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Abstract

Etmopterus spinax (Linnaeus, 1758) and Etmopterus molleri (Whitley, 1939) are two bioluminescent deep-sea sharks, usu-
ally caught in large numbers as bycatch by deep-water fisheries. Yet, no study has ever involved population status of these
two species using genetic tools. In order to investigate population genetic structure, diversity and connectivity of these two
lanternsharks, 29 and 19 microsatellite loci were isolated from E. spinax DNA library for E. spinax and E. molleri, respec-
tively. These loci were tested on 32 E. spinax individuals from the North Sea and seven E. molleri from the East China Sea.
The number of alleles per locus ranged from 2 to 13. The observed heterozygosity ranged from 0.031 to 0.839 for E. spinax
and from 0.000 to 1.000 for E. molleri, while the expected heterozygosity ranged from 0.031 to 0.903 and from 0.143 to
0.821, respectively. Almost all loci (24 and 16, respectively) were at Hardy—Weinberg equilibrium for both species and no
linkage disequilibrium among loci was detected. These loci represent useful tools to better understand the population structure
of these two species. Besides, they could also be suitable for other lanternsharks in general, as these latter remain largely
understudied, specially in terms of understanding the basic science that will serve into their conservation.

Keywords Etmopterus spinax - Etmopterus molleri - Squaliformes - Etmopteridae - Microsatellites - Deep-sea
lanternsharks

Introduction

Etmopteridae represents one of the two known biolumines-
cent deep-sea shark families [1]. These lanternsharks are
globally distributed and are represented by at least 43 spe-
cies [2]. Little is known about their population genetic diver-
sity and structure, therefore their population health status.
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sharks. While stock assessments by longlines and trawl-
ing catches give information on the population status of
E. spinax [8-10], nothing is known about the status of E.
molleri. Lanternsharks are usually caught in large numbers
as bycatch in deep-water fisheries, but directly discarded
since they have no current commercial value.

Here, we used a DNA library extracted from E. spinax
samples. We then isolated 29 and 19 microsatellite markers
for E. spinax and E. molleri, respectively. Among them, 12
markers were common to both species. These genetic mark-
ers will help to evaluate the population status, dynamics and
connectivity of these two species.

Materials and methods

Microsatellite library development and primer
selection

DNA library preparation and sequencing were performed on
E. spinax by Beijing Genomics Institute (BGI, Hong Kong),
using Illumina sequencing system. Microsatellite library
development was then performed by BGI using MISA soft-
ware (MIcroSAtellite identification tool) [11] implemented
with Primer3 [12, 13]. A total of 9216 sequences containing
microsatellite motif were identified and primer pairs were in
silico designed for each microsatellite motif, using the pipe 3
of QDD 3.1 [14] (see Online Resource 1 for the parameters
used). Markers with a QDD design note equal to “A” were
retained and checked for possible primer-dimers formation
with Multiple Primer Analyzer on the web (ThermoFisher
Scientific). Then 96 markers were selected for amplification
test depending on the motif [(AT) and (CG) were removed
as they can form hairpins], the number of repeats (>5), the
product size (> 110 bp), the primer alignment score to the
sequence (<5), the primer distance from the target region
(>10 bp) and the absence of primer-dimer.

The 96 primer pairs were tested for amplification on
eight individuals of E. spinax and seven of E. molleri. Total
genomic DNA was extracted from a small piece of muscle
(10-20 mg) using DNeasy Blood & Tissue kit (Qiagen™)
following the manufacturer’s protocol. Forward primers
were indirectly fluorochrome labelled (6-FAM) by adding
a universal 19-bp M13 tail at their 5-end (5'-CACGAC
GTTGTAAAACGAC-3') [15]. PCRs were then performed
with Veriti™ Thermal Cyclers (Applied Biosystems), in
a total volume of 10 pL with 1X of MasterMix Applied
(Applied Biosystems), 0.025 uM of forward primer tagged
with the M13 tail, 0.25 uM of reverse primer, 0.25 pM of
fluorescent dyed M13 tail and 2 ng uL~! of genomic DNA.
The thermocycling program was the following: 94 °C for
5 min+7X (94 °C for 30 s, 62 °C [—1 °C at each cycle]
for 30 s, 72 °C for 30 s)+30x (94 °C for 30 s, 55 °C for
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30 s, 72 °C for 30 s)+ 8% (94 °C for 30 s, 56 °C for 30 s,
72 °C for 30 s) + 72 °C for 5 min. PCR products were geno-
typed using an ABI3730XL sequencer (Applied Biosystems)
at the Plateforme Gentyane (INRA, Clermont-Ferrand,
France). Allelic sizes were determined with GENEMAPPER
4.0 (Applied Biosystems), using an internal size standard
(Genescan LIZ-500, Applied Biosystems). Primer pairs were
selected for further development when (1) they did amplify
at least five and six individuals for E. molleri and E. spinax,
respectively, (2) they did not amplify multiple fragments,
and (3) genotype scoring was deemed reliable.

