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INTRODUCTION

ABSTRACT

Cichlid fish phylogeny is presented for the most taxonomical approaches.
In this study, the phylogeny of cichlid fish correlation was carried out by various
analysis based on 18S rRNA gene sequences from GenBank database for 31
species belonging to 13 genera of Cichlid fish (Teleostei: Cichlidae). The
alignment of 18S rRNA gene sequences as well as the neighbour-joining tree,
distance matrix and phylogenetic tree obtained by using bioinformatics
programs. Alignment of 18S rRNA gene sequences, distance matrix and
phylogenetic tree results revealed that the majority of species within the same
genus were closely related to each other (monophylogenetic) while, some
species were polyphylogenetic within the genus showing a close relationship
with other genera species. On the other hand, a neighbour-joining phylogenetic
tree without a distance correction among cichlid species revealed a variation in
phylogenetic relationship between species where most species within the same
genus were polyphylogenetic to each other and monophylogenetic to other
genera species.

Cichlidae is the most prosperous family, recording 1700 species, belonging to 250
genera. Evolution, distribution and genetic markers of cichlid fishes have been recorded for
most of these species in the inland fisheries of Africa (Snoeks et al., 2011). Cichlids represent
striking examples of fish adaptive radiation, the phenomenon whereby a single phylogenetic
lineage diversifies into many ecologically varied species in a short time, especially in eastern
African great lakes (Dunz & Schliewen, 2013 and Genner & Turner, 2015). Biodiversity loss
has been identified as a major global environmental issue and much attention has been focused
on biodiversity conservation (Minelli, 2003). To overlap this problem, genetic data, specifically
DNA sequences, has been proposed as a criterion in taxonomic identification (Blaxter, 2003;
Tautz et al., 2003; Savolainen et al., 2005 and Azab et al., 2019).
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DNA barcoding is a technique for
identifying fish that involves the use of a
particular gene or genes based on a
comparison of a published species marker
gene sequence with a reference database of
such DNA sequences, which allows the
species to be uniquely identified. In general,
genetic barcodes are useful for defining
unknown  fish  species,  discriminating
overlapped species, and determining species
boundaries as compared to conventional
morphological taxonomy. This molecular
approach has been applied worldwide in the
field of fish taxonomy due to the availability
of facilities and the reduction of the cost of
DNA barcoding manipulations (Hebert et al.,
2003 a, b). Furthermore, improving
bioinformatics approaches makes it easier to
analyze barcode gene sequences, store them in
an online DNA database, and retrieve them.
As a result, even monomorphic fish species
can now be identified, differentiated, and
biogeographically distributed using the DNA
barcode sequence data pool (Bhattacharjee et
al., 2012 and Bhattacharya et al., 2016).

Sequence alignment is an inherent
issue with using rRNA as barcodes (Lutzoni et
al., 2000). Since base insertions and deletions
are common in rRNA sequences, each
sequence with them must be given gaps in
order to fit with the others. Since there are no
universal alignment criteria, assigning gaps to
DNA sequences is arbitrary (Geiger, 2002).
As a consequence, even when the alignment
process is carried out meticulously by
experienced researchers, human errors can
occur, particularly in some rRNA sequences
for which no closely related sequences are
available to serve as a guide. Apart from the
complexity inherent in multiple sequence
alignment, this procedure must often be
repeated if a new sequence (taxon) is added to
a dataset prior to analysis. Every year, 200000
barcode records are expected to be added to
the database (Hajibabaei et al., 2005). Series
alignment in the barcode project will become
repetitive and time-consuming with such a
large dataset.

The multigene families of ribosomal

Mona S. Azab et al.

