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ABSTRACT

Cell-division cycle 20 gene (Cdc20), which encodes Cdc20 protein is an important regulator of cell division. This
gene is present from Kingdom Protista to Animalia i.e., from lowest eukaryote to highest eukaryote with many
aliases like p55Cdc, fizzy, etc. The current study was undertaken to evaluate the phylogenetic divergence of
Cdc20 genes selected randomly from 47 eukaryotic organisms. These gene sequences were retrieved from
Genbank database of NCBI. This was followed by Multiple sequence alignment performed with Clustal X
software. The phylogenetic trees were constructed using PHYLIP, MEGA and MESQUITE. The results show that
Cdc20 gene was present among the lowest to highest eukaryotes and also reflects a good sequence similarity
amongst the conserved regions of all Cdc20 genes, within the organisms of same order. Certain groups of the
Phylogram also showed more than 90% sequence similarity across the conserved regions. An attempt has also
been made to compare the trees built from the three programs. The literature review also suggests that the Cdc20
gene plays a critical oncogenic role in the development and progression of cancer. Therefore, using the approaches
of PhyloOncology, the evolutionary relationship of this gene can be predicted based on cancer development and
metastasis.

KEYWORDS: Cdc20 genes, Phylogenetics, PHYLIP, MEGA, MESQUITE, Cancer, PhyloOncology.

1. INTRODUCTION functional bipolar mitotic spindle in yeast cells.*® For

Cdc20 gene, which encodes Cdc20 protein plays an
important role as regulator of cell division. This gene is
present throughout the eukaryotic life forms i.e., from
lowest eukaryote to highest eukaryote. Cdc20 has many
aliases like p55Cdc, fizzy, Cdc20A, bA276H19.3,
SPBC25H2.13c, C87100. The cytogenic location of this
gene on chromosome in humans is 1p34.2. Cdc20
protein mainly activates Anaphase Promoting Complex
(APC) but it is also required for two microtubule—
dependent processes viz., nuclear movement prior to
anaphase and chromosome separation.™? Hartwell et.al
synthesized cell-division cycle mutants that couldn’t
complete  major events in the cell cycle
of Saccharomyces cerevisiae.®! Mutants that could not
complete mitosis were unable to enter anaphase.” The
amino acid sequences of p55Cdc, a regulatory protein in
mammalian cells, contain seven repeats which share the
highest degree of homology with Saccharomyces
cerevisiae Cdc20 and Cdc4 proteins. Cdc20 and Cdc4
have been proposed to be involved in the formation of a
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chromosome segregation in S. cerevisiae Cdc20 gene is
required whose product contains WD40 repeats.!”*! APC
is an ubiquitin-dependent proteolytic system which
degrades Cyclin B during mitosis. Mitotic specificity of
Cyclin B ubiquitination is determined by a 20S complex
that contains homologs of yeast Cdc16 and Cdc27.10
APC is a large multimeric cullin-RING ligase and
controls segregation of chromatids, cytokinesis and
establishment of G1 phase of cell cycle.' until all
chromosomes are aligned at the metaphase plate, the
spindle assembly checkpoint mechanism delays anaphase
initiation. Activation of the APC by binding of Cdc20
and CDHL1 is required for exit from mitosis. Moreover,
APC has been implicated as a target for the checkpoint
intervention.™ Mitotic arrest deficient protein (MAD) is
a key component of this checkpoint system, which
inhibits  APC by balancing its activator P>
Cdc/HCdc20.M!  Mutagenesis and NMR titration
experiments have shown that a C-terminal flexible region
of MAD is required for binding to Cdc20.t
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Overexpression of Cdc20 is proven to develop tumor in
humans. Therefore, targeting Cdc20 with its inhibitors
could be a novel strategy for the cancer treatment.™® For
example, p53 protein indirectly regulates Cdc20 and thus
inhibits tumor cell growth. This might be a good
potential therapeutic target for a broad spectrum of
human cancer.”? Therefore, the present study was
carried out to draw insights regarding the relationship
between the Cdc20 genes of various eukaryotes
belonging to diverse taxonomic groups.'®?% This task
was accomplished using a suite of computer software
programs. The phylogenetic tree was constructed using
PHYLIP 3.2 Software Package,” MEGA 6.0%% and
Mesquite 3.31%! software programs.

Phylogenetics is the science which studies evolutionary
relationship between species. In order to make
predictions about these relationships, phylogenetic trees
are constructed which link the species.*! Maximum
parsimony works by searching through possible tree
structures and assigning a cost to each tree. It is based on
the assumption that the mostly likely tree is the one that
requires the fewest number of changes to explain the data
in the alignment.?®

2. MATERIALS AND METHODS

2.1 Data Collection

A total of 47 nucleotide sequences of Cdc20 genes of
various organisms belonging to Kingdom Protista, Fungi,
Plantae and Animalia were searched in the NCBI
genbank database. All the sequences were retrieved in
FASTA format and were compiled into a single text file.
The data set is listed in table 1.

