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Abstrast

One specific PCR fragment partially covering the coding regions of the cytochrome c oxidase
subunit | encoding gene was selected in this study. The amplified fragments were directly
exposed to Sanger sequencing experiments to assess the pattern of genetic polymorphism in
the collected fish samples. Then, a specific comprehensive tree was generated to assess the
accurate identification of the observed variants and their phylogenetic distribution Sequencing
reactions showed the accurate identity of the investigated samples due to the presence of one
species, as it was confirmed that $11-S20 belonged to silver carp (Hypophthalmichthys molitrix).
Further details were also observed from the investigated sequencing reactions for the
investigated S11-520 samples. No nucleic acid variations were identified in the silver carp
isolates. The generated phylogenetic tree was constructed to incorporate five phylogenetic
clades with distinct phylogenetic distances. It was inferred from the tree that the silver carp
group was suited in the vicinity to the clade of Prussian carp. This positioning referred to the
fact that both species shared the highest homology than the other incorporated outgroup
species.
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1. Introduction

The silver carp (Hypophthalmichthys molitrix) has
garnered interest due to its rising production in
China, Bangladesh, India, the Russian Federation,
Irag, and Iran.

Feeds on phyto- and zooplankton, its natural habitat,
it breeds upstream while its eggs and larvae flow
downstream to floodplain zones. A species that
leaps from the water when frightened. Swims near
the surface. Juveniles and larvae eat zooplankton;
from 15mm SL, phytoplankton. Sensitive to cold
(below 5C° and oxygen deficit. Dams affect
reproductive success of organisms, (Ji et al., 2009;
IUCN. 2011), (FAO 2009; Asgharzadeh et al., 2010;
Hakimeh et al., 2010; Sass et al., 2014).

The present study was conducted to identify the
pattern of the genetic variation of the investigated
COX1 locus in ten isolates of silver carp. Based on
the genetic variants of the investigated COX1, the
pattern of the genetic diversity of these organisms
was assessed in these samples (assigned S11 - S20)
in the Middle Euphrates region in Iraq.

2. Materials and Method:

Nucleic acids sequencing of PCR
amplicons

The resolved PCR amplicons were commercially
sequenced from both (forward and reverse)
directions, following instruction manuals of the
sequencing company (Macrogen Inc. Geumchen,
Seoul, South Korea). Only clear chromatographs
obtained from ABI (Applied Biosystem) sequence

doi.org/10.31838/hiv23.01.117

files were further analyzed, ensuring that the
annotation and variations are not because of PCR or
sequencing artifacts. By comparing the observed
nucleic acid sequences of local samples with the
retrieved nucleic acid sequences, the virtual
positions, and other details of the retrieved PCR
fragments were identified.

Interpretation of sequencing data

The sequencing results of the PCR products of the
targeted samples were edited, aligned, and
analyzed as long as with the respective sequences in
the reference database using BioEdit Sequence
Alignment Editor Software Version 7.1 (DNASTAR,
Madison, WI, USA). The observed variations in each
sequenced sample were numbered in PCR
amplicons as well as in their corresponding position
within the referring genome. The observed nucleic
acids were numbered in PCR amplicons as well as in
their corresponding positions within the referring
genome. Each detected variant within the fish
sequences was annotated by SnapGene Viewer ver.
4.0.4 (https://www.snapg ene.com).

Translation of nucleic acid variations into

anima acid residues

The amino acid sequences of the targeted protein
were retrieved online from the protein data bank
(http://www.ncbi.nlm.nih.gov). The observed nucleic
acid variants in the coding portions of the analyzed
genetic loci were translated into a reading frame
corresponding to the referring amino acid residues
in the encoded protein using the Expasy online
program (http://web.expasy.org/translate/). Multiple
amino acid sequence alignment was conducted
between the referring amino acid sequences and
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their observed mutated counterpart using the
"align” script of the BioEdit server.

Comprehensive phylogenetic tree
construction

A specific comprehensive tree was constructed in
this study according to the neighbour-joining
protocol described by Sarhan et al. (2019). The
observed variants were compared with their
neighbour homologous reference sequences using
the NCBI-BLASTn server (Zhang et al. 2000). Then, a
full inclusive tree, including the observed variant, was
built by the neighbour-joining method and visualized
as a circular cladogram using the iTOL suit (Letunic
and Bork, 2019). The sequences of each
incorporated group in the comprehensive tree were
colored in an appropriate color.