RNA (rRNA) are divided into two groups that
are tandemly arrayed in eukaryotic genomes.
An external transcribed spacer precedes the
transcribing regions of the 18S, 5.8S, and
25S/28S rRNAs, which are separated from one
another by two internal transcribed spacers
(ITS), ITS1 and ITS2. Multiple copies of a
strongly conserved 120-bp transcribing region
are isolated by a variable non-transcribed
region in the minor class (5S rRNA genes)
(NTS) (Eickbush, 2007). Fish cytogenetics is
a burgeoning field of study that provides data
for taxonomy and the study of phylogenetic
relationships among taxa (Carvalho et al.,
2017; Ferreira et al., 2017 and Nirchio et al.,
2018). Other details on the karyotype include
the mapping of 45S or 5S rDNA or the
classification of heterochromatin patterns
indeed, the sum and distribution of these
groups of repetitive sequences that
characterize different genomic organization
has been linked to neotropical cichlid
karyotypic evolution (Feldberg et al., 2003
and Poletto et al., 2010).

A simple correlation analysis based on
18S rRNA gene sequences from GenBank
database for 31 species belonging to 13 genera
of Cichlid fish (Teleostei: Cichlidae) is the
main purpose of current research. Alignment
of 18S rRNA gene sequences, distance matrix
and phylogenetic tree may be used as
convenient and accurate DNA barcodes for
different species.

MATERIALS AND METHODS

The ribosomal RNA (18S rRNA) gene
sequences of 31 species belonging to 13
genera of Cichlid fish (Teleostei: Cichlidae)
were downloaded from the GenBank
database. Partial sequences of 18S rRNA
gene from five published rRNA datasets
(Booton and Fuerst, 2001; Rodgers et al.,
2003; Nevado et al., 2009; Hardy, 2014 and
Ramos et al., 2016) were downloaded from
GenBank for analysis (Table 1). An
unpublished dataset of partial 18S rRNA
sequences from 8 cichlid fish species was
also included in the analysis.

Clustal Omega is a new multiple
sequence alignment program that uses
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seeded guide trees and HMM profile-profile
techniques to generate alignments between
three or more sequences incorporated the
common approaches of phylogenetic
reconstruction, including neighbor-joining
(NJ), maximum parsimony (MJ) and
maximum likelihood (ML). The Alignment
of 18S rRNA gene sequences as well as the
neighbour-joining tree without distance
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corrections was obtained by using Clustal
Omega- Multiple Sequence Alignment
(Sievers and Higgins, 2018 and Sievers et
al., 2020). Whereas, the distance matrix and
Graphical Phylogenetic Tree with bootstrap
values  (Topological Algorism)  were
analysed for 18S rRNA sequences by using
GeneBee Clustalww 1.83 (Clustalw with
character counts) (Larkin et al., 2007).

Table 1. List of Cichlid species, Abbreviations, source references, sequence information and

