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The p53 MUTATION HANDBOOK Version 1.0 02/2007



Thierry Soussi Christophe Béroud, Dalil Hamroun Jean Michel Rubio Nevado http://p53/free.fr



The p53 Mutation HandBook By T Soussi, J.M. Rubio-Nevado, D. Hamroun and C. Béroud What is the p53 Mutation HandBook? The p53 Mutation Handbook is a compilation of multiple analyses performed using information from the UMD p53 Mutation database Which release of the UMD TP53 database was used for these analyses? Except when otherwise specified, the curated version of the 2007_R1 release of the UMD p53 mutation database was used. What is the difference between the curated and uncurated version of the p53 database? The curated version of the UMD TP53 database has been purged from artefactual data known to affect p53 mutation analysis. More information can



be



found



on



(http://p53.free.fr/Database/p53_database.html)



our or



website in



our



recent



publication (Soussi, T., Asselain, B., Hamroun, D., Kato, S., Ishioka, C.,



Claustres, M. and Beroud, C. (2006) Meta-analysis of the p53 mutation database for mutant p53 biological activity reveals a methodological bias in mutation detection. Clin Cancer Res, 12, 62-69.) How were the various analyses performed? Using novel software, the entire UMD TP53 mutation database was automatically analyzed resulting in the p53 Mutation Handbook as output. What type of information can be found in the p53 Mutation HandBook? The p53 Mutation Handbook presents an analysis of TP53 mutation distribution and mutational events in the most frequent human cancers. It also contains helpful reference pages about the human p53 sequence and how each codon of the protein is mutated in human cancer. No text accompanies the various analyses The p53 mutation handbook is not intended to be a manuscript. The handbook provides crude data and figures that are open for interpretation and/or discussion by anyone. Data / figures included in this handbook can



be used and reproduced freely by anyone as long as the reference to the p53 mutation handbook is indicated. What is the reference of the p53 Mutation HandBook? T Soussi, J.M. Rubio-Nevado, D. Hamroun and C. Béroud. The p53 Mutation handbook, available online; http://p53.free.fr What is the audience for this handBook? Every scientist interested in p53 mutations or more globally in mutation analysis in human cancer. What if I need a specific analysis which is not included in this p53 Mutation handbook? Just send us an email and, if your request is feasible, the analysis will be performed and added to the handbook. You can also make suggestions via our Forum (http://p53.free.fr/Forum) What is the future of the p53 Mutation HandBook? More analyses and novel information will be added to the next version. Stay tuned!



Version History 1.1 March 2007 Modification of the CpG mutation analysis page 68 and 69 1.0 Release of the p53 Mutation HandBook, February 2007



DNA substitution mutations are of two types. Transitions are interchanges of purines (A G) or of pyrimdines (C T), which therefore involve bases of similar shape. Transversions are interchanges between purine and pyrmidine bases, which therefore involve exchange of onering and two-ring structures. Although there are twice as many possible transversions, because of the molecular mechanisms by which they are generated, transition mutations occur at higher frequency than transversions
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Spectrum of p53 mutations in various types of tumors. A predominance of the GC->AT transition at the CpG dinucleotide (colon, ovary brain, or leukemia) is the consequence of spontaneous deamination of 5-methylcytosine. A high frequency of GC->TA transversion (Lung, Head and neck or HCC) is strongly indicative of exposure to exogenous carcinogens. CpG dinucleotide mutates at a high rate because cytosine is vulnerable to deamination. Cytosines in CpG dinucleotides are often methylated, and deamination of 5methylcytosine (5mC) produces thymidine. Deamination of unmethylated cytosine produces uracil (U), which can be removed by uracil glycosylase, but 5mC deamination generates thymine (T), which cannot be processed by this enzyme. The consequence in humans is that the mutation rate from 5mC to T is 10-fold to 50-fold higher than other transitions.
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The human p53 protein consists of 393 amino acids with 5 evolutionarily conserved domains (I to V). Domains II to V correspond to the DNA binding domain which is the target for p53 mutations. 90 % of p53 mutations occur in the central region which harbors four of the five highly conserved evolutionary domains. X-ray crystallography of p53-DNA complexes shows that this region is essential for the p53-DNA interaction [Cho, 1994, #3218]. However, this distribution might be slightly biased since most investigations have focused exclusively on this region of the p53 gene. More recent studies on all the coding exons (exons 2 through 11) show that a considerable number of mutations are found in exons 4 and 10. Mutations in exons 5-8 are significantly different from those found in exons 4, 9 (see exon distribution).



Distribution of p53 mutations in the various functional domains of p53. The higher frequency of frameshift mutations between exon 2-4 and exon 5-8 domains is statistically significant (pAT
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p53 MUTATION DATABASE ANALYSIS UV INDUCED MUTATION IN SKIN CANCER MUTATIONS AT Py-Py SITES
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MUTATIONS AT DI-PYRIMIDINE SITES IN VARIOUS CANCER
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Number of polymorphisms



7



3%



Number of missense mutations



78



68%



Number of nonsense mutations



9



8%



Number of frameshift mutations



28



24%



Total number of mutations



115



100%



Number of polymorphisms



5



4%



p53 mutant frequency



Hot spot mutations Codon



WT Codon



Mutant Codon



WT AA



Mutant AA



Type



CpG



File Qty



175



CGC



CAC



Arg



His



Ts



Yes



22



248



CGG



TGG



Arg



Trp



Ts



Yes



14



245



GGC



AGC



Gly



Ser



Ts



Yes



12



273



CGT



CAT



Arg



His



Ts



Yes



12



248



CGG



CAG



Arg



Gln



Ts



Yes



8



213



CGA



TGA



Arg



Stop



Ts



Yes



7



273



CGT



TGT



Arg



Cys



Ts



Yes



6



282



CGG



TGG



Arg



Trp



Ts



Yes



6



196



CGA



TGA



Arg



Stop



Ts



Yes



5



278



CCT



TCT



Pro



Ser



Ts



No



4



Exon distribution I



II



III



EXON 2-4



IV



V



EXON 5-8



EXON 9-11



13% 10%



40%



40%



78% 20% Frameshift



Nonsense



Missense



ESOPHAGEAL ADC p53 mutation distribution I



II



III



IV



V



10 9



248



FREQUENCY (%)



8



175



7



273



6 5 4 3 2 1 0



1



31



61



91



121



151



181



211



241



271



301



331



361



391



p53 CODON p53 mutational events



60 mutation at CpG



FREQUENCY (%)



50



mutation outside CpG



40 



30 20 10 0



GC->AT



AT->GC



GC->CG



GC->TA



AT->CG



MUTATIONAL EVENTS



AT->TA



Fr.



