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ABSTRACT: Ethnobotanical and remedial values of fern have been widespread by way of different
researchers from time to time through a number of methods but adequate responsiveness has not
been given in the direction of their medicinally valued applications, so it is essential to study isolated
proteins from diverse ferns in feature at molecular level as well as end to end with their taxonomical
connection. The objective of the current study is to applied bioinformatics systems to realize
evolutionary importance as a result of building phylogenetic tree in direction to address association
among ferns Maturase K (matK) protein sequences of a number of ferns were retrieved from NCBI
and utilized for multiple sequence alignment and phylogenetic investigation. Bioinformatics
techniques were performed to recognize evolutionary importance through building phylogenetic
tree.3- dimensional structures matK proteins from ferns species were built by homology modeling.

The current study specifies matK protein to be a suitable marker to identify fern species. This
investigation also suggests that matK protein is a respectable candidate for plant systematics as well
as DNA barcoding studies. The 3-D model of Maturase K protein also shows good quality and might
be beneficial to realize the structural and functional connection among the different fern species to
infer evolutionary significance. So, the predicted model of matK from fern may perhaps be helpful
in the exploration of plant systematics as well as the structural analysis of Maturase K proteins of
diverse fern species, which further can be used to detect structural alterations among Maturase K
proteins during evolution.
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1L.INTRODUCTION

The thousands of year’s plants are being used in traditional remedies [ 1]. Currently, as per the World
Health Organization (WHO) information, almost 80% of the world’s people depend on traditional
medications for their prime healthcare necessities [2]. Ferns are the largest second integral part of
world flora as well as the oldest groups of primitive vascular plants on the earth [3]. Approximately
12,000 species of fern arise in the world flora out of which more than 1200 species are stated in
India [4, 5]. Ethnobotany as well as medicinal values of fern has been defined by a number of
research workers from time to time by different ways but adequate attention has not been
professional towards their medicinally useful aspects [1]. So range of proteins/enzymes has been
mined from fern plants. The matK gene of chloroplast codes for maturase similar to protein, which
is contribution in Group II intron splicing in the plant systematics, MatK has newly occurred as a
helpful gene because of its high phylogenetic signal associated with other genes [6]. MatK has an
infrequent phylogenetic mode as well as relatively high substitution rates in the amino acids and
nucleotide levels [7]. These phylogenetic applications have raised questions regarding functions
of Maturase K. Strong evolutionary signal from matK as well as it is extremely advantageous gene
in evolutionary studies and plant systematic [7]. In Plant systematics, Mat K utilized as molecular
marker as identify the diversity that arises between the plants as well as animal species. The internal
transcribed spacer (ITS) region of nuclear ribosomal cistron is usually exploited sequence locus for
molecular systematic in plant studies [8]. Abundant nuclear genes, chloroplast and mitochondrial
have been employed for studying sequence difference at genus level. [9] Maturase K is the 1500 bp
long and inside located intron of the trnK as well codes for maturase similar protein, which is role
in Group II intron splicing. The Maturase K surrounds high substitution rates amongst the species
and is growing as prospective candidate to evaluation plant systematics as well as evolution [10].
A homology assessment for this gene confirmations shows that the 102 amino acids at the carboxyl
terminus are basically connected to specific regions of maturase-like polypeptide and may be
contributed in splicing of group II introns. It is one more emerging gene with potential role to plant
evolution as well as molecular systematics [11]. Usually the matK-trnK gene complex is used for
plant studies for evolution and the solution for several taxonomic levels [12, 13]. MatK genes of
features are exploited to purpose family’s relations level of among the fern species. The site of matK
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in the trnK gene was resolute by concerning with a matK sequence of Trillium [14]. This data was

operated to detection of molecular markers, which was utilized for detecting species of these taxa
as well as delivers the valued information for conservative as well as studies of molecular plant
breeding [15]. In the present study, we observed matK protein from fern species to run insight into
functional characteristics of this commonly occurring gene. We have selected Mat K protein from
10 fern species as shown Table No.1 List of Maturase K fern species. Molecular phylogenetic studies
are employed to order of evolutionary actions and signify them in evolutionary trees that graphically
represent connections and homologous between fern species. Maturase K proteins point out that
they have common ancestors in fern species and these proteins had been successful for resolve of
phylogenetic relationships between taxa of fern plants.

2. MATERIALS AND METHODS

2.1. Software and Hardware

Homology modeling was completed with SWISS-MODEL to find out structural matches among
maturase K proteins [17]. The expected models were assessed by online servers such as
PROCHECK programs [16] for the superiority assessment of Ramachandran plot, PROSA [16]. The
homology modeling study was performed on HP workstation in addition Rack/Blade server
accessible as an in house facility. The studies of molecular structures as well as interactive
visualization were carried out by chimera [24].