Genbank ACCESSION No. of the 31 studied datasets

Cichlid =pecies Abbreviation Reference BNA Aligned GenBank
gene Zeguence ACCESSION
lenzth (bp) No.
Amatitlania nigro fazciata A. nigrofazciata Unpublizhed 185 1799 KJ774641
Andinoacara pulcher A. pulcher Unpublizhed 183 1799 EJ774635
Aztatotilapialat fasciata A. latifazciata Ramaos er al., 2016 185 767 KX2116400
Geophaguz sp. CAH-2014 Geophagus Unpublizhed 183 1800 EJ774680
Haplochromisz burtoni H. burtoni Unpublizhed 183 974 XM 005929941
Lamprolozuz lemairii L.lemairii Nevado et al, 2009 185 116 FJIT06346
Lamprologuz ocellatus L.ocellatnsz Nevadoe ral, 2009 183 116 FJIT06337
Lamprologuz ernatipinnis L.ornatipinnis Nevado er al . 2009 185 116 FIT06334
Lamprologu: zignatus L.zignatuz Nevado er al, 2009 185 116 FIT06331
Lamprologuz callipterus L.callipterus Nevado er al , 2009 183 116 FJIT06327
Lepidiclamprologus L.profundicola Nevado er al . 2009 185 116 FIT06347
profundicola
Lepidiolamprologus elongatus L.elongatus Nevado eral, 2009 183 116 FIT06345
Lepidiclamprologuz L.cunningtoni Nevado er al . 2009 185 116 FIT06344
cunninztoni
Lepidiclamprologus attenuaiuz | L.attennaius Nevado er al . 2009 185 116 FIT06340
Maylandia zebra M. zebra Unpublished 183 1826 XE_ 003024145
Maylandia zebra M. zebra Unpublished 183 1841 XK 003023904
Neolamprologus lelonpi N. lelonpi Nevado er al . 2009 185 116 FIT06345
Neolamprologuz savoryi N. savoryi Nevado er al , 2009 183 116 FJIT06342
Neolamprologuz tetracanthus N. tetracanthus Nevado eral, 2009 183 116 FJIT06335
Neolamprologus multifasciatoz [N, Nevado er al . 2009 185 116 FIT06335
multifazeiztuz
Neolamprologus callinruz N. calliurus Nevado et al . 2009 185 116 FJIT06329
Neolamprologuz multifazciatns N. Nevado eral, 2009 183 116 FIT06325
multifazeiztuz
Neolamprologus fazciatus N. fazciatuz Nevado er al, 2009 185 116 FIT06305
Neolamprologuz similis N. similiz Nevadoer al, 2009 183 116 FJIT06305
Oreochromis anreuz 0. aureus Unpublizhed 185 1839 XE_005609722
Oreochromis niloticuz 0. niloticus Unpublizhed 185 1841 XE_003216134
Oreochromis mozzambicus (0. mozzambicuns Rodgers et al., 2003 183 1085 AF497908
Oreochromiz ezculentus 0. ezculentu= Boot and Fuerst, 2001 | 185 1780 AF337051
Pelmatolapia mariae P. mariae Hardy, 2014 183 1691 EJ774766
Rocio octofasciata E. octofazciata Hardy, 2014 183 1813 EJ774653
Variabilichromiz moorii V. moorii Nevado er al., 2009 185 116 FJIT06300
RESULTS species related to the same genus are
Alignment of 18S rRNA gene monophylogenetic. While the species related

sequences of 31 species belonging to 13
genera of Cichlid fish revealed that the

to different genera are polyphylogenetic
(Figs. 1 and 2).
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O.aureus
O.niloticus
O.mossambicu
O.esculentus
A _nigrofasci
A .pulcher

A . latifascia
Geophagus-sp
H.burtoni
L.lemairii
L.ocellatus
L._ornatipinn
L.signatus
L.callipteru
L.profundico
L.elongates
L.cunnington
L.attenuates
M._zebra-2414
M_zebra-23595
N.leloupi
N.savory
N.tetracanth
N.multifasci
N.calliurus
N.multifasci
N.fasciatus
N.similis
P.mariae
R.octofascia
V.moorii

1€53)
1741)
7

AAAAAAAAAAAA AAdn

AA“A“A.*.AA AAA++A+AAAAI+++AAA A+AA+AAA
GGTCGGTCACG-GCCCTGECEGAG - CGCC———-GAGAAGACGATCAARCTT -GACTATCT
GGTCGGTCACA-GCCCTGECEGAG—CGCC ———-GAGARGACGATCARACTT -GACTATCT
GGICGETCACG-GCCCTGECEGAG—CGCC —~—-GAGARGACGATCARACTT -GACTATCT
GGICGGTCACG-GCCCTGECEGAG—CGCC ———-GAGGAGACGAT CARACTT ~-GACTATCT
GGTCGGTCACG-GCCCTGECGGAG -CGCC - ~~-GAGAAGACGATCAARCTT ~-GACTATCT
GGICGGTCACG-GCCCTGECEGAG—CGLC ———-GAGARGACGA -~~~ — — == == === == ==

