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Abstract

Effective stock assessment and fisheries management require clearness in their taxonomy for any species. Indian mud crab (genus
Scylla de Hann, 1883) is well known for its morphological plasticity and absence species specific taxonomic diagnostic characters
due to which became much contentious in their identification. Although this fascinating genus Scylla studied using different
morphological and molecular approaches, still there were ambiguities the identification of mud crab species in India. The present
study was carried out to find out genetic divergence and to validate phylogenetic position of four species of the genus Scylla (S.
serrata, S. olivacea, S. tranquebarica, S. paramamosian) by analyzing 127 partial sequences belongs to four mitochondrial (mt)
genes i.e. Cytochrome Oxidase | (COI), Cytochrome b (Cyt b) complex, 12s rRNA and 16s rRNA genes. In the results, the mean
intraspecific Kimura 2-parameter distances were consistently higher in all four species for COI gene followed by 12s rRNA and
16s rRNA genes whereas the least distances were observed in Cytochrome b gene. No overlap was found between intraspecific
and interspecific distances, suggesting that the existence of distinct barcoding gap to delineate the species boundaries. The
Neighbour Joining (N-J) phylogenetic tree for Cytb and 12s rRNA genes formed distinct clusters each containing same species. It
can be concluded as Cytb and 12s rRNA sequences could used to delineate evolutionary relatedness with closely related species

and this is an effective combinational approach for genetic studies and molecular taxonomic studies on genus Scylla.
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Introduction

The genus Scylla is a commercially important crab in both
natural fisheries and aquaculture practices. Its wide range of
geographic distribution from south-eastern and eastern Africa
to Southeast Asia and Indo-pacific regions M provides to cope
up with different morphological characters according to
diverse environment conditions. Their bigger size, high meat
yield and delicious taste makes them as most preferable
quality food item for both local and international markets [,
The classification of Scylla has been controversial for a long
time. Estampador (1949) Bl assigned Scylla to three species
and one sub-species (four taxa) including S. serrata, S.
oceanica, S. tranquebarica, and S. serrata var. paramamosain
based on morphology and gametogenesis. Stephenson and
Campbell (1960) ™ suggested that only one species is present
for this genus (S. serrata). Serene (1952) divided the four
Scylla species into two categories, recognized S.oceanica as
the only species for the mankind, with its variety S.oceanica
tranquebarica and S. serrata is the only valid species for the
unmarked type, with its variety S. serrata paramamosain [,
Subsequently, Keenan et al. (1998) [ extensively revised the
taxonomy of genus Scylla using integrative approaches and
divided the this genus into four distinct species including S.
serrata, S. olivacea, S. tranquebarica, and S. paramamosain.
Afterwards, several researchers revised the taxonomic status
of genus Scylla with morphological and molecular approaches
following the Keenan et al. Majority of taxonomical works on
genus Scylla in India referred only to S. serrata. Joel and Raj

(1983) "1 reported the presence two species S. serrata and S.
tranquebarica from Tamil Nadu near Pulicat lake. Many
recently happened researches in India were based on Kathirvel
and Srinivasagam (1992) [, also reported 2 species in Indian
mud crab from Kerala near Kochin back waters S.
tranquebarica (a dark green morph) and S. serrata (a greenish
brown morph).

The usage of mitochondrial DNA (mtDNA) in the molecular
phylogeny and evolutionary studies was known for more than
30 years P! particularly in Crustaceans at species and
population levels 11, The key characters making it powerful
tool in the toolbox of evolutionary studies includes higher
mutational rate lower effective population size compared to
the nuclear DNA. This is the main reason which provoked to
propose standardize DNA based species identification by
analysing a single segment of mitochondrial genome. This
scenario facilitated the workers across the globe in yielding
the uniform sequence data. The interpretation of this data in
conjunction with modern web analysis tools provides answers
for many challenges in the field of taxonomy and evolution
(22, More recently, taxonomic studies on genus Scylla carried
out by focusing both morphological 3 4 and mitochondrial
marker approaches 5 6],

The limitations inherent in morphology based identification
systems and the dwindling pool of taxonomists signal the need
for a new approach to identify these closely related species.
Moreover, phylogenetic studies were carried based on one or
two mitochondrial genes but comprehensive study on genetic
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distance and phylogenetic relationship among the species
genus Scylla based on more number of genes were scarce. In
this study, we collected 127 partial mitochondrial COI
sequences belongs to Indian waters for genus Scylla to assess
genetic divergence and tested phylogenetic signal for four
mitochondrial (COI, Cyt b, 12s rRNA and 16s rRNA) genes in
delineating its four species.

