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Molecular dynamics 

Initial structures for molecular dynamics (MD) simulations were taken from the Protein Data 

Bank (PDB). Human p53 transactivation domain peptide (residues 17-29) and nutlin-3a were 

extracted from the PDB structures 1YCR (Kussie et al. 1996) and 4J3E (Vu et al. 2013) 

respectively and modeled onto the human HDM2
Nterm

 structure (residues 17-112) taken from 

the PDB structure 3JZR (Phan et al. 2010). Using PyMOL (DeLano 2002), the human p53 

peptide was extended by one residue at its N-terminus and then capped by acetyl and amide 

groups, while HDM2
Nterm

 was capped at its N- and C-termini by acetyl and N-methyl groups 

respectively. Complexes of HDM2
Nterm

 with lamprey p53, lamprey p53 G22L mutant and 

human p53 triple alanine mutant (F19A, W23A, L26A) peptides were generated by mutating 

the human p53 peptide to the appropriate sequence. The mutations were performed by 

keeping the peptide backbone fixed and using the tleap module of AMBER 12 (Case et al. 

2012) to add the side chains of the mutated residues. Residue protonation states were 

determined  by PDB 2PQR (Dolinsky et al. 2004). The LEaP program in the AMBER 12 

package was then used to solvate each system with TIP3P (Jorgensen et al. 1983) water 

molecules in a periodic truncated octahedron box, such that its walls were at least 10 Å (12 Å 

and 15 Å for the unbound peptides and for nutlin-3a, respectively) away from the HDM2
Nterm

 

complex and for neutralization of charges with either sodium or chloride ions. 

 

Three independent explicit-solvent MD simulations were carried out on each of the 

complexes of HDM2
Nterm

 with human p53, human p53 triple alanine mutant, lamprey p53, 

lamprey p53 G22L mutant and nutlin-3a, as well as the unbound forms of HDM2
Nterm

, p53 

peptides and nutlin-3a. Energy minimizations and MD simulations were carried out by the 



PMEMD module of AMBER 12, using the ff99SB force field (Hornak et al. 2006) for the 

protein and peptides and the generalized AMBER force field (Wang et al. 2004) for nutlin-3a. 

All bonds involving hydrogen atoms were constrained by the SHAKE algorithm (Ryckaert et 

al. 1977), allowing for a time step of 2 fs. Nonbonded interactions were truncated at 9 Å 

while electrostatic interactions were treated by the particle mesh Ewald method (Darden et al. 

1993). Energy minimization was carried out using the steepest descent algorithm for 500 

steps, followed by the conjugate gradient algorithm for another 500 steps. Each system was 

then heated gradually to 300 K over 50 ps at constant volume before equilibration at a 

constant pressure (1atm) for another 50 ps. Weak harmonic positional restraints with a force 

constant of 2.0 kcal mol
-1

 Å
-2

 were imposed on the heavy atoms of the solute during the 

minimization and these two equilibration steps. Subsequent unrestrained equilibration (2 ns) 

and production (100 ns) runs were carried out at 300 K and 1 atm. The temperature was 

maintained using a Langevin thermostat (Izaguirre et al. 2001) with a collision frequency of 2 

ps
-1

 while the pressure was maintained by a Berendsen barostat (Berendsen et al. 1984) with a 

pressure relaxation time of 2 ps. 

 

Binding free energy calculations  

Binding free energies for HDM2
Nterm complexes were calculated with the molecular 

mechanics/generalized Born surface area (MM/GBSA) method (Srinivasan et al. 1998). All 

programs used for MM/GBSA calculations are from AMBER 12. 200 equally-spaced 

snapshot structures were extracted from the last 10-30 ns of each of the trajectories, 

depending on when equilibration of the systems occurred (determined from their root mean 

square deviation plots), and their molecular mechanical energies calculated with the sander 

module. The polar contribution to the solvation free energy was calculated by the pbsa (Luo 

et al. 2002) program using the modified generalized Born (GB) model described by Onufriev 



et al. (Onufriev et al. 2004) while the nonpolar contribution was estimated from the solvent 

accessible surface area (SASA) using the molsurf (Connolly 1983) program with γ = 0.0072 

kcal Å
-2

 and β set to zero. The nmode program was used to estimate entropies (Brooks et al. 

1995). Due to its computational expense, only 50 equally-spaced snapshots from the 

equilibrated portion of the trajectories were used for entropic analysis. Replica exchange MD 

simulations were carried out on the free peptides using standard protocols (Lama et al. 2013).  

 

Binding free energy decomposition 

The contribution of each peptide residue to the binding free energy was computed using the 

free energy decomposition method (Gohlke et al. 2003) on the same 200 snapshot structures 

used for MM/GBSA analysis. Similar to the MM/GBSA calculations, the molecular 

mechanical energies and polar contribution to solvation free energy were computed by the 

sander module and pbsa program using the modified GB model described by Onufriev et al. 

(Onufriev et al. 2004) respectively. The nonpolar contribution to solvation free energy was 

estimated from the SASA using the ICOSA method (Rarey et al. 1996). 