-—--GGT-------CCTGECEGEAG ~CGCC—- —~GAG ARG ACGAT CARACTT ~GACTATCT
--TCTGTCACACACACACACGGAACCACC te tgGAACTGCAGA- —CTGTITGGACT ——CT
GGARGEA-GCE-—COCGEEGETTT TT TCC—— ——— —— ——TCCARACCCT TTT-COCCGTCT

GGICGGTCACG-GCCCTGECEGAG—CGCC————GAGARGACGATCARACTT -GACTATCT
GGICGGTCACG-GCCCTGECGGAG—CGCC————GAGAAGACGATCRARACTT -GACTATCT
GGICGGTCACG-GCCCTGECEGAG—CGCC————GAGARGACGATCARACTT -GACTATCT
GGICGGTCACG-GCCCTGECGGAG—CGCC ————GAGAAGACGATCARACTT -GACTATCT
GGTCGGTCACG-GCCCTGECEGAG~CGCC —— —-GAGAAGACGATCARACTT -GACTATCT
GGICGETCACG-GCCCTGECEGAG—CGCC ———-GAGARGACGATCARACTT -GACTATCT
GGICGGTCACG-GCCCTGGCGGAG—CGCC————GAGARGACGAT CRARACTT -GACTATCT
GGICGETCACG-GCCCTGECEGAG—CGCC————GAGRAGACGATCRARRCTT -GACTATCT
-GICGGTCACG-GCCCT-GCGGAG—CGCC————GAGRAAGACGATCARACTT -GACTATCT
GGICGGTCACG-GCCCTGECEGAG—CGCC————GAGARGRACGATCRARRACTT ~GACTATCT
GGICGGTCACG-GCCCTGECGGAG—CGCC————GAGARGACGATCARACTT -GACTATCT
GGICGETCACG-GCCCTGECEGAG—CGCC ———-GAGARGACGATCARRCTT -GACTATCT
GGICGGTCACG-GCCCTGECEGAG—-CGCC———-GAGARGACGAT CARACTT -GACTATCT
GGICGETCACG-GCCCTGECEGAG~CGCC ———-GAGARGACGATCARRCTT -GACTATCT
GGICGGTCACG-GCCCTGECGGAG—CGCC —~—-GAGARGACGATCAARCTT -GACTATCT
GGTCGGTCACG-GCCCTGECGGAG —CGCC~~-~-GAGARGACGATCAAACTT -GACTATCT
GGICGGTCACG-GCCCTGECEGAG~CGCC ————GAGARGRACGATCARACTT ~GACTATCT
GGICGGTCACG-GCCCTGECGGAG—CGCC————GAGARGACGATCRARACTT -GACTATCT
GGICGETCACG-GCCCTGECEGAG—CGCC————GAGARGACGAT C- ————— == === == ==
GGICGGTCACG-GCCCTGECGGAG~CGCC———-GAGAAGACGAT CARACTT -GACTATCT
GGTCGGTCACG-GCCCTGECGGAG—CGCC - —-GAGAAGACGATCARACTT -GACTATCT

Fig. 1:

"' - the average weight of column pair exchanges is less than the weight matrix mean value

First variable region
investigated cichlid fishes.

of Aligned partial sequences of 18S rRNA gene among the

"' - is less than mean value plus one SD
'+' - is less than mean value plus two SD
*' - is more than mean value plus two SD

O.aureus
O.niloticus
O.mossambicu
O.esculentus
A.nigrofasci
A.pulcher
A.latifascia
Geophagus-sp
H.burtoni
L.lemairii
L.ocellatus
L.ornatipinn
L.signatus
L.callipteru
L.profundico
L.elongates
L.cunnington
L.attenuates
M.zebra-2414
M.zebra-2399
N.leloupi
N.savory
N.tetracanth
N.multifasci
N.calliurus
N.multifasci
N.fasciatus
N.similis
P.mariae
R.octofascia
V.moorii