Materials and Methods

In total, 127 partial gene sequences obtained for four species
with the range of sequences from 25 (Scylla serrata) to 1
(Scylla tranquebarica and Scylla paramamosian) (Table 1) as
on 10™ January, 2018. Maximum number of analysed partial
sequences for the gene COI (47 sequences) followed by 16s
rRNA gene (44 sequences), Cyt b gene (24 sequences) and
12s rRNA gene (12 sequences). Out of four species present in
genus Scylla, including all four mitochondrial genes, the
maximum sequences analysed for the species Scylla serrata
(65 sequences) followed by Scylla olivacea (42 sequences),
Scylla  tranquebarica (15 sequences) and  Scylla
paramamosian (5 sequences). Among all sequences,
maximum number of sequences were geographically belongs
to the Tamil Nadu followed by Kerala and Maharashtra states.
All sequences were assembled and end-trimmed to get
homologous region to avoid errors during sequencing and
those sequences subjected to aligned using ClustalW analysis
tool [71. Sequences with sufficient length only were
considered with the view of bringing uniformity in analysis
across all species. To ensure homology in heterogeneous
sequences, some bases were trimmed. To bring this

homogeneity in some sequences, missing sequence parts were
adopted from most conserved regions of the sequences
available in NCBI GenBank for the same species. Nucleotide
composition (A, T, G, C, GC1, GC2 & GC3) calculated for
homologous end-trimmed sequences using MEGA V.7.0
(Molecular Evolutionary Genetic Analysis) € software
(Arizona). Inter and intra species evolutionary divergences in
various hierarchical levels were analysed using Kimura 2
Parameter method [*°l. The variation was estimated following
the bootstrap method with 5000 bootstrap replicate values.
The pair-wise deletion option was selected to treat the gaps or
missing data between each compared specimen. Finally, the
Neighbour-Joining (NJ) tree among species was created to
give distance values using bootstrap method in Kimura 2 —
parameter mode of analysis those values are in the units of the
number of base substitutions per site . To verify the
robustness of the nodes of the N-J tree, bootstrap analysis was
carried out using 1000 pseudo replicates 4. Both transitions
and transversions were cumulated and included as
substitutions. Missing bases or gaps were treated by adopting
pair wise deletion method employed in MEGA V 7.0.

Results and Discussion

All the retrieved sequences were verified thoroughly and no
complexity or ambiguities were observed among them. Out of
four analysed sequences, two of them (COI and Cyt b genes)
were protein coding genes whereas remaining two (16s rRNA
and 12s RNA genes) were non coding genes. The average
length values of the aligned and end-trimmed sequences were
presented in table 1.

Table 1: List of COl GenBank accession numbers along with their geographic source of sequences for four mitochondrial genes (N = No. of

Sequences)
S. No. | Species (N) | GenBank accession no. & Source | Length
COl gene
KC760161-63 (Maharashtra), KC154079-83 (Kerala), AB861521 (Tamil Nadu), KY564434
1 Scylla serrata 2] (Kerala), KF717539-40 (Maharashtra), JN085428-36 (Tamil Nadu), KC200562 (Tamil 521
Nadu), KC200564 (Tamil Nadu), KF612462 (Kerala), AB857346 (Tamil Nadu)
KC200563 (Tamil Nadu), KC200565 (Tamil Nadu), KC154069 (Kerala), KC154075-78
2 Scylla olivacea 14 (Kerala), AB857347 (Tamil Nadu), AB861522 (Tamil Nadu), JIN688965 (Tamil Nadu), 585
KT921343 (Tamil Nadu), KT921346 (Tamil Nadu)

3 Scylla tranquebarica [ KC760164-68 (Tamil Nadu), JN688964 (Tamil Nadu), KT921348, KT921344 531
4 Scylla paramamosian 2 KT921345 (Tamil Nadu), KT921347 (Tamil Nadu) 582
16s rRNA gene