2.2 Multiple Sequence Alignment

Multiple sequence alignment (MSA) was performed by
using CLUSTAL X, which is the offline software that
performs optimum alignment for multiple nucleotide and
protein sequences.” The required outputs for further
programs were a MSA in alignment format, phylip
format, Fasta format and Percent Identity Matrix.
Therefore, the options in the CLUSTAL X software were
adjusted as per requirements. A part of the Multiple
Sequence Alignment is, shown in the figures 1(a) & (b).

2.3 Editing the Multiple sequence alignment and
generating Percent Identity Matrix

The alignment obtained from the above step contained
many gaps which might have caused errors in further
analysis. Therefore the MSA obtained from the previous
step was edited using BioEdit v7.1.9.”™ The editing was
performed by deleting the external gaps, ranging
[0-1850] and [7450-8151] nucleotides, and retaining the
internal gaps. The edited MSA were saved in both
alignment formats viz., phylip and fasta format as per the
requirements for further analysis steps.

The Percent Identity Matrix was then generated using
CLUSTAL X software. The matrix is shown in figure 2.
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2.4 Phylogenetic Tree Construction

2.4.1: PHYLIP Software (Version3.69)

The multiple sequence alignment data was analyzed
using three programs in PHYLIP version 3.69./

a) SEQBOOT

All the parameters were set to default except, the number
of replicates being 1000. An odd number has to be
selected for Random seed number and it is assigned as
three. The output file viz. outfile was generated.?®

b) DNAPARS

The out file of SEQBOOT program acts as input for this
program. Default parameters were chosen to run this
program. Two files viz. outfile and outtree file were
generated.®

c) CONSENSE

The outtree file of DNAPARS acts as the input for this
program. Two files viz. outfile and outtree file were
generated. It is a Phylogenetic tree displaying the
bootstrap values.?®!

2.4.2: MEGA Software (Version 6.0)

The multiple sequence alignment data was also analyzed
using MEGA software version 6.0. The edited multiple
sequence alignment file in FASTA format was converted
to MEGA 6.0 supported file formats. The output file viz.
mas file was generated. This mas file was used to
generate the phylogenetic tree by maximum parsimony
method using the same MEGA 6.0 software.

The parameters used for construction of phylogenetic
tree were default, except “No. of bootstrap replications”
was set to 1000. With these parameters the phylogenetic
tree is computed. The output file viz. Newick standard
format (.nwk) was generated.

2.4.3: Mesquite software (Version 3.31)

The multiple sequence alignment data was also analyzed
in Mesquite software 3.31. The edited multiple sequence
alignment file in fasta format was used to build a
phylogenetic tree. The following options were selected
sequentially Tree value using character matrix then based
on Tree length, and then Stored matrices, using NNI
Rearranger which is a heuristic method to improve the
likelihood of a tree and 100 equally good trees to be
retained was opted.

From the total number of trees returned after the search,
a consensus tree was searched. The tree generated after
execution of this command depicted the relationship
between the taxa on the basis of the DNA concerned.

2.5: Visualizing the Phylogenetic tree

2.5.1 Figtree Software

The resulting phylogenetic trees viz. outtree file from
PHYLIP, newick standard format file form MEGA &
nexus format file from MESQUITE software were
visualized using Figtree v1.3.1.”%
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3. RESULTS AND DISCUSSION

3.1 RESULTS

The group of Cdc20 genes selected from 47 eukaryotic
species for the phylogenetic analysis belongs to various
diverse Kingdoms of the organisms. The Multiple
Sequence Alignment report [figure 1] obtained from
CLUSTAL X software®® showed numerous gaps within
the alignment (Figure. 1a). This demonstrates that the
Cdc20 gene has extremely diverged during the course of
its evolution. Enormous gaps pose threat while
phylogenetic tree construction. Therefore, the external
gapped columns were deleted using BioEdit v7.1.9
Program®” and the resultant alignment is represented, as
in the Figure 1(b).

The edited MSA was carried forwarded to the next step
of phylocT;enetic tree construction using PHYLIP v 3.69
software,” MEGA v 6.0%% and Mesquite v3.31.%* The
results of these software programs are represented in
figures 3, 4, and 5. Also an attempt has been made for
comparing those trees between each other.

Phylogenetic Tree constructed by PHYLIP Software
The phylogenetic tree developed by PHYLIP software is
shown in figure 3; this can be divided into distinct clades
P, Q, R, S. These distinct clades are divided further into
sub clades and grand clades and so on.