2.2. Sequence, phylogenetic analysis and homology modeling

The whole maturase K (matK) amino acid sequences from 10 fern species were mined from NCBI
protein sequence database (Accession No.NP 848039, AAK69120, CAP04517, CAP04522,
BAMG65725, AAX12244, ABF51613, ACZ63164, BAM65728, BAM65735)
(http://www.ncbi.nlm.nih.gov) [16]. Multiple sequence alignment study was completed with
CLUSTAL 2.1 EBI Tool (www.ebi.ac.uk/Tools/msa/) [17]. Phylogenetic analysis was performed
with Molecular Evolutionary Genetics Analysis (MEGA version 6.0) program [18]. The data sets
for ten proteins contained within dissimilar range of taxa from fern species. The BLAST platform
was making use of to search proper template obtainable in the PDB. The multiple sequence
alignment of the template sequence (4B2Q) [25] as well as the maturase K sequence was through
by the EMBOSS platform [23].

2.3. Maturase k model refinement and validation

The models developed with SWISS-MODEL [21] were authenticated through checkup of the Phi/
Psi Ramachandran plot [19] completed from PROCHECK analysis [23]. The model generated by
SWISS-MODEL [14] was lastly in use for further studies on the basis of geometry, 3D alignment
with the template also the results of PROCHECK and PROSA analyses[20].The PROSA program
[20] has been performed to check the energy measures of predictable models in evaluation with
known X-ray and NMR structures. The PROSA II energy plot was calculated to check the dealings
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using PROCHECK analysis [23]. The expected homology model was then matched with a template
structure (PDBID: 4B2Q) [25] using chimera [24].

3. RESULTS AND DISCUSSION

3.1 Phylogenetic analysis of MatK

Invention in molecular biology and protein sequencing methods has supported to distinguish the
proteome of several organisms rapidly. Also, a minor effort has been made in the current study to
explore sequence as well as structural connections between fern species Phylogenetic investigates
of the protein sequences of ten fern species are given that valued evidence regarding their protein
makeup, taxonomy, plant systematics, DNA barcoding as well as common antecedent. The
phylogenetic analysis of 10 ferns species (Table 1) confirmed their evolutionary connection and
homology. From these 10 ferns species we have utilized maturase K protein sequences for the

sequence exploration study. The outcomes point out that these fern species have common ancestors.

exploration study. The outcomes point out that these fern species have common ancestors.

Table 1 List of Maturase K Fern Species

SR .N Fern Species Family Accession Sequence

0 Number

1 Adiantum capillus-veneris | Pteridaceae NP 848039 Maturase K

2 Dioon  spinulosum Zamiaceae AAK69120 Maturase K

3 Equisetum  arvense Equisetaceae CAP04517 Maturase K

4 Equisetum Equisetaceae CAP04522 Maturase K
ramosissimum

5 Helminthostachys Ophioglossaceae BAM65725 Maturase K
zeylanica

6 Lycopodiella  cernua Lycopodiaceae AAX12244 Maturase K

7 Huperzia  selago Huperziaceae ABF51613 Maturase K

8 Lygodium microphyllum | Lygodiaceae ACZ63164 Maturase K

9 Ophioglossum Ophioglossaceae BAMO65728 Maturase K
pendulum

10 Ophioglossum Ophioglossaceae BAMG65735 Maturase K
reticulatum
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In this analysis we have done multiple sequence alignment and phylogenetic exploration of
Maturase K protein sequences of fern species. The multiple sequence alignment displays identical

conserved domain as depicted in Fig.3.1.

1
N
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Fig.1: Multiple Sequence Alignment of maturase K protein sequences of fern
Used for Mat K proteins, the trees were achieved using the bootstrap methods. We show the NJ
consensus trees in Fig. 2. We carry out combined analysis of ten matK fern protein sequences using
MEGA 6 software such as inferred inherited sequences of taxa with Maximum Likelihood

method.[14]
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Fig. 2: Molecular Phylogenetic analysis by Maximum Likelihood method

The evolutionary history was inferred using the Neighbor-Joining method [22]. The optimal tree
with the sum of branch length = 4.01089754 is shown. The confidence probability (multiplied by
100) that the interior branch length is greater than 0, as estimated using the bootstrap test (500
replicates is shown next to the branches [28, 29]. The tree is drawn to scale, with branch lengths in
the same units as those of the evolutionary distances used to infer the phylogenetic tree. The
evolutionary distances were computed using the Poisson correction method [30] and are in the units
of the number of amino acid substitutions per site. The analysis involved 10 amino acid sequences.
All positions containing gaps and missing data were eliminated. There were a total of 219 positions
in the final dataset. Evolutionary analyses were conducted in MEGAG6 [26] Sequence analysis of
MatK. The data group used for ten proteins comprised from ferns for which the sequences are
accessible in NCBI protein database to discover the interspecies difference. The Mat K protein
sequences of different 10 fern species as displayed in table 1 as well as belonging to 5 families were
mined from NCBI protein sequence database. [12]. Multiple sequence alignment was done by using
CLUSTAL 2.1 EBI Tools (www.ebi.ac.uk/Tools/msa/) [13]. Structural prediction was completed
with Swiss Model Program [17]

