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Abstract

This study aimed to assess the genetic differentiation and relationship among five sea cucumber species from
the Red Sea in Egypt, namely Holothuria atra, H. impatiens, H. leucospilota, Actinopyga crassa and A. mauritiana,
using Inter Simple Sequence Repeated (ISSR) and Start Codon Targeted (SCoT) markers. A collection of 100
specimens, with 20 individuals per species, was gathered for the analysis. With ten ISSR primers, 135 amplified
bands were detected, including 11 distinct species-specific bands, indicating high-level polymorphism among
species. Using ten SCoT primers, 151 amplicons were generated, including 30 species-specific bands, with 52%
polymorphic bands indicating high-level polymorphism among species. The degree of genetic similarity (GS)
among the different genotypes of species was calculated based on ISSR bands analysis, which ranged from
93% between H. atra and H. impatiens to 86% between H. atra and A. crassa. The highest genetic similarity
was observed between H. atra and H. impatiens (90%), while the lowest was identified between A. crassa and
A. mauritiana (75%) using SCoT bands. Notably, the ISSR and SCoT-based DNA analysis revealed similar genetic
relationships between H. atra and H. impatiens compared to other sea cucumber species studied. This study
provides new insights into the genetic diversity and relationship among sea cucumber species in the Red Sea,
which could have implications for their conservation and management.
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Resumo

Este estudo teve como objetivo avaliar a diferenciagio genética e a relacdo entre cinco espécies de pepinos-do-mar
do Mar Vermelho no Egito, quais sejam, Holothuria atra, Holothuria impatiens, Holothuria leucospilota,
Actinopyga crassa e Actinopyga mauritiana, usando marcadores Inter Simple Sequence Repeated (ISSR) e Start
Codon Targeted (SCoT). Uma colecdo de 100 espécimes, com 20 individuos por espécie, foi reunida para analise.
Com 10 primers ISSR, 135 bandas amplificadas foram detectadas, incluindo 11 bandas especificas de espécies
distintas, indicando polimorfismo de alto nivel entre as espécies. Usando 10 primers SCoT, 151 amplicons foram
gerados, incluindo 30 bandas especificas da espécie, com 52% de bandas polimoérficas indicando polimorfismo
de alto nivel entre as espécies. O grau de similaridade genética (GS) entre os diferentes genétipos das espécies
foi calculado com base na analise das bandas ISSR, que variou de 93% entre H. atra e H. impatiens a 86% entre
H. atra e A. crassa. A maior similaridade genética foi observada entre H. atra e H. impatiens (90%), enquanto a
menor foi identificada entre A. crassa e A. mauritiana (75%) usando bandas SCoT. Notavelmente, a andlise de DNA
baseada em ISSR e SCoT revelou relagdes genéticas semelhantes entre H. atra e H. impatiens em comparagao
com outras espécies de pepino-do-mar estudadas. Este estudo fornece novas informagdes sobre a diversidade
genética e a relagdo entre as espécies de pepino-do-mar no Mar Vermelho, o que pode ter implicagdes para sua
conservagdo e manejo.
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1. Introduction

Many marine invertebrates, particularly those that
are sessile or move slowly, are rich sources of bioactive
metabolites (Jiménez, 2018; Luthfi and Asadi, 2021).
In Asia and the Middle East, people traditionally use marine
invertebrates, such as sea cucumbers in holothurians, as
food and folk medicine (Bordbar et al., 2011). The phylum
Echinodermata is a group of marine animals that includes
five extant groups, one of which is Holothurians, or sea
cucumbers (Conand, 2006). Commercially important
sea cucumbers have a global distribution, as reported
by Purcell et al. (2012), and their conservation has been
discussed in international meetings, such as Workshop
organized by FAO entitled “Advances Aquaculture and
Management Techniques of in Sea Cucumber”, documented
by Lovatelli et al. (2004).

