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Abstract
Garra tibanica is ray-finned freshwater fish belonging to the cyprinid. Previous

studies have reported that this specie is a native fish species found in Saudi Arabia.
However, this specie was never been assessed using molecular markers to find out its
. . o Lo (21> . :
phylogenetic relationship with other species in the area. This study investigates the
genetic diversity between the of Garra tibanica collected from Medina province, Saudi
: . L (> :
Arabia based on phylogenetic analysis using the cytochrome b gene. The phylogenetic
tree constructed from the cytochrome b sequence indicates that Garra tibanica is more
closely related to Garra sahilia and Garra sharq than Garra rufa, Garra gymnothorax,
which may reflect the allopatric speciation of Garra according to their existence in
. L . : . :
nearby geographic regions. To our knowledge, this report is the first to describe the

species of Garra in Saudi Arabia based on phylogenetic analysis using the cytochrome

b gene.

Keywords:
Garra tibanica; cytochrome b; molecular markers; PCR; phylogenetic analysis;

sequencing; Saudi Arabia
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1 Introduction

Freshwater fish have a range of morphological adaptations coming from genetic
divergence and/or phenotypic flexibility, which result in adaptive radiation
(Kerschbaumer and Sturmbauer, 2011, Jacquemin and Pyron, 2016) and further
evolution (Dwivedi, 2020). The family cyprinidae is considered the biggest and most
diverse freshwater fish. Their shapes, sizes, and biology, are variable (Dwivedi, 2020,
Kirchner et al., 2021).

Nearly 83% of freshwater fish show a high degree of endemism in the Arabian
Peninsula, with about 17% of taxa assessed to be threatened with extinction while 3%
are near threatened and 20% are listed as incomplete data (Garcia et al., 2015)[.8]”»Fhe
greatest threats are habitat loss and degradation due to the alteration of environmental
systems habitat and an increase in cultivation, together with pollution and the current
trend of climate change and precipitation decline (Moran, 2009)[.36{:he continuous rise
in temperature due to climate change has a strong impact on physiology, behavior and
reproduction of fish populations and trophic interactions (Rijnsdorp et al., 2009, Moran,

81>
2009).

On the Arabian Peninsula, 31 species of freshwater fish have been described
(Hamidan and Shobrak, 2019, Freyhof et al., 2021)[;1]»Am0ng them 15 species are
endemic to Arabia, while other six have a broad distribution (Freyhof et al., 2015,
Freyhof et al., 2021). Recent study has shown that most of the fresh water fish found
in Saudi Arabia belong to the family Cyprinidae (Alotaibi et al., 2020). There are four
genera of Cyprinid fishes in Arabian Peninsula which include Garra, Acanthobrama,
Cyprinion and Carasobarbus (Playfair, 1870, Krupp, 1983, Alkahem, 1983).

The Garra is descended from labeonine cyprinids which consist of more than 160

species and have a wide distribution from Southeast Asia to West Africa (Fricke et al.,
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2021, Yang et al., 2012). Garra fish have moderate body size (usually less then 20 cm
in length) with adapted mental discs for sucking and scraping algae scrapers (Kottelat,
2020). Behrens-Chapuis et al[.13%>2015) have studied the labeonine cyprinid genera,
where members of Crossocheilus, Hemigrammocapoeta, Tylognathus and Typhlogarra
were found to be nested within Garra based on mtCOI data[.g]g new species of Garra,
Garra jordanica was described by (Hamidan et al., 2014) from dead sea and has
discussed the relation with G. ghorensis, G. tibanica and G. rufa.

Aljohani (2019) reported that the Arabian Peninsula faces urgent conservation
issues with decreasing numbers of flowing springs and increasing levels of water
conductivity in surviving springs since 1990 due to overpumping of groundwater. This
had a huge impact on fish tolerance and distribution, and now only five native species
are surviving in Saudi Arabian and Omani Springs. The ability to tolerate mild to
extremely high conductivity. Garra tibanica is the only specie habitated in Saudi
Arabian springs.

They are found at three sites in Saudi Arabia (Wadi Damad, Jizan; Wadi al-Bagarah
and Ein al-Hamah, Khaibar) and in Yemen (Hamidan and Shobrak, 2019). It was listed
as Least Concern by the ITUCN in 2015 (The IUCN Red List of Threatened
Species 2015)[.8]>However, due to the reduction of the quality and extent of existing
habitats due to extraction of water this specie face big threats.