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

1783)
17385)
1086)
1763)
1780)
1780)
763)
1771)
940)
493)
€0)
€0)
€0)
€0)
60)
€0)
60)
€0)
1770)
1785)
€0)
60)
€0)
60)
€0)
60)
€0)
€0)
1692)
1794)
60)

B T I R s
AGAGGAAGTARR AGTCGTARCRAAGGTTTCCGTAGGTGARCCTGCGGRARGGATCATTA
AGAGGRAGTARR AGTCGTAACRAAGGTTTCCGTAGGTGARACCTGCGGRAAGGATCATTA

AGAGGRAGTARAAGTCGT--—-
AGAGGRAGTARAAGTCGTARA—-
AGAGGRAGTARAAGTCGTAA—-

AGAGGRAGTARRAGTCGTARA—-
———GAL IR T T IC——ARC——— CCTITTAAT--TCAAGTGGATGT-—————-—
A-CGRRAGT----GGC--RAC-—————~— OCACA-GTGARAC—— ——————————
AGAGGAAGTARAAGTCGTARCAAGGTTTCCGTAGGTGARCCTGCGGAAGGATCATTA
AGAGGRAGTARARAGTCGTARCARGGTTTCCGTAGGTGARCCTGCGGAAGGATCATTA
AGAGGRAAGTARAAGTCGTARCAAGGTTTCCGTAGGTGARCCTGCGGAAGGATCATTA
AGAGGRAGTARRAGTCGTAACAAGGTTTCCGTAGGTGARCCTGCGGAAGGATCATTA
AGAGGRAGTARRAGTCGTARCAAGGTTTCCGTAGGTGARCCTGCGGRAAGGATCRATTA
AGAGGRAGTARRAGTCGTARCAAGGTTTCCGTAGGTGARCCTGCGGAAGGATCATTA
AGAGGRAGTARRAGTCGTARCAAGGTTTCCGTAGGTGARCCTGCGGRAGGATCATTA
AGAGGRAGTARRAGTCGTARCAAGGTTTCCGTAGGTGARCCTGCGGRAAGGATCATTA
AGAGGRAGTARRAGTCGTARACAAGGTTTICCGTAGGTGARCCTGCGGRAAGGATCATTA
AGAGGRAGTARRAGTCGTARCAAGGTTTCCGTAGGTGARCCTGCGGRAAGGATCATTA
AGAGGRAGTARRAGTCGTARCAAGGTTTCCGTAGGTGARCCTGCGGRAGGATCATTA
AGAGGRAGTARRAGTCGTAACAAGGTTTCCGTAGGTGARCCTGCGGRAGGATCATTA
AGAGGRAGTARRAGTCGTAARCAAGGTTTCCGTAGGTGARCCTGCGGRAAGGATCATTA
AGAGGRAGTARAAGTCGTAACAAGGTTTCCGTAGGTGARCCTGCGGAAGGATCATTA
AGAGGRAGTARRAGTCGTAACAAGGTTTCCGTAGGTGARCCTGCGGRAAGGATCATTA
AGAGGAAGTARAAGTCGTARCARAGGTTTCCGTAGGTGARCCTGCGGAAGGATCATTA
AGAGGRAGTARARAGTCGTARCARGGTTTCCGTAGGTGARCCTGCGGAAGGATCATTA
AGAGGAAGTARAAGTCGTARCARGGTTTCCGTAGGTGARCCTGCGGAAGGATCATTA

AGAGGAAGTARAAGTCGTAR--
AGAGGARGTAARAGTCGTAACRAGGTTTCCGTAGGTGARCCTGCGGAAGGATCATTA

Fig. 2: Second variable region of Aligned partial sequences of 18S rRNA gene among the

investigated cichlid fishes.