ESOPHAGEAL SCC p53 mutation frequency Number of missense mutations



897



75%



Number of nonsense mutations



124



10%



Number of frameshift mutations



168



14%



Total number of mutations



1189



100%



Number of polymorphisms



38



3%



Number of missense mutations



288



64%



Number of nonsense mutations



46



10%



Number of frameshift mutations



114



25%



Total number of mutations



448



100%



Number of polymorphisms



29



6%



p53 mutant frequency



Hot spot mutations Codon



WT Codon



Mutant Codon



WT AA



Mutant AA



Type



CpG



File Qty



175



CGC



CAC



Arg



His



Ts



Yes



68



282



CGG



TGG



Arg



Trp



Ts



Yes



41



273



CGT



CAT



Arg



His



Ts



Yes



26



220



TAT



TGT



Tyr



Cys



Ts



No



25



248



CGG



CAG



Arg



Gln



Ts



Yes



23



248



CGG



TGG



Arg



Trp



Ts



Yes



23



179



CAT



CGT



His



Arg



Ts



No



18



273



CGT



TGT



Arg



Cys



Ts



Yes



17



176



TGC



TTC



Cys



Phe



Tv



No



14



157



GTC



TTC



Val



Phe



Tv



No



11



Exon distribution I



II



III



EXON 2-4



IV



V



EXON 5-8



EXON 9-11



14% 43%



10%



43%



14% Frameshift



24%



77% Nonsense



29%



48% Missense



ESOPHAGEAL SCC p53 mutation distribution I



II



III



IV



V



6 175 FREQUENCY (%)



5



248 273



4 3 2 1 0



1



31



61



91



121



151



181



211



241



271



301



331



361



391



p53 CODON p53 mutational events



50 mutation at CpG



FREQUENCY (%)



40 mutation outside CpG 



30 20 10 0



GC->AT



AT->GC



GC->CG



GC->TA



AT->CG



MUTATIONAL EVENTS



AT->TA



Fr.



GASTRIC CANCER p53 mutation frequency Number of missense mutations



689



84%



Number of nonsense mutations



60



7%



Number of frameshift mutations



76



9%



Total number of mutations



825



100%



Number of polymorphisms



51



6%



Number of missense mutations



260



76%



Number of nonsense mutations



21



6%



Number of frameshift mutations



59



17%



Total number of mutations



340



100%



Number of polymorphisms



35



10%



p53 mutant frequency



Hot spot mutations Codon



WT Codon



Mutant Codon



WT AA



Mutant AA



Type



CpG



File Qty



175



CGC



CAC



Arg



His



Ts



Yes



59



282



CGG



TGG



Arg



Trp



Ts



Yes



43



273



CGT



CAT



Arg



His



Ts



Yes



32



248



CGG



CAG



Arg



Gln



Ts



Yes



30



248



CGG



TGG



Arg



Trp



Ts



Yes



30



245



GGC



AGC



Gly



Ser



Ts



Yes



29



273



CGT



TGT



Arg



Cys



Ts



Yes



23



196



CGA



TGA



Arg



Stop



Ts



Yes



13



213



CGA



TGA



Arg



Stop



Ts



Yes



13



220



TAT



TGT



Tyr



Cys



Ts



No



12



Exon distribution I



II



III



EXON 2-4



IV



EXON 5-8 25%



EXON 9-11



9% 7%



42%



33% Frameshift



84% Nonsense



V



Missense



GASTRIC CANCER p53 mutation distribution I



II



8



III



IV



175



248



7 FREQUENCY (%)



V



273



6



282



5



245



4 3 2 1 0



1



31



61



91



121



151



181



211



241



271



301



331



361



391



p53 CODON p53 mutational events



60 mutation at CpG



FREQUENCY (%)



50



mutation outside CpG



40 



30 20 10 0



GC->AT



AT->GC



GC->CG



GC->TA



AT->CG



MUTATIONAL EVENTS



AT->TA



Fr.



HCC p53 mutation frequency Number of missense mutations



759



88%



Number of nonsense mutations



52



6%



Number of frameshift mutations



52



6%



Total number of mutations



863



100%



Number of polymorphisms



25



3%



Number of missense mutations



264



78%



Number of nonsense mutations



31



9%



Number of frameshift mutations



42



12%



Total number of mutations



337



100%



Number of polymorphisms



21



6%



p53 mutant frequency



Hot spot mutations Codon



WT Codon



Mutant Codon



WT AA



Mutant AA



Type



CpG



File Qty



249



AGG



AGT



Arg



Ser



Tv



No



263



273



CGT



TGT



Arg



Cys



Ts



Yes



19



157



GTC



TTC



Val



Phe



Tv



No



15



251



ATC



AAC



Ile



Asn



Tv



No



12



220



TAT



TGT



Tyr



Cys



Ts



No



9



249



AGG



ATG



Arg



Met



Tv



No



9



159



GCC



CCC



Ala



Pro



Tv



No



7



175



CGC



CAC



Arg



His



Ts



Yes



7



248



CGG



CAG



Arg



Gln



Ts



Yes



7



214



CAT



CGT



His



Arg



Ts



No



6



Exon distribution I



II



EXON 2-4



III



IV



V



EXON 5-8 18%



5%



EXON 9-11 5%



20% 40%



14%



68%



40%



90% Frameshift



Nonsense



Missense



HCC p53 mutation distribution I



II



III



IV



V



35 249 FREQUENCY (%)



30 25 20 15 10 5 0



1



31



61



91



121



151



181



211



241



271



301



331



361



391



p53 CODON p53 mutational events



50 mutation at CpG



FREQUENCY (%)



40 mutation outside CpG 



30 20 10 0



GC->AT



AT->GC



GC->CG



GC->TA



AT->CG



MUTATIONAL EVENTS



AT->TA



Fr.



HEAD AND NECK SCC p53 mutation frequency Number of missense mutations



1433



75%



Number of nonsense mutations



200



10%



Number of frameshift mutations



285



15%



Total number of mutations



1918



100%



Number of polymorphisms



66



3%



Number of missense mutations



442



66%



Number of nonsense mutations



52



8%



Number of frameshift mutations



173



26%



Total number of mutations



667



100%



Number of polymorphisms



47



7%



p53 mutant frequency



Hot spot mutations Codon



WT Codon



Mutant Codon



WT AA



Mutant AA



Type



CpG



File Qty



248



CGG



CAG



Arg



Gln



Ts



Yes



58



175



CGC



CAC



Arg



His



Ts



Yes



55



273



CGT



CAT



Arg



His



Ts



Yes



50



282



CGG



TGG



Arg



Trp



Ts



Yes



46



248



CGG



TGG



Arg



Trp



Ts



Yes



41



220



TAT



TGT



Tyr



Cys



Ts



No



33



176



TGC



TTC



Cys



Phe



Tv



No



31



273



CGT



TGT



Arg



Cys



Ts



Yes



30



205



TAT



TGT



Tyr



Cys



Ts



No



27



157



GTC



TTC



Val



Phe



Tv



No



22



Exon distribution I



II



III



EXON 2-4



IV



EXON 5-8



EXON 9-11



14%



31%



9% 47%



22% Frameshift



V



77% Nonsense



36%



33%



31% Missense



HEAD AND NECK SCC p53 mutation distribution I



II



III



IV



V



7 248 FREQUENCY (%)



6 273



5 4 175



3 2 1 0



1



31



61



91



121



151



181



211



241



271



301



331



361



391



p53 CODON p53 mutational events



40



FREQUENCY (%)



mutation at CpG



30



mutation outside CpG 



20



10



0



GC->AT



AT->GC



GC->CG



GC->TA



AT->CG



MUTATIONAL EVENTS



AT->TA



Fr.