In recent years taxonomist characterized organisms into groups based on meristic,
morphometric and anatomical characteristics. This method need more molecular
attributes used to provide the effectiveness from which phylogeny between taxa
analysed and inferred and understand. (AlMutair, 2016). Moreover, the results obtained
from phylogenetic morphology are not always in agreement with molecular analyses

(Zheng et al., 2010).
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DNA barcoding is a quick and accurate method in biodiversity research for taxonomic
identification, characterization and defining new species. It can determine the genetic
and evolutionary relationship from molecular, morphological, and distributional data.
DNA barcodes are accurate tools to identify a variety of freshwater fish (Behrens-
Chapuis et al., 2015, Bhattacharya et al., 2016). The mtDNA has a constant rate in the
substitution of nucleotides over evolutionary time, and this property is useful in
determining the divergence period (DeSalle et al., 1987). Markers used in fish
biodiversity research include: the cytochrome C oxidase subunit 1 (COI), 16S
ribosomal RNA (16S), the 12S ribosomal RNA (12S) and cytochrome b (cyt b) genes
(Claver et al., 2021, Yousefi, 2013). Linacre (2012) has mentioned that the loci of
choice for taxonomy, phylogenetics, and forensic science are on the mitochondrial
genome[;g]’being predominantly either the cytochrome b (cyt b) or the cytochrome
oxidase I genes (COI). Tobe et al. (2009) recommend use of the cytochrome b gene in
the study of inter-species variation as this provides more information from a small
fragment[.l]>

The aim of this study was to investigate the genetic diversity among the specimens
of Garra tibanica collected from Wadi Khadrah, Medina province, Saudi Arabia to

assess the genetic differentiation and explore the potential phylogenetic relationships

between these species and other Garra species via sequencing of the cytochrome b gene.
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2 Materials and methods
[

2.1  Sample collection
Twelve specimens of Garra tibanica Garra tibanica were collected from Wadi Khadrah
(N17 39 410, E42 40 665) between December 2019 and January 2020 in Medina
province, Saudi Arabia (Table 1). The morphometric and meristic characters of the fish
were examined to identify their characteristics[.l]’i“he collected fish were transported on
dry ice to the laboratory at Zoology department, King Saud University, where they were
stored at -80°C for further analysis. ‘[‘4351 procedures for the samples collection were
carried out in strict accordance with the recommendations by the Research Ethics Sub-

Committee (REC) of the College of Sciences at the King Saud University (KSU) in

Riyadh, Kingdom of Saudi Arabia (KSA) (Ethics ReferenceNo: KSU-SE-22-14)”.

(1>
2.2  DNA extraction for polymerase chain reaction

Biopsies were taken from the dorsal fin (avoiding taking the skin with the biopsies),
and DNA extracted by DNAzol (Invitrogen, UK). The method is as follows: take 25 -
50 mg of fish tissue and place on glass slide, homogenize by repeated press with an
edge sterile glass slide until yielding a very soft homogenate, then transferred to a 1.5
ml Eppendorf tube containing 500 pl of DNAzol. The mixture was vortexed and
centrifuged for 2 minutes at 10,000 rpm at room temperature. The supernatant was
saved and pellet was discarded[.l]5>00 ul of Absolut ethanol was added to supernatant and
tubes were inverted gently many times until DNA clouds appeared, or small fragments
precipitate, and stored at room temperature for 3 minutes, then centrifuged for 10
minutes at 10,000 rpm. The supernatant was discarded pellet was left to air dry for 30-
40 minutes. The DNA pellet was dissolved in 50 ul nuclease free double distilled water.
The concentration of the DNA was obtained by using NanoDrop 8000 (Thermo

Scientific), using software version ND-8000 V2.2.1.
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2.3  PCR amplification of cytochrome b

The cytochrome b gene was amplified using PCR (ProFlex PCR System, Applied
biosystem) through utilizing primers 1.14724 (5'- GACTTGAAAAACCACCGTTG-3")
and H15915 (5'- CTCCGATCTCCGGATTACAAGAC-3"). The reaction mixture
consists of 8.5 ul 2xTaq Plus PCR MasterMix (Solarbio life sciences), 2 ul of forward
and reverse primer mix solution, 7.5 ul D.D. H20 and 2ul of 100ng/ul DNA. PCR
amplification conditions are as follows[:1]§4°(2 for three minutes, followed by 35 cycles
of 94°C for one minute and 50°C for one minute, then 72°C for one minute, and a final
extension at 72° C for eight minutes. The PCR product was documented under UV light
on 1% agarose gel containing ethidium bromide stain. The products of a PCR were sent

to Macrogen, Inc. (Seoul, Republic of Korea) for sequencing.