"' - the average weight of column pair exchanges is less than the weight matrix mean value

"' - is less than mean value plus one SD
'+' - is less than mean value plus two SD
*' - is more than mean value plus two SD
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Table (2) and Fig (3) represented the
results of a distance matrix and phylogenetic
tree with bootstrap values (Topological
Algorism) based on the alignment of 18S
rRNA gene sequences of cichlid fishes. A
closely related species of genus Maylandia
(M. zebra) are monophylogenetic with a
distance of 0.144. In the meantime, the
phylogeny of genus Neolamprologus (N.
leloupi, N. savoryi, N. tetracanthus, N.
multifasciatus, N. calliurus, N.
multifasciatus, N. fasciatus and N. similis)
proved that all species were closely related to
each other. On the other hand, the species
related to genus Oreochromis (O. aureus, O.
niloticus, and O. esculentus) are
monophylogenetic to each other apart from
O. mossambicus was in a distance about
0.529 from other species of the same genus.
Similar results were recorded for genus
Lepidiolamprologus (L. attenuatus, L.
profundicola, L. elongatus and L.
cunningtoni) where L. attenuatus is
polyphylogenetic  with  other  grouped
monophylogenetic species. The phylogeny
of genus Lamprologus (L. ocellatus, L.
ornatipinnis, L. signatus, L. callipterus)
represented monophylogenetic relationship
between the species except L. lemairii was in
a distance with others.

Polyphylogenetic relationship with
varied distance matrix was recorded between
different genera where genus Andinoacara
(A. pulcher) was found in a distance of 0.253
with genus Amatitlania (A. nigrofasciata)
and distance of 0.211 with genus Geophagus
(Geophagus sp.) indicated that these genera
were relatively closed. While the distance
with genus Astatotilapia (A. atifasciata) was
0.877 indicated the polypgylogenetic
relationship between two genera. A similar
relationship with a distance of 0.326 was
recorded between genera Pelmatolapia (P.
mariae) and Rocio (R. octofasciata).

Generally, the species within the
same genus were monophylogenetic, while
the species from different genera were found
to be polyphylogenetic as represented in
current results. These data were in contrast
to that recorded by the neighbour-joining
phylogenetic tree without a distance
correction based on alignment of 18S rRNA
gene sequences among cichlid species which
revealed a great confusion in the
phylogenetic relationship between species
where some species were polyphylogenetic
within the same genus and
monophylogenetic with other genera (Fig.
4).
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Table 2. Matrix of genetic distances based on alignment of 18S rRNA gene sequences
of the studied species.

