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Abstract

A set of single nucleotide polymorphisms (SNP) was developed from the transcriptome of 10

individuals of the sea rose Pentapora fascialis (Cheilostomata) collected in Banyuls-sur-Mer

Bay (NW Mediterranean sea). 53042 putative SNPs were identified and mapped on a de novo

assembled transcriptome. A selected set of 320 SNPs with highest coverage and uniquely

mapped  in  the  assembled  transcriptome  was  tested  using  a  MassARRAY System on  95

individuals sampled in  natural rocks and artificial reefs distributed over a hundred kilometers

in  the  NW  Mediterranean  (outisde  Banyuls-sur-Mer  Bay).  A  total  of  177  SNPs  were

successfully  genotyped  and  found  to  be  polymorphic.  Among  these,  154  SNPs  were  in

Hardy-Weinberg equilibrium over all samples, with significant linkage disequilibrium in only

21 pairs of SNPs. The newly developed loci will be a valuable tool for population genetics

studies of this  calcifying bryozoan species whose erect  structure  makes it  an engineering

species and a target for conservation plans.
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Introduction

The erect cheilostomata bryozoan  Pentapora fascialis (Pallas,  1766) is a common sessile

mega-benthic species with medium size ranging from 10 to 20 cm which distributes in the

Mediterranean on hard rock substrates,  cobble and boulder areas and other living species

(gorgonians) down to 60 m or more (Zabala 1986, Lombardi et al. 2008).  P. fascialis has a

dome-like shape made of convoluted bright orange bilamina sheets. Considered as a synonym

species of P. foliacea (North Atlantic) by some taxonomists (Hayward and Ryland 1999), P.

fascialis (Mediterranean)  was redescribed as  a  distinct  species  based  on  a  phylogenetic

analysis  of  skeletal  morphological  differences (Lombardi  et  al.  2010).  The  present  day

geographical  distribution  of  the  P.  foliacea–P.  fascialis species  complex  extends

discontinuously from the Hebrides, English Channel, the Bay of Biscay, along the Portuguese

coast to Morocco, and into the Mediterranean as far east as the Adriatic Sea (Gautier, 1962;

Zabala, 1986; Hayward & Ryland, 1999). 

This  calcifying  bio-constructor  is  an habitat-forming species  of  temperate  and cold-water

oceanic shelves which responds to the ocean climate variations (Wood et al. 2012, Lombardi

et  al.  2014,  Fortunato  et  al.  2015,  Pagès-Escolà  et  al.  2018). P.  fascialis is  a  modular

organism growing at a rate up to 3.5 cm y −1 in height through asexual budding process and

estimates of growth rate suggest that P. fascialis colonies in the Mediterranean can live up to

ten years old or more (Cocito et al. 1998a). Little is known about its reproduction, except the

presence of ovicells,  a reliable  indicator  of the sexual reproductive status. Colonies of  P.

fascialis as small as 2.8 cm have been recorded as having ovicells, suggesting sexual maturity

occurs  at  two  to  three  year  old  (Cocito  et  al.,  1998b).  By  analogy  with  the  other

cheilostomata bryozoan species,  Bugula neritina, it is assumed to reproduce sexually every

year  with  a  pelagic  lecitotrophic  larva  dispersing  during  less  than  one  day  (Keough  &
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Chernoff, 1987). Despite larval dispersal traits are actually unknown, species presence on

artificial reefs deployed over soft-bottom substrates (Blouet et al. 2022) and high recruitment

rates found on artificial  substrates such as plastic nets (Pagès‐Escolà et al.  2020) indicate

efficient larval dispersal over a few kms at least. This process is essential in the resilience of a

fragile species vulnerable to physical disturbances such as storms and scuba-diving activity

(Cocito et al. 1998b, Sala et al. 1996). 

The objective of the present study is to propose a set of Single Nucleotide Polymorphism

markers that will be useful to  confirm the morphological species differentiation between P.

fascialis and P. foliacea and study P.  fascialis population genetics and connectivity.

