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The Tp73 gene encoding p73 protein belongs to the Tp53 gene family and it functions in the initiation of
cell-cycle arrest or apoptosis and also involves in regulating a series of pathways including breast
cancer, neuroblastoma and cholorectal cancer. New discoveries about the control and function of p73
are still in progress and it is hoped to develop better diagnostics and therapeutics by exploiting this
system. Evolutionary studies are of principal importance in the field of biological research since for a
very long time as provided the basis for comparative genomics. The sequence of Homo sapiens Tp73,
transcript variant-7 mRNA sequence was retrieved from the NCBI in FASTA format and was studied for
its relationships and percent similarity within human and others species. Genetic variation among Tp73
found in human beings and other organisms were studied in detail. Phylogenetic analysis and multiple
sequence alignment of the human Tp73, transcript variant-7 mRNA sequence through unweighted pair
group method with arithmetic mean (UPGMA) was performed which showed its pattern of variations
and relationship among different organisms especially with rat, mouse and chimpanzee. This current
study will help in modern research strategies through the manipulation and exploitation of p73, as its
pathways are promising and one can predict its extensive clinical and biological use in the near future

for the human benefit worldwide.
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INTRODUCTION

p73 and p63 are two functional and structural homologs
of tumor suppressing transcripting factor p53. The Tp73
gene encodes p73 protein. The tumor proteins p73 (Tp73
gene), p63 (Tp63 gene) and p53 (Tp53 gene) belongs to
p53 family. The outcome of sequence identity and
sharing of domain architecture similarity with p53, p63
and p73 can form oligomers, responsive genes of tran-
sactive p53, DNA binding and mediate apoptosis and cell
cycle arrest in response the damage of DNA. It also has
been involved in regulating a series of pathways including
cancer (Jost et al.,, 1997; De- Laurenzi et al., 1998;
Melino et al., 2004; Keyes et al., 2005; Yu et al., 2011).
p73 (Jost et al., 1997) gene maps to the position of the
chromosome at 1p36.1 and this region frequently in nume-

rous tumors including breast cancer, cholorectal cancer
and neuroblastoma (Kaghad et al., 1997, reviewed by
Ikawa et al., 1999). It is also suggested that gene p73is a
tumor suppresser. p73 is absolutely necessary for neural
differentiation and olfactory development, immune
system and central nervous system. p73 deficient mice
have severe truncations of limb, absence of mammary,
lachrymal, skin, slivary glands and teeth (Mills et al.,
1999) and complicated defects in the development of
central nervous system (Yang and Bielawski, 2000;
Pozniak et al., 2000). The pro-survival role of gene p73
during the development of nervous system has been
assigned with pre dominant expression of anti apoptotic,
ANp73 isoforms involved in normal brain development
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and sympathetic ganglia. Kaghad et al. (1997) proposed
that p73 gene is an imprinted gene and expressed by one
gene only. If that gene loss that functional allele then, the
cell cannot perform its sufficient functions and cause
cancer. Further recent studies show that mono allelic
expression of p73 is rare (Nomoto et al., 1998; Yokozaki
et al., 1999; Yokomizo et al., 1999; Zaika et al., 1999).
Due to splicing, variation occurs which are then trans-
lated into many different types of proteins. Mostly,
splicing occur at 3’ end and form proteins that have
different C-terminals. The p73 and p63 genes encode
numerous different isoforms protein formed by alternative
splicing at C-terminal end of that protein and give rise to
six different p73 terminal variants. (& to ¢) and three p63
variants (& to y) expressed in both normal and cancer
cells (Kaghad et al., 1997; De-Laurenzi et al., 1998,1999;
Ueda et al.,, 1999). In the field of biological research,
phylogenetic study provides the basic information for
comparative genomics (Pryer et al., 2002; Doyle and
Lucknow, 2003). Many molecular and computational
biologists are using and analyzing phylogenetic trees to
guide the sampling of taxa for comparative research
(Soltis and Soltis, 2003). The current study focused to
explore the distribution pattern of genetic variation in p73
gene found in different organisms, including Homo
sapiens. The study also explores the phylogenetic
analysis and comparison of p73 gene in human, rat,
mouse and chimpanzee.