JQ743345 (Tamil Nadu), KC154084-88 (Kerala), KF220527-36 (Tamil Nadu), JX446640-44
5 Scylla serrata 1! ° ( )(Tamil Nadu), ,6(\88573)43-45 (Tamil Na(du) ) 500
6 seylla olivacea 17 JQ743346 (Tamil Nadu), KC154070-74 (Kerala), 1X446635-39 (Tamil Nadu), AB857337-42 | o0
(Tamil Nadu)

7 Scylla tranquebarica [*] KF220537-45 (Tamil Nadu), KT921342 (Tamil Nadu) 526
8 Scylla paramamosian 2 KT921340-41 (Tamil Nadu) 520
Cytochrome b gene
9 Scylla serrata [ KJ607959-61 (Tamil Nadu), AB857348-53 (Tamil Nadu) 382
10 Scylla olivacea 31 AB857354-59 (Tamil Nadu), AB861881-87 (Tamil Nadu) 382
11 Scylla tranquebarica [ KT921350 (Tamil Nadu) 382
12 Scylla paramamosian 4 KT921349 (Tamil Nadu) 382
12s rRNA gene
13 Scylla serrata ['] KF246701-07 (Tamil Nadu) 393
14 Scylla tranquebarica ! KF246696-00 (Tamil Nadu) 354
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Average genetic divergence values of COIl gene for within
species for Scylla serrata, Scylla olivacea, Scylla
tranquebarica and Scylla paramamosian were 0.442%,

Table 2: Average and range of Kimura 2-parameter distance values
within four Scylla species for 4 mitochondrial genes. (AD= Average

distance, SE= Standard Error)

0.251%, 0.386% and 0.851% respectively whereas for 16s S. No. | Species | AD.£SE. [ Min [ Max
rRNA gene, the values were 0.055%, 0.017%, 0.040% and - — col 689442+0 s 1 ooo | oore
0.002% respectively. Multiple genes to calculate genetic > Sci/);I;oslei\:;itez 0'251;0' 0 0'00 0'829
divergence within the species for Cyt b and 12s rRNA genes 3 Seylla tranquebarica 03862043 10002 | 0913
were available only for two species. The average genetic 4 Scylla paramamosian | 0.851+0.00 | 0.851 | 0.851
divergence values of Cyt b gene for within species for Scylla 16s rRNA gene
serrata and Scylla olivacea were 0.005% and 0.013 5 Scylla serrata 0.055+0.14 | 0.00 | 0.123
respectively. The average genetic divergence values of 12s 6 - SI::yIIa ollvagea_ 8-8158-82 8-88 8-087
rRNA gene for within species for Scylla serrata and Scylla ! cylla tranquebarica 040+0. ' 107
. . 8 Scylla paramamosian | 0.002+0.00 | 0.002 | 0.002
tranquebarica were 0.091% and 0.031% respectively (Table Cytochrome b gene
2). In almost all genes, the range of genetic distances were 9 Scylla serrata 0.005+0.018 | 0.003 | 0.008
comprehensively higher for COI gene followed by 12s rRNA, 10 Scylla olivacea 0.013+0.046 | 0.003 | 0.035
16s rRNA and Cyt b genes. (Figure 1). Hence, it is evident 12s rRNA gene
that COI gene undergone drastic changes in the process of 11 ﬁcy”a serrata | 0.091+0.173 | 0.016 | 0.229
. +
evolution compared to other genes. 12 Scylla tranquebarica | 0.031+0.088 | 0.009 | 0.059
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Fig 1: The average and range of intra genetic divergences for four mt- genes

Pair wise genetic distance matrix of Scylla species for four mt-
genes sequences were represented in Table 3. The highest
Kimura’s 2-parameter (K-2P) genetic distance for COIl gene
was observed between S. tranquebarica and S. olivacea
(0.795%) whereas the least value found between S.
tranquebarica and S. serrata (0.459%). The highest Kimura’s
2-parameter genetic distance for 16s RNA gene was observed

between S. tranquebarica and S. olivacea (0.059%) whereas
the least value found between S. tranquebarica and S. serrata
(0.459%). The maximum Kimura’s 2-parameter genetic
distance for Cyt b gene was observed between S. olivacea and
S. serrata (0.161%) whereas the least value found between S.
paramamosian and S. tranquebarica (0.120%). The highest
intra K-2P genetic distances among all Scylla species were
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noticed in COI gene followed by Cyt b gene and 16s rRNA
gene.