3. Results and Discussion

Within this locus, ten samples were included in the
present study (assigned as S11 to S20). These
samples were screened to amplify the COX1 gene
sequences of ten isolates of silver carp
(Hypophthalmichthys molitrix) (S11-S20). Thus, the
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variation of the COX1 gene can be used for fish
characterization due to its possible ability to adapt to
variable genetic diversity as was seen in different fish
organisms. The sequencing reactions indicated the
exact identity after performing NCBI blastn for these
PCR amplicons. Concerning the 655 bp amplicons,
the NCBI BLASTn engine showed 100% sequence
homology between the sequenced samples and the
intended reference target sequences. By comparing
the observed nucleic acid sequences of these
investigated samples with the retrieved nucleic acid
sequences (GenBank acc. MF180230.1), the accurate
positions and other details of the retrieved PCR
fragments were identified. The NCBI Blastn suit
identified the accurate identity of the currently
investigated S11-S10 samples. Silver carp was the
identity of the S11-S20 isolates with an entire
homology with the reference sequences (GenBank
acc. MF180230.1). The total length of the targeted
locus was localized in the NCBI server, and the
positions of the start and end of the targeted locus
were also confirmed within the most homologous
target recognized (Fig. 1).

(S11-S20) silver carp (Hypophthalmichthys molitrix)

Hypophthalmichthys molitrix isolate SC_PL20_96 mitochondrion, complete genome

GenBank: MF180230.1
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Fig. 1. The exact position of the retrieved 655 bp amplicon partially covered a portion of the COX1 gene within ten
isolates of silver carp genomic sequences (GenBank acc. no. MF180230.1). The blue arrow refers to the starting point
of this amplicon while the red arrow refers to its endpoint.

After positioning the 655 bp amplicons’ sequences
within the genomic sequences of silver carp samples,

the total length of the amplified amplicons was also
determined (Table 1).

the details of its seiuences were highlighted, and

Amplicon Reference locus sequences (5’ - 3') length
TCTCATTCGAGCCGAACTAAGCCAACCCGGATCACTTCTGGGTGATGACCAAATTTATAATG
TTATTGTTACTGCCCATGCCTTCGTAATAATTTTCTTTATAGTAATACCAATCCTTATTGGAGG
GTTTGGAAACTGACTCGTGCCCCTAATGATTGGAGCACCTGATATAGCATTCCCACGAATAA
ATAATATAAGCTTTTGACTCCTACCCCCATCTTTCCTTCTACTACTAGCCTCTTCTGGTGTTGA
GGCCGGGGCCGGAACAGGATGAACAGTTTATCCACCACTCGCGGGCAATCTTGCCCACGC

AGGAGCATCCGTAGACCTAACAA CTCTCTTCACCTAGCAGGTGTGTCATCAATTTTAGG

COX1 gene
nucleic acid

sequences of 655 bp

S”‘(’se; 1. |AGCAATTAACTTCATCACCACAACTATTAATATAAAACCACCAGCCATCTCTCAATATCAAAC
Carspzo) ~ |ACCTCTCTTTGTTTGAGCTGTGCTCGTAACAGCCGTACTTCTTCTCTTATCCTTACCAGTTTTA

GCTGCTGGAATTACAATACTCCTTACAGACCGTAATCTTAATACCACATTCTTTGACCCAGCA
GGGGGAGGAGACCCAATTCTATATCAACACCTATTCTGATTCTTTGGTCACCCAGAAGTTTA
CATTCTTATTTTACCTGGATTTGGAATC
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variants in the investigated samples of the silver carp
group in comparison with the most similar referring
reference nucleic acid sequences (Fig. 2).

Interestingly, the alignment results of the 655 bp
samples revealed the presence of no nucleic acid
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Fig. 2. Nucleic acid sequences alignment of ten COXT1 genetic sequences. The symbol “ref” refers to
samples of silver carp with their corresponding the NCBI referring sequence, letter “S”, followed by
reference sequences of the 655 bp amplicons of the a number refers to the sample number.
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no nucleic acid variations were identified in silver
carp samples as complete homology was found with
their corresponding reference sequences. To
confirm the investigated sequences, the sequencing
chromatograms of the investigated samples, as well
as their detailed annotations, were verified and
documented, and the chromatograms of their
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in the PCR amplicons. However, the observed
nucleic acid sequences were further analyzed to
identify the corresponding positions of these isolates
in the cytochrome c oxidase subunit I. All nucleic acid
sequences of the amplified S11 to S20 PCR products
were translated to their corresponding amino acid
sequences using the Expasy translate suite (Fig. 3).

seﬁuences were shown according to their Eositions

10 20 30 40 50 60 70 80 90 100
[ooefeve o]
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S11

