Loci - Sequencing 
Chloroplastic DNA:  

trnL–F region (the trnL intron and the trnL – trnF IGS),
 (transfer RNA gene) 

rpl16 intron (ribosomal protein) 

accD – psa1 (plastid DNA) IGS (Acetyl CoA carboxylase subunit 
D and Photosystem I)  

rbcL (ribulose bisphosphate carboxylase)  

 ITS (nuclear encoded internal transcribed spacer)  



Chloroplast genome 



Nucleotide Sequence 
polymorphism 

 
A targetted locus 

 

 

 

 

 

 

     a different allele 

...ATGGCTGGATAC... 

...TACCGACCTATG... 
...ATGGCCGGATAC... 
...TACCGGCCTATG... 

SNPs: 
Single nucleotide 
polymorphisms 





Genetic Map 

Higher number 
 of markers gives 
better resolution 

Each 
chromosome 
is one linkage 
group. 



Incorporating genetic 
information for conservation 

planning of California oak 



Sork et al 2006 

37 populations sampled = 113 individuals; 

 

Chloroplastic data: 6 chloroplastic microsatellites = 22 
alleles 

Nuclear data: 7 microsatellites = 78 alleles 

 



Cp DNA 

32 sites with cpDNA data, (site 31 has the highest 
allelic richness and represents 12 of 22 alleles.) 

 

 20 of 22 alleles represented in three of the 32 sites. 

 

 Six sites represent all 22 alleles 



nDNA 
10 sites are required to obtain complete coverage of 78 alleles 

For the reserve design based on the combined markers:  32 
populations and 100 total alleles: 

Final design: 11 sites are required and two sites capture more 
than 50 percent of the alleles 

 



Pooling chloroplast and nuclear 
microsat alleles 





Combined genetic and climate 
data: cpSSR and nSSR 

7 Chloroplast loci -582 individuals 

6 nuclear loci – 484 individuals 

32 populations from 22 countries–georeferenced 

Hierarchical clustering of : 
6 nSSR – 147 alleles 

7 cpSSR- 19 alleles- 22 haplotypes 

6 Priority populations in 5 countries identified on basis of 
haplotype richness and presence of local common alleles 

 

 

 



Coffea species from Mascarene  

C macrocarpa 

C mauritianna 

C myrtifolia 

 

Maurin et al 2007 

Nowak et al 2011 

Nowak et al 2014 

Monophyletic  



88 Taxa: Chloroplast:  trnL, rbcL, 
accD-psaI  

And nuclear ITS 





Self-Incompatibility RNase 

Mechanism of SI: Interaction between the growing 
pollen tube F- protein and RNase from the style and 
stigma. 

13 individuals form 3 populations- SI RNase sequenced 

Allelic diversity of SI Rnases for Mascarene coffea 
species  : seven distinct lineages. 

 



High-resolution methodologies 
Classical markers are limited to a few per run ; need a large 
number to saturate a map. Techniques are cumbersome and 
tedious.  

Next generation sequencing (NGS) methodologies have 
brought new approaches for diversity studies 

Most importantly drastic reduction in costs 



Genotyping by Sequencing 
(GBS) 

Uses NGS and a bioinformatics pipeline 

Genome complexity is reduced by using restriction 
enzyme-cut DNA fragments 

Multiplexing is done through the use of bar-coded 
adapters 

 







GBS markers have been shown to be present at regular 
spacing within the genomes of wheat and barley 
(Poland et al 2012) 

High rate of marker discovery 

Suitable for biodiversity assessment 



GENOME SCIENCE 
First plant genome Arabidopsis thaliana  in 2000  -125 Mb  

1000 plant genomes  

1000 human genome 

Genome 10K project- 10,000 vertebrate species 

Fish T 1K project- BGI- 1000 fish transcriptomes 

i5K project- Baylor college of Medicine: 5000 insect and other 
arthropod genomes 
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