MATERIALS AND METHODS
Sequence retrieval

The sequence of H. sapiens (Human) tumor protein p73 (Tp73),
transcript variant 7 mRNA was retrieved from the biological
database NCBI (http://www.ncbi.nlm.nih.gov) in FASTA format.

Local sequence alignment

BLAST (Altschul et al., 1990) was performed for the human Tp73,
transcript variant-7 mRNA sequence retrieved from NCBI to identify
its relatives in different organisms including man using the online
Geneious 5.5.2 software (http://www.geneious.com). This software
takes the data and produces the BLAST table.

Phylogenetic analysis

Phylogenetic analysis of H. sapiens tumor protein p73 (Tp73),
transcript variant-7 mRNA sequence through unweighted pair group
method with arithmetic mean (UPGMA) was carried out using
Geneious software. Phylogenetic tree was constructed by the
software showing the ancestral relationship among the sequences.
The tree gives different clusters showing their relationship with each
other. The sequences which lie in the same cluster are closely
related.

Phylogenetic analysis of human, rat and chimpanzee was also
performed by Geneious software. Multiple sequence alignment
(MSA) and similar domain comparison of all these organisms were

performed by Geneious, ClustalW, BLAST and Emboss suit compa-
rison tools.

RESULTS

H. sapiens tumor protein p73 (Tp73), transcript variant-7
MRNA was retrieved from the NCBI in FASTA format,
with accession number NM-001204191. H. sapiens tumor
protein p73 (Tp73), transcript variant-7 mRNA sequence
was studied for its similarity patterns and BLAST was
therefore performed by feeding the data of sequence into
the online Geneious 5.5.2 software. After performing
BLAST, the software produced BLAST table showing the
accession numbers, percent similarity, e-value, etc (Table
1). The sequences having lowest e-value were more
closely related while the difference in e-value shows the
dissimilarity among them.

It is clear from the results that H. sapiens tumor protein
p73 (Tp73), transcript ~ variant 12, MRNA
(NM_001204188), H. sapiens tumor protein p73 (Tp73),
transcript variant 8, mRNA (NM_001204184), H. sapiens
tumor protein p73 (Tp73), transcript variant 10, mMRNA
(NM_001204186), H. sapiens tumor protein p73 (Tp73),
transcript variant 3, mRNA (NM_001126241), and H.
sapiens cDNA FLJ50534 complete cds, were highly
similar to Tumor protein p73 (AK295669), H. sapiens p73
(Tp73) gene, exon 14, and complete cds (AF079094) and
Homo sapiens tumor protein p73 (Tp73), RefSeqGene on
chromosome 1 (NG_017035) were 100% identical with H.
sapiens tumor protein p73 (Tp73), transcript variant
7(NM_001204191), H. sapiens tumor protein p73 (Tp73),
transcript variant 2,4,5,6,9,11, mRNA are also 100%
identical with H. sapiens tumor protein p73 (Tp73),
transcript variant 7(NM_001204191), while PREDICTED:
Anolis carolinensis tumor protein p73 (Tp73), MRNA
(XM_003229773) were the most dissimilar sequences
with 82.6% identity (Table 1).

