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DNA barcodes for estimation of species phylogeny in some
Rails (Gruiformes: Rallidae)

ABSTRACT

Aim:study phylogenetic relationship of some Rallidae through genetic
markers. Secondly, to test the resolving power of these markers, we further
constructed a phylogenetic tree and estimated genetic relationship among
studied birds depending on DNA sequences.

Study Design:Five species of rails are belonging to family Rallidae from
Egypt using DNA barcoding.

Place and Duration of Study: New Damietta, Damietta Governorate, Egypt,
during the 2019/20 season.

Methodology:In the present study, mitochondrial and nuclear DNA sequences data
were analyzed for these rails. Based on 16S rRNA and RAG-1 sequences, the
phylogenetic trees were constructed using the Maximum Evolution method.
Results:The findingsreveal that there are two separate genetic clusters, one
cluster for Rallusaquaticus, Crex crex, Porzanaparva and Porzanapusilla, the
second cluster includes Porzanaporzana. Crex crex and Rallusaquaticus were
laid in one clade and they are formed a sister group. Moreover, Porzanaparva
and Porzanapusilla formed another sister clade.

Conclusion:This study demonstrated the ability of 16S rRNA and RAG-1
genes in identifying the rails, as well as deducing the genetic relationship
between them. The present work is considered a first study and a contribution
to enriching the genetic relationships among the studied species.
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1. INTRODUCTION

The diversity of taxa contained in the Gruiformes is referred by the relatively
high number of monotypic families known, the allocation of its species among
ten orders by Stresemann [1] and Wolters [2], and a frequent view of the
group as a possibly artificial aggregation [3- 9].

The Rallidae, exceed all other gruiform families in included difference in body
mass and most environmental parameters, containing habitat, reproduction,
diet and migratory habit. Rallids reside in a difference of environments,
including freshwater and salt-water marshes, mangroves, tropical forests and
grasslands [10]. There are 135-143 currently identified species within 33—40
genera [11-13], only four ofwhich (Porzana, Porphyrio, Gallinula and Fulica)
have a widely distribution. Rails have one of the most widely geographical
distributions of any family of vertebrates. Porzana, as currently known,
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contains the greatest number of species [14], and is the most speciose genus
in Rallids (11.9% of rails are currently classified as Porzana).

The utility of nucleotide sequence variations in a single gene to estimate
evolutionary relationships was first widely applied by Carl Woese [15]. He
found that sequence divergences in a conserved gene, ribosomal RNA, could
be used to deduce phylogenetic lineages. Sequence comparisons of rRNA
from many different organisms led initially to identification of the Archaea, and
then to a reconstructing of the tree of life. Lately, the polymerase chain
reaction has allowed sequence variety in any gene to be tested. Genes that
promote slowly, like rRNA, often do not differ among closely related
organisms, but they are substantial in regaining archaic relationships [16].
Otherwise, genes that promote rapidly may overwrite the traces of ancient
affinities, but regularly detect differences between closely related species.

As the most widespread and species-rich group of terrestrial vertebrates,
birds show great verity in their phenotypes, ecology, habitats and behaviors
[17]. So far, a great effort has been devoted to resolve the phylogenetic
lineages from higher taxonomic classes [18-20] to sister species [21-25].0ne
nuclear exon that has confirmed beneficial in phylogenetic studies in birds is
the recombination-activating gene 1(RAG-1) which has been used to explore
relationships at the ordinal level [26] and at the family level in passerines [27].
The gene 16S rRNA (mitochondrial DNA gene) was used for phylogeny and
taxonomy; and ultimately, the foundation of large public-domain datasets [28,
29]. Different characteristics of the 16S rRNA gene make it the “Ultimate
molecular chronometer”’, and the most prevalent housekeeping genetic tool;
and a beneficial purpose for phylogeny. Here we investigate the performance
of a fragment of the 16S ribosomal RNA gene (16S) in mtDNA barcoding of
rails. As a contribution to the discussion about phylogenetic relationships, we
provide comparative constructed trees of 16S as mtDNA gene and RAG-1 as
nuclear gene in rails.

