
150. Derry, W. B., Putzke, A. P. & Rothman, J. H. 
Caenorhabditis elegans p53: role in apoptosis, meiosis, 
and stress resistance. Science 294, 591–595 (2001).

151. Schumacher, B., Hofmann, K., Boulton, S. & 
Gartner, A. The C. elegans homolog of the p53 tumor 
suppressor is required for DNA damage-induced 
apoptosis. Curr. Biol. 11, 1722–1727 (2001).

152. Tyner, S. D. et al. p53 mutant mice that display early 
ageing-associated phenotypes. Nature 415, 45–53 
(2002).

153. Chipuk, J. E. et al. Direct activation of Bax by p53 
mediates mitochondrial membrane permeabilization 
and apoptosis. Science 303, 1010–1014 (2004).

154. Mihara, M. et al. p53 has a direct apoptogenic role at 
the mitochondria. Mol. Cell 11, 577–590 (2003).

155. Bourdon, J. C. et al. p53 isoforms can regulate p53 
transcriptional activity. Genes Dev. 19, 2122–2137 
(2005).

156. Sablina, A. A. et al. The antioxidant function of the 
p53 tumor suppressor. Nature Med. 11, 1306–1313 
(2005).

157. Feng, Z., Zhang, H., Levine, A. J. & Jin, S. The coordinate 
regulation of the p53 and mTOR pathways in cells. Proc. 
Natl Acad. Sci. USA 102, 8204–8209 (2005).

158. Jones, R. G. et al. AMP-activated protein kinase 
induces a p53-dependent metabolic checkpoint. Mol. 
Cell 18, 283–293 (2005).

159. Hu, W., Feng, Z., Teresky, A. K. & Levine, A. J. p53 
regulates maternal reproduction through LIF. Nature 
450, 721–724 (2007).

160. Bommer, G. T. et al. p53-mediated activation of 
miRNA34 candidate tumor-suppressor genes. Curr. 
Biol. 17, 1298–1307 (2007).

161. Chang, T. C. et al. Transactivation of miR-34a by p53 
broadly influences gene expression and promotes 
apoptosis. Mol. Cell 26, 745–752 (2007).

162. He, L. et al. A microRNA component of the p53 tumour 
suppressor network. Nature 447, 1130–1134 (2007).

163. Raver-Shapira, N. et al. Transcriptional activation of 
miR-34a contributes to p53-mediated apoptosis. Mol. 
Cell 26, 731–743 (2007).

164. Tarasov, V. et al. Differential regulation of microRNAs 
by p53 revealed by massively parallel sequencing: 
miR-34a is a p53 target that induces apoptosis and 
G1-arrest. Cell Cycle 6, 1586–1593 (2007).

165. Tazawa, H., Tsuchiya, N., Izumiya, M. & Nakagama, H. 
Tumor-suppressive miR-34a induces senescence-like 
growth arrest through modulation of the E2F pathway 
in human colon cancer cells. Proc. Natl Acad. Sci. USA 
104, 15472–15477 (2007).

166. Feng, Z. et al. The regulation of AMPK beta1, TSC2, 
and PTEN expression by p53: stress, cell and tissue 
specificity, and the role of these gene products in 
modulating the IGF-1-AKT-mTOR pathways. Cancer 
Res. 67, 3043–3053 (2007).

Acknowledgements
We wish to thank the thousands of researchers whose out-
standing work over the past 30 years has made p53 research 
so exciting. We apologize to all our colleagues whose important 
contributions could not be cited owing to lack of space. Work 
in the authors’ laboratories is supported by grant R37 
CA40099 from the National Cancer Institute, USA, a Center of 
Excellence grant from the Flight Attendant Medical Research 
Institute, USA, grants from the European Commission 
(Mutp53, FP6 Contract 502983 and OncomiRs, FP7 Contract 
201102) and the Robert Bosch Foundation, Germany, (to 
M.O.), grant PO1 CA 87497 from the US National Institutes 
of Health, grant W81XWH-06-1-0514 from the Department of 
Defense, USA, grants from the Breast Cancer Research 
Foundation, USA, (to A.J.L.) and general support from the 
Simons Center for Systems Biology at the Institute for 
Advanced Study from the Simons Foundation, USA.