LI-FRAUMENI SYNDROME p53 mutation frequency Number of missense mutations



148



81%



Number of nonsense mutations



19



10%



Number of frameshift mutations



16



9%



Total number of mutations



183



100%



Number of polymorphisms



0



0%



Number of missense mutations



53



71%



Number of nonsense mutations



9



12%



Number of frameshift mutations



13



17%



Total number of mutations



75



100%



Number of polymorphisms



0



0%



p53 mutant frequency



Hot spot mutations Codon



WT Codon



Mutant Codon



WT AA



Mutant AA



Type



CpG



File Qty



175



CGC



CAC



Arg



His



Ts



Yes



15



248



CGG



CAG



Arg



Gln



Ts



Yes



15



248



CGG



TGG



Arg



Trp



Ts



Yes



12



245



GGC



AGC



Gly



Ser



Ts



Yes



11



273



CGT



CAT



Arg



His



Ts



Yes



11



273



CGT



TGT



Arg



Cys



Ts



Yes



7



282



CGG



TGG



Arg



Trp



Ts



Yes



6



213



CGA



TGA



Arg



Stop



Ts



Yes



5



290



CGC



CAC



Arg



His



Ts



Yes



5



306



CGA



TGA



Arg



Stop



Ts



Yes



5



Exon distribution I



II



III



EXON 2-4



IV



EXON 5-8



EXON 9-11



8% 10%



82% Frameshift



Nonsense



V



Missense



LI-FRAUMENI SYNDROME p53 mutation distribution I



II



III



IV



V



16 248



FREQUENCY (%)



14 12



273



10 175



8 6 4 2 0



1



31



61



91



121



151



181



211



241



271



301



331



361



391



p53 CODON p53 mutational events



FREQUENCY (%)



70 60



mutation at CpG



50



mutation outside CpG 



40 30 20 10 0



GC->AT



AT->GC



GC->CG



GC->TA



AT->CG



MUTATIONAL EVENTS



AT->TA



Fr.



SKIN BCC p53 mutation frequency Number of missense mutations



231



83%



Number of nonsense mutations



35



13%



Number of frameshift mutations



13



5%



Total number of mutations



279



100%



Number of polymorphisms



24



9%



Number of missense mutations



105



82%



Number of nonsense mutations



11



9%



Number of frameshift mutations



12



9%



Total number of mutations



128



100%



Number of polymorphisms



16



13%



p53 mutant frequency



Hot spot mutations Codon



WT Codon



Mutant Codon



WT AA



Mutant AA



Type



CpG



File Qty



196



CGA



TGA



Arg



Stop



Ts



Yes



14



248



CGG



TGG



Arg



Trp



Ts



Yes



14



241



TCC



TTC



Ser



Phe



Ts



No



13



177



CCC



CTC



Pro



Leu



Ts



No



11



282



CGG



TGG



Arg



Trp



Ts



Yes



9



179



CAT



TAT



His



Tyr



Ts



No



8



248



CGG



CAA



Arg



Gln



Ts



No



8



127



TCC



TTC



Ser



Phe



Ts



No



5



152



CCG



TCG



Pro



Ser



Ts



No



5



213



CGA



TGA



Arg



Stop



Ts



Yes



5



Exon distribution I



II



III



EXON 2-4



IV



EXON 5-8 3%



31%



EXON 9-11 0% 10%



46%



23% Frameshift



V



29%



71% 87% Nonsense



Missense



SKIN BCC p53 mutation distribution I



II



III



IV



V



9



FREQUENCY (%)



8



248



7 6 5



196



177



4



241



3 2 1 0



1



31



61



91



121



151



181



211



241



271



301



331



361



391



p53 CODON p53 mutational events



80



FREQUENCY (%)



70



mutation at CpG



60



mutation outside CpG



50 



40 30 20 10 0



GC->AT



AT->GC



GC->CG



GC->TA



AT->CG



MUTATIONAL EVENTS



AT->TA



Fr.



SKIN SCC p53 mutation frequency Number of missense mutations



150



83%



Number of nonsense mutations



20



11%



Number of frameshift mutations



10



6%



Total number of mutations



180



100%



Number of polymorphisms



18



10%



Number of missense mutations



99



83%



Number of nonsense mutations



13



11%



Number of frameshift mutations



7



6%



Total number of mutations



119



100%



Number of polymorphisms



13



11%



p53 mutant frequency



Hot spot mutations Codon



WT Codon



Mutant Codon



WT AA



Mutant AA



Type



CpG



File Qty



282



CGG



TGG



Arg



Trp



Ts



Yes



9



248



CGG



TGG



Arg



Trp



Ts



Yes



8



179



CAT



TAT



His



Tyr



Ts



No



6



281



GAC



GAT



Asp



Asp



Ts



No



5



286



GAA



AAA



Glu



Lys



Ts



No



5



196



CGA



TGA



Arg



Stop



Ts



Yes



4



317



CAG



TAG



Gln



Stop



Ts



No



4



104



CAG



INS1B



Gln



Fs.



Fr



Yes



3



245



GGC



AGC



Gly



Ser



Ts



Yes



3



248



CGG



CAG



Arg



Gln



Ts



Yes



3



Exon distribution I



II



EXON 2-4



III



IV



V



EXON 5-8 4%



33%



EXON 9-11 0% 7%



33% 44% 56% 89%



33% Frameshift



Nonsense



Missense



SKIN SCC p53 mutation distribution I



II



III



IV



V



8 248



FREQUENCY (%)



7 6



273



5 4



175



3 2 1 0



1



31



61



91



121



151



181



211



241



271



301



331



361



391



p53 CODON p53 mutational events



60 mutation at CpG



FREQUENCY (%)



50



mutation outside CpG



40 



30 20 10 0



GC->AT



AT->GC



GC->CG



GC->TA



AT->CG



MUTATIONAL EVENTS



AT->TA



Fr.



MELANOMA p53 mutation frequency Number of missense mutations



84



89%



Number of nonsense mutations



5



5%



Number of frameshift mutations



5



5%



Total number of mutations



94



100%



Number of polymorphisms



15



16%



Number of missense mutations



74



88%



Number of nonsense mutations



5



6%



Number of frameshift mutations



5



6%



Total number of mutations



84



100%



Number of polymorphisms



15



18%



p53 mutant frequency



Hot spot mutations Codon



WT Codon



Mutant Codon



WT AA



Mutant AA



Type



CpG



File Qty



177



CCC



TCC



Pro



Ser



Ts



No



3



248



CGG



TGG



Arg



Trp



Ts



Yes



3



290



CGC



CAC



Arg



His



Ts



Yes



3



127



TCC



TTC



Ser



Phe



Ts



No



2



187



GGT



AGT



Gly



Ser



Ts



No



2



258



GAA



AAA



Glu



Lys



Ts



No



2



266



GGA



GAA



Gly



Glu



Ts



No



2



46



TCC



CCC



Ser



Pro



Ts



No



1



47



CCG



TCG



Pro



Ser



Ts



No



1



59



GGT



GAT



Gly



Asp



Ts



No



1



Exon distribution I



II



EXON 2-4



III



IV



V



EXON 5-8



0%



EXON 9-11



4% 5% 13%



33% 67% 0%



88% 92% Frameshift



Nonsense



Missense



MELANOMA p53 mutation distribution I



II



5



IV



177



4 FREQUENCY (%)



III



V



290



248



4 3 3 2 2 1 1 0



1



31



61



91



121



151



181



211



241



271



301



331



361



391



p53 CODON p53 mutational events



FREQUENCY (%)



70 60



mutation at CpG



50



mutation outside CpG 



40 30 20 10 0



GC->AT



AT->GC



GC->CG



GC->TA



AT->CG



MUTATIONAL EVENTS



AT->TA



Fr.