Sea cucumbers possess a calcareous endoskeleton
comprised of ossicles, and they have a large coelom
containing an ambulacral and hydraulic mechanism for
movement and feeding, which enables the integration
of various physiological functions including movement,
breathing, and sensory perception. The predominant form
of symmetry in sea cucumbers is pentaradial, although
some species exhibit secondary bilateral symmetry.
The digestive system is fully functional, the neural
network is decentralized, and the generative system is
straightforward (Elnakeeb et al., 2020). These creatures
have an elongated, pliable tubular physique that extends
from the oral cavity to the anal opening, resulting in
similar morphology. They inhabit the seabed and are
primarily found in the three-ambulacral areas (i.e.,
Ambulacral basic element of the Carpenter system). To
feed, they use oral appendages, and the morphology of
these tentacles varies depending on the taxonomic order
within the taxon group (Hyman, 1955; Boolootian, 1966).

Sea cucumbers are distributed widely throughout the
ocean, inhabiting diverse environments ranging from the
intertidal zone to the deep sea, and spanning from polar to
tropical regions. Within the class Holothurian, there exist
a plethora of species numbering around 1500, with the
discovery of new ones being a continual process. The interest
in this group has grown substantially over the years, with
numerous studies dedicated to their taxonomic classification
and ecological significance (Massin et al., 1999; Samyn and
Berghe, 2000; Uthicke et al., 2004). The class Holothuroidea
is comprised of six orders, namely Apodida, Aspidochirotida,
Dactylochirotida, Dendrochirotida, Elasipodida, and
Molpadida. These orders can be distinguished from each
other based on various features such as the Existence or
non-existence of ambulacral system. The morphology
of the oral tentacles and the existence or non-existence
of breathing organs, flexor muscles, and internal canals.
A comprehensive illustration of the anatomy of this class
can be found in Conand (1990).

The quantity and distribution of genetic diversity play
a vital role in the evolution of living beings, making it a
crucial antecedent to any biodiversity study (Futuyma,
1986; Fernandes et al., 2022). DNA profiling techniques
such as Random Amplified Polymorphic DNA (RAPD)
and Inter-Simple Sequence Repeat (ISSR), along with
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other commonly used markers, have demonstrated their
effectiveness in examining molecular differentiation
(Costaetal., 2016). Consequently, for anonymous regions,
universal primers are used for analysis (Robarts and
Wolfe, 2014).

In contrast, inter-simple sequence repeat markers
possess several benefits compared to different marker
methods. They are uncomplicated, fast, and cheap, similar
to the RAPD technique, and they have higher elongated
size enables better replicability compared to primers
of the RAPD technique, rendering them more reliable
(Fang and Roose, 1997; Moreno et al., 1998). A potential use
of ISSR patterns is to serve as prevailing methods to evaluate
Species’ molecular differentiation (Hartati et al., 2017;
Igwe et al., 2022). Recently, there has been the development
of novel and efficient marker techniques for instance
the SCoT technique, a marker technique that targets the
ATG (translation start codon), which is known for its
replicability (Collard and Mackill, 2009). The application
of SCoT markers has been effective in analyzing molecular
differentiation and arrangement, identifying breeds, and
mapping QTLs and DNA fingerprinting in various sea
cucumber species (Tian et al., 2015; Cui et al., 2021). As
a constructing marker-assisted breeding program, SCoTs
have a distinct advantage over RAPDs and ISSRs. SCoT
has some advantages, such as being fast and simple to
implement (Mulpuri et al., 2013).

The aim of this study was to establish the phylogenetic
relationships among five holothuroids species from the
Red Sea in Hurghada, Egypt, using molecular genetic
methods. This was the first study to use this approach
in this region.

2. Materials and Methods

2.1. Sampling

In total, 100 sea cucumbers specimens were gathered,
with an equal number of 20 individuals per each of the
five distinct species: Holothuria atra, H. impatiens, H.
leucospilota, Actinopyga crassa and A. mauritiana from
Hurghada, Red Sea, Egypt. The collection site is located
at (27°17° 6.39” N, 33° 46’ 28.93” E) in the front of the
National Institute of Oceanography and Fisheries (NIOF).
The presence of long patchy reefs characterizes this site,
representing the front edge of a vast and shallow reef
flat with many depressions and lagoons. It has many sea
cucumber species and five sea cucumber species were
collected: Actinopyga crassa, Actinopyga mauritiana,
Holothuria atra, Holothuria leucospilota, Holothuria
impatiens. Sea cucumber collecting was carried out by
SCUBA-diving up to depths of 5 m. The specimens were
transferred alive to the hydrobiology laboratory at (NIOF),
All sea cucumber species were identified according to
various technical papers and several taxonomic guides
(Massin et al., 1999; Samyn, 2003; Uthicke and Purcell,
2004; Hartati etal., 2017; Cui et al., 2021). All sea cucumber
individuals were measured and weighed, then muscle
tissues were dissected and frozen quickly at -20°C for
the following genetic analysis.
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2.2. Molecular analysis

