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Morphological Description and Genetic
Sequencing of Mitochondrial COI Gene 1n Iraqi

New Record Limax flavus (L., 1758) (Mollusca:
Gastropoda)
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Abstract—Morphological description and genetically diagnosing
of Limax flavus (L., 1758) slug were done in this work. The
morphological description results of the collected specimen confirmed
that it is a new record founded in the west of Baghdad-Irag. Detailed
Morphological study showed that the specimen has yellow color with
small dark sputum. Specimen long was ranging from 4.3 to 12.5 cm,
also it has a slim mucous body, a pale keel and a thin, oval, darker
mantel on the front dorsal side of the body with long ranging from 1.2
to 3.1 cm with blue pale tentacle. COl gene sequencing of this
specimen was done to find the similarity with the same gene
sequences, which published in National Center of Biotechnology
Information (NCBI) database. Polymerase chain reaction (PCR)
technique results revealed presence one band of mtDNA COI gene
with 710 bp. Sequencing of the PCR product showed a high similarity
(93%) with the accession number FJ606456.1 (specimen collected
from Western Central Alps). The sequence result of COI gene in this
work was deposited in the NCBI gene bank repository. In conclusion,
the collected specimen species was the first record in Iraqi
environment and the sequences results confirms that this specimen is
Limax flavus.

Keywords— Limax flavus, Gastropoda, Limacidae, Mollusca,
Slug, COI gene, PCR.

. INTRODUCTION

The Slugs (Mollusca: Gastropoda) are important in food
chains, it consuming dead leaves, fungi, plants seed and some
species prey on earth worm, then it may consume by birds and
mammals (Hutchinson &Reis 2015). Slugs causing an
economic damage to the plants, but in the other hand it
medically important (Salam & El-wakeil 2012 ,Kamal &
Almuktar 2010), but yet the Limax slug is one of the most
significant group living Mollusca (Gamil 2013). Limax flavus
was world-wide distribution (Branson 1980), and they are
founded in British Island (Cameron et al. 1983), North of
Mexico, and America (Pilsbry 1984), also was disturbed in
Australia, China, Cook Islands, Canada, Europe,

Japan, Ghana, Madagascar, Middle East, South Africa, New
Zealand North, United States, Rarotonga, South America, the
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Island of St. Helena and Vanuata (Forsyth 2004; Roth, &
Sadeghian 2006; Donnel et al. 2009).

Investigating the systematics and conservation biology
of molluscs by using genetic tools is of increasing interest
(Geist et al. 2008). The use of DNA as source was greatly
hampers due to the unavailability of molluscan soft tissues or
they have been preserved using formalin-containing solutions
(Legrand et al. 2002). Slugs and snails which belong to
Gastropods were secreting a trail of mucus from their pedal
gland while moving across a surface (Denny 2012). Slugs have
enormous quantities of mucopolysaccharides which make
difficulty to DNA extraction. Some of recent extraction
techniques designed to remove the mucus of snails by using
some reagents that are hazardous to the environment
(Winnepenninckx et al. 1993; Douris et al. 1998). However, the
DNA isolation from molluscs proved to be a difficult task,
because the polysaccharides present in the animals
co-precipitates with the DNA and these polysaccharides
inhibits the activity of many enzymes used in molecular
biology, such as polymerases, ligases and restriction
endonucleases (Sokolov 2000). Chelex-based extraction
(Walsh et al. 1991) and CTAB procedure (Tel-Zur et al. 1999)
are the most used protocols for genomic DNA extraction
(Pereira 2011).

The identification of specimens was often impossible
because of life stage diversity or damage to diagnostic traits
(Hebert et al. 2003; Carr et al. 2010; Radulovici et al. 2010).
Mitochondrial DNA markers have been widely used for
identification of closely related species (lidzuka & Aranishi
2008) and also for population genetic structure analyses
(Kocher et al. 1989). Currently, the most widely used genes
was cytochrome c¢ oxidase subunit 1 (COI) for studying the
phylogeny, systematics and the identification of species. There
is only little information available on the amplification success
of the COI gene fragment in gastropod tissues due to DNA
extraction or preservation, storage media and storage duration
(Huelsken et al. 2011). The COI gene region was effective tool
for delineating marine species of molluscs and for revealing
overlooked species and this was confirmed by Layton (2013).
She investigates patterns of sequence variation at the COI gene
in Canadian marine molluscs. The analysis of nucleotides
sequences of nuclear and mitochondrial DNA (COI gene)
provides us with a basis for taxonomic and phylogenetic
consideration (Skujiene & Soroka 2003). The aim of this
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present work is to study the morphological description and the
genetic identification at molecular level by using polymerase
chain reaction (PCR) and mtDNA COI gene sequencing as
DNA barcoding region in the new record Limax flavus (L.,
1758).

Il. MATERIAL AND METHODS

A.  Specimen.

Mature mucus-rich Limax flavus (L., 1758) (Mollusca:
Gastropoda) was collected from west of Baghdad Al-Karkh in
the middle of Irag from the period between August and
September, 2016. Fresh specimen was used for DNA extraction
and preserved in 70% ethanol for further studies.