Clade P

This clade consists of the Cdc20 sequences from diverse
Kingdoms, got divided into different sub-clades as
shown in the figure 3, The first sub-clade shows different
branches viz. Aptenodytes forsteri (A19), Heliaeetus
leucocephalus (A20), Cuculus canorus (A21), Gallus
gallus (A22) with constituent taxa are observed to be
placed in one group, and Gallus gallus (A22) as out
group. This might be due to the fact that the species in
this clade belongs to the class Aves. The percentage of
sequence divergence in this sub-clade is in between 25 to
92%.

The next sub-clade includes diverse taxa viz. Phoenix
dactylifera (PT14), Schizosaccharomyces pombe (F5),
Python bivittatus (A18) and Salmo salar (A24). This
sub-clade has one species each from Plantae & Fungi,
and two species from Animalia. The percentage range of
sequence divergence in this sub clade is found to be in
between 24 to 39%.

The second sub clade is observed to be the largest,
consisting diverse organisms of orders Artiodactyla,
Primata, Carnivora and Rodentia (Chordata: Vertebrata:
Mammalia) corresponding to Kingdom Animallia. The
clade consists of Orcinus orca (A4), Lipotes vexillifer
(A5), Capra hircus (A2), Bubalus bubalis (A3), Bos
taurus (A1) with Camelus dromedarius (A11) as an out
group. All the species of this clade belong to order
Avrtiodactyla with a 26 to 98% sequence divergence in
the Cdc20 genes. A distinct bifurcation is observed in the
clade containing branches Ursus maritimus (A9), Homo
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sapiens (A12), Pan troglodytes (A13), Macaca mulatta
(Al4), Canis lupus familiaris (A8), Felis catus (A6),
Panthera pardus (A7), with an out group branch of Sus
scrofa (A10). The first bifurcation containing Ursus
maritimus (A9) belonging to order Carnivora shows
close relation to Primate species viz., Homo sapiens
(A12), Pan troglodytes (A13), Macaca mulatta (Al4)
belongs to order Primata, with a 25 to 99% sequence
divergence in the Cdc20 genes. The second bifurcated
clade contains species belonging to the Order Carnivora
viz. Canis lupus familiaris (A8), Felis catus (A6) and,
Panthera pardus (A7), with 25 to 98% sequence
divergence in the Cdc20 genes. Sus scrofa (A10)
belonging to the Kingdom Animalia is an out group to
this bifurcated clade. The clade containing branches with
Mesocricetus auratus (A17), Mus musculus (A15) and
Rattus norvegicus (Al16) belong to Order Rodentia.
Parasteatoda tepidariorum (A25) belongs to Order
Araneae falls in the out group. The Cdc20 genes of
Chlamydomonas reinhardtii (PT2) and Nelumbo nucifera
(PT10) show close relationship with Kingdom Animalia.

Clade Q

The Cdc20 genes of the Kingdom Plantae are grouped in
this calde. This clade with branches Gossypium
raimondii (PT11) and Gossypium hirsutum (PT12),
shows bifurcating taxa with Vitis vinifera (PT3),
Arabidopsis thaliana (PT5) and Solanum lycopersicum
(PT4). The Q clade has a distinct out group Leishmania
panamensis belonging to the Kingdom Protista. The
sequence divergence within the species in this clade is
between 26 - 64%.

Clade R

Majority of the species grouped in this clade represented
by the Cdc20 genes belong to Kingdom Fungi. The
bifurcations in the clade containing branches
Saccharomyces cerevisiae (F1), Scheffarsomyces stipitis
(F2) and Sugiyamaella lignohabitans (F3), Aspergillus
fumigatus (F4).This clade is represented by a branch
Micromonas sp. (PT1) as the out group. An interesting
features is that the Cdc20 gene of branch Drosophila
melanogaster (A23) belonging to Kingdom Animalia [18
- 20] shows quite similarity with the Kingdom Plantae
and Animalia. The sequence divergence represented
within the species in this clade is between 27 - 58%.

Clade S

This clade shows exclusively plants of family
Brassicaceae. The branches viz., Brassica rapa (PT7), B.
napus (PT8), B. oleracea (PT9), followed by out groups
Erythranthe guttatus (PT13) belongs to Kingdom Plantae
and Apis mellifera (A26) belongs to Kingdom Animalia.
The sequence divergence represented within the species
in this clade is between 23 - 99%.

The phylogenetic tree shows Hydra vulgaris as an out
group to the entire tree with branch A27.
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Phylogenetic Tree constructed by MEGA Software
The phylogenetic tree developed by MEGA software is
reported in figure 4. This is divided into distinct clades
A, B, C, D. These distinct clades are divided further into
sub-clades and grand sub-clades and so on.

Clade A

The first sub-clade is observed to be the largest one,
consisting diverse organisms of order Artiodactyla,
Primates, Carnivore and Rodentia corresponding to
Kingdom Animallia. The clade containing branches Bos
taurus (Al), Capra hircus (A2), Bubalus bubalis (A3),
Orcinus orca (A4) and Lipotes vexillifer (A5) belong to
Order Artiodactyla with a 26 to 98% sequence
divergence in the Cdc20 genes.