[
24 Sequence analysis and phylogenetic tree construction

To build a phylogenetic tree in order to analyze the evolutionary relationships among
Garra tibanica and related species, using software MEGA X (Kumar et al., 2018). The
cytochrome b sequences of Garra tibanica were not known before this study, and these
sequences were deposited to public gene data bank with accession numbers OM540814
- OM540825 (Table 1). Fifteen datasets from diverse species used for creating the
phylogenetic trees were obtained from GenBank[.l]:Fhe phylogenetic trees were built
using maximum likelihood (ML) with genetic distance and the Tamura-Nei model
(Kumar et al., 2016, Jeanmougin et al., 1998, Tamura and Nei, 1993)[.1]R/Ve used
Felsenstein's bootstrap method to calculate the associated taxa clustered in the
bootstrap test, using 1000 replicates, and the data are written above the nodes. Estimates

of Evolutionary Divergence between sequences were calculated as genetic distance
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matrix with MEGA X (version 10.2.6; (Kumar et al., 2018)). Genetic distance heatmap
were ploted using CLUSTVIS web tool (Metsalu and Vilo, 2015).
3 Results

Sequence of the cytochrome b gene was obtained from twelve specimens of
Garra tibanica. The amplified cytochrome b gene fragments had a read length 992
base pairs (bp). The ambiguous and gap-containing sites were removed, and the
sequence obtained, showed that all samples collected in this study were identical. The
divergence levels were compared with the sequences from this study and cytochrome
b sequences with related Garra fish species from GenBank. The maximum likelihood
estimation of the phylogenetic relationships placed all the samples into five groups (Fig.
1). The clusters, inside groups, were supported by high bootstrap values and revealed
that G. tibanica and G. sahilia are related lineage in the same clade with 98.69%
identity and also it is in consistent with traditional morphologically-based inferences.
Moreover, genetic distance matrix showed a value of 0,0134 of base substitutions per

[33]>
site between G. tibanica and G. sahilia (table II and fig. 2).
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4  Discussion

The maximum-likelihood method was used to identify phylogeny relationship
between species of Garra based on cytochrome b gene[.utfhe phylogenetic tree
constructed in this study which was based on the cytochrome b gene sequences
retrieved from GenBank, grouped Garra tibanica with Garra sahilia, Garra
salweenica and Garra culiciphaga in one clade, this mean that G. tibanica is very
closely related to G. sahilia, while G. rufa, G. gymnothorax and G. ceylonsis were
grouped in another clade. This relationship may reflect the allopatric speciation of
Garra according to its existence in nearby geographic areas. In order to verify this,
further studies should be done using large sample sizes and more molecular tools (DNA

81>
barcodes).

The state of all freshwater fish in the Arabian Peninsula, especially Saudi
Arabia, could have been changed over the years due to habitat loss, degradation due to
altered environmental systems and increase in cultivation (Aljohani, 2019, Freyhof et
al., 2015). Moreover the pollution and the current of climatic change and decline in
precipitation could also have affected the papulation status of the fish in this region,
hence phylogenetic studies using latest molecular biology techniques is an utmost
important job to re assess the status of fresh water fish in Saudi Arabia (Moran, 2009,

Yang et al., 2012, Macusi et al., 2015, Alotaibi et al., 2020).

Hamidan and Shobrak (2019) recently evaluated the status of fresh water fish
species of the area, and collected fish samples between April and May 2013 from 22
sampling sites and reported eight native species and one introduced Cichlid species.

Aljohani (2019) after studying 15 springs in Saudi Arabia concluded that Garra
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tibanica is a native fish species and suggested to reassess the Red List status of the

species in the region.

Based on the analysis of cytochrome c oxidase subunit 1 (CO1) gene sequence,
(Hamidan et al., 2014) reported that G. tibanica is not related to G. ghorensis
genetically, however, it contradicts Krupp (1982) hypothesis based on similar

1»

[
morphology.

5- Conclusions

In this study we investigated, for the first time, the relationships between species
of Garra endemic, that were collected from Al Madinah province, in Saudi Arabia using
cytochrome b gene[.l]{“he results of phylogenetic tree constructed that Garra tibanica is
more closely related to Garra sahilia and Garra sharq More studies are needed using
molecular biology tools to classify the distribution of all species of freshwater fish of
genetically in order to determine the degree of similarity and relationship between the
existing species. Based on these results further plans should be developed to protect

endemic biodiversity, especially endangered and extinct threatened species.
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Table 1. Samples used for mtDNA analysis in the present study; species names,
and GenBank accession No.