2.2.1. DNA extraction and purification

DNA from muscle tissues of five sea cucumber
species was extracted according to DNeasy Kit (Qiagen)
(Cat No. 69504) following the manufacturer’s protocol.

2.2.2. ISSR-PCR reaction

The ISSR-PCR procedure was used to detect polymorphic
bands in a group of 10 primers as shown in Table 1.Ina 25 uL
reaction volume, the amplification was performed using
1x PCR buffer, 1.5 mM MgCl,, 0.2 mM dNTPs, 1 uM primer,
1 U Taq DNA polymerase, and 30 ng of the DNA template.

2.2.3. SCoT-PCR reaction

Ten primers were used SCoT-PCR to detect polymorphism
as shown in Table 2. To perform the amplification, a reaction
volume of 25 pL was used, which consisted of 1x PCR buffer,
1.5 mM Mg(l,, 0.2 mM dNTPs, 1 uM primer, 1 U Taq DNA
polymerase, and 30 ng of the template DNA.

The amplification process was conducted using a
Perkin-Elmer/GeneAmp® PCR System 9700 (PE Applied
Biosystems) that was programmed to execute 35 cycles
following an initial denaturation cycle of 5 minutes at
94°C. The amplified products were separated through
electrophoresis on a 1.5% agarose gel that was prepared
with 1x TBE buffer and contained ethidium bromide
(0.5 pg/mL) under 95 volts.

2.3. Statistical analysis

The size range in base pairs (bp) of each band produced
by ISSR and SCoT approaches was determined using the
TotalLab Quant software to evaluate the genetic similarity
among the studied samples. Sharp and well-defined
amplified DNA fragments were given a score of 1 for band
presence and O for band absence, while bands migrating
at the same distance were deemed identical. The measure
of genetic relatedness coefficient (GS) of dual genetic
profiles was estimated Implementing the Dice correlation

Table 1. Name and sequence primers ISSRs.
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coefficient (Sneath and Sokal, 1973). This data was imported
into the Multi-Variate Statistical Package (MVSP) version
19 software to create a similarity matrix and dendrogram
using the unweighted pair group method with arithmetic
average (UPGMA) and Jaccard’s coefficient to illustrate the
relationships between the studied species (Kovach, 1998).
The heatmap was created using the R software package
to visualize the similarity between the five sea cucumber
species (H. atra, H. impatiens, H. leucospilota, A. crassa and
A. mauritiana).

3. Results

3.1. Polymorphic analysis

The five sea cucumber species’ genetic similarity was
identified using the ISSR and SCoT-PCR molecular techniques.

The ten ISSR primers produced 135 DNA bands for
all studied sea cucumber species, as shown in Table 3
and Figures 1-3. Out of these bands, 67% (90) were
monomorphic, 25% (34) were polymorphic, and 8% (11)
were unique. The extent of variability in the DNA markers
used in this study was evaluated based on the percentage
of unique and polymorphic bands. Results showed that
ISSR1 exhibited the highest variability with 75%, while
ISSR19 had the lowest at 7%. As shown in Table 3, the
number of fragments produced per marker ranged from
8 (ISSR-2) to 18 (ISSR-10). In terms of size, the fragments
amplified by the markers varied from 150 bp in the case
of ISSR1 and ISSR6 primers to 1600 bp for ISSR13.