Table 3: Inter species pair-wise genetic distances using K-2P model
for 4 mt-genes

S. No.| Species  [S. serrata[$S. olivacea] S. tranquebarica
COl gene
1 S. serrata - - -
2 S. olivacea 0.763 - -
3 | S.tranquebarica | 0.459 0.795 -
4 | S.paramamosian | 0.574 0.618 0.552
16s rRNA gene
5 S. serrata - - -
6 S. olivacea 0.070 - -
7 | S.tranquebarica | 0.059 0.118 -
8 | S. paramamosian | 0.085 0.081 0.092
Cyt b gene
9 S. serrata - - -
10 S. olivacea 0.161 - -
11 | S. tranquebarica | 0.134 0.154 -
12 | S. paramamosian | 0.150 0.148 0.120
12s rRNA gene
13 | S.serrata | - - 0.140

The average nucleotide frequencies for four Scylla species
were represented in Table 4. The average nucleotide
percentage values for COI gene were A= 27.7%, T= 36.8%,
G= 16.5%, C= 18.9%. The average nucleotide percentage

values for Cyt b gene were A= 25.7%, T= 39.9%, G= 12.5%,
C=21.8%. AIT content is higher than the G/C content across
four mitochondrial genes. Maximum value of A/T content
observed in 12 s rRNA (72.0%) followed by 16s rRNA
(69.75%), Cyt b gene (65.62%) and COI gene (64.5%). The
comparative analysis for A/T and G/C content values for four
mt-genes revealed that COl gene undergone most recent
evolution followed by Cyt b, 16s rRNA and 12s rRNA genes.
The average GC content in 3 codon positions (GC1, GC2 and
GC3) of 2 protein coding genes (COI and Cyt b) for four
Scylla species was depicted in figure 2. For COI gene, GC3
content is dominated followed by GC1 and GC2. This
indicates that the synonymous mutations occur mostly at the
GC3 followed by GC1 and GC2. This synonymous mutation
doesn’t effects resulted protein. The highest percentage of
GC3 content for COI gene was noticed in S. serrata (47.7%)
whereas the lowest value was observed in Scylla
tranquebarica (34.6%). Contrarily, Cyt b sequences contain
higher GC2 content followed by GC3 and GC1. Moreover, all
the four species contains equal percentages of GC2 and GC3.
Average GC content was higher than the COIl gene GC
content of Arthropod dataset suggested by Keskin & Atar
(22). The average nucleotide percentage values for 16s rRNA
gene were A= 36.1%, T= 33.6%, G= 19.0%, C= 11.17%. The
average A, T, G, C nucleotide percentage values for 16s rRNA
gene were 36.5%, 35.5%, 15.5% and 12.5% respectively
(Table 5).

Table 4: Calculated nucleotide frequecies for coding genes along with their S.E. values