>AUB29776.1 cytochrome c oxidase subunit | (mitochondrion) [Hypophthalmichthys molitrix]
MAITRWFFSTNHKDIGTLYLVFGAWAGMVGTALSLLIRAELSQPGSLLGDDQIYNVIVTAHAFVMIFFMVMPILIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSFL
LLLASSGVEAGAGTGWTVYPPLAGNLAHAGASVDLTIFSLHLAGVSSILGAINFITTTINMKPPAISQYQTPLFVWAVLVTAVLLLLSLPVLAAGITMLLTDRNLNTTFFDPAG
GGDPILYQHLFWFFGHPEVYILILPGFGIISHVVAYYSGKKEPFGYMGMVWAMMAIGLLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGVKVFSWLATLHGGSIKW
ETPMLWALGFIFLFTVGGLTGIVLANSSLDIVLHDTYYVWAHFHYVLSMGAVFAIMAAFVHWFPLFTGYTLNDTWTKIHFGVMFIGVNLTFFPQHFLGLAGMPRRYSDYPD
AYALWNTVSSIGSLISLVAVIMFLFILWEAFAAKREVSSVELTMTNAEWLHGCPPPYHTFEEPAFVQVQSN

Fig. 3. Amino acid residues alignment of the
detected variations of the cytochrome c oxidase
subunit | within the investigated silver carp samples
as they are highlighted according to their
corresponding positions within the amplified 655 bp
fragment and according to their corresponding
positions within the entire protein. The grey
highlights refer to the amplified region of the COX1-
encoded cytochrome ¢ oxidase subunit I.

All  the investigated COX1 sequences were
deposited in the NCBI web server, and unique
accession numbers were obtained for all analyzed
sequences, starting from GenBank OP456562 which
was deposited to represent the S11 sample, to the
GenBank OP456571 which was deposited to
represent the S20 sample.

A comprehensive phylogenetic tree was generated
in the present study according to nucleic acid
sequences observed in the amplified 655 bp of the
COX1 gene amplicons. This phylogenetic tree
contained S11 to S20 samples alongside other
relative nucleic acid sequences of grass carp

(Ctenopharyngodon idella), Eurasian carp (Cyprinus
carpio), Prussian carp (Carassius gibelio), and Binni
(Mesopotamichthys sharpeyi) sequences.

Within this tree, our investigated samples were
incorporated alongside other relative sequences to
constitute five major clades of incorporated
sequences within the cladogram. These major clades
were represented by the grass carp, Eurasian carp,
Prussian carp, and Binni group sequences. These
four clades were used as outgroups to compare the
ratio of phylogenetic homology between silver carp
and the other related organisms in the same area of
study. Phylogenetic results showed that all five
clades were suited in distinct phylogenetic clades
away from each other’s sequences. This observation
indicated an intermediate homology between the
five incorporated organisms within the same tree.
Other than this observation, these data indicated the
ability of COX1 gene-based amplicons to detect
these fish species without including any noticeable
homology with other sequences of other species
whether being in the same genus or other outgroup
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sequences. The total number of the aligned nucleic
acid sequences in this comprehensive tree was fifty-
one.

As indicated above, the investigated samples were
clustered into five phylogenetic clades of highly
recognized phylogenetic distances within the
incorporated sequences of silver carp, in addition to
grass carb, Eurasian carp, Prussian carp, and Binni.
The most interesting fact observed in our
investigated fish isolates is correlated with the ability
of the utilized COXT1 gene-based amplicons to
categorize the silver carp, grass carb, Eurasian carp,
Prussian carp, and Binni sequences into these
observed phylogenetic distributions.

The most interesting observation of the currently
generated tree was represented by the positioning
of the silver carp group beside the sequences of the
clade of grass carp. After the silver carp, the
rectangular cladogram had clearly shown that the
grass carp exerted another phylogenetic positioning,
which was followed by the Eurasian carp (Fig. 4A).
On the contrary, the most recent descendent of the
incorporated five groups were represented by the
Prussian carp since it was positioned at the utmost
distance away from the roots of the current tree.
However, the Binni clade followed the Prussian carp
by its descendant phylogenetic positioning.
Concerning the clade of silver carp (511-520), twenty
sequences of the same species were incorporated.
Our investigated sequences of S11-520 have exerted
even distribution within the same major clade. This is
due to the absence of any nucleic acid substitutions
in these samples with respect to their corresponding
reference sequences of the silver carp group (Fig.
4B). The incorporated samples within this clade
showed the presence of various strains of the silver
carp sequences that have been deposited from
variable American origins (GenBank acc. no.
MF180230.1 and KP013119.1, and KJ746961.1).