DAtABASeS
pathway interaction Database: http://pid.nci.nih.gov/
p53
uniprotKB: http://www.uniprot.org
ArF | ATM | BAX | er | HrAs | MDM2 | MDMX | MYc | p21 | p53 | 
p63 | p73 | rB | WIP1

FURtHeR inFORmAtiOn
Moshe oren’s homepage:  
http://www.weizmann.ac.il/mcb/MosheOren/
arnold J. Levine’s homepage: http://www.sns.ias.edu/csb/
international agency for cancer research TP53 Mutation 
Database: http://www-p53.iarc.fr/
p53 Knowledgebase: http://p53.bii.a-star.edu.sg/index.php
the TP53 Website: http://p53.free.fr/

all linkS are aCtive in the online Pdf

O P i n i O n

p53 ancestry: gazing through an 
evolutionary lens
Wan-Jin Lu, James F. Amatruda and John M. Abrams

Abstract | evolutionary patterns indicate that primordial p53 genes predated the 
appearance of cancer. Therefore, wild-type tumour suppressive functions and 
mutant oncogenic functions that give celebrity status to this gene family were 
probably co-opted from unrelated primordial activities. Is it possible to deduce 
what these early functions might have been? And might this knowledge provide a 
platform for therapeutic opportunities?

‘The p53 gene is mutated in approximately 
50% of human cancers’. This common 
axiom is routinely disseminated through-
out the cancer research community but the 
reasons underlying why p53 is so frequently 
mutated are less sharply in focus. In its wild-
type form, p53 occupies a central position 
in stress response networks and thereby 
limits oncogenesis through activities that 
govern adaptive responses. When cells are 
challenged by genotoxic agents, radiation, 
hypoxia or other inappropriate signals, p53 
restrains cell growth through activities that 
arrest the cell cycle and/or promote senes-
cence, DNA repair or apoptosis. Unlike con-
ventional tumour suppressors (which are 
typically affected by nonsense or frameshift 
mutations), at least 80% of TP53 alterations 
sequenced in tumours are missense muta-
tions1. These mutations encode oncogenic 
activities that are distinct from wild-type 
and simple dominant-negative variants but, 
despite extensive efforts, the transforming 
nature of these mutations remains largely 
elusive2. Therefore, although a consensus in 
the published literature helps us to under-
stand how p53 functions normally, how p53 
variants become endowed with properties 
that specify oncogenic fates remains contro-
versial. Why are p53 mutations so regularly 
found in tumours? Are there special prop-
erties that impart peculiar activity to the 
gene and/or its protein product? Or is p53 
simply an ordinary protein that happens 
to occupy a rate-limiting ‘hub position’ in 
the larger scale of regulatory networks? In 
this Opinion article we consider these and 
related questions from an evolutionary per-
spective. We first review the evolutionary 
paths of this ancient gene family, highlight-
ing recent sequence information together 
with studies in model systems. We then 
explore the primordial features compared 

with the derived features of p53 regulatory 
networks, and ask whether these reveal 
cancer-relevant insights.

p53 ancestry
Three members of the p53 family are found 
in humans: p53, p63 and p73. As shown in 
fiG. 1, all members have an amino-terminal 
transactivation domain, a central DNA-
binding domain and a carboxy-terminal 
oligomerization domain. The transactivation 
and oligomerization domains seem to have 
broadly diverged, whereas the DNA-binding 
domain is significantly conserved3. Notably, 
p63 and p73 contain a sterile alpha motif 
(SAM) domain at their extreme C-terminus. 
This domain probably facilitates protein–
protein interactions and, in the context 
of p73, has been implicated in protein 
turnover4. The SAM domain is absent from 
p53 and, therefore, on the basis of protein 
architecture, p63 and p73 share a more 
recent common ancestor. Given current 
information, the precise evolutionary rela-
tionships among the p53 subfamilies are not 
clear3. Therefore, to simplify our discussion 
we consider only full-length isoforms and 
refer collectively to p53 family members that 
encode a SAM domain as ‘p63 and p73-like’ 
proteins and define members lacking a SAM 
domain as ‘p53-like’ proteins.