S. No. Species | A | 1 | 6 | ¢ | ©or | o2 | ©o3
COl gene

1 Scylla serrata 26.8+0.11 | 37.8+0.20 | 17.0+0.05 | 18.4+0.42 | 40.2+0.50 | 18.4+1.83 | 47.7+1.14

2 Scylla olivacea 28.4+0.14 | 34.5+0.13 | 16.4+0.07 | 20.7+£0.10 | 42.5+0.52 | 27.2+1.20 | 41.8+0.63

3 Scylla tranquebarica | 27.2+0.25 | 38.3+0.15 | 16.4+0.10 | 18.1+0.34 | 40.1+0.39 | 15.6+0.92 | 34.6+0.31

4 Scylla paramamosian | 28.4+0.28 | 36.9+0.08 | 16.3+0.05 | 18.4+0.41 | 39.6+0.32 | 19.74+1.15 | 45.0+1.33

Cyt b gene

5 Scylla serrata 26.9+0.03 | 38.4+0.04 | 13.1+0.04 | 21.5+0.05 | 24.3+0.14 | 44.3+0.05 | 35.4+0.00

6 Scylla olivacea 23.6+0.05 | 39.0+0.03 | 13.3+0.07 | 24.1+0.04 | 31.1+0.19 | 45.7+0.00 | 35.6+0.05

7 Scylla tranquebarica | 26.2+0.00 | 42.1+0.00 | 11.8+0.00 | 19.9+0.00 | 13.3+0.00 | 46.5+0.00 | 35.4+0.00

8 Scylla paramamosian | 26.2+0.00 | 40.1+0.00 | 12.0+0.00 | 21.7+0.00 | 18.8+0.00 | 47.2+0.00 | 35.4+0.00
50 1 s0
a5 a5
40 1, 40 17
35 35 17
30+ 30 7,
25 1 25 7,
20 1, (GO |20 17 H{GC)L
15 17, |15 1 .
01 m(GO2 || 1o W (GC)2
51, — (GC)3 5 1. — (6C)3
0 p : ’ 0 4 i

2 & & & & & & &
5_&‘( & & & (a)colgene T & & & (b)Cytbgene
& & & < ,§°‘ @6\
< Q"O‘ & &
" o o o

Fig 2: Variation in GC content (%) of (a) COI and (b) Cyt b genes for Scylla species
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Table 5: Calculated nucleotide frequecies for non-coding genes along with their S.E. values

S. No. | Species | A | 1T | 6 | ¢c
16s rRNA gene
1 Scylla serrata 35.8+0.11 | 33.3+0.02 | 19.5+0.19 | 11.3+0.03
2 Scylla olivacea 36.4+0.04 | 33.4+0.05 | 18.6+£0.07 | 11.5+0.04
3 Scylla tranquebarica | 35.4+0.11 | 33.3+0.07 | 19.9+0.16 | 11.3+0.08
4 Scylla paramamosian | 36.8+0.02 | 34.6+0.00 | 18.0+0.03 | 10.6+0.00
12s rRNA gene
5 Scylla serrata 36.2+0.10 | 35.2+0.26 | 15.3+0.16 | 13.3+0.43
6 Scylla olivacea 36.8+0.14 | 35.840.13 | 15.7£0.07 | 11.7+0.41

The Neighbour-Joining trees for four mt genes were derived
by using all 127 sequences of 4 species with MEGA 6.0 are
shown in figure 3. Both the N-J trees resulted from COI
sequences and 16s rRNA sequences were showed that all four
species formed reciprocal monophyletic groups with
unordered pattern where as Cytochrome b and 12s rRNA
genes formed the clades with species belongs to same species
under different clades with significant boot strap values.

Based on clades pattern of COIl and 16s rRNA sequences, it
was evident that S. serrata is closely related to S.
tranquebarica followed by S. olivaceai. Overall, Cytochrome
b sequences better explained the phylogenitic relationship in
coding genes whereas 12s rRNA exhibited proper phylogeny.
So, it can be concluded that Cyt b and 12s rRNA sequences
contains better phylogenetic signal over the other two genes.
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JN085430.1 Scylla serrata COI
KC200562.1 Scylla serrata COI
JN085434.1 Scylla serrata COI
JN085428.1 Scylla serrata COI
KF612462.1 Scylla serrata COl
KC760166.1 Scylla tranquebarica COI
JN085429.1 Scylla serrata COI
KC760164.1 Scylla tranquebarica COI
KC760165.1 Scylla tranquebarica COI
KC760168.1 Scylla tranquebarica COI
KC760167.1 Scylla tranquebarica COI
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JX446639.1 Scylla olivacea 16S
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0 2

0 KF220532.1 Scylla serrata 168
_E AB857341.1 Scylla olivacea 16S
AB857337.1 Scylla olivacea 16S

AB857342.1 Scylla olivacea 16S
KF220536.1 Scylla serrata 16S
0 KF220534.1 Scylla serrata 168
0 AB857339.1 Scylla olivacea 16S