Clear attempts to reconstruct phylogenetic relationships within the Rallidae
have been founded on a variety of evidence, and comprise the intuitive
estimation by Olson [30], phenetic assessments established on DNA
hybridization by Sibley and Ahlquist [31] and Sibley et al., [32], and limited
reconstructions by Houde et al., [9] and Trewick [33] founded on sequence
data. These analyses, however, have resulted basically divergent, only
weakly confirmed groupings, and the phylogenetic relationships of many
genera of Rallidae have not been investigated from any methodological
perspective.

In this study, we aimedfirstly, to study phylogenetic relationship of some
Rallidae through genetic markers. Secondly, to test the resolving power of
these markers, Me further constructed\a phylogenetic tree and estimated
genetic relationship among studied birds depending on DNA sequences.

2. MATERIALS AND METHODS

2.1. Experimental birds

All animal experiments involved in this study were approved by the
Laboratory Animal Welfare and Animal Experimental Ethical Committee of
IACUC Cairo University. We followed guidelines of the Committee for
experimental animals during this study. This study was carried out for five
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species: water rail Rallusaquaticus(Linnaeus, 1758), spotted crake
Porzanaporzana (Linnaeus, 1766), little crake Porzanaparva (Scopoli, 1769),
Baillon's crake Porzanapusilla (Pallas, 1776) and Corn crake Crex crex
(Linnaeus, 1758) were obtained from local hunters in Egypt.

2.2. DNA extraction PCR amplification

Liver tissues were obtained from the different studied species, taken
immediately and frozen at - 80°C. DNA was extracted using a GeneJET™ kit
Genomic DNA Kit#K0721.

Mitochondrial and nuclear DNA fragments were PCR amplified using
various combinations of primers RAG-1 gene F50-5' CTG ATC TGG TAA
CCC CAG TGA AAT CC -3' and R51-5" GAC CCT CTT TCT GCT ATG AGG
GGG C -3' [34]. And 16S rRNA gene F8-5 CGG TCT GAA CTC AGA TCA
CGT A-3"and R9-5' CGA CCT GGA TTT CTC CGG TCTG-3' [35].

Each PCR products were separated on 1.5% agarose gels, bands
were visualized by ethidium bromide staining and viewed with an ultraviolet
light source. The amplified products were purified using aGeneJET™ kit
(Thermo K0701) according to the manufacturer’s protocols. Sequencing was
performed using an ABI 3730xI DNA sequencer.

2.3. Alignment and sequence properties

The resulting sequences were confirmed as being derived from studied
species DNA using the GenBank Blast algorithm. The DNADynamo software
version 1.459 was used for editing the sequences and they were aligned
using Clustal W. Finally, the phylogenetic analyses used were Maximum
Evolution in MEGA 6.0 software [36].

3. RESULTS

Twenty specimens are representing five species of Rallidae were
sampled in the present study. DNA was extracted, RAG-1 and 16S genes
sequences generated in this work were corresponded with data stocked in
National Centre of Biotechnological Information (NCBI) by nucleotide BLAST.
The sample identified as 754 bp in length and exhibited similarity with RAG-1
gene of the studied species from GenBank database. The sequences of
Rallusaquaticus, Porzanaporzana and Porzanaparva were compared with
records deposited in Gen Bank, the results revealed entirely similar records
(Accession numbers are KC613966, KC613961, KC613960) respectively
while, Porzanapusilla and Crex crex have no records deposited in Gen Bank.

In case of 16S rRNA gene, sample recognized as 652 bp in length and
exhibited  similarity  with GenBank  database. Rallusaquaticus,
Porzanaporzana, Porzanaparva, Porzanapusilla and Crex crex sequences
were compared with records placed in GenBank, the results revealed entirely
similar records (Accession numbers are KC614027, KC614023, KC614022,
KC614021, KC613986) respectively.