New genomes uncover deeper roots. p53 
family members are widespread among ani-
mals and have been reported to be present 
in many taxa beyond vertebrates, such as 
ascidians (sea squirts)5, cnidarians6,7, platy-
helminths and other invertebrates (fiG. 1; 
see Supplementary information S1 (table) 
for sequence accession numbers). Because 
it is not present in the yeast genome, early 
conventional wisdom held that the p53 
gene family emerged in the Animalia, 
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perhaps in response to characteristic selective 
pressures on early multicellular organisms. 
However, the recently published choano-
flagellate (Monosiga brevicollis) genome 
shatters this view8. Two distinct genes, a 
p53-like sequence and a p63 and p73-like 
sequence, are both present in this unicell-
ular protist, which is possibly the closest 
extant relative of the metazoans. Similarly, 
a p53-like protein has also been reported in 
another protozoan, the amoeba Entamoeba 
histolytica9. These discoveries revise the p53 
evolutionary picture in at least two ways. 
First, the emergence of this gene family 
clearly predated the appearance of multicel-
lular animals. Second, both p53-like and 
p63 and p73-like genes probably existed in 
the common ancestor of the metazoa and 
protozoa.

p63 and p73-like genes are noticeably 
absent from several lineages in which p53-like 
genes are present (such as flies, nematodes 
and cnidarians). Furthermore, compared with 
p63 and p73-like genes, the p53-like genes 
seem to be more extensively diversified  

in separate lineages of invertebrates and 
chordates10. Current evidence is ambivalent 
regarding the phylogenetic origin of the 
p53 family. For example, the primordial 
history of these subfamilies could reflect 
the acquisition of the C-terminal SAM 
domain by a p53-like gene or, equally 
likely, the loss of this domain from an 
ancient form of a p63 and p73 family mem-
ber. Compelling arguments support either 
scenario. However, it is worth noting that 
among the sequenced genomes in which 
this family is present, p53-like genes are 
consistently present but the p63 and p73-
like genes are not. Similarly, it is p53, not 
p63 or p73, which is frequently mutated 
in human cancer cells, although tumour 
suppression functions of p63 and p73 have 
been reported in mouse models11,12. Are 
these two facts simply a coincidence? Or 
do they reflect some degree of meaning-
ful linkage? In the following sections we 
expand on this theme by examining the 
evolutionarily conserved features in p53 
regulatory networks.

Upstream regulators
In mammals, the p53 regulatory network 
includes a complex array of upstream 
regulators and downstream effectors13. The 
emerging picture reflects a hub position for 
p53, whereby it integrates a wide range of 
signals to promote adaptive responses to 
stress. Upstream control of the p53 regula-
tory network falls into three regulatory 
models: stabilization, anti-repression and 
promoter-specific activation14. The degree 
to which these models extend beyond mam-
mals is not yet known. However, the content 
of non-mammalian genomes, combined 
with studies in Drosophila melanogaster and 
Caenorhabditis elegans, offers some surprises 
and tentative conclusions. For example, the 
first two mechanisms of p53 control, stabi-
lization and anti-repression, involve Mdm 
proteins as pivotal central regulators (fiG. 2). 
This idea is underscored by studies in mice 
and fish showing that lethal Mdm2- and 
Mdm4-deficient phenotypes are genetically 
rescued by eliminating p53 (RefS 15–17). 
However, genes encoding MDM2-like pro-
teins are absent from non-vertebrate lineage, 
and, furthermore, studies in D. melanogaster 
suggest that genotoxic activation of p53 can 
occur without altering the protein level of 
p53 (Ref. 18; J.M.A., unpublished observa-
tions). Taken together, these observations 
indicate that ancient circuits linking DNA 
damage to p53 activation existed before the 
emergence of MDM2-mediated regulation. 
Therefore, non-vertebrate p53 regulatory 
networks offer us an opportunity to under-
stand how p53 activation may occur inde-
pendently of the destabilizing functions that 
are conferred by MDM2.

What upstream regulatory mechanisms 
are conserved? One strong candidate is 
checkpoint kinase 2 (CHK2). Like its mam-
malian counterparts, the D. melanogaster 
CHK2 orthologue directly phosphorylates 
p53 (RefS 19,20) and is required for the 
induction of apoptosis in response to ion-
izing radiation20. It is not known whether 
CHK2 directly regulates CEP-1, the C. ele-
gans p53 orthologue, but CHK2, together 
with orthologues of ataxia–telangiectasia 
mutated (ATM), ataxia–telangiectasia and 
Rad3-related protein (ATR) and ATL-1, 
the C. elegans ATR homologue, are neces-
sary for cell death that is induced by ultra-
violet radiation21,22. These cross-species 
similarities qualify CHK2 as a highly 
conserved p53 regulator, and indicate that 
ancestral pathways probably included 
direct activation of p53 through phosphor-
ylation and perhaps other post-translational 
modifications (fiG. 2).