PANCREAS CARCINOMA p53 mutation frequency Number of missense mutations



294



79%



Number of nonsense mutations



19



5%



Number of frameshift mutations



57



15%



Total number of mutations



370



100%



Number of polymorphisms



14



4%



Number of missense mutations



142



72%



Number of nonsense mutations



11



6%



Number of frameshift mutations



45



23%



Total number of mutations



198



100%



Number of polymorphisms



12



6%



p53 mutant frequency



Hot spot mutations Codon



WT Codon



Mutant Codon



WT AA



Mutant AA



Type



CpG



File Qty



273



CGT



CAT



Arg



His



Ts



Yes



30



175



CGC



CAC



Arg



His



Ts



Yes



16



248



CGG



TGG



Arg



Trp



Ts



Yes



16



273



CGT



TGT



Arg



Cys



Ts



Yes



16



282



CGG



TGG



Arg



Trp



Ts



Yes



11



220



TAT



TGT



Tyr



Cys



Ts



No



10



248



CGG



CAG



Arg



Gln



Ts



Yes



8



213



CGA



CTA



Arg



Leu



Tv



No



6



132



AAG



AGG



Lys



Arg



Ts



No



4



151



CCC



TCC



Pro



Ser



Ts



No



4



Exon distribution I



II



III



EXON 2-4



IV



EXON 5-8



EXON 9-11



15% 5%



40%



60%



0%



80% Frameshift



Nonsense



V



Missense



PANCREAS CARCINOMA p53 mutation distribution I



II



III



IV



14



V



273



FREQUENCY (%)



12 10 8



248



6 175



4 2 0



1



31



61



91



121



151



181



211



241



271



301



331



361



391



p53 CODON p53 mutational events



50 mutation at CpG



FREQUENCY (%)



40 mutation outside CpG 



30 20 10 0



GC->AT



AT->GC



GC->CG



GC->TA



AT->CG



MUTATIONAL EVENTS



AT->TA



Fr.



PROSTATE CANCER p53 mutation frequency Number of missense mutations



233



86%



Number of nonsense mutations



17



6%



Number of frameshift mutations



22



8%



Total number of mutations



272



100%



Number of polymorphisms



18



7%



Number of missense mutations



133



83%



Number of nonsense mutations



12



7%



Number of frameshift mutations



16



10%



Total number of mutations



161



100%



Number of polymorphisms



13



8%



p53 mutant frequency



Hot spot mutations Codon



WT Codon



Mutant Codon



WT AA



Mutant AA



Type



CpG



File Qty



273



CGT



TGT



Arg



Cys



Ts



Yes



13



175



CGC



CAC



Arg



His



Ts



Yes



7



138



GCC



DEL1A



Ala



Fs.



Fr



Yes



6



251



ATC



AGC



Ile



Ser



Tv



No



6



273



CGT



CAT



Arg



His



Ts



Yes



6



214



CAT



CGT



His



Arg



Ts



No



5



248



CGG



TGG



Arg



Trp



Ts



Yes



5



274



GTT



TTT



Val



Phe



Tv



No



5



126



TAC



TGC



Tyr



Cys



Ts



No



4



152



CCG



CCA



Pro



Pro



Ts



Yes



4



Exon distribution I



II



III



EXON 2-4



IV



V



EXON 5-8 7% 36%



EXON 9-11 11%



6%



11%



55% 9% Frameshift



78%



87% Nonsense



Missense



PROSTATE CANCER p53 mutation distribution I



II



III



IV



V



8 273



FREQUENCY (%)



7 6 5 248



4 3



138



175



2 1 0



1



31



61



91



121



151



181



211



241



271



301



331



361



391



p53 CODON p53 mutational events



50 mutation at CpG



FREQUENCY (%)



40 mutation outside CpG 



30 20 10 0



GC->AT



AT->GC



GC->CG



GC->TA



AT->CG



MUTATIONAL EVENTS



AT->TA



Fr.



RENAL CELL CARCINOMA p53 mutation frequency Number of missense mutations



82



80%



Number of nonsense mutations



5



5%



Number of frameshift mutations



15



15%



Total number of mutations



102



100%



Number of polymorphisms



6



6%



Number of missense mutations



57



77%



Number of nonsense mutations



3



4%



Number of frameshift mutations



14



19%



Total number of mutations



74



100%



Number of polymorphisms



6



8%



p53 mutant frequency



Hot spot mutations Codon



WT Codon



Mutant Codon



WT AA



Mutant AA



Type



CpG



File Qty



244



GGC



TGC



Gly



Cys



Tv



No



8



278



CCT



CTT



Pro



Leu



Ts



No



8



176



TGC



TTC



Cys



Phe



Tv



No



3



248



CGG



CAG



Arg



Gln



Ts



Yes



3



294



GAG



TAG



Glu



Stop



Tv



No



3



173



GTG



GGG



Val



Gly



Tv



No



2



219



CCC



DEL1A



Pro



Fs.



Fr



Yes



2



248



CGG



TGG



Arg



Trp



Ts



Yes



2



249



AGG



AGT



Arg



Ser



Tv



No



2



249



AGG



ATG



Arg



Met



Tv



No



2



Exon distribution I



II



III



EXON 2-4



IV



EXON 5-8



EXON 9-11



14% 5%



81% Frameshift



Nonsense



V



Missense



RENAL CELL CARCINOMA p53 mutation distribution I



II



III



IV



9



V



244



FREQUENCY (%)



8



278 248



7 6 5 4 176



3 2 1 0



1



31



61



91



121



151



181



211



241



271



301



331



361



391



p53 CODON p53 mutational events



50 mutation at CpG



FREQUENCY (%)



40 mutation outside CpG 



30 20 10 0



GC->AT



AT->GC



GC->CG



GC->TA



AT->CG



MUTATIONAL EVENTS



AT->TA



Fr.



OSTEOSARCOMA p53 mutation frequency Number of missense mutations



138



72%



Number of nonsense mutations



20



10%



Number of frameshift mutations



33



17%



Total number of mutations



191



100%



Number of polymorphisms



2



1%



Number of missense mutations



72



63%



Number of nonsense mutations



14



12%



Number of frameshift mutations



28



25%



Total number of mutations



114



100%



Number of polymorphisms



2



2%



p53 mutant frequency



Hot spot mutations Codon



WT Codon



Mutant Codon



WT AA



Mutant AA



Type



CpG



File Qty



248



CGG



CAG



Arg



Gln



Ts



Yes



10



273



CGT



CAT



Arg



His



Ts



Yes



8



175



CGC



CAC



Arg



His



Ts



Yes



7



237



ATG



ATT



Met



Ile



Tv



No



6



282



CGG



TGG



Arg



Trp



Ts



Yes



6



242



TGC



TAC



Cys



Tyr



Ts



No



4



245



GGC



AGC



Gly



Ser



Ts



Yes



4



273



CGT



TGT



Arg



Cys



Ts



Yes



4



281



GAC



AAC



Asp



Asn



Ts



No



4



281



GAC



CAC



Asp



His



Tv



No



4



Exon distribution I



II



III



EXON 2-4



IV



EXON 5-8



EXON 9-11



14%



19%



8% 63% 19% 78% Frameshift



Nonsense



Missense



V



OSTEOSARCOMA p53 mutation distribution I



II



III



IV



V



8 248



FREQUENCY (%)



7



273



6 5 4



175



3 2 1 0



1



31



61



91



121



151



181



211



241



271



301



331



361



391



p53 CODON p53 mutational events



50 mutation at CpG



FREQUENCY (%)



40 mutation outside CpG 



30 20 10 0



GC->AT



AT->GC



GC->CG



GC->TA



AT->CG



MUTATIONAL EVENTS



AT->TA



Fr.