KF220535.1 Scylla serrata 165
KF220530.1 Scylla serrata 168
KF220528.1 Scylla serrata 16S
AB857338.1 Scylla olivacea 16S
— KF220527.1 Scylla serrata 168
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KY564434.1 Scylla serrata COl
KF717539.1 Scylla serrata COI
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KC154079.1 Scylla serrata COI
KC154080.1 Scylla serrata COI
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97 — JNEBBIBA.1 Scylla tranquebarica COI
KT921344.1 Scylla tranquebarica COI
KT921345.1 Scylla paramamosain COI
JNG688965.1 Scylla olivacea COI
KC200565.1 Scylla olivacea COI
KT921343.1 Scylla olivacea COI
KC154077.1 Scylla olivacea COI
KC154076.1 Scylla olivacea COI
KC154069.1 Scylla olivacea COl
KC154075.1 Scylla olivacea COI
KC154078.1 Scylla olivacea COl
AB861522.1 Scylla olivacea COI
ABB857347.1 Scylla olivacea COI
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39 L— AB857340.1 Scylla olivacea 165
KT921342.1 Scylla tranquebarica 168

LE KT921341.1 Scylla paramamosain 168
3699 KT921340.1 Scylla paramamosain 165

AB857344.1 Scylla serrata 16S
AB857345.1 Scylla serrata 165
AB857343.1 Scylla serrata 165
KC154085.1 Scylla serrata 16S
KC154084.1 Scylla serrata 165
JX446644.1 Scylla serrata 165
JX446642.1 Scylla serrata 168
KF220539.1 Scylla tranquebarica 165
KF220541.1 Scylla tranquebarica 168
KC154087.1 Scylla serrata 16S
KC154086.1 Scylla serrata 165
KC154088.1 Scylla serrata 16S
KF220538.1 Scylla tranquebarica 165
JQ743345.1 Scylla serrata 16S
JX446643.1 Scylla serrata 168
JX446640.1 Scylla serrata 165
JX446641.1 Scylla serrata 16S
KF220543.1 Scylla tranquebarica 16S
KF220537.1 Scylla tranquebarica 168
KF220545.1 Scylla tranquebarica 168
KF220542.1 Scylla tranquebarica 168
KF220544.1 Scylla tranquebarica 168
KF220540.1 Scylla tranquebarica 168
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AB861882.1 Scylla olivacea Cytb
AB857354.1 Scylla olivacea Cytb
AB861883.1 Scylla olivacea Cytb
AB861881.1 Scylla olivacea Cytb
ABB857357.1 Scylla olivacea Cytb
AB857359.1 Scylla olivacea Cytb
AB861887.1 Scylla olivacea Cytb
AB857356.1 Scylla olivacea Cytb
AB857355.1 Scylla olivacea Cytb
AB857358.1 Scylla olivacea Cytb

AB861884.1 Scylla olivacea Cytb

4'2 AB861886.1 Scylla olivacea Cytb

38 AB861885.1 Scylla olivacea Cytb
§3 p— KT921350.1 Scylla tranquebarica cytb
L—— KT921349.1 Scylla paramamosain Cytb
KJ607960.1 Scylla serrata Cytb
AB857349.1 Scylla serrata Cytb
KJ607961.1 Scylla serrata Cytb
AB857353.1 Scylla serrata Cytb
KJ607959.1 Scylla serrata Cytb
AB857348.1 Scylla serrata Cytb
AB857350.1 Scylla serrata Cytb
AB857352.1 Scylla serrata Cytb
AB857351.1 Scylla serrata Cytb
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_: KF246705.1 Scylla serrata 125

KF245704.1 Scylla serrata 128
e KF246700.1 Scylla trancuebarica 128

b KF246699.1 Scylla tranguebarica 125

KF246696.1 Scylla tranquebarica 128

_: KF246697.1 Scylla tranquebarica 128
57 40 KF246696.1 Scylla tranquebarica 128

100

(©)

(d)

Fig 3: Traditional Kimura 2- Parameter distance Neighbour Joining tree constructed from partial mitochondrial gene sequences (a) COI (b) 16s
rRNA (c) Cyt b and (d) 12s rRNA.

Conclusion

Therefore, it is confirmed that validation with mitochondrial
markers was successful and helps in successful stock
enhancement and breeding programs for domesticated stock
that leads to conservation and sustainably exploitation India.
This study also provided the efficacy of Cyt b and 12s rRNA
genes in delineating the members of the evolutionary closely
related organisms.
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