Figure 1 | Simplified p53 family member tree. All sequenced genomes with a p53 family mem-
ber are represented in this simplified family tree. classification is based solely on the sterile alpha 
motif (sAM) domain, which is present in the p63 and p73-like subfamily and absent in the p53-like 
subfamily. p53 gene designations are based on published literature and/or predicted annotations 
that are available from public databases but, in some organisms, are not yet functionally validated 
(accession numbers are available in supplementary information s1 (table)). DBD, DNA-binding 
domain.
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Downstream effectors
Output modalities of the p53 regulatory 
network that contribute to growth repres-
sion have been extensively reviewed13. Here, 
we consider evidence from invertebrate 
models that may distinguish ancient and 
derived functions. Like their human coun-
terparts, non-mammalian p53 proteins 
are intimately engaged by and essential for 
proper genotoxic stress responses that pro-
voke apoptosis23–25. As illustrated in fiG. 2, 
broadly conserved transcriptional targets 
are commonly recruited among vertebrates 
and invertebrates to control apoptosis, and 
include members of the BH3-only Bcl-2 sub-
family and inhibitor of apoptosis antagonists 
(fiG. 2). Likewise, common sets of targets that 
promote DNA repair, such as XRCC5 (also 
known as Ku80), ribonucleotide reductase 
(RNR) and MutS homologue (MSH) pro-
teins have been independently observed in 
mammals and flies18,22,26. By contrast, p21-
mediated cell cycle arrest seems to be less 

broadly conserved and might be restricted to 
vertebrates. For example, the gene encoding 
p21 in zebrafish is probably a p53 target17,27, 
but the p21 orthologue in flies is not a p53 
target gene18,26.

Interestingly, p53 can still regulate 
the cell cycle in worms and flies, albeit 
through different sets of target genes. In 
energy-deprived cells, D. melanogaster p53 
can mediate G1/S cell cycle arrest inde-
pendently of p21 through a mechanism 
that involves cyclin E28. Similarly, CEP-1 
mediates the ultraviolet radiation-induced 
arrest of germ cell proliferation through 
a direct target — PHG-1, a homologue of 
the human protein growth arrest-specific 1 
(GAS1)29. Regulation of autophagy and 
metabolism are newly appreciated outputs 
from the p53 regulatory network that may 
turn out to be broadly conserved and quite 
ancient. Consistent with this view is the fact 
that p53 regulates autophagy in mice30,31 
and worms32.

Other outputs from the p53 network, 
such as senescence, may be limited to mam-
malian systems, and it seems fair to assume 
that output processes that are specific to 
invertebrates (but which are yet to be iden-
tified) may also exist. So, overall, some 
output modalities seem to be universally 
represented across phyla (such as promoting 
apoptosis or DNA repair), although others 
tend to be specific to certain taxa. Another 
interesting lesson is that although some 
p53-regulated outputs are highly conserved, 
the effectors that couple p53 to a given cel-
lular process are not necessarily shared and 
can vary across phyla (fiG. 2). A compelling 
example of this principle is perhaps best 
illustrated by a conserved axis of regulation 
involving RNR. In both mammals and flies 
this enzyme is an important p53 effector 
but, intriguingly, different subunits are the 
relevant target26,33.

tumour suppression — a sideshow
So, what selective pressures actually shaped 
the evolution of p53 function? Although firm 
conclusions are not yet possible, it is safe to 
say that protection against tumour formation 
was probably not the ancestral function of 
this gene or its regulatory network. Support 
for this idea comes from two main lines 
of evidence. First, the existence of family 
members in simple, short-lived organisms 
and protists (fiG. 1) suggests that ancestral 
p53 genes predated the need to suppress the 
deregulated growth of cells in specialized 
tissues. Second, until recently, human life 
expectancy did not exceed ~29 years, and it 
is therefore unlikely that late-onset diseases 
applied pivotal selective pressures at the pop-
ulation level34. Furthermore, mice and fish 
lacking p53 often survive longer than their 
feral counterparts34, which usually do not die 
of cancers and, therefore, from an evolution-
ary point of view, cancer was probably not a 
considerable threat to reproductive success. 
Together these observations suggest that the 
tumour suppressive activity of p53 was prob-
ably co-opted from other more primordial 
functions. The relatively late appearance of 
ARF gene orthologues in the vertebrate line-
age — they are absent from both zebrafish 
and puffer fish genomes35 (J.F.A., unpub-
lished observations) — seems consistent with 
this deduction as the corresponding pro-
teins arguably represent fundamental links 
between oncogenic stress and p53 (Ref. 36).