OVARIAN CANCER p53 mutation frequency Number of missense mutations



1074



76%



Number of nonsense mutations



115



8%



Number of frameshift mutations



219



16%



Total number of mutations



1408



100%



Number of polymorphisms



25



2%



Number of missense mutations



317



64%



Number of nonsense mutations



40



8%



Number of frameshift mutations



135



27%



Total number of mutations



492



100%



Number of polymorphisms



21



4%



p53 mutant frequency



Hot spot mutations Codon



WT Codon



Mutant Codon



WT AA



Mutant AA



Type



CpG



File Qty



175



CGC



CAC



Arg



His



Ts



Yes



71



273



CGT



CAT



Arg



His



Ts



Yes



62



248



CGG



CAG



Arg



Gln



Ts



Yes



39



220



TAT



TGT



Tyr



Cys



Ts



No



37



273



CGT



TGT



Arg



Cys



Ts



Yes



36



248



CGG



TGG



Arg



Trp



Ts



Yes



31



282



CGG



TGG



Arg



Trp



Ts



Yes



28



245



GGC



AGC



Gly



Ser



Ts



Yes



23



195



ATC



ACC



Ile



Thr



Ts



No



20



237



ATG



ATA



Met



Ile



Ts



No



20



Exon distribution I



II



III



EXON 2-4



IV



V



EXON 5-8



EXON 9-11



13% 40%



7%



23%



44%



55%



15% Frameshift



21%



79% Nonsense



Missense



OVARIAN CANCER p53 mutation distribution I



II



III



IV



V



9 273



FREQUENCY (%)



8 7 6



248



5



175



4 3 2 1 0



1



31



61



91



121



151



181



211



241



271



301



331



361



391



p53 CODON p53 mutational events



50 mutation at CpG



FREQUENCY (%)



40 mutation outside CpG 



30 20 10 0



GC->AT



AT->GC



GC->CG



GC->TA



AT->CG



MUTATIONAL EVENTS



AT->TA



Fr.



ACUTE MYELOID LEUKEMIA p53 mutation frequency Number of missense mutations



96



85%



Number of nonsense mutations



6



5%



Number of frameshift mutations



11



10%



Total number of mutations



113



100%



Number of polymorphisms



3



3%



Number of missense mutations



62



79%



Number of nonsense mutations



5



6%



Number of frameshift mutations



11



14%



Total number of mutations



78



100%



Number of polymorphisms



3



4%



p53 mutant frequency



Hot spot mutations Codon



WT Codon



Mutant Codon



WT AA



Mutant AA



Type



CpG



File Qty



248



CGG



TGG



Arg



Trp



Ts



Yes



7



273



CGT



CAT



Arg



His



Ts



Yes



5



273



CGT



TGT



Arg



Cys



Ts



Yes



4



175



CGC



CAC



Arg



His



Ts



Yes



3



220



TAT



TGT



Tyr



Cys



Ts



No



3



238



TGT



TAT



Cys



Tyr



Ts



No



3



248



CGG



CAG



Arg



Gln



Ts



Yes



3



135



TGC



AGC



Cys



Ser



Tv



No



2



172



GTT



TTT



Val



Phe



Tv



No



2



176



TGC



TAC



Cys



Tyr



Ts



No



2



Exon distribution I



II



III



EXON 2-4



IV



EXON 5-8 8%



EXON 9-11 5%



86% Frameshift



Nonsense



V



Missense



ACUTE MYELOID LEUKEMIA p53 mutation distribution I



II



III



IV



V



12 273



FREQUENCY (%)



10



248



8 6 4



175



2 0



1



31



61



91



121



151



181



211



241



271



301



331



361



391



p53 CODON p53 mutational events



50 mutation at CpG



FREQUENCY (%)



40 mutation outside CpG 



30 20 10 0



GC->AT



AT->GC



GC->CG



GC->TA



AT->CG



MUTATIONAL EVENTS



AT->TA



Fr.



BURKITT LYMPHOMA p53 mutation frequency Number of missense mutations



87



85%



Number of nonsense mutations



9



9%



Number of frameshift mutations



6



6%



Total number of mutations



102



100%



Number of polymorphisms



0



0%



Number of missense mutations



49



84%



Number of nonsense mutations



4



7%



Number of frameshift mutations



5



9%



Total number of mutations



58



100%



Number of polymorphisms



0



0%



p53 mutant frequency



Hot spot mutations Codon



WT Codon



Mutant Codon



WT AA



Mutant AA



Type



CpG



File Qty



248



CGG



CAG



Arg



Gln



Ts



Yes



10



158



CGC



CAC



Arg



His



Ts



Yes



5



175



CGC



CAC



Arg



His



Ts



Yes



4



213



CGA



TGA



Arg



Stop



Ts



Yes



4



238



TGT



TAT



Cys



Tyr



Ts



No



4



254



ATC



GAC



Ile



Asp



Ts



No



4



163



TAC



CAC



Tyr



His



Ts



No



3



213



CGA



CAA



Arg



Gln



Ts



Yes



3



237



ATG



ATA



Met



Ile



Ts



No



3



248



CGG



TGG



Arg



Trp



Ts



Yes



3



Exon distribution I



II



III



EXON 2-4



IV



EXON 5-8 6%



EXON 9-11 9%



85% Frameshift



Nonsense



V



Missense



BURKITT LYMPHOMA p53 mutation distribution I



II



III



IV



V



16 248



FREQUENCY (%)



14 12 10 8



213



6



158



4 2 0



1



31



61



91



121



151



181



211



241



271



301



331



361



391



p53 CODON p53 mutational events



60 mutation at CpG



FREQUENCY (%)



50



mutation outside CpG



40 



30 20 10 0



GC->AT



AT->GC



GC->CG



GC->TA



AT->CG



MUTATIONAL EVENTS



AT->TA



Fr.