1 2 3 3 5 [ 7 B ¥ mw u 12 13 It 15 16 171 18 L ® A B ¥ B B X N X ¥ W I
10smmes 0000
2 Qzilaticrs  0.153 0.000
3 Qzmemashice 0.5 0.564 0.000
§ Quasmlenies 0082 0,208 0,520 0.000
§ hamatash 0.3 0,307 0,525 0,289 000
€ hamlder  0.069 0,393 0,531 0.855 0,285 0.0
7 hJasifascia 0.663 0.891 0.570 0.672 0.580 0.677 0.000
8 Gembeges-mp 0.260 0.312 0.536 0267 0.245 0_Z11 0.574 0.000
9 B, 1000 1.00% 1.000 1000 1.000 1.000 1.008 1.000 0000
W0 LJemeicii  1.000 1.0 1.000 L_003 1.000 1.00D .00 1.000 L.00F D.00D
U Lsgsllaigs 1.000 1.0 1.000 L0032 1.000 1.00D L.005 1.000 1003 1000 D.00D
L Loesretipics 1.000 L.0S 1000 L.000 L.000 1.000 1.00S 1.000 L.000 L.000 0.000 0.000
13 Locigrarns 1000 L.0S 1000 1000 L.000 1000 L.005 1.000 L 005 L.000 0.000 O.008 0.000
14 Lsallizems 1000 1,0 1,000 L.003 1,000 1.000 1,008 1,000 L.003 1,000 0,000 B.00% 0,500 0008
15 L gaedimaice 1000 1,09 1,00 .03 1,000 L.000 1,009 1,000 L.003 1,000 0000 0,000 0.800 0,008 0,000
16 Lakgans 1000 1,039 1000 .03 1,000 L.000 1,009 1,000 L.003 1,000 0.000 B.000 0.000 0.008 0,000 000
17 Lgrstogise 1000 103 1000 1003 1,000 1,000 1,009 1.0¢0 1.003 1,050 0.000 0,009 0.500 0.008 D.000 0.0C0 000
18 Lasiessaias 1.000 1.0G% 1.000 1003 1.000 1.000 1.009 1.000 L.0OZ 1.000 0.000 D.002 0.200 0.00% 0.00D 0.000 D. 002 0.200
15 Moseboa-2418 0,157 0.173 0549 0202 0.3L1 0.269 0.890 0.255 L.00% L.000 1.000 1.00% 1.000 1.00% L.00D 1.0C0 L. 000 1.500 0.00%
20 Meehra-2339 0.124 0.169 0.544 ©_165 0.299 0_275 0.867 0.267 1.000 1.000 1.000 1.009 1.000 1.000 1.00D 1.000 1.000 1.000 0.18% G.000
21 NJelompi 1003 1.0%% 1.000 1003 1.000 1000 L.005 1.000 L.005 1.000 0000 0.009 0.000 0.00% 0.00D 0000 0.000 0.500 1.000 1.000 0.500
2 §oaam 1000 1.00% 1.000 1000 1.000 1000 L.000 1.000 L.008 1.000 0_COO0 ©.000 0.000 0.00% 0.00D 0000 0000 D.000 1.000 1.000 0.000 0.000
0 Hperracarek 1000 1000 1000 1003 1000 1000 1005 1.000 1005 1.000 0.000 D.000 0.000 0.00H 0.00D 0000 D. 000 0.200 1000 1.000 0,000 0.000 0.00D
X Naplrifasei 1.000 100 1000 1003 1000 1000 1005 1.000 1005 1,000 0.000 0,000 0,000 0005 0,000 0.000 D, 000 0,200 1000 1.000 0,000 .000 0,000 0.000
# Ysalligmss 1000 1,099 1,000 1003 1,000 1.000 1,009 1,000 L.003 1,000 0000 ©,009 0,000 0,008 0,000 0000 0,000 0,800 1,005 100 0,600 0,000 0.60D 0.000 0,000
2 Wmbiidaset 1003 1,009 1,000 1003 1,000 L.000 1.p% 1,000 L.008 1,000 0,000 B.00% 0,600 0,008 0,000 0.000 . (0% 0,600 1,008 109D 0,600 0.00 0.60D 0,000 0,000 0,660
W dassbaiws 1000 100 1,600 1003 1,000 L.000 1,008 1600 L.008 1,000 0000 0,000 0.600 .08 D.00 0.0CO 0,000 0,800 1.00B L4 0,600 0.000 0.60D 0.000 D.000 0,600 8,000
o Hmlis, 1000 L% .00 1003 1,000 1.000 1.00% 1.00 L.003 1000 0.000 0,008 0.000 0.008 000 0-0CO . 000 0.600 1.0OB 1000 0,600 0.000 0.60D 0.000 0.000 0,60 0.090 0.680
I Paaries 0263 0.30% 0.47% 0261 0.321 0.312 0.547 0.334 1.000 1.000 1.000 1.000 1.000 1.00& 1.000 1.000 L.000 1.000 0.303 0.290 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.600 0.000
H Rgpiofaseis 0,282 0306 0.537 0265 0.287 0242 0.883 0.234 L.00¥ L.000 1.000 1.009 1.000 1.00% L.00D 1.000 L. 00D 1.200 0.30L 9.255 1.000 1.000 1000 1.000 1.000 1.000 1.000 1.690 0.325 0.000
3 Yannria 1000 1.00% 1.000 1000 1.000 1000 1.000 1.000 L.000 1.000 0000 ©.000 0.000 0.00% 0.00D 0000 0.000 0.000 1.000 1.000 0.200 0000 090D 0.000 D.000 0.000 2000 D.990 1.000 1.000 0.000
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Fig. 3: Phylogenetic tree with bootstrap values (Topological Algorism) based on alignment of
18S rRNA gene sequences among the investigated cichlid fishes.