A distinct bifurcation is observed in the clade containing
branches Felis catus (A6), Panthera pardus (A7), Canis
lupus familiaris (A8), Ursus maritimus (A9), with an out
group branch of Sus scrofa (A10) and Camelus
dromedarius (All), having taxa with a 25 to 98%
sequence divergence in the Cdc20 genes, belongs to
order Carnivora and the out group branches belonging to
order Artiodactyla.

The second clade contains Homo sapiens (A12), Pan
troglodytes (Al13) and Macaca mulatta (Al4) having
taxa belong to Order Primates, with a 25 to 99%
sequence divergence in the Cdc20 genes.

The clade containing branches Mus musculus (A15),
Rattus norvegicus (A16) and Mesocricetus auratus
(A17) belong to Order Rodentia. Python bivittatus (A18)
placed as out group branch shows close relationship with
Kingdom Animalia. The next sub-clade shows different
branches viz. Aptenodytes forsteri (A19), Heliaeetus
leucocephalus (A20), Cuculus canorus (A21) and Gallus
gallus (A22) with constituent taxa placed in one group,
and Gallus gallus (A22) as out group. This might be due
to the fact that the species in this clade belongs to the
Class Aves. The percentage of sequence divergence in
this sub-clade is in between 26 to 92%.

Clade B

Majority species in this clade represented by the Cdc20
genes belong to Kingdoms Fungi and Plantae. The
bifurcations in the clade containing branches
Saccharomyces cerevisiae (F1), Scheffarsomyces stipitis
(F2) and Sugiyamaella lignohabitans (F3), Aspergillus
fumigatus (F4). The second sub-clade is represented by a
branch in which Micromonas sp. (PT1), Leishmania
panamensis (PR1), Chlamydomonas reinhardtii (PT2),
Drosophila melanogaster (A23) are present. An
interesting feature is that the Cdc20 gene of branch
Drosophila melanogaster (A23) belonging to Kingdom
Animalia shows quite similarity with the Kingdom Fungi
and Plantae. The third sub-clade exclusively contains
Kingdom Plantae, Vitis vinifera (PT3), Solanum
lycopersicum (PT4), Arabidopsis thaliana (PT5) and
Medicago truncatula (PT6). The percentage of sequence
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divergence in this sub-clade is in between 25 to 64%.
Salmo salar (A24) belonging to Kingdom Animalia is an
out group branch.

Clade C

This clade exclusively contains branches of Kingdom
Plantae viz. Brassica rapa (PT7), B. napus (PT8), B.
oleracea (PT9) and Nelumbo nucifera (PT10), followed
by next sub-clade with branches Gossypium raimondii
(PT11), G. hirsutum (PT12) and Erythranthe guttatus
(PT13). Parasteatoda tepidariorum (A25) belonging to
Order Araneae falls in the out group along with Phoenix
dactylifera (PT14).

Clade D

This clade contains branches with Apis mellifera (A26)
and Hydra vulgaris (A27) both belonging to Kingdom
Animalia. Schizosaccharomyces pombe (F5) as an out
group branch to the total phylogenetic tree.

Phylogenetic Tree constructed by MESQUITE
Software

The phylogenetic tree developed by MESQUITE
software is depicted in figure 5. This can be divided into
four distinct clades viz. K, L, M and N. These clades are
divided further into sub-clades, grand clades and so on.

Clade K

The first sub-clade is the largest sub-clade, consisting of
diverse organisms belonging to the Orders Artiodactyla,
Primata, Carnivora and Rodentia of Kingdom Animallia.
The clade containing branches Bos taurus (Al), Bubalus
bubalis (A3), Capra hircus (A2), Lipotes vexillifer (A5),
Orcinus orca (A4), Camelus dromedarius (All), Sus
scrofa (A10) belong to order Artiodactyla with 26 to
98% sequence divergence in the Cdc20 genes. The
second sub-clade has two bifurcations. First bifurcation
containing branches Mus musculus (A15), Rattus
norvegicus (A16) and Mesocricetus auratus (Al7)
belong to Order Rodentia (Mammalia) and the second
one with branches Pan troglodytes (A13), Homo sapiens
(Al12) and Macaca mulatta (A14) having taxa belonging
to Order Primata (Mammalia), with a 25 to 99%
sequence divergence in the Cdc20 genes. The next sub-
clade Panthera pardus (A7), Felis catus (A6), with
Canis lupus familiaris (A8) and Ursus maritimus (A9) as
out group branches, having taxa with a 25 to 98%
sequence divergence in the Cdc20 genes, belongs to
Order Carnivora.