Accordingly, if the p53 family was not 
fixed in animal populations for cancer-
related functions, then what ancestral activ-
ity was it selected for? The regulation of 
apoptotic death is a plausible candidate, as 

Figure 2 | a simplified evolutionary schematic of the p53 regulatory network. selected 
upstream regulators, downstream effectors and output terms are colour-coded to indicate conserva-
tion across species on the basis of current evidence. The colour gradient illustrates the range of con-
servation inferred from available genomic data and functional studies in vertebrates (mouse and 
zebrafish) and invertebrates (Drosophila melanogaster and Caenorhabditis elegans). cellular processes 
and associated genes that are specific to mammals are depicted in blue (for example, ArF). Broadly 
conserved processes and/or gene functions that span mammals and invertebrate model systems are 
depicted in red. regulators and effectors that have been empirically tested for direct links to p53  
are depicted with solid outlines and those which are deduced or presumed are shown with dotted 
outlines. some downstream targets (such as scO2 and plasminogen activator inhibitor 1 (PAI1) have 
not been tested beyond mammalian systems. ATM, ataxia–telangiectasia mutated; ATr, ataxia–
telangiectasia and rad3-related protein; cHK2, checkpoint kinase 2; DNA-PK, DNA protein kinase; 
IAP, inhibitor of apoptosis; MsH2, Muts homologue; rNr, ribonucleotide reductase.
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current evidence suggests that the control  
of apoptotic death predated the regulation of 
the cell cycle by p21 (fiG. 2). However, this 
does not explain the presence of p53 in uni-
cellular genomes, and other output modali-
ties — such as DNA repair and metabolic 
regulation — are also attractive contenders 
as ancient outputs from this regulatory 
network. Fully gratifying solutions to this 
mystery could emerge from studies that 
reveal unappreciated requirements for p53 
or its relatives p63 and p73. In this context, 
developmental and/or physiological roles 
in stem cell biology37–39 and germline tis-
sues12,40 seem promising. Equally mysteri-
ous, but equally relevant, are questions 
related to the types of stress that primordial 
p53 genes might have been responding to, 
and it is worth noting that most experi-
mental paradigms for activating p53 are 
not encountered in the real (or primordial) 
world. Therefore, stimuli currently known 
to activate the protein provide us with only 
partial clues about the selective pressures 
exerted on the p53 family34. Replication 
repair stress is a plausible source of adaptive 
pressure that may have been responsible 
for selecting or shaping p53 regulatory 
networks. However, empirical evidence to 
support this idea is scant, and the actual 
extent of replication repair stress that occurs 
in vivo is not clear.

Conclusions and insights
If genes that encode p53-like proteins 
were not originally selected for cancer 
prevention, it is reasonable to ask whether 
knowledge of primordial p53 functions and 
conserved topologies in the p53 network 
can really illuminate new insights regard-
ing cancer-related functions. Although it 
may be some time before firm solutions 
to this question emerge, we suspect that 
the answers will be affirmative and might 
be forthcoming from models that have 

not yet been contemplated. Support for 
this optimism comes from several fronts. 
First, important gaps in our understand-
ing of p53 remain, and it is likely that 
p53 exerts functions that are yet to be 
discovered. Consistent with this idea, 
oncogenic phenotypes that are associated 
with somatic p53 mutations in tumours 
have not yet been recapitulated by any 
combination of mutations in known effec-
tors. Second, as discussed above, DNA 
damage pathways can engage p53 without 
the involvement of MDM2 or stabiliza-
tion of p53 (Ref. 18; J.M.A., unpublished 
observations). Therefore, unappreciated 
upstream pathways to p53 activation might 
exist that could potentially be exploited as 
cancer therapies. Third, p63 and p73-like 
genes are restricted to certain taxa only 
but, where tested, are required for viabil-
ity. By contrast, the p53-like subfamily is 
rather ubiquitous among animal taxa and, 
paradoxically, these genes are not required 
for viability (BOX 1). This suggests that 
members of the p53 family that lack SAM 
domains possess uniquely important prop-
erties. A final reason for optimism is that 
unanticipated (and sometimes profound) 
insights have consistently emerged through 
studies that elucidate the properties of 
cancer-relevant molecules (such as Wnt and 
hedgehog) in model organisms that do not 
develop spontaneous tumours41–46. Seen in 
this light, future studies that decipher the 
functional roles for previously unknown 
p53 family members in primitive animals 
and protists may lead to transformative 
discoveries.

