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Abstract
A set of single nucleotide polymorphisms (SNP) was developed from the transcriptome of the gorgonian Leptogorgia sarmentosa. 21,491 putative SNPs were identified, and a selected set of 320 SNPs was tested using a MassARRAY System on
95 samples from the NW Mediterranean. A total of 153 SNPs were successfully genotyped and found to be polymorphic.
The newly developed loci will be a valuable tool for population genetics studies of one of the most ubiquitous gorgonian
species in the Mediterranean Sea.
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Introduction
Gorgonians are conspicuous components of littoral benthic
ecosystems in temperate, tropical and polar areas. They contribute significantly to providing habitats for the epifauna
and to increasing the biomass and diversity of the benthic
community (True 1970; Kinzie 1973; Weinberg 1978; Starmans et al. 1999). Leptogorgia sarmentosa Esper 1789 is a
common member of the benthic Mediterranean fauna that
is usually found between 20 and 200 m depth. It is the only
species of the genus Leptogorgia described in the Mediterranean (Carpine 1963; Carpine and Grasshoff 1975; Weinberg
1976). Given the complex systematic history of the genus,
most of the molecular studies have been focused on discerning the phylogenetic relationships among its species (Breedy
and Guzmán 2007). The mitogenome of L. sarmentosa is
the only source of molecular data available for the species
to date (Poliseno et al. 2017). Here, we sequence the transcriptome of this species, and present a set of SNP markers
developed specifically for population genetics studies of L.
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sarmentosa. These results will provide a very useful tool for
understanding the genetic variability of the species populations. Moreover, given the transcriptomic origin of the SNP
markers, it is also likely that these markers would help analyzing the genetic differentiation of closely related species.

Materials and methods
Transcriptome sequencing
The transcriptome of L. sarmentosa was sequenced from
the total RNA of ten individuals collected in Banyuls sur
Mer, France. Small colonies were collected by SCUBA
diving between 10 and 20 meters’ depth. The samples
were brought alive to the laboratory. Small fragments
were immediately frozen in liquid nitrogen, and preserved at -80 °C. Total RNA extractions were performed
with Maxwell 16 LEVsimplyRNA purification kits. RNA
concentrations and quality were analyzed with an Agilent 2100 Bioanalyzer, and sequencing was done using
paired-end in one lane of Illumina HiSeq 3000. RNA-seq
libraries were prepared according to Illumina’s protocols
using the Illumina TruSeq Stranded mRNA sample prep
kit to analyze mRNA. Briefly, mRNA was selected using
poly-T beads. Then, RNA were fragmented to generate
double stranded cDNA and adaptators were ligated to
be sequenced. 11 cycles of PCR were applied to amplify
libraries. Library quality was assessed using a Fragment
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Analyser and libraries were quantified by qPCR using the
Kapa Library Quantification Kit. RNA-seq experiments
have been performed on an Illumina HiSeq3000 using a
paired-end read length of 2 × 150 pb with the Illumina
HiSeq3000 sequencing kits.

Marker development and screening
Sequence reads quality was assessed using FastQC v0.10.1
(Andrews 2010). Trimmomatic v0.32 was used to remove
low quality reads with a Phred score below 20, as well as
the Illumina adapters (Bolger et al. 2014). FastQC was
performed again to verify the integrity of the remaining
raw Illumina sequence reads. High-quality reads were then
used for the de novo transcriptome assembly, using Trinity
with its default k-mer value of 25 (Grabherr et al. 2011).
DiscoSnp + + v2.2.10 (Uricaru et al. 2015) was then used
with default parameters to call SNPs using the assembled
transcriptome as a reference.
A total of 3,391 SNPs with good coverage (> 100
reads) were identified from the transcriptome of L. sarmentosa. A set of 320 SNPs were randomly selected and
submitted for assay design using the MassARRAY Assay
Designer version 4.0.0.2 (Agena Biosciences). The assay
was performed on the genomic DNA extracted from 95
samples of L. sarmentosa collected in the NW Mediterranean (Table 1), using the DNeasy Blood and Tissue kits
from QIAGEN. Allele calling was carried out with Typer
Viewer v.4.0.24.71 (Agena Biosciences). Monomorphic
SNPs, loci with weak or ambiguous signal (i.e., displaying more than three clusters of genotypes or unclear cluster delimitation) and loci with too much missing data
were all discarded. The genetic parameters, including
observed heterozygosity, expected heterozygosity, and
the Hardy–Weinberg equilibrium (HWE), were calculated
using GenoDive 2.0b23 (Meirmans and van Tienderen
2004).

Results
A total of 236 SNPs were successfully amplified across
most of the samples. A subset of 153 loci were found to
be polymorphic, resulting in a detectable rate of 64.83 %.
The observed heterozygosity ranged from 0 to 0.54, while
the expected heterozygosity varied from 0.00 to 0.49 (Supplementary Material). All 153 loci were found to be in
HWE over all populations (p > 0.01). These results provide
an invaluable resource for the future of population genetic
studies of one of the most ubiquitous gorgonian species in
the Mediterranean Sea.
Supplementary Information The online version of this article contains supplementary material available (https://d oi.o rg/1 0.1 007/
s12686-021-01218-3).
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Table 1  Sampling of Leptogorgia sarmentosa in the NW Mediterranean Sea
Site

Latitude

Longitude

Depth (m)

Date

n

Gruissan
Valras
Agde – point A
Agde – point B
Barcares
Leucate
Vendres

43.1240
43.2329
43.2520
43.2543
42.8240
42.8954
43.1934

3.1645
3.3241
3.5378
3.4755
3.0578
3.0701
3.2587

10
10
10
20
16
16
10

07/2019
07/2019
07/2019
07/2019
07/2019
07/2019
02/2020

12
15
15
15
15
10
13

13
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