The next sub-clade, with constituent taxa Heliaeetus
leucocephalus (A20), Aptenodytes forsteri (A19) and
Cuculus canorus (A21) are placed in one group. Gallus
gallus (A22) and Cuculus canorus (A21) emerged as out
group. This might be due to the fact that the species in
this sub-clade belong to the Class Aves. The percentage
of sequence divergence in this sub-clade is in between 26
to 92%. Chlamydomonas reinhardtii (PT2) belonging to
Kingdom Plantae shows unusual relation with Kingdom
Animalia and is placed as an out group branch with
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reference to divergence of Cdc20 gene. Python bivittatus
(A18) falls in the out group along with Salmo salar
(A24), Hydra vulgaris (A27) and Parasteatoda
tepidariorum (A25) belonging to Order Araneae.

Clade L

The second clade has many sub-clades which further
have grand clades. The first sub-clade is divided into two
grand clades with first one having Saccharomyces
cerevisiae (F1), Scheffarsomyces stipitis (F2) and second
having Sugiyamaella lignohabitans (F3), Aspergillus
fumigatus (F4). The second sub-clade is represented by a
branch Leishmania panamensis (PR1) belonging to
Kingdom Protista and Micromonas sp. (PT1), this shows
that Cdc20 gene has close relation between protists and
early plants. Drosophila melanogaster (A23) placed as
out group branch in this sub-clade. Next comes sub-clade
with branches Solanum lycopersicum (PT4), Vitis
vinifera (PT3) and Arabidopsis thaliana (PT5), with
Medicago truncatula (PT6) as out group.

Clade M

Apis mellifera (A26) and Schizosaccharomyces pombe
(F5) are grouped into one sub-clade. This is followed by
next sub-clade with branches Gossypium hirsutum
(PT12), G. raimondii (PT11) and Erythranthe guttatus
(PT13). Phoenix dactylifera (PT14) and Nelumbo
nucifera (PT10), are placed as out group branching.

Clade N

B. rapa (PT7), B. napus (PT8) are grouped into one
clade. The phylogenetic tree shows B. oleracea (PT9) as
an out group to the entire tree with single branch, all the
three belonging to Kingdom Plantae and Brassicaceae
family.

European Journal of Biomedical and Pharmaceutical Sciences

Comparative account on phylogenetic trees developed
using PHYLIP, MEGA and MESQUITE software
The sequences of Cdc20 gene showed some interesting
results after building phylogenetic trees. The
comparative analysis of these three phylogenetic trees
derived from the three different software programs, the
sequences of Cdc20 gene of Kingdom Animalia
segregated distinctly over the dendrogram into a clade.
Moreover, even within this clade, the sequences
clustered according to their phylogenetic relations such
as sequences of organisms belonging to same order
clustered together. In all the three trees Orders
Artiodactyla, Rodentia, Aves and Primata the clustering
of branches is similar, although the positions of the
branches are vary in these trees,. There is an exception in
the Order Artiodactyla (Mammalia), that Sus scrofa
(A10), Camelus dromedarius (Al1l) are placed as out
group branches in all three trees. The Cdc20 sequences
of the Order Carnivora (Mammalia) shows less distance
in the arrangement but the arrangement of the branches
varies in the trees. The most common similarity among
the trees is that the Cdc20 sequences of Leishmania
panamensis (PR1) is placed nearer to Kingdom Plantae,
suggesting that early plants might have evolved from
protists justifying RH Whittaker’s five Kingdoms
classification. Even though Drosophila melanogaster
(A23), Parasteatoda tepidariorum (A25) and Apis
mellifera (A26) belong to Kingdom Animalia and Class
Insecta, were branched separately in between the
branches of Kingdom Plantae in all the three trees. In the
branching of Kingdom Fungi, Saccharomyces cerevisiae
(F1), Scheffarsomyces stipitis (F2) and Sugiyamaella
lignohabitans (F3), Aspergillus fumigatus (F4) are placed
in a single sub-clade but only Schizosaccharomyces
pombe (F5) is placed separately, a common factor among
the trees derived adopting the three different softwares.
All the three phylogenetic trees developed from different
software programs shows Kingdom Animalia latest to be
evolved during the course of evolution of Cdc20 gene
supporting the view of RH Whittaker’s classification.™

Table 1: The table shows the Accession numbers of Cdc20 genes for 47 species retrieved from Genbank

nucleotide sequences database.