B-CELL LYMPHOMA p53 mutation frequency Number of missense mutations



187



90%



Number of nonsense mutations



7



3%



Number of frameshift mutations



14



7%



Total number of mutations



208



100%



Number of polymorphisms



5



2%



Number of missense mutations



120



88%



Number of nonsense mutations



4



3%



Number of frameshift mutations



13



9%



Total number of mutations



137



100%



Number of polymorphisms



5



4%



p53 mutant frequency



Hot spot mutations Codon



WT Codon



Mutant Codon



WT AA



Mutant AA



Type



CpG



File Qty



248



CGG



CAG



Arg



Gln



Ts



Yes



14



273



CGT



CAT



Arg



His



Ts



Yes



9



248



CGG



TGG



Arg



Trp



Ts



Yes



7



273



CGT



TGT



Arg



Cys



Ts



Yes



6



175



CGC



CAC



Arg



His



Ts



Yes



4



196



CGA



TGA



Arg



Stop



Ts



Yes



4



282



CGG



TGG



Arg



Trp



Ts



Yes



4



158



CGC



CAC



Arg



His



Ts



Yes



3



176



TGC



GGC



Cys



Gly



Tv



No



3



220



TAT



TGT



Tyr



Cys



Ts



No



3



Exon distribution I



II



EXON 2-4



III



IV



EXON 5-8 7%



EXON 9-11 3%



90% Frameshift



Nonsense



V



Missense



B-CELL LYMPHOMA p53 mutation distribution I



II



III



IV



V



12 248



FREQUENCY (%)



10



273



8 6 4



175



2 0



1



31



61



91



121



151



181



211



241



271



301



331



361



391



p53 CODON p53 mutational events



50 mutation at CpG



FREQUENCY (%)



40 mutation outside CpG 



30 20 10 0



GC->AT



AT->GC



GC->CG



GC->TA



AT->CG



MUTATIONAL EVENTS



AT->TA



Fr.



MYELODYSPLASTIC SYNDROME p53 mutation frequency Number of missense mutations



94



85%



Number of nonsense mutations



6



5%



Number of frameshift mutations



10



9%



Total number of mutations



110



100%



Number of polymorphisms



2



2%



Number of missense mutations



55



77%



Number of nonsense mutations



6



8%



Number of frameshift mutations



10



14%



Total number of mutations



71



100%



Number of polymorphisms



2



3%



p53 mutant frequency



Hot spot mutations Codon



WT Codon



Mutant Codon



WT AA



Mutant AA



Type



CpG



File Qty



220



TAT



TGT



Tyr



Cys



Ts



No



7



273



CGT



CAT



Arg



His



Ts



Yes



7



238



TGT



TAT



Cys



Tyr



Ts



No



6



248



CGG



CAG



Arg



Gln



Ts



Yes



6



236



TAC



TGC



Tyr



Cys



Ts



No



3



237



ATG



ATA



Met



Ile



Ts



No



3



245



GGC



AGC



Gly



Ser



Ts



Yes



3



141



TGC



TAC



Cys



Tyr



Ts



No



2



173



GTG



CTG



Val



Leu



Tv



No



2



175



CGC



CAC



Arg



His



Ts



Yes



2



Exon distribution I



II



III



EXON 2-4



IV



EXON 5-8 9%



EXON 9-11 5%



86% Frameshift



Nonsense



V



Missense



MYELODYSPLASTIC SYNDROME p53 mutation distribution I



II



III



IV



V



8 220



FREQUENCY (%)



7



273



248



6



238



5 4 3 2 1 0



1



31



61



91



121



151



181



211



241



271



301



331



361



391



p53 CODON p53 mutational events



50 mutation at CpG



FREQUENCY (%)



40 mutation outside CpG 



30 20 10 0



GC->AT



AT->GC



GC->CG



GC->TA



AT->CG



MUTATIONAL EVENTS



AT->TA



Fr.



NON-HODGKIN'S LYMPHOMA p53 mutation frequency Number of missense mutations



109



95%



Number of nonsense mutations



2



2%



Number of frameshift mutations



4



3%



Total number of mutations



115



100%



Number of polymorphisms



6



5%



Number of missense mutations



78



93%



Number of nonsense mutations



2



2%



Number of frameshift mutations



4



5%



Total number of mutations



84



100%



Number of polymorphisms



6



7%



p53 mutant frequency



Hot spot mutations Codon



WT Codon



Mutant Codon



WT AA



Mutant AA



Type



CpG



File Qty



248



CGG



CAG



Arg



Gln



Ts



Yes



8



175



CGC



CAC



Arg



His



Ts



Yes



7



236



TAC



AAC



Tyr



Asn



Tv



No



3



273



CGT



CAT



Arg



His



Ts



Yes



3



273



CGT



TGT



Arg



Cys



Ts



Yes



3



132



AAG



CAG



Lys



Gln



Tv



No



2



133



ATG



ACG



Met



Thr



Ts



No



2



138



GCC



GTC



Ala



Val



Ts



No



2



141



TGC



TAC



Cys



Tyr



Ts



No



2



144



CAG



CGG



Gln



Arg



Ts



No



2



Exon distribution I



II



EXON 2-4



III



IV



EXON 5-8 4% 2%



95% Frameshift



Nonsense



Missense



V



EXON 9-11



NON-HODGKIN'S LYMPHOMA p53 mutation distribution I



II



III



IV



9



248



8 FREQUENCY (%)



V



7 175



6



273



5 4 3 2 1 0



1



31



61



91



121



151



181



211



241



271



301



331



361



391



p53 CODON p53 mutational events



60 mutation at CpG



FREQUENCY (%)



50



mutation outside CpG



40 



30 20 10 0



GC->AT



AT->GC



GC->CG



GC->TA



AT->CG



MUTATIONAL EVENTS



AT->TA



Fr.



DISTRIBUTION OF p53 MUTATION Amino acids residues are shown using both 3 or 1 letter abbreviation Yellow: codon number



White: wt codon



Light orange: 3 letter aa



light blue: 1 letter aa



The last lane shows the number of mutations found at this position in the UMD p53 database The frequency of p53 mutations is colored coded: Red: between 1 and 10 mutations Green: between 11 and 100 mutations Blue: > 100 mutations



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 ATG GAG GAG CCG CAG TCA GAT CCT AGC GTC GAG CCC CCT CTG AGT CAG GAA ACA TTT TCA Met Glu Glu Pro Gln Ser Asp Pro Ser Val Glu Pro Pro Leu Ser Gln Glu Thr Phe Ser M E E P Q S D P S V E P P L S Q E T F S 0 0 0 0 2 0 1 1 0 1 6 1 0 0 1 0 1 0 0 0



21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 GAC CTA TGG AAA CTA CTT CCT GAA AAC AAC GTT CTG TCC CCC TTG CCG TCC CAA GCA ATG Asp Leu Trp Lys Leu Leu Pro Glu Asn Asn Val Leu Ser Pro Leu Pro Ser Gln Ala Met D L W K L L P E N N V L S P L P S Q A M 1 1 0 1 1 2 1 2 2 1 1 0 3 1 5 9 4 4 1 3



41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 GAT GAT TTG ATG CTG TCC CCG GAC GAT ATT GAA CAA TGG TTC ACT GAA GAC CCA GGT CCA Asp Asp Leu Met Leu Ser Pro Asp Asp Iso Glu Gln Trp Phe Thr Glu Asp Pro Gly Pro D D L M L S P D D I E Q W F T E D P G P 2 2 3 4 2 12 20 2 5 1 7 8 12 8 2 5 2 1 4 4



61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 GAT GAA GCT CCC AGA ATG CCA GAG GCT GCT CCC CCC GTG GCC CCT GCA CCA GCA GCT CCT Asp Glu Ala Pro Arg Met Pro Glu Ala Ala Pro Pro Val Ala Pro Ala Pro Ala Ala Pro D E A P R M P E A A P P V A P A P A A P 5 11 1 2 6 2 5 11 9 2 9 CGC 8 2 4 17 4 1 3 4 Arg R 6 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 ACA CCG GCG GCC CCT GCA CCA GCC CCC TCC TGG CCC CTG TCA TCT TCT GTC CCT TCC CAG Thr Pro Ala Ala Pro Ala Pro Ala Pro Ser Trp Pro Leu Ser Ser Ser Val Pro Ser Gln T P A A P A P A P S W P L S S S V P S Q 5 13 6 11 9 4 3 7 12 3 19 7 4 6 7 8 3 6 4 17



