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Abstract: The p53 gene (TP53) is a gene that is mutated in many cancers, and is the most common gene mutation found
in cancer cells. The gene is a type of tumor suppressor gene that codes for a protein that inhibits the development and growth
of tumors. It has been coined "the guardian of the genome[20]," when inactivated, it can also play a role in the persistence,
growth, and spread of a cancer that develops. In this paper P53 proteins are computationally analysed using phylogenetic
analysis approach[2]. Evolutionary studies are very important in the field of biological research as it provides the basis for
comparative genomics. The sequence of TP53 protein in human is downloaded from NCBI and compared with protein
sequences of different organisms. Maximum likelihood approach is used for phylogenetic analysis among different
organisms. This study will ultimately decipher the treatment of cancer in different organism and also will be useful in near
future for further pathway analysis using different new research strategies[3].
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Introduction

The name p53 was given in 1979 describing the apparent molecular mass; SDS-PAGE analysis indicates that it
is a 53-Kilodalton (kDa) protein. In humans, the TP53 gene is located on the short arm of chromosome 17. The
gene spans 20 kb, with a non-coding exon 1 and a very long first intron of 10 kb. The coding sequence contains
five regions showing a high degree of conservation in vertebrates, predominantly in exons 2, 5, 6, 7 and 8, but
the sequences found in invertebrates show only distant resemblance to mammalian TP53.

P53 is a nuclear transcription factor with a pro-apoptotic function. Since over 50% of human cancers carry loss
of function mutations in p53 gene, p53 has been considered to be one of the classical type tumor suppressors.
Tumor suppressor genes code for proteins that function to repair damaged DNA so a cell can't become a cancer
cell, or result in the programmed cell death or apoptosis of cells that can't be repaired. They may also have other
functions important in cancer growth, such as playing a role in regulating cell division or angiogenesis (the growth
of new blood vessels to feed a tumor).

A mutation in the p53 gene (located on chromosome 17) is the most common mutation found in cancer cells and
is present in over 50% of cancers. Talking about gene mutations and cancer, especially with tumor suppressor
genes is confusing, because there are two primary types: germline and somatic.

Germline mutations (heritable mutations) are the type of mutations people may be concerned with when
wondering if they have a genetic predisposition to cancer. The mutations are present from birth and affect every
cell in the body. Genetic tests are now available to check for several germline mutations that increase cancer risk,
such as mutated BRCA genes. Germline mutations in the TP53 gene are uncommon, and associated with a specific
cancer syndrome known as Li-Fraumeni syndrome[20].

People with Li-Fraumeni syndrome often develop cancer as children or young adults, and the germline mutation
is associated with a high lifetime risk of cancers such as breast cancer[8], bone cancer, muscle cancer, and more.
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Somatic mutations (acquired mutations) are not present from birth but arise in the process of a cell becoming a
cancer cell. They are only present in the type of cell associated with the cancer (such as lung cancer cells), and
not other cells in the body. Somatic or acquired mutations are by far the most common types of mutations
associated with cancer.

The p53 gene may be damaged (mutated) by cancer-causing substances in the environment (carcinogens) such
as tobacco smoke, ultraviolet light, and the chemical aristolochic acid (with bladder cancer). Often times,
however, the toxin leading to the mutation is unknown. If the gene is inactivated, it no longer codes for the proteins
that lead to the functions noted above. Thus, when another form of DNA damage occurs in another region of the
genome, the damage is not repaired and may result in the development of cancer.

There are a wide range of cancers that are associated with mutations in the p53 gene. some of these include:
Bladder cancer, Breast cancer: The TP53 gene is mutated in around 20 percent to 40% of breast cancers, Brain
cancer (several types), Cholangiocarcinoma, Head and neck squamous cell cancer, Liver cancer, Lung cancer,
Colorectal cancer, Osteosarcoma (bone cancer) and myosarcoma (muscle cancer), Ovarian cancer,
Adrenocorticol carcinoma.

Some studies include bayesian phylogenetic methods and a Markov chain Monte Carlo algorithm which are used
to obtain the most probable trees and posterior probabilities of clades [18].

One study found that p53 and Myc proteins were key to the survival of Chronic Myeloid Leukaemia (CML)
cells[19]. Targeting p53 and Myc proteins with drugs gave positive results on mice with CML.