RAG-1 and 16S rRNA genes were found significant differences in base
composition biases between some of the studied taxa. For RAG-1 gene, the
average nucleotide frequencies are 30.7% (A), 22.5% (T/U), 22.7% (C), and
24.1% (G). The percent composition of nucleotide varied from 29.5% to
33.8% (A), 19.1% to 24.4% (T), 20.4% to 28.3% (C), and 18.7% to 25.8% (G),
which infers that studied birds, are rich in C, A and G while poor in T (Table
1).
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(165/RAG-1) (16S/RAG-1)  (16S/RAG-1)  (16S/RAG-1)  (16S/RAG-1)  (16S/R -Table

Crex crex 36.2/30.0 21.5/22.7 16.8/25.8 25.5/21.5 57.7/52.7 42.3/47.3

Porzanaparva 36.7/29.5 20.8/24.4 16.9/25.7 25.5/20.4 57.5/53.9 42.4/46.1

Porzanaporzana 35.7/33.8 22.1/19.1 15.5/18.7 26.7/28.3 57.8/52.9 42.2/47.0

Porzanapusilla 37.7/30.3 20.7/23.3 15.1/25.3 26.5/21.1 58.4/53.6 41.6/46.4

Rallusaquaticus 37.3/29.8 20.7/23.3 15.9/25.7 26.0/21.2 58.0/53.1 41.9/46.9

Mean 36.7/30.7 21.1/22.5 16.3/24.1 25.9/22.7 57.8/53.2 42.1/46.7

The transition/transversion rate ratios are k1 = 6.436 (purines) and k2 =
6.929 (pyrimidines). The content of pyrimidine was barely higher than purine
in the studied birds. Nucleotide frequencies for 16S rRNA are 36.7% (A),
21.1% (T/U), 25.9% (C), and 16.3% (G). and percent composition of
nucleotide ranged from 35.7% to 37.7% (A), 20.7% to 22.1% (T), 25.5% to
26.7% (C), and 15.1% to 16.9% (G), which indicates that studied birds, are
rich in T, A and C while poor in G (Table 1). The transition/transversion rate
ratios are k1 = 0.983 (purines) and k2 = 3.918 (pyrimidines). The content of
purine was lower than pyrimidine in the studied birds.

Phylogenetic tree was constructed depending on RAG-1 sequences of
the studied species of Rallidae using Maximum Evolution method (Fig. 1)
reveals that there are two separate genetic clusters, one cluster for
Rallusaquaticus, Crex crex, Porzanaparva and Porzanapusilla, the second
cluster includes Porzanaporzana. Crex crexand Rallusaquaticus were laid in
one clade and they are formed a sister group. Indeed, Porzanaparva and
Porzanapusilla formed another sister clade. According to the RAG-1 dataset,
haplotypes of the same species were always placed together in phylogenetic
reconstruction.
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Fig.1. Maximum evolutionary tree analyses based on the RAG-1 gene from 24 barcode sequences from
5 rallids. The values at nodes represent the bootstrap confidence level (1000 replicates).
Specimen’s number denotes the accession number of GenBank.

Moreover, phylogenetic analysis performed in the current study using the
Maximum Evolution method revealed that Crex crex and Rallusaquaticus are
closely genetic to each other (0.017), Porzanaparva and Porzanapusilla
formed another sister clade on the other hand, and Porzanaporzana have the
farthest genetic distance (0.624) (Table 2).

Table 2. Total genetic distance between the studied rails' species. 16S rRNA distances are below
diagonal; RAG-1 distances are above diagonal,

Crex crex Porzanaparva Porzanaporzana Porzanapusilla Rallusaquaticus
Crex crex 0 0.027 0.624 0.030 0.017
Porzanaparva 0.113 0 0.612 0.024 0.021
Porzanaporzana 0.218 0.202 0 0.621 0.624
Porzanapusilla 0.101 0.056 0.211 0 0.021
Rallusaquaticus 0.081 0.117 0.226 0.105 0
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According to 16S rRNA dataset, haplotypes of the same species were
always placed together in phylogenetic reconstruction. The phylogenetic tree
of the studied Rallids species which was divided into two main clades, the first
clade includes Rallusaquaticus, Crex crex, Porzanaparva and Porzanapusilla,
the second cluster includes Porzanaporzana. Crex crex and Rallusaquaticus



were laid in one cluster and they are formed a sister group. Moreover,
Porzanaparva and Porzanapusilla formed another sister clade (Fig. 2).
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Fig.2. Maximum Evolution phylogenetic tree based on 16S gene sequences of the studied rail species.
Values at nodes represent the bootstrap confidence level (1000 replicates). Specimen’s
number refers to the accession number of GenBank.