101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 AAA ACC TAC CAG GGC AGC TAC GGT TTC CGT CTG GGC TTC TTG CAT TCT GGG ACA GCC AAG Lys Thr Tyr Gln Gly Ser Tyr Gly Phe Arg Leu Gly Phe Leu His Ser Gly Thr Ala Lys K T Y Q G S Y G F R L G F L H S G T A K 8 12 8 23 11 13 12 9 8 47 13 12 26 3 5 7 11 3 8 11



121 122 123 124 125 126 127 128 129 130 131 132 133 134 TCT GTG ACT TGC ACG TAC TCC CCT GCC CTC AAC AAG ATG TTT Ser Val Thr Cys Thr Tyr Ser Pro Ala Leu Asn Lys Met Phe S V T C T Y S P A L N K M F 6 6 3 11 24 60 44 23 17 54 34 141 40 49



135 136 137 138 139 140 TGC CAA CTG GCC AAG ACC Cys Gln Leu Ala Lys Thr C Q L A K T 208 84 32 110 41 36



141 142 143 144 145 146 147 148 149 150 TGC CCT GTG CAG CTG TGG GTT GAT TCC ACA Cys Pro Val Gln Leu Trp Val Asp Ser Thr C P V Q L W V D S T 154 41 72 92 55 104 43 28 37 32



151 CCC Pro P 210



152 153 154 155 CCG CCC GGC ACC Pro Pro Gly Thr P P G T 172 55 107 113



156 CGC Arg R 104



161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 GCC ATC TAC AAG CAG TCA CAG CAC ATG ACG GAG GTT GTG AGG CGC TGC Ala Iso Tyr Lys Gln Ser Gln His Met Thr Glu Val Val Arg Arg Cys A I Y K Q S Q H M T E V V R R C 112 51 195 66 60 58 67 66 33 37 56 66 200 77 1092 343



157 GTC Val V 229



158 CGC Arg R 264



159 160 GCC ATG Ala Met A M 117 37



177 178 179 180 CCC CAC CAT GAG Pro His His Glu P H H E 107 79 341 38



181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 CGC TGC TCA GAT AGC GAT GGT CTG GCC CCT CCT CAG CAT CTT ATC CGA GTG GAA GGA AAT Arg Cys Ser Asp Ser Asp Gly Leu Ala Pro Pro Gln His Leu Iso Arg Val Glu Gly Asn R C S D S D G L A P P Q H L I R V E G N 86 29 32 37 18 20 35 13 35 70 47 102 189 116 139 230 43 38 38 21



201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220 TTG CGT GTG GAG TAT TTG GAT GAC AGA AAC ACT TTT CGA CAT AGT GTG GTG GTG CCC TAT Leu Arg Val Glu Tyr Leu Asp Asp Arg Asn Thr Phe CGG His Ser Val Val Val Pro Tyr L R V E Y L D D R N T F Arg H S V V V P Y 30 41 36 64 158 18 23 44 77 20 57 39 R 88 84 108 35 60 41 324 327



221 222 223 224 225 226 227 228 229 230 231 232 233 234 235 236 GAG CCG CCT GAG GTT GGC TCT GAC TGT ACC ACC ATC CAC TAC AAC TAC Glu Pro Pro Glu Val Gly Ser Asp Cys Thr Thr Iso His Tyr Asn Tyr E P P E V G S D C T T I H Y N Y 39 27 18 41 24 31 27 44 42 33 23 58 29 167 56 130



241 TCC Ser S 208



242 243 244 245 TGC ATG GGC GGC Cys Met Gly Gly C M G G 198 55 227 718



237 ATG Met M 214



282 CGG Arg R 616



239 240 AAC AGT Asn Ser N S 130 70



246 247 248 249 250 251 252 253 254 255 256 257 258 259 260 ATG AAC CGG AGG CCC ATC CTC ACC ATC ATC ACA CTG GAA GAC TCC Met Asn Arg Arg Pro Iso Leu Thr Iso Iso Thr Leu Glu Asp Ser M N R R P I L T I I T L E D S 135 82 1544 573 134 96 51 37 57 84 42 57 137 67 25



261 262 263 264 265 266 267 268 269 270 271 272 273 274 275 276 277 AGT GGT AAT CTA CTG GGA CGG AAC AGC TTT GAG GTG CGT GTT TGT GCC TGT Ser Gly Asn Leu Leu Gly Arg Asn Ser Phe Glu Val Arg Val Cys Ala Cys S G N L L G R N S F E V R V C A C 22 38 19 33 46 195 65 18 38 97 83 165 1425 98 168 72 93



281 GAC Asp D 178



238 TGT Cys C 197



278 279 280 CCT GGG AGA Pro Gly Arg P G R 268 73 231



283 284 285 286 287 288 289 290 291 292 293 294 295 296 297 298 299 300 CGC ACA GAG GAA GAG AAT CTC CGC AAG AAA GGG GAG CCT CAC CAC GAG CTG CCC Arg Thr Glu Glu Glu Asn Leu Arg Lys Lys Gly Glu Pro His His Glu Leu Pro R T E E E N L R K K G E P H H E L P 103 30 200 152 65 23 30 73 28 34 34 74 23 30 21 90 27 27



301 302 303 304 305 306 307 308 309 310 311 312 313 314 315 316 317 318 319 320 CCA GGG AGC ACT AAG CGA GCA CTG CCC AAC AAC ACC AGC TCC TCT CCC CAG CCA AAG AAG Pro Gly Ser Thr Lys Arg Ala Leu Pro Asn Asn Thr Ser Ser Ser Pro Gln Pro Lys Lys P G S T K R A L P N N T S S S P Q P K K 35 23 18 12 37 130 20 12 15 9 6 10 12 10 10 13 31 7 11 12



321 322 323 324 325 326 327 328 329 330 331 332 333 334 335 336 337 338 339 340 AAA CCA CTG GAT GGA GAA TAT TTC ACC CTT CAG ATC CGT GGG CGT GAG CGC TTC GAG ATG Lys Pro Leu Asp Gly Glu Tyr Phe Thr Leu Gln Iso Arg Gly Arg Glu Arg Phe Glu Met K P L D G E Y F T L Q I R G R E R F E M 6 5 6 6 8 10 10 6 3 12 31 8 2 6 2 3 35 7 13 3



341 342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357 358 359 360 TTC CGA GAG CTG AAT GAG GCC TTG GAA CTC AAG GAT GCC CAG GCT GGG AAG GAG CCA GGG Phe Arg Glu Leu Asn Glu Ala Leu Glu Leu Lys Asp Ala Gln Ala Gly Lys Glu Pro Gly F R E L N E A L E L K D A Q A G K E P G 7 65 5 4 2 5 3 3 7 0 0 1 1 2 2 4 0 2 0 4