Polymorphism testing

The characterization of the loci selected for E. spinax was
performed by genotyping 32 E. spinax individuals from
the North Sea, near the Norwegian coast (60°43'03"N;
03°18'58"E) while those for E. molleri were amplified on
the same seven E. molleri individuals previously used for
amplification tests, sampled in the East China Sea, near
the Sesoko Island coast, Okinawa, Japan (26°28'94"N;
127°41'20"E) and their juveniles (N=35; data not used for
further analyses as the individuals were related). Genotyp-
ing was performed using the same protocol as described
previously. PCR products were multiplexed post-PCR in six
panels for each species according to their amplified fragment
sizes and dyes (6-FAM, VIC, NED) were assigned accord-
ingly to each locus (Online Resource 2). Panels were made
independently for each species, even for the cross-amplify-
ing loci, to maximize efficiency and minimize costs. Allelic
sizes were determined with GENEMAPPER 4.0 (Applied Bio-
systems), as previously.

Data analysis

For each species and for each locus, the number of alleles
(Na), the observed and expected heterozygosities (Ho and
He, respectively) and the inbreeding coefficient (Fig) [16]
were calculated with FSTAT 2.9.3.2 [17]. Departures from
Hardy—Weinberg equilibrium (HWE) and linkage disequi-
librium (LD) were tested with GENEPopr 4.7.0 [18, 19], using
False Discovery Rate (FDR) correction for multiple testing
[20]. Null alleles and other potential technical biases were
tested using Micro-CHECKER 2.2.3 [21].

Results and discussion

Among the 96 initially tested primer pairs, following our
criteria, 12 loci were selected for both species (from EtO1
to Et12 in Table 1). Additionally, 17 loci were selected spe-
cifically for E. spinax (Et13-Et29; Table 1) and seven for E.
molleri (Et30-Et36; Table 1). Thus, 29 and 19 microsatellite
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S loci were selected and characterized for E. spinax and E.
g molleri, respectively.
% All of these loci were polymorphic (i.e. at least one bi-
g 5 % allelic genotype different from others) in both species, with 2
é § § to 13 alleles per locus for E. spinax and 2 to 5 for E. molleri
212 £ (Table 1). Observed heterozygosity (Ho) ranged from 0.031
5]
ol = = to 0.839 for E. spinax and from 0.000 to 1.000 for E. molleri,
while expected heterozygosity (He) ranged from 0.031 to
i g 0.903 and from 0.143 to 0.821, respectively (Table 1). For E.
R S < spinax, 24 over 29 loci were at Hardy—Weinberg equilibrium.
All the other loci showed significant heterozygote deficiency
2 2 (Fig ranging from 0.305%* to 0.558%%*). For E. molleri, 16
§ é loci were at Hardy—Weinberg equilibrium. Among the three
2| S S other loci, two showed significant heterozygote deficiency
(Et03: Fig = 0.429%; Et06: F|g = 1.000*) and one showed
“ - significant heterozygote excess (Et33: Fig=—0.751%). These
S § z heterozygotes deficiencies are potentially due to the presence
of null alleles, which were detected in four E. spinax loci
© - (Et04, Et05, Et13 and Et19) and only in one E. molleri locus
S § E (Et06), or to the small sample size for E. molleri (seven
adult individuals). However, their frequency remained low
according to MIcrO-CHECKER estimations (Table 1). Finally,
2« S for both species, no linkage disequilibrium was found among
all pairs of loci.
== ~ These loci will be very useful in studying the genetic
diversity, reproductive strategies and gene flow among popu-
o lations of both species, but more generally of lanternsharks.
£|= = Up to now, genetic information remain poorly documented
for deep-sea elasmobranchs.
Ele =
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