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EASE OF DEVELOPMENTS

► Workflow applied to develop and apply SSRseq approach at PGTB

► 60 pairs of primer developed and amplified in a multiplex PCR

► 95 blind-repeated genotyped individuals to identify unreliable loci and estimate error

► 50% of success in developing reliable genetic marker (mean:30 high-quality loci developed)

RATIONALE & OBJECTIVE

The Nivelle 

IMPROVED RESOLUTION

TTTGATTAGAGGTGTTTTGGTCCCAACTATT(1)GTT(7)TTCTATTAC

TTTGATCAGAGGTGTTTTGGTCCCAACTATT(1)GTT(7)TTCTATTAC

TTTGATCAGAGGTGTTTTGGTCCCAACTATT(1)GTT(8)TTCTATTAC

TTTGATCAGAGGTGTTTTGATCCCAAATTTT(1)GTT(9)TTCTATTAC

TTTGATCAGAGGTGTTTTGATCCCAACTTTT(1)GTT(9)TTCTATTAC

► Microsatellite (SSR) is a unique kind of polymorphism

► 10-15 highly polymorphic SSR powerful enough for many applications in ecology, evol. biol., agronomy

► Ease of development1,2 specially in orphan species, less subject to ascertainment bias than SNP

► Linked to phenotypic traits3,4 (through gene expression regulation, DNA & protein conformation…)

► But many drawbacks due to the use of electrophoreses for genotyping5

► Challenge: transitioning to sequence-based genotyping6,7

► We developed a workflow for SSR development, multiplexed amplification and

sequencing and automated bioinformatics data analysis (Lepais et al. 2020)8

► The objective is to summarize the characteristics of the developed genotypic data

and illustrate the gain of information provided by the sequence information.

► Information gained from sequence data
► Microhaplotype accounting for all types of polymorphism across the amplicon

► SNP and Indel within the SSR or in the flanking region are common

► Sequence data reduces homoplasy and increase the number of detected alleles

► The proportion of the different type of polymorphisms varies between taxa

RESOURCES: SSRseq development and genotyping protocols are described in Lepais et al. 2020 Fast sequence-based microsatellite genotyping development workflow. PeerJ 8:e9085 (https://peerj.com/articles/9085/). The documented automated bioinformatics pipeline to call genotypes

from sequence reads is available in Data INRAE (https://doi.org/10.15454/HBXKVA), as well as an updated list of species for which the method was developed (https://doi.org/10.15454/FOIFCN).
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Multilocus genotypic table

with quantified data quality and precise allele information

Genomic resources available ?

• Reference (draft) genome

• SSR-enriched library sequences

• Sequence flanking already known SSR…
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shotgun sequencing 
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SSR mining and primers design (QDD8)

Primer ordering and testing (simplex PCR)

Multiplexed PCR

Indexing PCR

Sequencing (Illumina)
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Candidate primer pairs around SSR

Selection of best candidate SSR

60 primer pairs around best SSR

Primer pairs amplifying SSR
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Matching primer sequence (tssv)

Counting occurrence of unique haplotypes (tssv)

Reporting (coverage, allele sequences, missing and error rates) 

Identifying alleles from stutter and noise (Stuttermark)

Determining genotypes (Allelefinder)

Formatting genotypic table & comparing repeated genotypes

Sequences of SSR amplicons

Count of sequences

Annotation of sequences

Sequence of alleles

Genotypes & error rate

Individual, locus and allele level statistics
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Sequences, contigs, scaffolds

The Nivelle 

TOWARD COMPLEX DNA GENOTYPING

► Allelic dosage estimation from allele sequence coverage in polyploidy species.

► Optimized for non-invasive sampling (buccal swabs, hairs, faeces, feathers,…)

► Applicable to DNA mixtures or environmental DNA10.

The Nivelle 

MORE PHYLOGENETIC DEPTH

► Developments on 105 species so far (06/2026)

► 4,437 high-quality markers developed 

► and genotyped in 48,000 samples

► 53% of studied species had no previous genetic 

resources: opening new research possibilities.

The Nivelle 

ECO-OPTIMIZED PROTOCOL

► PCRs in 384-well plates (low volumes), indexing up to 1536 samples per run.

► Multi-allelic & multi-polymorphism markers: compact source of genetic 

information, simple and frugal method for individual identification.

► Cost and environment-effective genotyping approach.

►Bringing SSR genotyping into the digital area

► Time and cost effective workflow to develop SSRseq approaches for any species.

► Easy application: Simple wet lab protocol and automated bioinformatics data analysis.

► Multi-species analyses for comparative population genetics and community genetics.

► 55% additional alleles revealed

→ additional genetic resolution.

Rakotoarisoa et al. (submitted) Lepais, Teichert, Faivre, Valade et al. (in prep)

►Demographic history of Algerian Quercus trees8:

► homoplasy caused overestimation of recent hybridization

► flanking sequences inform about ancient events

SSR only
P=40%

HapSTR
P=47%

► Increase power for hybrid assignment ► Refined demographic history inferences

► Eschweilera species complex: 

► homoplasy blurs species delimitation 

► artificially increases admixture

Allele size Allele sequence

► Kuhlia rupestris and K. sauvagii hybridization: 

► high accuracy of hybrid assignment 

► sequence increases power for G2 and G3 hybrids

► Improved species delineation in species complexes

https://peerj.com/articles/9085/
https://doi.org/10.15454/HBXKVA
https://doi.org/10.15454/FOIFCN
https://doi.org/10.1038/s41437-022-00550-0
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