361 362 363 364 365 366 367 368 369 370 371 372 373 374 375 376 377 378 379 380 GGG AGC AGG GCT CAC TCC AGC CAC CTG AAG TCC AAA AAG GGT CAG TCT ACC TCC CGC CAT Gly Ser Arg Ala His Ser Ser His Leu Lys Ser Lys Lys Gly Gln Ser Thr Ser Arg His G S R A H S S H L K S K K G Q S T S R H 1 2 3 3 4 2 1 2 1 1 0 0 0 0 1 2 1 0 1 0



381 382 383 384 385 386 387 388 389 390 391 392 393 AAA AAA CTC ATG TTC AAG ACA GAA GGG CCT GAC TCA GAC Lys Lys Leu Met Phe Lys Thr Glu Gly Pro Asp Ser Asp K K L M F K T E G P D S D 1 0 0 0 1 0 1 0 0 1 0 0 0



CpG MUTATION AND LOSS OF p53 ACTIVITY POS: Codon position (1 to 393) WT: Normal base sequence of the codon in which the mutation occurred Mut: Sequence of the mutated codon WT AA: Wild type amino acid Mut: Mutant amino acid. Event: Mutational event: Number: Number of reccord in the database WAF1: ND: No mutant activity available NR: Not available Code: Polymorphism Mutant



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35



Mutation name p.Pro4Leu p.Pro4Pro p.Ser9Ser p.Val10Ile p.Val10Val p.Glu11Lys p.Asn30Asn p.Val31Ile p.Pro36Leu p.Pro36Pro p.Pro47Leu p.Pro47Pro p.Asp48Asp p.Asp49Asn p.Arg72Cys p.Arg72His p.Pro72Pro p.Val73Met p.Pro82Leu p.Pro82Pro p.Ala83Val p.Ala83Ala p.Tyr107Tyr p.Gly108Ser p.Arg110Cys p.Arg110His p.Thr125Met p.Thr125Thr p.Pro152Leu p.Pro152Pro p.Pro153Pro p.Gly154Ser p.Arg156Cys p.Arg156His p.Arg156Arg p.Val157Ile p.Arg158Cys



Pos. 4 4 9 10 10 11 30 31 36 36 47 47 48 49 72 72 72 73 82 82 83 83 107 108 110 110 125 125 152 152 153 154 156 156 156 157 158



WT CCG CCG AGC GTC GTC GAG AAC GTT CCG CCG CCG CCG GAC GAT CGC CGC CCC GTG CCG CCG GCG GCG TAC GGT CGT CGT ACG ACG CCG CCG CCC GGC CGC CGC CGC GTC CGC



Mut. CTG CCA AGT ATC GTT AAG AAT ATT CTG CCA CTG CCA GAT AAT TGC CAC CCT ATG CTG CCA GTG GCA TAT AGT TGT CAT ATG ACA CTG CCA CCT AGC TGC CAC CGT ATC TGC



WT AA Mut. AA Pro Leu Pro Pro Ser Ser Val Ile Val Val Glu Lys Asn Asn Val Ile Pro Leu Pro Pro Pro Leu Pro Pro Asp Asp Asp Asn Arg Cys Arg His Pro Pro Val Met Pro Leu Pro Pro Ala Val Ala Ala Tyr Tyr Gly Ser Arg Cys Arg His Thr Met Thr Thr Pro Leu Pro Pro Pro Pro Gly Ser Arg Cys Arg His Arg Arg Val Ile Arg Cys



Event C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T



Number 0 0 0 1 0 1 0 2 2 5 4 1 1 1 0 0 0 3 8 1 1 0 3 1 12 2 11 4 80 14 12 12 8 16 1 13 24



WAF1 39.5 NR NR 74.84 NR 67.82 NR 62.79 20.58 NR 144.03 NR NR 72 ND ND NR 72.99 62.23 NR 63.55 NR NR 14.27 10.91 33.67 14.64 NR 9.52 NR NR 11.47 23.94 18.55 NR 33.57 10.06



Code



36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82



p.Arg158His p.Arg158Arg p.Ala159Thr p.Thr170Met p.Thr170Thr p.Arg175Cys p.Arg175His p.Arg181Cys p.Arg181His p.Ser185Ser p.Asp186Asn p.Arg196Stop p.Arg196Gln p.Arg202Cys p.Arg202His p.Arg213Stop p.Arg213Gln p.Pro222Leu p.Pro222Pro p.Gly244Gly p.Gly245Ser p.Arg248Trp p.Arg248Gln p.Arg267Trp p.Arg267Gln p.Arg273Cys p.Arg273His p.Arg282Trp p.Arg282Gln p.Arg283Cys p.Arg283His p.Arg290Cys p.Arg290His p.His297His p.Glu298Lys p.Arg306Stop p.Arg306Gln p.Arg333Cys p.Arg333His p.Arg335Cys p.Arg335His p.Arg337Cys p.Arg337His p.Phe338Phe p.Glu339Lys p.Arg342Stop p.Arg342Gln p.Arg379Cys p.Arg379His



158 158 159 170 170 175 175 181 181 185 186 196 196 202 202 213 213 222 222 244 245 248 248 267 267 273 273 282 282 283 283 290 290 297 298 306 306 333 333 335 335 337 337 338 339 342 342 379 379



CGC CGC GCC ACG ACG CGC CGC CGC CGC AGC GAT CGA CGA CGT CGT CGA CGA CCG CCG GGC GGC CGG CGG CGG CGG CGT CGT CGG CGG CGC CGC CGC CGC CAC GAG CGA CGA CGT CGT CGT CGT CGC CGC TTC GAG CGA CGA CGC CGC



CAC CGT ACC ATG ACA TGC CAC TGC CAC AGT AAT TGA CAA TGT CAT TGA CAA CTG CCA GGT AGC TGG CAG TGG CAG TGT CAT TGG CAG TGC CAC TGC CAC CAT AAG TGA CAA TGT CAT TGT CAT TGC CAC TTT AAG TGA CAA TGC CAC



Arg Arg Ala Thr Thr Arg Arg Arg Arg Ser Asp Arg Arg Arg Arg Arg Arg Pro Pro Gly Gly Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg His Glu Arg Arg Arg Arg Arg Arg Arg Arg Phe Glu Arg Arg Arg Arg



His Arg Thr Met Thr Cys His Cys His Ser Asn Stop Gln Cys His Stop Gln Leu Pro Gly Ser Trp Gln Trp Gln Cys His Trp Gln Cys His Cys His His Lys Stop Gln Cys His Cys His Cys His Phe Lys Stop Gln Cys His



G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A C->T G->A G->A C->T



102 4 7 9 8 25 1102 26 30 1 3 229 7 5 8 281 39 6 0 11 420 705 838 30 13 648 759 572 22 25 17 11 24 1 5 150 1 0 1 0 1 16 86 3 0 55 3 1 1



8.78 NR 85.26 46.08 NR 61.6 12.41 26.1 34.07 NR 61.8 0 24.56 39.25 49.84 0 2.19 23.96 NR NR 0 0 0 1.68 9.75 0.91 1.01 0.55 7.18 25.27 0.46 60.02 67.3 NR 80.15 0 18.22 ND 50.76 ND 83.88 11.86 42.17 NR ND 0 62.39 48 55



CpG type I: CGN NUMBER OF MUTATIONS
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CpG type II: NCG
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CpG type III: NNC GNN
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