Ten markers were amplified using SCoT to a total of
151 amplicons (Table 4 and Figures 4-6) for all five sea
cucumber species, with a range of 9 bands (SCoT-9)
to 19 bands (SCoT-2), of which 73 were monomorphic
bands (48%), 30 (20%) were unique and 48 (32%) were
polymorphic. The percentage of polymorphism (which
includes unique and polymorphic amplification products)
ranged from 33% for SCoT-9 to 69% for SCoT-10. The size
of the amplified bands varied from 100 bp in the case of
SCoT-6 primer to 2000 bp in SCoT-2 (as listed in Table 4).

Table 2. Name and sequence primers SCoT.

Name Primer Sequence 5’-3’

Name Primer Sequence 5’-3’

ISSR- 1 5’-AGAGAGAGAGAGAGAGYC-3’
ISSR- 2 5'-AGAGAGAGAGAGAGAGYG-3’
ISSR-3 5’-ACACACACACACACACYT-3’
ISSR- 4 5'-ACACACACACACACACYG-3’
ISSR- 5 5'-GTGTGTGTGTGTGTGTYG-3’
ISSR-6 5'-CGCGATAGATAGATAGATA-3’
ISSR-10 5'-GACAGACAGACAGACAAT-3’
ISSR-11 5’-ACACACACACACACACYA-3’
ISSR-13 5'-AGAGAGAGAGAGAGAGYT-3’
ISSR-19 5’-HVHTCCTCCTCCTCCTCC-3’

SCoT-1 ACGACATGGCGACCACGC
SCoT-2 ACCATGGCTACCACCGGC
SCoT-3 ACGACATGGCGACCCACA
SCoT-4 ACCATGGCTACCACCGCA
SCoT-5 CAATGGCTACCACTAGCG
SCoT-6 CAATGGCTACCACTACAG
SCoT-7 ACAATGGCTACCACTGAC
SCoT-8 ACAATGGCTACCACTGCC
SCoT-9 ACAATGGCTACCACCAGC
SCoT-10 ACAATGGCTACCACTACC

A: Adenine; T: Thymine; G: Guanine; C: Cytosine; V: (A or C or G);
H: (AorCorT).

Brazilian Journal of Biology, 2023, vol. 83, 271983

3/9



Abdelghany, F. M. et al.

Table 3. Number of amplified DNA-fragments with ISSR in the five sea cucumber specimens (1- H. atra, 2- H. impatiens, 3- H. leucospilota,
4- A. crassa, and 5- A. mauritiana).

Primer No. of amplified bands Total Mean Size No. of No.  No. of poly Poly
code amplified of band range  monomorphic Unique morphic morphism
(1) (2) (3) @ (5 bands frequency (bp) bands bands bands %
ISSR-1 9 7 4 8 9 12 0.6 150-1550 3 3 6 75
ISSR-2 4 6 4 7 7 8 0.7 1380-310 4 2 2 50
ISSR-3 15 16 12 13 14 16 0.9 1300-230 10 0 6 38
ISSR-4 11 1 10 8 9 1 0.9 1350-240 8 0 3 27
ISSR-5 11 11 11 7 1 14 0.7 170-1329 6 2 6 57
ISSR-6 10 10 10 7 7 1 0.8 150-770 7 1 3 36
ISSR-10 18 17 17 17 17 18 1.0 180-1270 17 1 0 6
ISSR-11 10 10 11 12 11 15 0.7 280-1400 8 2 5 47
ISSR-13 14 16 15 14 16 16 0.9 200-1600 14 0 2 13
ISSR-19 13 14 13 14 14 14 1.0 220-740 13 0 1 7
Total 115 118 107 107 115 135 0.6-1.0 150-1600 90 11 34 33
ISSR-1 ISSR-2 ISSR-3 ISSR-4
T T T O S O O O O O T T T O O I |

L A

- -

e BESEE mamee WWESE

-

Figure 1. ISSR profile of five Sea cucumbers species using ISSR primers: (ISSR1, ISSR2, ISSR3 and ISSR4). M refers to DNA ladder marker
1 bp, (1- H. atra, 2- H. impatiens, 3- H. leucospilota, 4- A. crassa and 5- A. mauritiana).