p73 and p63 were closely related and distantly related.
p73, p53 and p63 had common domains that is, oligome-
rization domain (OD), DNA binding domain (DBD). p73
and p63 had Sterile Alpha Module domain (SAM).
Phylogenetic analysis of Tp73 gene of human, rat, mouse
and chimpanzee were also performed by Geneious
software by UPGMA. Phylogenetic tree shows the more
similarity between human and chimpanzee, while mouse
sequence was distantly related (Figure 1). Tp73 genes of
human, mouse, rat and chimpanzee encoded appropriate
proteins. The phylogenetic analysis of these proteins is
also performed and showed in Figure 2. During the study,
our finding showed that, all the four organisms studied
had conserved protein domains. Protein and nucleotide
comparison of Tp73 with Tp63 and Tp53 genes and p73
with p63 and p53 was done by ClustalW, Emboss and
Geneious. Emboss software showed 51.5% (366/710)
identity, 65.4% (464/710) similarity and 14.6% (104/710)
gaps in between human full length protein P73 and P63



Table 1. BLAST table of Human p73.
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. - Sequence % pairwise
SIN AN E_value Organism Description length Identity
1 NM_001204191 0 Homo sapiens Homo sapiens tumor protein p73 (TP73), transcript variant 7, mRNA 4843 100
2 NM_001204188 0 Homo sapiens Homo sapiens tumor protein p73 (TP73), transcript variant 12, mRNA 4571 100
3 NM_001204184 0 Homo sapiens Homo sapiens tumor protein p73 (TP73), transcript variant 8, mRNA 3468 100
4 NM_001204186 0 Homo sapiens Homo sapiens tumor protein p73 (TP73), transcript variant 10, mRNA 3466 100
5  NM_001126241 0 Homo sapiens Homo sapiens tumor protein p73 (TP73), transcript variant 3, mRNA 3468 100
6  AC196698 0 Rhesus Macaque Rhesus Macaque BAC CH250-329E22 () complete sequence 1757 90
7 AK305292 0 Pan troglodytes Pan troglodytes mRNA for tumor protein p73, complete cds, clone: PtsC-58-5_H08 1253 98.5
8  AK302118 0 Homo sapiens Homo sapiens cDNA FLJ52358 complete cds, highly similar to Tumor protein p73 1011 99.9
9  AK304784 0 Homo sapiens Homo sapiens cDNA FLJ52399 complete cds, highly similar to Tumor protein p73 1233 99.9
10 AK139633 0 Mus musculus Mus .musculus.2 cells egg cDNA, RIKEN full-length enriched library, clone:B020007D18 product:transformation related 1743 85.4
protein 73, full insert sequence
N AKOI7412 0 Mus musculus Mus musculqs 6 dayslneonate head cDNA, RIKEN full-length enriched library, clone:5430439E07 product:transformation 830 86.1
related protein 73, full insert sequence
12 AK295669 0 Homo sapiens Homo sapiens cDNA FLJ50534 complete cds, highly similar to Tumor protein p73 715 100
13 XM_003434677 0 PREDICTED: Canis lupus ~ PREDICTED: Canis lupus familiaris tumor protein p73, transcript variant 2 (TP73), mMRNA 1458 89.0
14 XM_003434676 0 PREDICTED: Canis lupus ~ PREDICTED: Canis lupus familiaris tumor protein p73, transcript variant 1 (TP73), mMRNA 997 90.7
15 XM_002919424 0 E’ZEEL?;EE: Alluropoda  poe by oTED: Ailuropoda melanoleuca tumor protein p73-like (LOC100480840), mRNA 1029 883
16 XM_001915365 0 E;)iﬁJSTED: EAUUS  pREDICTED: Equus caballus tumor protein p73 (TP73), mRNA 756 90.6
17 XM_593064 0 PREDICTED: Bos taurus ~ PREDICTED: Bos taurus tumor protein p73 (TP73), mRNA 1017 90.3
18 XM_002694119 0 PREDICTED: Bos taurus ~ PREDICTED: Bos taurus tumor protein p73 (TP73), mRNA 1017 90.3
19 XM_001083217 0 EEERLCTED: Macaca  pRepICTED: Macaca mulatta tumor protein p73-like, transcript variant 1 (LOC695164), mRNA 1011 95.8
20 XM_002750200 0 ;chh?ILCTED: Callithrix - oo EnICTED: Callthrix jacchus tumor protein p73-like (LOC100393670), mRNA 551 933
21 XM_003471247 0 EErEeDIIILCI:sTED: Cavia  pREDICTED: Cavia porcellus transformation related protein 73 (Trp73), mRNA 1003 88.9
2 XMoo3220773 0 CREDICTED: AMOlS - prenicrep: anols carolinensis tumor protein p73 (1p73), mRNA 1007 82.6
23 XM_ 002196490 0 PREI_JICTED: PREDICTED: Taeniopygia guttata similar to transformation related protein 73, transcript variant 1 (LOC100220605), 1031 84.1
Taeniopygia guttata mRNA
24 XM_003307781 0 EE;EJ;ZSED: Pan  pREDICTED: Pan troglodytes tumor protein p73-ike (LOC100611345), mRNA 875 98.4
25  BC117251 0 Homo sapiens Homo sapiens tumor protein p73, mRNA (cDNA clone MGC:150860 IMAGE:40125802), complete cds 1011 99.9
26 BC117253 0 Homo sapiens Homo sapiens tumor protein p73, mRNA (cDNA clone MGC:150862 IMAGE:40125804), complete cds 1011 99.9
27 BC066045 0 Mus musculus Mus musculus transformation related protein 73, mRNA (cDNA clone MGC:86129 IMAGE:6812399), complete cds 1134 86.9
28 HQ258345 0 Synthetic construct Synthetic construct Homo sapiens clone IMAGE:100072654 tumor protein p73 (TP73) gene, encodes complete protein 1011 99.9
29 AY040829 0 Homo sapiens Homo sapiens DN p73 gamma (TP73) mRNA, complete cds, alternatively spliced 1283 99.9
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Table 1. Contd.