S.No Kingdom | Scientific name Accession number | Abbreviation Branch name
1. Protista Leishmania panamensis NC_025870.1 Leishmania PR1
2. Fungi Saccharomyces cerevisiae NC 001139.9 Saccharomy F1
3. Fungi Scheffarsomyces stipitis NC_009045.1 Scheffarso F2
4. Fungi Sugiyamaella lignohabitans NC 031674.1 Sugiyamael F3
5. Fungi Aspergillus fumigatus NC 007194.1 Aspergillu F4
6. Fungi Schizosaccharomycespombe NC_003423.3 Schizosacc F5
7. Plantae Micromonas sp. NC_013042.1 Micromonas PT1
8. Plantae Chlamydomonas reinhardtii NW_001843697.1 | Chlamydomo PT2
9. Plantae Vitis vinifera NC_ 010364530 Vitis_vini PT3
10. Plantae Solanum lycopersicum NC_015440.2 Solanum_ly PT4
11. Plantae Arabidopsis thaliana NC_003075.7 Arabidopsi PT5
12. Plantae Medicago truncatula NC_016413.2 Medicago_t PT6
13. Plantae Brassica rapa NC_024802.1 Brassica_r PT7
14, Plantae Brassica napus NC 027771.1 Brassica_n PT8
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15. Plantae Brassica oleracea NC _027755.1 Brassica_o PT9
16. Plantae Nelumbo nucifera NW_010729097.1 | Nelumbo nu PT10
17. Plantae Gossypium raimondii NC_026936.1 Gosypium_r PT11
18. Plantae Gossypium hirsutum NW _015962259.1 | Gosypium_h PT12
19. Plantae Erythranthe guttatus NW _01219497.1 Erythranth PT13
20. Plantae Phoenix dactylifera NW_008246865.1 | Phoenix_da PT14
21. Animalia Bos taurus AC_000160.1 Bos_taurus Al

22, Animalia Capra hircus NC_030810.1 Capra_hirc A2

23. Animalia Bubalus bubalis NW_005785311.1 | Bubalus_bu A3

24, Animalia Orcinus orca NW _004438433.1 | Orcinus_or Ad

25. Animalia Lipotes vexillifer NW _006796183.1 | Lipotes ve A5

26. Animalia Felis catus NC 018730.2 Felis_catu A6

217. Animalia Panthera pardus NW_017619967.1 | Panthera_p A7

28. Animalia Canis lupus familiaris NC _006597.3 Canis_lupu A8

29. Animalia Ursus maritimus NW _007907174.1 | Ursus _mari A9

30. Animalia Sus scrofa NC 010448.3 Sus_scrofa Al10
31. Animalia Camelus dromedarius NW _011591250.1 | Camelus dr All
32. Animalia Homo sapiens NC_000001.11 Homo_sapie Al2
33. Animalia Pan troglodytes NC_006468.4 Pan_troglo Al3
34. Animalia Macaca mulatta NC_027893.1 Macaca_mul Al4
35. Animalia Mus musculus NC_000070.6 Mus_muscul Al5
36. Animalia Rattus norvegicus NC_005104.4 Rattus_nor Al6
37. Animalia Mesocricetus auratus NW _004801760.1 | Mesocricet Al7
38. Animalia Python bivittatus NW_006539021.1 | Python_biv Al8
39. Animalia | Aptenodytes forsteri NW _008796165.1 | Aptenodyte Al9
40. Animalia Heliaeetus leucocephalus NW _010973284.1 | Heliaeetus A20
41, Animalia Cuculus canorus NW _009244581.1 | Cuculus_ca A21
42, Animalia Gallus gallus NC_006095.4 Gallus_gal A22
43. Animalia Drosophila melanogaster NT_033779.5 Drosophila A23
44, Animalia Salmo salar NC_027302.1 Salmo_sala A24
45, Animalia Parasteatoda tepidariorum NW 015470508.1 | Parasteato A25
46. Animalia | Apis mellifera NC_007074.3 Apis melli A26
47. Animalia Hydra vulgaris NW_004169671.1 | Hydra_ vulg A27
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Bono sapiexs COONKCAGAOUGIATOCIGEARSOSICTERR  ATCOSMATGHCTATIGYAMGTGCATODITATCOICEIC  DCATGCATG GRGMAGASSSICIG  GGACCACHCAAACAMG GAAGTICATE
zuscaius CICTEICAGATAGENT PEODCCOGAR  ATCOOGAATGRCTACTGREMETECACTETTOTCTIVGIG - GATGANGA - AMGRIGGLCTAGAATE - GACCRGTOCAACAR - CAATCICATE

|Saccharomyoe ACGOATTIOGAARRCACCACAR -T2 TOCAODGTTACE 20010 - - TEATGATIATTOTCATATCICIAPCCGTARAGRDAA TOSEAACACC CAARTIVGGD
larabidopsiy EXDGAGEAGAMGGGRCCIGTCACAMETAICAL - CTESST CCDGATGEIOCICADSIIGCAEITGEAC POAACAMTICTEAAGICCAGCISTGEEATICTCCAYOCARCCEICA S6TA AT
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Percent Identity Matrix by Clustal 2.1

1{8rossico ropa 100!