ISSR-10 ISSR-11

Figure 2. ISSR profile of five Sea cucumbers species using ISSR primers: (ISSR5, ISSR6, ISSR 10 and ISSR 11). M refers to DNA ladder
marker 1 bp, (1- H atra, 2- H. impatiens, 3- H. leucospilota, 4- A. crassa and 5- A. mauritiana).

Figure 3. ISSR profile of five Sea cucumbers species using ISSR primers: (ISSR 13 and ISSR 19). M refers to DNA ladder marker 1 bp,
(1- H. atra, 2- H. impatiens, 3- H. leucospilota, 4- A. crassa and 5- A. mauritiana).
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Figure 4. SCoT profile of five Sea cucumbers species using SCoT primers: (SCoT1, SCoT2, SCoT3 and ISSR 4). M refers to DNA ladder
marker 1 bp, (1- H. atra, 2- H. impatiens, 3- H. leucospilota, 4- A. crassa and 5- A. mauritiana).

SCoT-6 SCoT-6 SCoT-7 SCoT-8

Figure 5. SCoT profile of five Sea cucumbers species using SCoT primers: (SCoT5, SCoT6, SCoT7 and ISSR 8). M refers to DNA ladder
marker 1 bp, (1- H. atra, 2- H. impatiens, 3- H. leucospilota, 4- A. crassa and 5- A. mauritiana).

SCoT-9 SCoT-10

Figure 6. SCoT profile of five Sea cucumbers species using SCoT primers: (SCoT9 and ISSR10). M refers to DNA ladder marker 1 bp,
(1- H. atra, 2- H. impatiens, 3- H. leucospilota, 4- A. crassa and 5- A. mauritiana).

Table 4. Number of amplified DNA-fragments with SCoT in the five Cucumber specimens (1- H. atra, 2- H. impatiens, 3- H. leucospilota,
4- A. crassa, and 5- A. mauritiana).

Primer No. of amplified bands Tot‘al Mean Size No. of ) l\{o. No. of p?ly Pol;(
code amplified of band range monomorphic Unique morphic morphism
1M () () @ (5) pands frequency (bp) bands bands  bands %
SCoT-1 8 8 8 1 8 13 0.6 210-800 6 5 2 54
SCoT-2 17 12 15 16 15 19 0.8 180-2000 12 2 5 37
SCoT-3 10 9 10 10 1 15 0.7 150-700 6 5 4 60
SCoT-4 12 12 1 14 1 18 0.7 136-1150 8 4 6 56
SCoT-5 14 14 1 10 15 18 0.7 120-1330 9 3 6 50
SCoT-6 15 12 1 8 12 17 0.7 100-1300 7 4 6 59
SCoT-7 12 12 12 13 9 15 0.8 170-1120 7 2 6 53
SCoT-8 1 12 12 10 12 14 0.8 130-750 8 2 4 43
SCoT-9 9 8 8 7 8 9 0.9 170-930 6 0 3 33
SCoT-10 9 8 8 9 10 13 0.7 140-1370 4 3 6 69
Total 117 107 106 108 111 151 0.6-0.9  100-2000 73 30 48 52
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3.1.1. Holothuria atra

Using ISSR primers on this species resulted in various
band patterns, comprising a total of 115 bands that varied
in size from 150 bp (ISSR-1,6) to 1600 bp (ISSR-13). The
number of bands produced ranged from 4 (ISSR-2) to 18
(ISSR-10). This species displayed 117 distinct SCoT band
patterns, with bands ranging from 100 bp (in the SCoT-6
primer) to 2000 bp (in the SCoT-2 primer). The number of
generated bands varied from 8 (in SCoT-1) to 17 (in SCoT-2).

3.1.2. Holothuria impatiens

A total of 118 different ISSR band fingerprints were
produced by the primers, ranging in size from 150 bp
in primer ISSR-1,6 to 1600 bp in ISSR-13. The number of
generated bands ranged from 6 with ISSR-2 to 17 with
ISSR-10. The application of SCoT primers on the examined
species resulted in distinct band patterns consisting of 107
bands, ranging from 100 bp (SCoT-6) to 1550 bp (SCoT-2)
in size. The number of generated bands varied from 8
(SCoT-1, 9, 10) to 14 (SCoT-5).