30 AY040827 0 Homo sapiens

31 AY040828 0 Homo sapiens
32 AB055066 0 Homo sapiens
33 AB221594 0 Mus musculus
34 Y11416 0 H.sapiens mRNA
35 Y19235 0 Mus musculus
36 Y19234 0 Mus musculus
37 Y1419 0 C.aethiops mRNA
38  AB055065 0 Homo sapiens
39  NM_001204192 0 Homo sapiens
40  NM_001108696 0 Rattus norvegicus
41 NM_001126330 0 Mus musculus
42 NM_011642 0 Mus musculus
43 NM_001126331 0 Mus musculus

44 NM_001126240 0 Homo sapiens

45  NM_001204189 0 Homo sapiens

46 NM_001126242 0 Homo sapiens

47  NM_001204185 0 Homo sapiens

48  NM_001204190 0 Homo sapiens

49 NM_001204187 0 Homo sapiens

50 AC196671 0 Rhesus Macaque
51  AL136528 0 Human DNA

52 NG_017035 0 Homo sapiens

53  AF079094 0 Homo sapiens

Homo sapiens DN p73 alpha (TP73) 31mRNA, complete cds, alternatively spliced
Homo sapiens DN p73 beta (TP73) mRNA, complete cds, alternatively spliced
Homo sapiens hDNp73B mRNA for deltaN p73 beta, complete cds

Mus musculus cDNA pooled

H.sapiens mRNA for P73
Mus musculus mRNA for P73 delta-N protein (p73 gene)
Mus musculus mRNA for P73 alpha protein (p73 gene)
C.aethiops mRNA for P73
Homo sapiens hDNp73A mRNA for deltaN p73 alpha, complete cds
Homo sapiens tumor protein p73 (TP73), transcript variant 13, mRNA
Rattus norvegicus tumor protein p73 (Tp73), mRNA
Mus musculus transformation related protein 73 (Trp73), transcript variant 2, mMRNA
Mus musculus transformation related protein 73 (Trp73), transcript variant 1, mRNA
Mus musculus transformation related protein 73 (Trp73), transcript variant 3, mMRNA
Homo sapiens tumor protein p73 (TP73), transcript variant 2, mRNA
Homo sapiens tumor protein p73 (TP73), transcript variant 5, mRNA
Homo sapiens tumor protein p73 (TP73), transcript variant 4, mRNA
Homo sapiens tumor protein p73 (TP73), transcript variant 9, mRNA
),
),