 

Bio-layer Interferometry (BLI) assay 

The affinity of HDM2
Nterm

 binding to the Lamprey peptides was determined using the BLItz 

(ForteBio, USA) system. The purified HDM2
Nterm

 proteins were buffer exchanged into the 

kinetics buffer (PBS + 0.05% Tween-20) prior to the experiment. Biotinylated human and 

lamprey peptides were immobilized at a concentration of 2.5µM on the streptavidin 

biosensors (ForteBio) which were pre-hydrated in PBS + 5% DMSO for at least 10 minutes. 

The unbound biotinylated peptides were washed off in the same buffer. The loaded sensors 

were equilibrated in the kinetics buffer before immersing them into the various titrations of 

HDM2
Nterm

 (3x serial dilutions from 250µM) over 120 seconds and then immersed into the 



kinetics buffer for dissociation. A blank uncoated sensor reference (without biotinylated 

peptide) was carried out in 250µM HDM2
Nterm

 to ensure no/low binding of HDM2
Nterm

 to the 

uncoated sensor and a coated sample reference (peptide but without HDM2
Nterm

 protein) was 

measured as a background binding control. Data analysis was performed using a global fit in 

the BLItz Pro software to calculate the KD value. 

Amino acid sequence similarity (Table 1) 

The amino acid sequence similarities between human and lamprey proteins were determined 

using pairwise sequence alignment tools (http://www.ebi.ac.uk/Tools/psa/emboss_needle/) 

(Rice et al. 2000; Li et al. 2015). 

 

http://www.ebi.ac.uk/Tools/psa/emboss_needle/


Table S1. Computed binding free energies (kcal/mol) of HDM2
Nterm

 complexes. 

Ligand Peptide sequence, if applicable ΔHbind  TΔSbind  ΔGbind  

nutlin-3a N.A. -82.36 -24.08 -58.29 

Hp53
16-29

 Ac-QETFSDLWKLLPEN-NH2 -80.39 -37.21 -43.18 

Hp53
16-29(AAA)

 Ac-QETASDLAKLAPEN-NH2 -79.30 -40.37 -38.92 

Lp53
12-25

 Ac-VDDFDRVWQGGVGL-NH2 -80.61 -40.81 -39.80 

Lp53
12-25(G22L)

 Ac-VDDFDRVWQGLVGL-NH2 -85.63 -37.48 -48.15 

 

 

 

Table S2. Experimental determination of binding affinities for peptide and HDM2
Nterm

 

complexes 

Peptide Sequence KD (µM)
A
 KD (µM)

B
 

Hp53
16-29

 QETFSDLWKLLPEN 2.7 ± 0.5 1.3 

Hp53
16-29(AAA)

 QETASDLAKLAPEN nd nd 

Lp53
12-25

 VDDFDRVWQGGVGL nd nd 

Lp53
12-25(G22L)

 VDDFDRVWQGLVGL 41 ± 3 33  

A
 determined by Fluorescence Anisotropy. Data are averages of at least four replicates ± SEM.  

B
 determined by Bio-layer Interferometry (BLI) assay.  

nd = not determined due difficulty fitting curve to weak binding data 

 

 

 

 



Table S3. Peptides synthesized for Fluorescence Anisotropy and Bio-layer Interferometry 

(BLI) assay 

 

Peptide Sequence Organism Reference 

sequence 

Literature 

reference 

FAM-12.1 5(6)-FAM-RFMDYWEGL-NH2 Human - (Bottger et al. 

1997) 

Hs-p53
16-29

 Ac-QETFSDLWKLLPEN-NH2  NP_000537.3  

 Biotin-SGSG-

QETFSDLWKLLPEN-NH2 

   

Hs-p53
16-29(AAA)

 Ac-QETASDLAKLAPEN-NH2    

 Biotin-SGSG-

QETASDLAKLAPEN-NH2 

   

Lj-p53
12-25

 Ac-VDDFDRVWQGGVGL-NH2 Lamprey KT960978  

 Biotin-SGSG-

VDDFDRVWQGGVGL-NH2 

   

Lj-p53
12-25(G22L)

 Ac-VDDFDRVWQGLVGL-NH2    

 Biotin-SGSG-

VDDFDRVWQGLVGL-NH2 

   

5(6)FAM = mixed isomers 5-(and 6-)carboxyfluoresceine; Ac = acetyl; NH2 = amide 

 

 



Table S4. Details of plasmids used in this study 
 

Plasmid Amino Acids Tag Vector N’/C’ Organism Reference 

sequence 

Literature 

reference 

Hs-p53 1-393 - pcDNA3 - Human NP_000537.3  

Hs-p53 1-393 3xFLAG 

6xHIS 

pCI-neo N’   (Coffill et 

al. 2012) 

Hs-p53 1-355 - pcDNA3 -    

HDM2 1-491 - pCMV -  Q00987  

HDM2
Nterm

 1-125 HA pcDNA3 C’    

GST-HDM2 
Nterm 

1-125 or 6-125 GST-

precision 

pGEX-

6P-1 

N’   (Bottger et 

al. 1997; 

Brown et 

al. 2013; 

Chee et al. 