Phylogenetic analysis performed in the current study using the
Maximum Evolution method revealed that Crex crex and Rallusaquaticus are
closely genetic to each other (0.081) on the other hand, Porzanaporzana have
the farthest genetic distance (0.218, 0.226) respectively (Table 2). Table 1.
This is a table. Tables should be placed in the main text near to the first time
they are cited. Tables cannot be attached as an image. Please pay attention
to the formatting of the table. It should be as per the example below. For more
information, please read the norms.

4. DISCUSSION

Previous studies have referred to the question of the originality of the
Gruiformes [37, 38] and the biogeography and evolution of some relationships
of rails have been recently believed ][33, 39—41[|.Nevertheless, recognition of
the basal split and differentiation of the rails has remained uncertain because
of diversity in the investigated dates and approaches used [37, 38, 42, 43].
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The rails (Aves: Rallidae) are a fabulous group of birds with many
discreet species that are difficult to observe and others that have managed to
reside very isolated islands in spite of their apparent poor ability to fly [44-47].
Rails are a widespread family of birds extensively distributed throughout
insular and continental settings and only absent in polar regions, waterless
deserts, and mountains above the snow line. There is a great interest in rail
diversity, evolution, and biogeography which resulted in studies of their
relationships using morphology and PCR-based Sanger approaches [10, 39].
However, phylogenetic inferences for rails have confirmed difficult with
morphology [10], and despite great effort with molecules [39-41, 48, 49], their
relationships and diversification dynamics still poorly explained, with
disagreements concerning key relationships due to few markers and species
availability. Recently, one study used mitogenomes to discover their basal
relationships and diversification, but sampling was too limited for
understanding deep evolutionary patterns as they lacked good taxon
representation at the genus level [14]. The integration of state-of-the-art
molecular techniques and analyses, together with a broad taxonomic
sampling, can result new insights into bird interrelationships and divergence.
However, their evolutionary significance, the relationships among many rail
lineages stay unresolved as does the general timescale of rail evolution.

Utilizing of DNA barcoding and the molecular markers is for the time
being essential since it represents a beneficial method for studying taxonomy
and phylogenetic lineages among species. This technology has been taken
as good tools for recognizing species as well as in archaeological remains
and museum samples due to of degradation nature and fragmentation of
ancient DNA [50].

The recombination activase gene-1 (RAG-1) uses as a phylogenetic
marker for understanding relatively deep relationships has been investigated
in birds [26], mammals [51] and squamates [52]. This gene is also useful for
resolving phylogenetic relationships among birds and for resulting schisms
between the models underlying the main technique used in phylogenetic
analysis.

The recombination activase gene-1 (RAG-1) sequences were used to
estimate genetic relationship between Rallusaquaticus, Porzanaporzana,
Porzanaparva, Porzanapusilla and Crex crex. These results show a level of
genetic differentiation among three genera of Rallidae. Maximum Evolution
tree constructed on RAG-1 sequences divided the studied Rallidae into two
separate genetic groups, one for genus Porzanaporzanaand the other for;
Porzanaparva, Porzanapusilla, Crex crex and Rallusaquaticus members due
to dark colour of Porzanaporzana underparts striped with white and black
dorsum spotted with white while, other species have no these characters.

The result showed that the genus Rallus and genus Crex were
supported as a sister group to each other. Also, species of genus Porzana
were laid as a sister cluster except Porzanaporzana grouped as monophyletic
clade to all studied species, that is explained by their shared gray underparts,
olive and black dorsum striped with white, and buffy juvenile plumage of the
sister group while, Porzanaporzana has a dark gray underparts striped with
white and black dorsum spotted with white. The phylogenetic tree based on
each of RAG-1 and 16S rRNA gave similar results and revealed the
relationship between the studied rails.
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5. CONCLUSION

In the present study, five rails have been identified and, studied the

phylogenetic and taxonomic relationships between them in Egypt for the first
time using DNA barcoding. This study revealed that DNA barcoding based on
16S rRNA gene (mtDNA gene) and RAG-1 gene (Nuclear gene) were
demonstrated as a powerful and useful molecular marker in identifying, and
estimating the phylogenetic relationship among studied rails species.
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