It was inferred from the constructed tree that the
detected nucleic acid substitutions showed a slight
evolutionary effect of the variations observed in the
fish samples in comparison with the other
investigated wild-type fish samples. This style of
sample positioning indicated the presence of a slight
evolutionary effect of the observed genetic variant in
inducing a possible deviation in the evolutionary
positioning of these fish samples.

The presence of remarkable evolutionary distances
among silver carp sequences from one side, and
grass carp, Eurasian carp, Prussian carp, and Binni
sequences from the other side indicated the high
resolution of the currently utilized PCR products of
the COX1 sequences in the efficient detection and
discrimination with the related organisms.

The current observation of this tree has confirmed
sequencing reactions because it explained the actual
neighbour-joining-based  positioning in  such
observed variations. Interestingly, the American
origins of our investigated samples could not be
ignored.

Interestingly, the utilization of the COX1 gene
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sequences in this study has given further proof for
the presence of the accurate identification of the
actual positoining of these types of fish sequences.
This COX1 gene-based comprehensive tree has
provided comprehensive evidence about the high
competency of such genetic fragments to efficiently
identify this sort of phylogenetic distribution. This, in
turn, gives a further indication of the ability of the
currently utilized COXT gene-specific primers to
describe the investigated silver carp and to
discriminate this type from its related sequences by
generating accurate phylogenetic positions.
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Fig. 4A. A comprehensive rectangular cladogram
phylogenetic tree of genetic variants of the COX1
gene fragment of ten samples belonging to silver
carp. The black-colored triangle refers to the
analyzed fish variants. All the mentioned numbers
referred to GenBank accession number of each
referring species. The number “0.01" at the top
portion of the tree refers to the degree of scale range
among the comprehensive tree-categorized
organisms. The letter “"S#" refers to the code of the
investigated samples.
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phylogenetic tree of genetic variants of the COX1
gene fragment of ten samples belonging to silver
carp sequences. The black-colored triangle refers to
the analyzed fish variants. All the mentioned
numbers referred to GenBank accession number of
each referring species. The number “0.1" at the top
portion of the tree refers to the degree of scale range
among the comprehensive tree-categorized
organisms. The letter "S#" refers to the code of the
investigated samples.

4. Conclusion

This study found the ability of all the utilized genetic
locus COX1 to identify the precise identity of the
investigated samples and to discriminate among
them. Moreover, this study suggests possible
employment for the amplicons of cytochrome c
oxidase subunit | of having the most specific power
to discriminate between the phylogenetic diversity
among the other implemented tools. These PCR
fragments can efficiently be used to detect the
biological diversity of a wider spectrum of fish
sequences and can therefore be explored to
discover further details within these identified
groups.

References

Letunicl, Bork,
P.2019.Interactive Tree Of Life (iTOL) v4: recent upd
ates and new developments. Nucleic Acids
Res 2;47(W1): W256-W259.

Sarhan SR, Hashim HO, Al-Shuhaib MB. The
Gly152Val mutation possibly confers resistance to
beta-lactam antibiotics in ovine Staphylococcus
aureus isolates. Open Veterinary Journal. 2019 Dec
22;9(4):339-48.

Zhang Z, Schwartz S, Wagner L, Miller W. 2000. A
greedy algorithm for aligning DNA sequences. J
Comput Biol. 7(1-2):203-14.

Vilizzi, L.; Tarkan, A.S. and Copp, G.H. (2015).
Experimental evidence from causal criteria analysis
for the effects of common carp Cyprinus carpio on
freshwater ecosystems: A global perspective. Rev.
Fish. Sci. Aquac., 13 (3): 253-290

Ji, C.-H., Gu, J.-J., Mao, R.-X. (2009). Analysis of
genetic  diversity among wild silver carp
(Hypophthalmichthys molitrix) populations in the
Yangtze, Heilongjiang and Pearl Rivers using
microsatellite markers. Journal of Fisheries of China.
Chapman, D.C. (2010). Facts about invasive bighead
and silver carps. Columbia, Missouri, USA: USGS
Columbia  Environmental = Research  Center.2
pp. https://pubs.usgs.gov/fs/2010/3033/pdf/FS201
0-3033.pdf (Fact Sheet 2010-3033)

FAO (2009): Fisheries and Aquaculture Department,
State of World Fisheries and Aquaculture 2008. Food
and Agriculture Organization of the United Nations,
Rome: 1-196.

Jorjani, S.; Ghelichi, A. and Ataee, B. (2017).
Comparision of omega-3 fatty acids in dorsal and
ventral muscle of silver carp (Hipophthalmichthys

Sequencing Report of Cox1 Gene-Based Amplicons....