B. Morphological Study.

The collected Limax flavus specimen was morphological
described according to Thomas et al. (2010). The method was
done by putting the specimen in boiling water for 1 min and
then transferred to 75% ethanol. The classification of specimen
was performed according to Cameron (1983), Wiktor et al.
(2000) and Telebac et al. (2013).

C. DNA extraction protocol.

DNA from Limax flavus specimen head was extracted
according to (Doyle & Doyle 1987; Gittenberger et al. 2006;
Huelsken 2011) and used for the genetic analysis. The head of
the specimen was separated and cut off with scalpel, grind and
dissolved by incubation at 60°C for 2 hours in a mixture of 300
pl proteinase K (20 mg/ml) and 500 pl CTAB (Cetyltrimethyl
ammonium bromide) buffer (2% CTAB, 1.4 M NaCl, 20 mM
EDTA, 100 mM Tris-HCI; for 10 ml of this buffer 0.4 g
polyvinylpyrrolidone and 50 ul of B-mercaptoethanol were
added before starting extraction). Five-hundred microliter of
24:1 (chloroform: iso amyl alcohol) was added and mixed well
by shaking tubes and then centrifuged at 13000 g for 10 min .
The aqueous phase was pipetted and placed into new
eppendorf tube. Five-hundred microliter of cold isopropanol
was added and left for standing in freezer for 15 min. The
extraction then centrifuged at 13000 g for 3 min. Then the
liquid was pipetted off and 700 pl of cold 70% ethanol was
added. The extraction centrifuged at 13000 g for 1 min and the
liquid was poured off. The tube was air dried for 20 min, and
the pellet was re-suspended by adding 100 pl of 1X TE buffer
(20 mM Tris-HCI, 1 mM EDTA). Four-microliter of RNase A
was added to the extraction and incubated at 37 °C for 1 hour.
The DNA quality and quantity were tested by using Nanodrop
(Act Gene, USA) and stored at -20 °C for further use.

D. Polymerase chain reaction (PCR).

The mtDNA cytochrome ¢ oxidase subunit 1 (COIl)
gene was used as DNA barcode and amplified using the PCR
approach. Primers for COl gene was used depending on
Folmer (1994), and synthesized in Alpha DNA Company
(Canada). Primer sequences of the COI gene with
approximately 710 bp products size were show in Table (1).

AccuPower® PCR PreMix (Bionner, Korea) was used
for amplifiying COIl gene by PCR. Two-microliter of each
primer with 1 uM concentration and 4ul of DNA template with
100 ng/pl concentration were added to PCR PreMix tubes. The
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final volume for PCR reaction was made up to 20 pl with
nuclease-free water. The reaction mixers were placed in
thermal cycler (Esco, Singapore). The optimized PCR program
was consisted of 1 cycle of template denature at 95°C for 3 min,
initial denaturation at 95°C for 30 sec, annealing at 45°C for 1
min, extension at 72°C for 45 sec and final extension at 72°C
for 7 min. The last three steps for 35 cycles. The PCR products
were resolved on 1.5% agarose gels prepared in 1x TBE buffer
(Bioner, Korea). The 100 bp DNA ladder (Bioner, Korea) was
loaded on the agarose gel. One-microliter of Bromophenol blue
dye was also loaded with the reaction mixer sample. The gel
electrophoresis was performed by using 75V for 2 hrs.
Ethidium bromide dye (Promega, USA) was used for staining
the agarose gel for 30 min. The agarose gel was documented
with gel documentation system (Biocom, USA).

E. DNA sequencing.

PCR products for amplified COI gene were subject to DNA
sequencing. PCR products were purified by using
AccuPrep®PCR Purification kit (Bioneer Corp., Korea) before
sequencing. DNA sequencing was done by using genetic
analyzer 3500 instrument (Applied Biosystems, USA). The
used protocol was BDxStdSeq50_POP7_1, BigDye terminator
V3.1, which provided by Applied Biosystems.

A. Morphological description.

The Limax flavus specimen was collected from green
gardens, which it’s the natural place (Kearney 2010) The
results of description of this specimen confirmed that it is a new
record species found in west of Baghdad-Irag. Morphological
description of this specimen showed that it has yellow color
with small dark sputum. The specimen long was ranging from
4.31t0 12.5 cm (Figure 1). The specimen also has a slim mucous
body, a pale keel and a thin, oval, darker mantle on the front
dorsal side of the body with long ranging from 1.2 to 3.1 cm
with blue pale tentacle (Figure 2).

RESULTS

B. MtDNA COI gene amplification and sequencing.

PCR technique was performed by using two universal
primers (LCO1490 and HC02198) to verify mtDNA COI gene.
The primer pair successfully amplified a part of this gene from
the collected specimen DNA. One band was observed with 710
bp (Figure 3).