What significant lessons might therefore 
be learnt from a deeper knowledge of p53 
evolution? We have suggested that eluci-
dating primitive functions might uncover 
hidden activities but, conversely, it is also 
plausible to consider using primitive sys-
tems as filters to highlight cancer-relevant 

elements of the network. Another unsolved 
area that seems ripe for discovery relates 
to the oncogenic nature of mutant TP53 
alleles themselves. In human cancers, TP53 
missense mutations can reside in trans to 
a deletion. This, together with other data, 
excludes a strict dominant-negative classi-
fication for at least some alleles and argues 
that the fully transformed state involves 
gain-of-function activity conferred by mis-
sense mutants47,48. However, 30 years after 
the protein was described and 20 years 
after meaningful mutations were found, the 
oncogenic activities conferred by most p53 
variants remain mysterious2. Using the par-
lance of classical genetics, the transform-
ing nature encoded by these alleles can be 
thought of as neomorphic activity. As illus-
trated in fiG. 3, this category can be further 
subdivided. For example, some neomorphic 
alleles are ‘accessorized variants’ that might 
add functionality in addition to wild-type 
activity. Others are ‘devolved variants’, with 
deranged activities that might preserve 
some wild-type functions only. And still 
others might produce new activities with 
no resemblance to wild-type functions at 
all. Given current evidence, most TP53 mis-
sense alleles are probably not accessorized 
variants, as the hyper-expression that often 
occurs in human tumours is not consist-
ently accompanied by the upregulation 
of known p53 target genes49. Therefore, it 
seems plausible that TP53 mutant alleles 
could be either devolved or unrelated vari-
ants. Consequently, if oncogenic evolution 

 Box 1 | p53 in development

Animals can live without p53. Mice, nematodes, and fruit flies lacking p53 are all viable and, to some 
degree, fertile23–25,50. However, interestingly, p53 is preserved in most of the eukaryote lineages (fiG. 1), 
and non-essential roles for p53 in development have been identified. For example, during 
embryogenesis p53 contributes to neural tube closure in mice, mesoderm specification in frogs and 
programmed cell death in flies51,52. It is also noteworthy that developmental contributions of this 
gene family may also be distributed among complex isoforms of the p63 and p73 paralogues, which 
theoretically allows compensation in certain knockout strains53. Furthermore, in vertebrate lineages 
the genes encoding p63 and p73 seem to have acquired essential developmental roles, as mice 
deficient for either of these genes are embryonic lethal48,54–56. This seems perplexing and perhaps 
counter-intuitive, as the non-essential p53-like subfamily is far more widely represented among 
disparate taxa (fiG. 1). Recent studies indicate that members of this gene family exert functions  
in germline tissues and during pregnancy12,23,40,57,58. Therefore, one possible view is that activities in 
embryonic and/or germline tissues shaped the evolutionary patterns of this gene family.

Figure 3 | hypothetical changes during phylo-
genic and oncogenic evolution of p53. Data 
indicate that a strict dominant-negative classifi-
cation for at least some mutated p53 alleles is not 
correct, and suggest that the fully transformed 
state involves gain-of-function activity conferred 
by missense mutants47,48. Possible neomorphic p53 
gene products are shown in the box. compared 
with wild-type alleles, these alleles could encode 
accessorized, devolved or entirely unrelated func-
tions. Note that some functions acquired during 
phylogenic evolution of p53 seem to be lost dur-
ing oncogenic evolution (such as p21 regulation). 
Therefore, missense p53 mutations could  
produce either devolved or unrelated variants.
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produces variants of the devolved class, 
then knowledge of primordial p53 func-
tions could be an important guide towards 
answering fundamental questions in cancer 
research.
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