2 8rossica nopus 99100

3|8rossicn oleracea 92! 92/100]

4| Gossypiwn raimondii 33! 33| 33j100

51 Erythranthe guttotus 36, 36| 35| 59

5| Gossypium hirsutum 33) 33| 33] &2

7|saccharamyces cerevisiae 28] 28| 29] 133

8l schefforsomyces stigitis 28] 27 28] 31

A\ aspergids fumigatus 28] 28] 23] 32 43

10}Sugiyemaetia lignohabitans 29, 29| 29] 33 9

11} Arabidossis thatiana 29 29| 29| 31

12} Vitis vinfera 28! 28] 29 30 100

13| Salanum lycopersicum 29 2¢| 28] 31 51| 1004

14| Micromanas sp. 27] 27| 28] 3: 40| 41]100|

15| Levshmonia pancmensis 26] 26| 27| i8 37| 37| 51[120]

15{80s tavrus 28] 28| 23] 27 27| 27| 30| 29]:100]

17{8ubalus bubalis 27| 271 27 27| 27| 31| 29| 98f100

18} Copra hircus 28! 28| 28] 27 27| 25| 29| 28] 95| 95

13{Orcinus orco 29| 2¢| 28] 28 26| 25| 29| 28] 83| 88

20{Lipates vexiilijer 28] 29| 28] 28 26 za 29| zsl s; [ wﬁ

21| Comelus drameacrius 28] 28] 23] 27 27| 25| 28] 28] 83| &3 37| 87|100

22| Felis catus 27] 27] 27 a7 26| 25| 30| 28] 81 81 84| 8s| &1}100}

23| PFonthers pordus 271 27| 27 27 2¢| 25| 29| 28] &1 81 24| 85| 22| s8]100]

24| Con's tupus familiaris 271 27| 27 27 2¢| 25 31| 29] 77| 77 73| sof 77] &3] &3{100

25{5us scrofa 270 27| 27] 26 26| 25| 31| 30| 80| 79 83| 83| 0] 78] 78] 76/100

25} Homo sapitns 28] 28] 27 8] 26| 25| 31| 29] 75{ 75 77| 78] 771 76| 73] 73] 73]100|

27|fen trogiodytes 28] 28] 27| 28] 26| 23] 31| 29| 78] 75 77| 78] 77| 76| v3{ 730 73] 99/100

28 Mocaca mulatto 27] 28] 27 28 26| 25| 30[ 29] 75{ 75 77| 78] 76| 76] 731 73 73| 95| 95100

29| Ursus moritimus 28] 27| 27| 27 26| 25| 30[ 29] 75] 74 77| 77| 74] 81] 78] 37 72| 71| 7] 70f1

30 Mus musculus 27, 23] 27] 27 26| 25| 29| 28] 65] 65| 65/ 65) 65'|65 55| 65 64 51| 65| 65| 65 62/100]

31|Rattus norvegicus 28] 28] 28 8 30| 29| 29 29| 28] 26| 27] 29| 29] 65] 64| 64| 65| 66] 65| 55| 65] 65 60| 64| 64| 64| 2] 86100

32 Mesocricetis auratu 271 27| 27 28 | 27| 27] 29| 29] 67| 66| 67| 68| 68| €7 53] 67| 671 82| 65| 67| 66| 64] 79| €0

33| 4ptenadytes forsteri 27] 27| 29] 26 27| 28] 26| 25| 39| 39| 39| 38| 38| 38| 39| 381 39 37| 37[ 37| 37| 35| 36] 36| 38[100]

34| Heiipeetus feucocephatus 26, 27| 27 6 27| 27| 25| 25| 3af 37| 38| 37| 37| 37| 38| 37| 39 36| 35| 36| 36| 35| 35| 25 92| 100

35| Cucuus canarus 26, 26| 25| 26 27| 27| 26| 27| 38] 37| 37| 37] 37| 37| 37| 37] 38 36| 35| 36| 36| 35| 34| 35 82| 81100

35{ Golius gollus 26, 26| 27| 26 27| 20| 28| 27] 37 36| 36| 38| 37| 38| 37| 35| 37 35| 35| 35| 34| 33| 34] 34 73] 69 54]100)

32| Nelumpa_nu 42| a2] 42] 28 2c| 28] 24| 25| 27] 27| 28] 27| 27| 28] 28] 28] 27/ 23] 28] 28] 28] 27] 28] 28 27| 28! 23] 27]100

38 Orosophilo melanagaster 28] 29| 28] 32 37| 35| 3] 35| 31] 30] 30| 30| 30 30| 30] 30{ 30 33| 30[ 30 30| 31] 31] 31 29] 28] 28] 27| 28/100]

39 Medicogo truncotile 30, 30| 30 32 41] 43| 35| 34] 28] 27| 27 27| 27| 28] 27] 22] 25! 26| 22| 27| 23] 25] 26 26 27| 26 28] 25] 27| 38|100

40{Shoenix dactylfero 32/ 32| 31 28 30| 29| 24| 24] 25 26] 26] 26| 26| 26| 26] 26§ 25 24| 26| 27| 26| 26{ 27| 27 26| 26| 26| 25| 32| 29| 30[100]