(sic) molitrix) and big head carp (Aristichthys nobilis).
The Fifth Iranian Conference of Ichthyology, Islamic
Azad University of Babol, 13-14 December 2017, p.
545-552. (In Farsi).

Oregon State University, 2010. Asian carps. Corvallis,
Oregon, USA:
OregonStateUniversity.https://seagrant.oregonstate
.edu/sites/seagrant.oregonstate.edu/files/invasive-
species/toolkit/asian-carp-factsheet.html.

Stepien, C. A.; Snyder, M. R. and Elz, A. E. (2019).
Invasion  genetics  of  the  silver  carp
Hypophthalmichthys molitrix across North America:
differentiation of fronts, introgression, and eDNA
metabarcode  detection. PLoS ONE, 14(3),
€0203012. doi: 10.1371/journal.pone.0203012.
Wang, DengQiang, Deng Hui, Yu LaiNing. (2002).
Mitochondrial DNA variations of silver carp and grass
carp in populations of the middle reaches of the
Yangtze River revealed by using RFLP-PCR. Acta
Hydrobiologica Sinica 2002 26 2 142-147.
Asgharzadeh, A.; Shabanpour B. and Aubourg S.P.
(2010).  Chemical changes in silver carp
(Hypophthalmichthys molitrix) minced muscle during
frozen storage: Effect of a previous washing process.
Grasas y Aceites, 61: 95-101.

Chapman, D.(2004). Facts about Bighead and Silver
carp. USGS,
ColumbiaEnvironmentalResearchCentre.
http://www.cerc.usgs.gov/pubs/center/pdfDocs/Asi
an_carp-2-2004.pdf

702


https://pubs.usgs.gov/fs/2010/3033/pdf/FS2010-3033.pdf
https://pubs.usgs.gov/fs/2010/3033/pdf/FS2010-3033.pdf
https://www.cabi.org/isc/abstract/20193214466
https://www.cabi.org/isc/abstract/20193214466
https://www.cabi.org/isc/abstract/20193214466
https://www.cabi.org/isc/abstract/20193214466
https://www.cabi.org/isc/abstract/20193214466
https://www.cabi.org/isc/abstract/20193214466
https://www.cabi.org/isc/search/index?q=au:%22Wang%20DengQiang%22
https://www.cabi.org/isc/search/index?q=au:%22Deng%20Hui%22
https://www.cabi.org/isc/search/index?q=au:%22Yu%20LaiNing%22
https://www.cabi.org/isc/search/index?q=do:%22Acta%20Hydrobiologica%20Sinica%22
https://www.cabi.org/isc/search/index?q=do:%22Acta%20Hydrobiologica%20Sinica%22
file:///C:/Users/Admin/Downloads/Telegram%20Desktop/Chapman,%20D.(2004).%20Facts%20about%20Bighead%20and%20Silver%20carp.%20USGS,%20ColumbiaEnvironmentalResearchCentre.%20http:/www.cerc.usgs.gov/pubs/center/pdfDocs/Asian_carp-2-2004.pdf
file:///C:/Users/Admin/Downloads/Telegram%20Desktop/Chapman,%20D.(2004).%20Facts%20about%20Bighead%20and%20Silver%20carp.%20USGS,%20ColumbiaEnvironmentalResearchCentre.%20http:/www.cerc.usgs.gov/pubs/center/pdfDocs/Asian_carp-2-2004.pdf
file:///C:/Users/Admin/Downloads/Telegram%20Desktop/Chapman,%20D.(2004).%20Facts%20about%20Bighead%20and%20Silver%20carp.%20USGS,%20ColumbiaEnvironmentalResearchCentre.%20http:/www.cerc.usgs.gov/pubs/center/pdfDocs/Asian_carp-2-2004.pdf
file:///C:/Users/Admin/Downloads/Telegram%20Desktop/Chapman,%20D.(2004).%20Facts%20about%20Bighead%20and%20Silver%20carp.%20USGS,%20ColumbiaEnvironmentalResearchCentre.%20http:/www.cerc.usgs.gov/pubs/center/pdfDocs/Asian_carp-2-2004.pdf
file:///C:/Users/Admin/Downloads/Telegram%20Desktop/Chapman,%20D.(2004).%20Facts%20about%20Bighead%20and%20Silver%20carp.%20USGS,%20ColumbiaEnvironmentalResearchCentre.%20http:/www.cerc.usgs.gov/pubs/center/pdfDocs/Asian_carp-2-2004.pdf