In one study it was seen that body size and metabolic rate or body size and age at maturation, body size and
lifespan are strongly correlated such that larger species tend to live longer[7] than smaller species as in some
organisms TP53 [1] copy number increases which ultimately saves it from cancer like in steppe mammoth, Minke
Whale and Human[14].

P53 has become current focus for cancer research[16]. Lot of research work is going on the function and control
of P53 and hope to develop medicines[6] for the cure of cancer. Phylogenetics is the basis for comparative
genomics[4] and helps in analysis of complete family history of different organisms and thus deriving genetic
variation[13] and relationships among them.

Finding all the functional parts of DNA or protein sequences and using this information to improve the health of
individuals and society are the focus of the next phase of the Human Genome Project[17]. Comparative analyses
of genome sequences will be a major part of this effort[5].

Methodology:

The sequence of Homo sapiens tumor protein p53 (TP53) was retrieved from the NCBI (http://www.
ncbi.nim.nih.gov) in FASTA format. Also Cellular tumor antigen P53 Sequence of other organisms were retrieved
from NCBI[15].

Now MEGA software version 11.01 was downloaded[10].

After retrieval of sequences these sequences are aligned. So Multiple sequence alignment is performed using
MEGA Software Muscle Alignment package[9].

Next step was to perform Phylogenetic analysis of H. sapiens tumor protein p53 (TP53) and all other organisms
using MEGA software[11,12]. Phylogenetic tree was constructed by the software showing the ancestral
relationship among the sequences using Maximum Likelihood method of phylogenetic analysis and Bootstrap
method of testing. It took more than one hour. The tree forms different clusters showing their relationship with
each other. The sequences which lie in the same cluster are closely related. The tree calculated different distance
matrices.

Maximum likelihood estimation involves defining a likelihood function for calculating the conditional probability
of observing the data sample given a probability distribution and distribution parameters. This approach can be
used to search a space of possible distributions and parameters.
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Results and Discussion

The sequences of Homo Sapiens TP53 and other organisms were retrieved from NCBI database. The organisms
are Sus Surcoma (pig), Pan Troglodytes (Chimpanzee), Felis Catus(domestic Cat), Bos Taurus(Cattle), Ovis
Aries(Sheep), Sus Scrofa(wild pig), Cavia Porcellus(Domestic guinea pig), Mesocricetus Auratus(Gloden
Hamster), Delphinapterus Leucas(Beluga Whale) and Oryctolagus Cuniculus(Rabbit). Then these sequences are
aligned using Muscle alignment mode of MEGA Software.

Fig 1 Alignment of sequences
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Fig2 Phylogenetic Analysis Using MEGA software : Original tree Fig3 Bootstrap tree
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Evolution of the TP53 was studied in different organisms and adaptive changes were in the sequences. Organism that
originated from same ancestors are placed in same clusters whereas those which are distant from each other are placed
in separate clusters. Majority of human p53 sequences are lying in the same clusters. P53 protein of Bos Taurus(cattle)
are distantly related with the H. sapiens tumor protein p53 but closely related to Ovis Aries(Sheep). Felis Catus is closely
related to Ovis Aries(sheep) but distantly related to human TP53.

One of the study says as time passes, healthy cells are more likely to become cancerous because more and more damaging
mutations accumulate in the cell’s DNA. Assuming that all cells have a similar risk of acquiring mutations, larger and longer-
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lived animals —like elephants —should have a higher risk of cancer than smaller, shorter-lived animals — like mice. However,
there does not appear to be any link between the size of an animal and its risk of developing cancer. Consequently, a key
guestion in cancer biology is how very large animals protect themselves against these diseases. Body size and metabolic
rate or body size and age at maturation, body size and lifespan are strongly correlated such that larger species tend to live
longer than smaller species. In this paper study says the same through phylogenetic analysis and relation between
Delphinapterus leucas (Beluga whale) and human is seen. The various organisms studied here can also be related by size
and it can be said that risk of cancer is less in Whale and human compared to rabbit as the TP53 copy will increase in these
organisms, if this is not the case rabbit will be at low risk compare to whale.

Conclusion
This work can be further taken to next level and can go for docking.
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