Material and Methods

Transcriptome sequencing

The  transcriptome  of  P.  fascialis was  sequenced  from the  total  RNA of  ten  individuals

collected by SCUBA diving in sites a few kms apart between 10 and 20 meters depth in

Banyuls sur Mer, France. While a short sampling  distance from the laboratory ensured the

best  preservation  conditions  for RNA  extraction,  it  may  be  a  limit  for  finding  Single

Nucleotide Polymorphism useful for future connectivity studies. However, with an assumed

limited dispersal potential,  population genetics differentiation was expected at the scale of a

few kms. Taking samples from the Mediterranean sea only ensured SNPs determination will

apply specifically to P. fascialis. 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
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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 Marker development and screening.

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 used with k-mer  size of  61 and

minimum  coverage  of  20  per  read  set  to  detect  SNPs  from  the  10  different  individual

transcriptomes. Among the 53042 SNPs detected, a total of 21481 SNPs had a good coverage

(> 100 reads) in all 10 individual transcriptomes and 44575 SNPs could be mapped on the

transcriptome assembly, either in a unique or in multiple position. The 380 SNPs with higher

coverage among the SNPs mapped at a unique position were selected and tested as candidate

markers  for  the  MassArray  genotyping.  Using  Assay  Designer  version  4.0.0.2  (Agena

Biosciences), with a mass range of 4000-9000Da, an amplicon length range of 70-130bp, an

extension primer length range of 11-30 bases and a minimum analyte peak separation of 20

Da, four cost-effective multiplexes of 40 markers were developed for a total of 320 SNPs.

The assay was performed on the genomic DNA extracted from 95 samples of  P. fascialis

collected in the NW Mediterranean (Table 1), using the DNeasy Blood and Tissue kits from
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QIAGEN. Allele calling was carried out with Typer Viewer v.4.0.24.71 (Agena Biosciences).

Location Site Latitude
(decimal
degrees)

Longitude
(decimal
degrees)

Depth
(m)

N

Cap d’Agde   -
natural  rocks

A3 43.252095 3.524767 30 11
A4 43.244578 3.519568 25 24

Cap d’Agde –
artificial reef

AGD26
43.2386 3.4992

20 20

Barcarès –
artificial reef

BAR51
42.8241 3.0578

16 10

Leucate –
artificial reef

LEU47
42.8955 3.0701

16 10

Canet –
artificial reef

CAN53
42.7216 3.0722

28 10

Saint Cyprien –
artificial reef CYP 54 42.6293 3.0720 30 10

Table 1.- Location and number of individuals (N) of Pentapora fascialis used for SNPs 
validation using MassArray

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.  Genetics  parameters,  observed  heterozygosity  and  expected

heterozygosity  were  calculated  using  Genepop  4.7.5  (Rousset  2008).  Hardy–Weinberg

equilibrium (HWE) for each locus and Linkage Disequilibrium (LD) between each pair of

loci (with Bonferroni correction) was tested using Genepop 4.7.5 (Rousset 2008).

Results

Across  the  320  SNPs  tested,  143  SNPs  either  did  not  amplify  or  were  monomorphic,

probably resulting from the limited spatial extent of the ten individuals used for  searching

putative SNPs (Supplementary Material Table S1). The average call rate of the 177 SNPs

detected in more than half of the 95 samples and polymorphic was 97.4 %. The observed

heterozygosity ranged from 0 to 1, while the expected heterozygosity varied from 0.0161 to
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1, with 32 SNPs displaying an heterozygosity lower than 0.1 (highlighted in orange in the

Supplementary Material  Table S2). Among the 177 SNPs, 23 departed significantly from

HWE proportions over the 95 samples spanning the 7 locations, (p-value < 0.05, highlighted

in red in Supplementary Material Table S2). LD was rare, present in only 21 pairs of loci out

of the 51040 pairs tested (the 32 loci involved are highlighted in yellow in Supplementary

Material Table S2). These results provide a valuable resource for future population genetic

studies of this endemic bryozoan species in the Mediterranean Sea.
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