Homo sapiens tumor protein p73 (TP73), transcript variant 6, mRNA
Homo sapiens tumor protein p73 (TP73), transcript variant 11, mRNA
Rhesus Macaque BAC CH250-243C8 () complete sequence

tissues:(tissue_type=brain,dev_stage=8-12
neonate,strain=BALB/c),(tissue_type=testis,dev_stage=adult, strain=C57BL/6J), clone:V01X012101

Human DNA sequence from clone RP5-1092A11 on chromosome 1p36.2-36.33 Contains the 5' end of the gene for a

novel protein (FLJ32825), a novel gene (KIAA0495), two novel genes, the TP73 gene for tumor protein p73, the 5' end of

the WDR8 gene for WD repeat domain 8 and five CpG islands, complete sequence
Homo sapiens tumor protein p73 (TP73), RefSeqGene on chromosome 1
Homo sapiens p73 (TP73) gene, exon 14, and complete cds

1283 99.9
1283 99.9
1283 99.9

days  4opq 87.2
1011 99.9
1304 85.3
1021 87.2
1262 917
1283 99.9
3560 100
1030 87.4
439 86.1
1021 87.2
1743 855
3560 100
3466 100
3560 100
3560 100
3468 100
3468 100
1757 90.0
3457 100
3457 100
396 100

while comparison of p73 with p53 with the same
software showed 24.6% identity, 33.5% similarity
and 47.6% gaps. Geneious and ClustalW also
showed the same results.

DISCUSSION

The evolution of p73 was related with the positive
selection at the time when the Artiodactyla and
Carnivora ancestors diverged from each other. It

is identified that viviparity and homoiothermy first
appeared among synapsids. These necessary
acquirements of evolution have made essential
changes in the genetic regulation of ontogeny,
and this, in turn, might have caused adaptive
evolution in the family of p73. However, the
manifestation of the emergence of homoiothermy
and the terrestrial animals demanded a high rate
of metabolism that most likely acted as carci-
nogens. (Pintus and Ivanisenko, 2006).

The proteins of p73 family are transcriptional
factors that are involved in the cell signaling
pathways. The broad spectrum of their functions
includes apoptosis and cell cycle arrest in
response to the damage of DNA. It also includes
series of metabolic pathways (Pintus and
Ivanisenko, 2006). Evolution of the Tp73 was
studied in different organisms and adaptive chan-
ges were in the sequences. Phylogenetic analysis
of H. sapiens tumor protein p73 (Tp73), transcript
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Figure 1. Phylogenetic analysis of protein sequences.

variant-7 mRNA sequence was performed through the
Geneious software using Tamura-Nei Algorithm (Tamura
and Nei, 1993). The UPGMA rooted tree diagram of H.
sapiens tumor protein p73 (Tp73), transcript variant-7
MRNA sequence showed different clusters formation.
Organism that originated from same ancestors having
same e-value and 100% pair wise identity were placed in
same clusters whereas those which are distant from each
other were placed in separate clusters.

Majority of human p73 sequences are lay in the same
clusters. The genes lay in different distinct clusters while
PREDICTED: Anolis carolinensis tumor protein p73
(Tp73), MRNA (XM_003229773) was the most distinct
one with 82.6% pair wise identity with the H. sapiens
tumor protein p73.