41]Apis melifern 311 31 30] 3 26| 29] 23[ 23] 28f 27] 28] 28] 28| 29| 28] 28f 27, 26| 30[ 30| 30| 28] 20| 29| 28] 27| 29| 29| 28] 31| 28] 30] 32]100]

42| Python bivittatus 29 28] 28] is 28] 28| 26 26] 35] 35 36| 36| 35| 36| 35| 34/ 34| 3a] 34| 3¢] 3a] 35] 35 28] 27| 28| 27 29| 27| 28] 27| 28]100

43| Hydra vilgoris 30, 30| 30| 29 30| 30| 25| 23] 30f 30| 30| 31] 30| 29| 31] 30] 29 30f 29| 29| 29| 29 30{ 30 29] 29] 30| 29 30] 28] 29] 30| 33| 3cj100]
43| Sorasteatado tepidanorum 29, 2| 28] 29 26| 29| 26| 2] 2] 27] 27| 27| 26| 27| 26] 26) 35! 25| 27| 27] 28] 26 27| 27 26| 26] 26| 25] 28] 20| 30 29| 30| 2] 32]100
45]5alma salor 28] 29| 27] 27 26| 28| 28 28] 37| 30 31| 31| 30| 30] 30f 29 2¢| 30[ 30| 30| 30§ 29] 30 26| 26, 26| 27] 27| 28| 28| 27| 30| 29| 28] 27/100)
45§ Chiomydamonas renhorgt)| 24] 24] 24| 26 | 27] 25| 30 20] 23] 29 29| 29| 29| 28] 28] 39 26| 29| 29] 28] 28] 28] 29 26] 26] 27| 28] 25 25| 27| 24] 22| 24] 21] Z2] 26{100]
47| Schizzsoccharomyces pormbe | 27] 27| 25| 28 28| 29 25| 26] 23] 28 28| 28] 28] 28] 27| 27 26| 28] 28] 27| 27| 27| 26 27| 25| 26/ 26] 25| 28] 30] 31| 28] 33| 28] 30f 20/ 26] 24[100}

fig2. The figure showing percentage identity matrix generated using ClustalX v2.1
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3.2 DISCUSSION

The study was carried out using certain computer
software programs. The comparative analysis of Cdc20
gene in various Eukaryotes using three software
programs, i.e. PHYLIP, MEGA and MESQUITE showed
quite interesting and unexpected results. Although the
output of the three programs is variable, similar results
were obtained for majority of species. The constructed
phylogenetic trees showed Drosophila melanogaster
(A23), Parasteatoda tepidariorum (A25) and Apis
mellifera (A26) belonging to Kingdom Animalia and
class Insecta were branched separately in between the
branches of Kingdom Plantae in the three trees obtained
through the three softwares. This seems peculiar in
insects having closer relation with Kingdom Plantae with
reference to divergence of Cdc20 gene. In the same way,
there are such certain peculiar patterns of branching of
the Cdc20 gene in the resulting phylogenetic trees.

Based on the literature survey, the gene Cdc20 plays a
critical oncogenic role in the development and
progression of human cancers, which when inhibited by
certain inhibitors, can play as a novel therapeutic target
for cancer.'® Such results help the researchers to draw
insights for gene therapy and the conserved regions of
Cdc20 gene of lower eukaryotes can be helpful for
understanding and implementing required changes for
the development of therapeutic ability of Cdc20 gene and
its inhibitors. In PhyloOncology, from grouping subsets
of cancer samples to tracing subclonal evolution during
cancer progression and metastasis, the use of
phylogenetics is a powerful systems biology approach.
Well-developed phylogenetic applications provide fast,
robust approaches to analyze high-dimensional,
heterogeneous cancer data sets.”

4. CONCLUSION

In this study, evolutionary relationship of Cdc20 among
47 eukaryotic species enunciated the importance of
identifying various unique features such as variation and
conserved regions. The Phylogenetic trees showed that
Cdc20 gene being the primitive showing its presence
from early eukaryotes i.e. Kingdom Protista to recently
evolved eukaryotes Kingdom Animalia. The results
showed phylogenetic position of Cdc20 gene in different
levels of classification such as genus, family, order or
class etc. Some clusters showed up to 98-99% sequence
identity in organisms belonging to similar order. These
observations show that Cdc20 gene is conserved during
the course of evolution and that the species in the clades
are close relatives to each other. This provides the
researchers opportunity for exploring insights among
them to initiate research work by comparative approach.
Based on literature review, the gene Cdc20 plays a
critical oncogenic role in the development and
progression of human cancers. With the help of
PhyloOncology, an emerging subject in phylogenetics,
further analysis and in depth investigation can be
performed for evolutionary analysis of cancer among the
eukaryotes.
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