4.4.3.2 Structural analysis of Predicted models

We have implemented multiple sequence alignment as well as studies of homology modeling in
Maturase K protein sequences of ferns species. The multiple sequence alignment displays conserve
domain as represented in Fig 1. Exploration of amino acid sequences for matK proteins specify that

fern species were comparatively distantly related between them 10 ferns were related. MatK
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protein of Homology model predominately encompasses Helix, Sheet as well as loops (Fig. 3). Then

more the expected model of MatK constructed by SWISS-MODEL (Figure 3) [17] was used to

check the model quality.
The expected model quality was valued using programs like PROSA, RamPage and the
RamPage analysis model of MatK constructed using SWISS-MODEL displays that Swiss Model 1

is having a respectable quality in which 89.1% residues are found in best number one regions, 6.2%

residues in allowed regions and 4.7% residues in outlier regions (Fig. 4, Table No 2).
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Fig. 3: Predicted model of matK protein from Adiantum capillus-veneris
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Fig. 3: Validation of MatK model using ProSA The black dot shows the
Similarity of model with X-ray and NMR structures
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Table 2: Stereo-chemical quality by PROCHECK and model evaluation through

PROSA for Maturase K 3D Structures

Sr.No | Generated Rampage analysis showing residues at | PROSA
Model various regions Z-score

Favoured Allowed Outlier
region (%) region (%) | region (%)

1 Swiss Model 1 89.1% 6.2% 4.7% -2.87

2 Swiss Model 2 82.8% 9.5% 7.6% -2.17

3 Swiss Model 3 76.1% 16.4% 7.5% 0.73

4 Swiss Model 4 93.2% 4.5% 2.3% -2.32

5 Swiss Model 5 87.5% 7.8% 4.7% -2.7

6 Swiss Model 6 84.0% 10.4% 5.7% -2.26

7 Swiss Model 7 82.1% 7.1% 10.7% -2.27

8 Swiss Model 8 81.1% 10.8% 8.1% -0.15

9 Swiss Model 9 85.9% 7.8% 6.2% -2.95

10 Swiss Model 10 | 87.3% 9.5% 3.2% -1.74

Hence, the total 89.1% of residues have been discover in the preferred regions and only 4.7% of
residues are detected in the outer region proposing the respectable model quality (Table 2). In
addition the PROSA program [16] was perform to check the model superiority using the Z score of
the structure. The Z score is revealing of complete model superiority and is utilized to check whether
the target structure is inside the range of scores usually discover in innate proteins of similarsize.
The Z score for maturase k model was -2.87.The outcomes obtained using PROSA program [16]
revealed that the maturase k structure was inside the satisfactory range of X-ray as well as NMR
studies (Fig. 4). Generally the RamPage program [15] and PROSA program [16] studies revealed
respectable result of the model constructed using SWISS-MODEL [17] the expected model quality
was evaluated using platforms like RamPage and PROSA program. The RamPage investigation of
a MatK model constructed through SWISS-MODEL displays that Swiss Model 1 is having a
respectable quality. In addition PROSA program [16] was utilized to confirm the respectable quality
of model. The Z score for maturase k model was -2.87.The outcomes obtained by PROSA programs
recommend that maturase k structure was within the suitable range of X-ray as well as NMR studies.
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Therefore, finally the structural analysis of Mat K protein of different fern species might be used to
recognize the structural variation among Mat K proteins throughout evolution as well as interspecies
correlation among the fern species.

4. CONCLUSION

The current study specifies mafK protein to be a suitable marker in discovering fern species. A
portable software Molecular Evolutionary Genetics Analysis (MEGA) outline for competent
discovering of amino acid sequences of fern species which is delivered with inter as well as intra
species correlation with common ancestor and pattern between ancestries are identical
(Homologous) as well as rates between places are identical inside the matk amino acid sequences.
The combined tree analysis displays that the group has higher boot strap values building the
evolutionary intelligence among the 10 species of ferns. As a result, from this investigation it might
be recommended that matK amino acid is a respectable candidate for plant systematics as well as
DNA barcoding infers species as well as the current study revealed that expected Maturase K model
from ferns through Swiss model has a respectable quality. This expected model might be beneficial
to realize the structural and functional connection among the different fern species and Mat K from
fern might be also significant as it has strong evolutionary indicator. Consequently, the predicted
model of MatK from fern plant source may perhaps be helpful in the exploration of Plant systematics
as well as the structural analysis of Mat K protein of diverse fern species can be used to detect

structural alteration among Mat K proteins during evolution.
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