3.1.3. Holothuria leucospilota

In this species, 107 distinct banding patterns using
ISSR primers were observed, with band sizes ranging
from 150 base pairs (bp) for primers ISSR-1 and ISSR-6
to 1600 bp for ISSR-13. The number of amplified bands
varied from 4 in (ISSR-1 and ISSR-2) to 17 in (ISSR-10).
Using SCoT primers, diverse band spectra comprising 106
bands were identified in this species. These bands ranged
from 100 bp (SCoT-6) to 1550 bp (SCoT-2). The number
of generated bands differed from 8 in SCoT-1, 9, and 10
to 15 in SCoT-2.

3.1.4. Actinopyga crassa

This particular species exhibited distinctive band
patterns using ISSR primers, with 107 bands of varying
size ranging from 150 bp to 1600 bp in (ISSR-6 and ISSR-13,
respectively). The number of generated fingerprints ranged
from 7 in (ISSR-2) to 17 in (ISSR-10). Meanwhile, using SCoT
primers, A. crassa yielded 108 distinct banding profile, with
band sizes ranging from 100 bp in the primer (SCoT-6) to
1550 bp in (ISSR-2). The amount of resulted bands changed
from 7 in (SCoT-9) to 16 in (SCoT-2).

3.1.5. Actinopyga mauritiana

The utilization of ISSR primers on this species resulted
in 115 unique band patterns, varying in size from

150 bp (ISSR-1, 6) to 1600 bp (ISSR-13), in that order.
The quantity of bands generated ranged from 7 (ISSR-2)
to 17 (ISSR-10), for both ISSR and SCoT primers. Similarly,
SCoT primers produced around 111 distinct bands in this
species, with sizes ranging from 100 bp (SCoT-6) to 1550 bp
(ISSR-2). The number of bands formed ranged about from
8 (SCoT-1, 9) to 15 (SCOT-2).

3.2. Clustering analysis

An analysis of ISSR bands was performed on all sea
cucumber species, revealing varying genetic relationship
degrees. Actinopyga crassa and Actinopyga mauritiana
exhibited the lowest degree of genetic relationship, while
the highest degree was observed between Holothuria atra
and Holothuria impatiens. The resulting genetic similarity
index ranged from 86% to 93%, as demonstrated in Table 5
and Figure 7. Additionally, the analysis of SCoT bands
showed that Actinopyga crassa and Actinopyga mauritiana
had the lowest genetic similarity (75%), while Holothuria
atra and Holothuria impatiens had the highest (90%), as
presented in Table 6 and Figure 8. The cladogram built
based on genetic distance divided the dendrogram into
three clades (Figures 9 and 10).

H. atra

100.00
98.00
96.00
94.00

H. impatiens

H. leucospilota 92.00
90.00

88.00
86.00

A. crassa

A. mauritiana

& 3 'S @

o R & =

N 9 @ N

& & < N
© N d &

& @ ™

Figure 7. Heatmap visualization of the similarity between five sea
cucumber species (H. atra, H. impatiens, H. leucospilota, A. crassa
and A. mauritiana). The similarity matrix was generated by the
unweighted pair group method with arithmetic average (UPGMA)
and Jaccard’s coefficient, based on the ISSR marker data.

Table 5. Similarity Matrix UPGMA Jaccard’s Coefficient with ISSR,, 1- H. atra, 2- H. impatiens, 3- H. leucospilota, 4- A. crassa, and 5- A. mauritiana).

1) (2) (3) (4) (5)
1 100
2 93 100
3 88 92 100
4 86 88 87 100
5 88 92 91 90 100
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Table 6. Similarity Matrix UPGMA Jaccard’s Coefficient with SCoT.,, 1- H. atra, 2- H. impatiens, 3- H. leucospilota, 4- A. crassa, and 5- A. mauritiana).

(1) (2) (3) (4) (5)
1 100
2 90 100
3 86 89 100
4 80 76 77 100
5 88 89 86 75 100

H. atra

100.00
H. impatiens

95.00

90.00

H. leucospilota 85.00

80.00

75.00
A. crassa

A. mauritiana

2 @
A & e
& & K N

> @ L <«

Figure 8. Heatmap visualization of the similarity between five sea
cucumber species (H. atra, H. impatiens, H. leucospilota, A. crassa
and A. mauritiana). The similarity matrix was generated by the
unweighted pair group method with arithmetic average (UPGMA)
and Jaccard’s coefficient, based on the SCoT marker data.