Molecular Phylogenetic Correlation Among Cichlid Fishes 235

Fig. 4: Neighbour-joining phylogenetic tree without a distance correction based on
alignment of 18S rRNA gene sequences among the investigated cichlid fishes.
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DISCUSSION

Comprehensive phylogenetic analysis
of the cichlid fish wusing multi-marker
molecular datasets comprising nuclear and
mitochondrial loci revealed high levels of
incongruence between them (Elserafy et al.,
2007; Genner and Turner, 2012; Willis et al.,
2013; Meier etal., 2017 and Ford et al., 2019).
The 18S rRNA gene is considered as evidence
of significantly different phylogeny in higher
organisms (Elserafy et al., 2007 and Nirchio,
et. al., 2020).

The current alignment of 18S rRNA
gene sequences of 31 species belonging to 13
genera of Cichlid fish revealed that the species
related to the same genus  were
monophylogenetic, while the species from
different genera were found to be
polyphylogenetic.  These results  were
Compatible with Shull et al. (2001), who
discovered the phylogenetic relationships of
36 adephagan species and 13 outgroup species
depend on alignment of 18S rRNA sequences.
Furthermore, Marescalchi (2005) proved that
molecular data demonstrated the Andinoacara
Rivulatus (Cichlidae: Cichlasomatini) defined
within the genus as a monophyletic group.

Our analysis of the distance matrix and
phylogenetic tree based on alignment of 18S
rRNA gene sequences of cichlid fishes proved
that species of genus Maylandia are
monophylogenetic. Conversely, some species
of genus Oreochromis are monophylogenetic
to each other apart from O. mossambicus was
polyphytogenetic with other species of the
same genus. These results resembled that
found by Poletto et al., (2010), who detected a
variable number of clusters among species
(one Asian, 22 African, and 30 South
American cichlid species) based on the genetic
mapping of 18S ribosomal RNA genes.
Chu et al., (2006) used 18S ribosomal RNA
datasets from a wide variety of organisms
(from archaea to tetrapods) at taxonomic
levels ranging from class to species. His
suggestion was in agreement with our results
where a phylogenetic relationship with varied
distance matrix was recorded between
different genera i.e., genus Andinoacara was
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found in a distance of 0.253 with genus
Amatitlania and distance of 0.211 with genus
Geophagus indicated that these genera were
relatively closed. While the distance with
genus Astatotilapia was 0.877 indicated the
polyphylogenetic  relationship  between
two genera.

The present data recorded by the
neighbor-joining phylogenetic tree without a
distance correction based on alignment of 18S
rRNA gene sequences among cichlid species
revealed a great confusion in phylogenetic
relationship between species where some
species were polyphylogenetic within the
same genus and monophylogenetic with other
genera. Heeg and Wolf (2015) reviewed the

analysis using primary sequences
simultaneously in inferring neighbor-joining,
maximum  parsimony and  maximum

likelihood trees, with increasing robustness
and accuracy of reconstructed phylogenies. It
was concluded that neighbor-joining and
maximum parsimony analyses failed in
inferring a robust phylogenetic tree, while the
maximum likelihood tree provides a supported
phylogeny.

In conclusion, alignment of 18S rRNA
gene sequences among cichlid species as well
as phylogenetic tree with bootstrap values
revealed a great accuracy in phylogenetic
relationship among species.
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