ID Sample No. Species GenBank
Accession No.
1 1GT Garra tibanica OM540814
2 2GT Garra tibanica OM540815
3 3GT Garra tibanica OMb540816
4 4GT Garra tibanica OM540817
5 5GT Garra tibanica OMb540818
6 6GT Garra tibanica OM540819
7 7GT Garra tibanica OM540820
8 8GT Garra tibanica OM540821
9 9GT Garra tibanica OM540822
10 10GT Garra tibanica 0OM540823
11 11GT Garra tibanica 0OM540824
12 12GT Garra tibanica OM540825
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100 OM540814-0OM540825 Garra tibanica
42 { MT977711.1 Garra sahilia
— MG182309.1 Garra salweenica
73 L MH448073.1 Garra culiciphaga
MT977688.1 Garra sharq
s MT977677.1 Garra longipinnis
100 L———— MT977682.1 Garra gallagheri
MN340062.1 Garra gymnothorax

16 MT977696.1 Garra shamal
{ MT977697.1 Garra barreimiae

I 74 E— MG182296.1 Garra ceylonensis

» L MN340137.1Garrarufa

MN340142.1 Garra rufa

58 MN340089.1 Garra persica

ol MN340043.1 Garra mondica
100 ——— MN340093.1 Garra amirhosseini
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Figure 1. Phylogenetic tree created using the Maximum Likelihood method based on the cytochrome b
gene, indicating the relationships of Garra tibanica to other Garra species. Tamura-Nei model was used
(Kumar et al, 2016, Tamura and Nei, 1993). Values at nodes represent bootstrap probabilities (cut-off
50%, bootstrap 1000). Evolutionary analyses were conducted in MEGA X (Kumar, 2018). The sequences
used in constructing the tree were obtained from GenBank. The NCBI GenBank accession numbers for all
sequences are written before each species name. The sequences identified in this study are shown in the
name of the cytochrome b gene primer (L14724) until added to the NCEI GenBanlg\t;latabase.
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Table II. Genetic distance matrix. Estimates of evoluionary divergence between sequences. The number of base substitutions per site from
between sequences are shown.

1 e s e s e 2] o] s[w]|]u]e|s]|s]|s]s=s]|
1. OM540814-OMS40825 Gara ianica 0003 00052 00052 OOI01 O0ODB2 0083 00122 00107 QO14 00103 O0O108 00102 000% 00101 00104
2 MTSTTT11.1 Gamra sahilz 00134 0009 0000 00105 0036 00067 00121 0010 0017 0010 0ONM3 00102 00100 005 00104
3, MTOT7688.1 Gara sharg 00748 00806 00005 00101 00030 00038 00110 0014 0GOS OO11 00108 00031 00081 00100 0.0098
4, MNBA0062.1 Gaa gymmothorax 00745 00804 00817 00100 00082 00083 0013 00121 OO116 00109 OOIO8 00095 00091 00097 00100
5. MG18296.1 Gar ceylonensis 00654 00734 00683 00624 0004 00030 000 00126 0015 0003 0017 00039 00106 00110 0010
& MNBA01AL.1 Garra ufa 00621 00G83 00712 0055 00M2 00017 000% 0010 0008 000 00099 (0085 00083 00035 009N
7. MNB13T.] Garra o 00633 00701 00701 0007 00069 00031 0003% 00103 0006 000 0012 00085 00063 00033 0.0091
. MN340089.] Gara pesica Q0830 00866 00748 00765 00587 00587 00570 001 00138 0014 00 00105 00108 00103 00121
9.MG182309.1 Gara sabweenica Q0S8 01014 01103 01143 01006 01052 01042 01017 00118 0017 00122 00MS 00115 0010 00110
10. MH448073.1 Gara culiciphaga 00365 01059 01024 01034 00359 00958 00334 01018 01164 00120 00121 00103 0010 0OME 002N
1. MN340043.1 Garra mondica 00B55 00830 01028 00917 00569 OOGS1 0688 00722 0128 ON47 00065 0002 00101 00039 00104
12.MN340093.1 Gar amithosseii Q0S5 01008 01050 0037 00621 OB OOG76 00853 01328 01204 (0043 C0mO4 0000 00115 0O
T3, MTSTIET1. Garalongiinvis QD854 00314 00590 00758 00657 00643 Q0655 00714 01206 01028 00951 01047 00044 00101 00093
14, MTSTT682.1 Gara gallaghefi 00813 00301 0001 00723 0073 00631 Q0643 00731 01214 01075 0038 01013 00193 0002 00092
15.MTSTIE961 Gar shamal 00840 QOF76 00840 OO 0073 0076 00247 OOM45 01030 01108 00306 07141 00820 0093 00035

16, MTOTIEAT.1 Garra berremie 00831 00866 00784 00734 0072 00658 0067 00385 01161 0194 0093 01075 00812 nm?s'in\_ugne'
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Figure 2. Genetic distance heatmap. The heatmap plot was constructed with  £oY
genetic distance data (Table IT) using CLUSTVIS web tool (Metsalu and Vilo,  ¢eY
2015). Red square: subgroup with low distance, including G. tibanica and  ¢¢¢
G.sahilia. s00
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