Sequencing of COI gene of this specimen was done to
find the similarity with the same gene sequences database
which published in NCBI. The sequencing results revealed a
high similarity (93%) with the Limax flavus accession number
FJ606456.1; specimen collected from Western Central Alps
(Figure 4). The calculated base composition average of these
sequences was to be 166 (26.52%) adenine, 244 (38.98%)
thiamine, 108 (17.25%) guanine and 108 (17.25%) cytosine.
The sequence result of COI gene in this work was deposited in
the NCBI gene bank repository and the accession number was
MF034732 (www.ncbi.nlm.nih.gov/nuccore/MF034732).

IVV. DISCUSSION

All organisms are re-classified in depends on
molecular levels. Barcode genes are useful for such studies. In
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Iraq, there is no studies were done to re-classify the snails at
molecular level. Limax flavus was founded in different parts in
the world, but it’s the first time was recorded in Iraq. This work
was described Limax flavus genus as new recorded in Irag.
Morphological and genetic studies were done to confirm the
classification of this genus. Descriptions of species in the
majority of slug studies are depended on one individual or a
small series of specimens. This fact hinders the estimation of
inter- and intraspecific variations presented in these characters
(Nitz et al. 2009). The apparent lack of diagnostic characters of
external morphology, such as a well-developed shell is one of
the major problems in slug research. The shape, body size,
vestigial shell and coloration are all very variable and
potentially misleading (Klee et al. 2007). Nearly all species of
Limax genus are poorly known but there are some poorly
studies on molluscans in Iraq (Shehab & et al 2015,Ameen
2018), and much historical identification is doubtful. Variable
coloration was found in Limax species, ranging from creamy
white through brownish to black. The long of living animal was
up to 19.6 cm; sole length up to 19 cm (16.7 cm in ethanol),
mantle length up to 5.8 cm (5.4 cm in ethanol); width up to 2.2
cm (up to 1.7 cm in ethanol), keel length in ethanol up to 4.6
cm. Discrimination of Limax species cannot be based on one or
two morphological character sets alone, therefore the various
characters value for discrimination and identification must be
considered (Nitz et al. 2009). New possibilities of dealing with
taxonomic problems were offered by using the application of
molecular biology methods (Davis 1994). Using of molecular
techniques to analyze relationships between populations and
species has become widespread, and nucleotide sequence
variations in the mtDNA offer a powerful tool in molecular
phylogenetic of marine organisms (Carvalho & Pitcher 1995).
MtDNA markers have been widely used for population genetic
structure analyses (Kocher et al. 1989). The use of molecular
biology methods in the studies of population genetics and
evolution has increased dramatically during the last decade
(Tripath et al. 2013). There is little information available on the
amplification success of the COI gene fragment in gastropod
tissues (Skujiene & Soroka 2003). The molecular tree study
based on COI gene sequence data strongly supports the results
based on morphology and behavior (Nitz et al., 2009).
Currently, one of the most widely used genes for phylogeny,
systematics and the identification of species is COl (Huelsken
et al. 2011). Nucleotide sequences of nuclear and MtDNA
analyses were provides us a basis for taxonomic and
phylogenetic considerations (Skujiene & Soroka 2003). The
DNA sequences of cytochrome c oxidase subunit I (COI) and
barcode gene, may serve as additional valuable character set for
phylogenetic analyses and subsequent identification (Nitz et al.
2009). This study showed some differences in nucleotide
sequences in comparison with the same nucleotide sequences
for Limax flavus which published in NCBI data. Two primary
evolutionary mechanisms that cause population differentiation
are genetic draft and natural selection (Hufford & Mazer 2003).
Development of ecological adaptation or ecotype will resulted
by natural selection (Awodiran & Ogunjobi 2016). Also, these
two forces may interact with other factors, such as breeding
system, life-history traits, dispersal and other evolutionary and
ecological processes to determine the genetic structuring
patterns that are observed in the field (Gow et al. 2004). This
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study revealed a good similarity with Limax flavus specimen
published in NCBI data and this help us for confirming that the
collected genus is Limax flavus.

V. CONCLUSIONS

In conclusion, the collected specimen species was
the first record in Iragi environment and the sequences results
confirms that this specimen is Limax flavus. COI gene
sequence in this work was deposited in the NCBI gene bank
repository (www.nchi.nlm.nih.gov/nuccore/MF034732).
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TABLE I: PRIMERS FOR COl GENE AMPLIFICATION

Primer Sequence (5" = 3)

LCO1490 (F)

5 -GGTCAACAAATCATAAAGATATTGG-3"

HC02198 (R)

5 -TAAACTTCAGGGTGACCAAAAAATCA-3"

Fig. 1: External feature of the collected Limax flavus (L., 1758)
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Fig.. 2: The tentacles and mantle of the collected Limax flavus (L., 1758)
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Fig. 3: Gel electrophoresis for mtDNA COI gene in the collected Limax
flavus specimen (Gel electrophoresis was performed by using 1.5% agarose gel
concentration at 75 Volts for 2 hours).
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Fig. 4: Limax flavus specimen sequences alignment of the mtDNA COI gene
with the reference gene from NCBI database (accession number FJ606456.1)
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