The p53 family members are modular proteins having
basic structure and also share very significant homology
at protein and genome levels. Each family member of this
gene contains three major domains, a TAD, an
oligomerization domain (OD) and a DNA binding domain
(DBD). Long C-terminal is present in p73 and p63 but
absent in p53. The resoluteness of three dimensional
solution structure of C-terminus of p73 and p63 has
shown that this region contains protein-protein interaction
domain that is sterile alpha motif (SAM). The full length
proteins of p73 and p63 also contains transcription
inhibition domain (TID) (Chi et al., 1999; Serber et al.,
2002; Straub et al., 2009). Phylogenetic analysis of H.
sapiens tumor protein p73 transcript variant 7 mRNA
sequence was performed by Geneious software using

BAKE2286
Champanzee

Tamura-Nei algorithm (Tamura and Nei, 1993). The
protein and nucleotide sequence of human, mouse, rat
and chimpanzee were used and formed evolutionary tree
among themselves by Geneious software. Protein and
nucleotide sequences of these four organisms were used
for sequence comparison by EMBOSS, ClustalW and
Geneious software.

The UPGMA rooted tree diagram of H. sapiens tumor
protein p73 (Tp73) transcript variant 7 mRNA showed
different clusters formation. Three major clusters are
shown in Figure 3. Two clusters are of H. sapiens and
one is of Mus Musculus. Monkey is a bhit distantly related
with Mus Musculus. Monkey and chimpanzee are closely
related to each other. Phylogenetic tree of Tp 73 show
that Analis Carolinensis  (XM-003229773) and
Taeniopygia Goutatta (XM-002196490) are evolved from
same ancestor and evolution occur between them long
time ago. Protein sequences of human and chimpanzee
were more closely related. Mouse and rat p73 sequences
were closely related to each other but distantly related
with human and chimpanzee as shown in our results
(Figure 2). Nucleotide sequences of human and
chimpanzee are closely related. Mouse Tp73 gene
nucleotide sequence is much more distantly related with
human, rat and chimpanzee as shown in Figure 1. All of
the genetic trees are drawn by software Geneious 5.5.2
through UPGMA.

p73 protein pairwise sequence comparison with p63
and p53 were performed by ClustalW, EMBOSS and
Geneious softwares. BLOSSOM 62 was used in
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Figure 2. Phylogenetic analysis of nucleotide sequences.
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Figure 3. Phylogenetic analysis of Tp73.



ClustalW and EMBOSS as a matrix. Tp73 gene pairwise
sequence comparison with Tp 63 and Tp53 were also
performed with same softwares and matrix. ClustalwW and
EMBOSS software show similarity and identity between
protein and nucleotide sequences.

Phylogenetic results and sequence comparison results
show that p73 and p63 are closely related. p73 and p53
are distantly related and also considered that p53 is the
ancestor of p73 and p63. Tp73 gene was discovered
more than one decade before and its many functions are
still unknown to us. The published data till now indicate
clear participation of p73 in tumorigenesis and TA p73
specially acts as a tumor suppressor. In the era of the
last decade, numerous clinical and experimental dis-
coveries were carried out in the field of cancer research.
These discoveries lead to the identification of p53 family
and Tp73 genes underlying the diseases. In addition,
several crucial and important questions remain unsolved
and opened for future work. For example, AN p73 in the
development and initiation of cancer is still under
investigation, both in transgenic and mouse models and
tumor samples. Is p73 involved in the senescence of
cancer cells? Another question is whether the different C
and N-terminals variants of p73 have sole and unique
biological functions. The exact function and possible
mechanism of mutant p73 remains unresolved and it is
very important to understand the poor outcomes in
cancer associated with mutant p73. New possible
methods of treatment of cancer with mutant p73 make
this an important issue for future research and study.

New discoveries about the control and function of p73
are still in progress and it is hoped that better diagnostics
and therapeutics be developed by exploiting this system.
The current Phylogenetic study of p73 is helpful for
researchers and Bioinformaticians for further study and
genetic relationship. The current study also supports the
modern research for diagnostics and evolutionary history
of p73.
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