4. Discussion

In the present study, morphological characteristics of
three species from the Holothuria genus (atra, impatiens,
and leucospilota) and two from the Actinopyga genus (crassa
and mauritiana) were investigated, and DNA patterns for
these species have been analyzed using molecular markers
ISSR and SCoT and the resemblances and discriminate
between the species was established.

Estimating molecular differentiation is vital in preserving
hereditary resources (Hamrick and Godt, 1996). Implementing
a genetic tracking scheme is crucial in preventing the
depletion of genetic variation in farmed holothuroids.
The examination of genetic differentiation is crucial in
designing effective conservation programs for sea cucumber.
In 2004, Uthicke and Purcell revealed significant genetic
diversity through allozyme electrophoresis of 258 Holothuria
scabra specimens from nine sites in New Caledonia. The
findings referred significant genetic connectivity among
populations with limited water exchange, emphasizing
the importance of genetic surveillance in sea cucumber
conservation programs.

ISSR analysis investigated the molecular polymorphism,
and genetic variability among some species (Abu-Almaaty et al.,
2017; Abu-Almaaty et al., 2020). Yao et al. (2007) employed
ISSR markers to identify genetic discriminate between two
stocks of sea cucumber (Apostichopus japonicus). Similarly,
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Figure 9. Dendrogram for five sea cucumber species (H. atra,
H. impatiens, H. leucospilota, A. crassa and A. mauritiana), based on
ISSR molecular markers using the UPGMA method and similarity
matrices calculated according to Jaccard’s coefficient.
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Figure 10. Dendrogram for five sea cucumber species (H. atra,
H. impatiens, H. leucospilota, A. crassa and A. mauritiana), based on
SCoT molecular markers using the UPGMA method and similarity
matrices calculated according to Jaccard’s coefficient.

Mar’ie and Allam (2019) carried the assessment of genetic
heterogeneity among several parrotfish species from the
fisheries grounds of Red Sea out using the ISSR marker.
The marker targeting the start codon is anticipated to be
associated with genes linked to functional characteristics,
allowing for the conversion of the amplicons into molecular
markers that target specific genes (as discussed by
Xiong et al., 2011). The SCoT polymorphism approach,
which employs a single forward and reverse primer, shares
similarities with ISSR and RAPD (Bhattacharyya et al.,
2013). According to Chen et al. (2009), the SCoT technique
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offers several benefits, such as being cost-effective, ease of
use, straightforward primer design, high polymorphism,
consistent results, and broad applicability. SCoT markers
have been utilized in various applications, including the
identification of genetic diversity and structure, cultivar
identification, and DNA fingerprinting in different species,
as well as quantitative trait loci mapping (Cabo et al., 2014).

The outcomes of our study furnish insights into
the genetic organization of the sea cucumber species.
The findings suggest that the application of molecular
techniques such as ISSR and SCoT could be advantageous
tools in DNA fingerprinting, estimate genetic variability,
and identifying different holothurians species sourced
from different areas. Greater polymorphism is a result
of differences in DNA sequences, indicating higher
genetic diversity. The ISSR and SCoT markers exhibited
polymorphism rates of 33% and 52%, respectively.
The information obtained from this study will help to
understand the genetic structure and evolution of sea
cucumber species.

5. Conclusion

In conclusion, the current investigation employed ISSR
and SCoT markers for evaluating the genetic distinction
and molecular linkage between five distinct species of sea
cucumber. The results indicated high-level polymorphism
among species, with 11 distinct species-specific bands
using ISSR markers and 30 species-specific bands
using SCoT markers. The genetic analysis showed that
Holothuria atra and Holothuria impatiens are closely
related, while Holothuria leucospilota, Actinopyga crassa
and Actinopyga mauritiana are genetically distinct.
The findings demonstrate the potential of ISSR and SCoT
markers for identifying sea cucumber species beyond
traditional morphological characteristics.
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