2014) 

Hs-RPL11 1-178 FLAG pcDNA3 N’  NP_000966.2  

Hs-RPL5 1-297 FLAG pcDNA3 N’  NP_000960.2  

Lj-p53 1-428 3xFLAG 

6xHIS 

pCI-neo N’ Lamprey KT960978  

Lj-p53 1-428 FLAG pcDNA3 N’    

Lj-p53(G22L) 1-428 (G22L) FLAG pcDNA3 N’    

Lj-p53 1-390 FLAG pcDNA3 N’    

Lj-Mdm2 1-603 HA pXJ40 N’  KT960981  

Lj-

Mdm2(C464A) 

(human #) 

1-603(C576A) 

 

HA pXJ40 N’    

Lj-Mdm2 1-603 HA pCMV C’    

Lj-Mdm2 1-603 HA pcDNA3 C’    

Lj-Mdm2
Nterm

 1-106 HA pcDNA3 C’    

Lj-Mdm4 1-280 myc pCMV N’  KT960982  
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Figure S1. Alignment of p53 

Alignment of p53 protein sequences from lamprey (GenBank accession number KT960978); 

elephant shark (Eshark) (G9J1L8); zebrafish (P79734); Xenopus laevis (frog) (P07193); 

chicken (P10360); mouse (NP_035770.2) and human (P04637). Alignments were carried out 

using Clustal Omega (Goujon et al. 2010; Sievers et al. 2011) and Jalview (Waterhouse et al. 

2009). 

 

Figure S2. Isoforms of p53 

Alignment of p53 isoform protein sequences from human (Hs), zebrafish (Dr) and lamprey 

(Lj): Hs-p53 (P04637); Hs-40p53 (NP_001119590.1); Hs-133p53 (NP_001119587.1); Hs-

160p53 (NP_001263626.1); Dr-p53 (P79734); Dr-18p53 (see (Davidson et al. 2010)); Dr-

113p53 (see (Marcel et al. 2011)); Lj-p53 (KT960978); Lj-27p53; Lj-30p53; Lj-108p53. 

 

Figure S3. Synteny of Tp53, Tp63 and Tp73 genes 

Tp53, Tp63 and Tp73 gene loci in human, coelacanth and lamprey. Genes that are colored 

indicate genes that show conserved synteny. The orientation of the pentagons (genes) denotes 

the direction of transcription and circles represent end of scaffold. 

 

Figure S4. Intron positions of Lj-p53, Lj-p63 and Lj-p73 

Alignment of Lj-p53, Lj-p63 and Lj-p73 proteins indicating the positions of introns. The 

alignment was generated using Clustal Omega. The phase of each intron is indicated by color: 

yellow (phase 0), green (phase 1), red (phase 2). 

 

Figure S5. Alignment of p63 

Alignment of p63 protein sequences from lamprey (GenBank accession number KT960979); 

elephant shark (Eshark) (G9J1L9); zebrafish (A7YYJ7); Xenopus tropicalis (frog) (F6ZGN7); 

chicken (F1N8Z7); mouse (O88898) and human (Q9H3D4).  

 

Figure S6. Alignment of p73 

Alignment of p73 protein sequences from lamprey (GenBank accession number KT960980) 

elephant shark (Eshark) (G9J1M0); zebrafish (B0S576); Xenopus tropicalis (frog) (F6TKT0); 

chicken (XP_417545.3); mouse (Q9JJP2) and human (O15350). 

 

Figure S7. Gene structure of Tp63 and Tp73 

Gene structure and isoforms of Lj-Tp63 (A) and Lj-Tp73 (B). Coding exons are designated by 

open boxes and non-coding exons by shaded boxes. The transcription start site is indicated by 

an arrow. The sizes of 5’ introns are labelled in (A). The longest isoform of Tp63 has an 

alternative 5’ splice site at the first intron compared with the other two shorter isoforms. The 

figure is not drawn to scale. 

 

Figure S8. Isoforms of p63 

Alignment of p63 isoform protein sequences from human (Hs) and lamprey (Lj): Hs-TAp63 

(NP_003713.3); Hs-TAp63 (NP_001108450.1); Hs-TAp63 (NP_001108451.1);  

Hs-Np63 (NP_001108452.1); Hs-Np63 (NP_001108453.1); Hs-Np63 

(NP_001108454.1); Lj-p63_A (KT960979); Lj-p63_B and Lj-p63_C. 

 



Figure S9. Alignment of Mdm2 

Alignment of Mdm2 protein sequences from lamprey (GenBank accession number 

KT960981) elephant shark (Eshark) (G9J1M1); zebrafish (Q561Z0); Xenopus laevis (frog) 

(P56273); chicken (F1NGX6); mouse (P23804) and human (Q00987). 

 

Figure S10. Alignment of Mdm RING 

Alignment of Mdm2 and Mdm4 protein sequences with HMD2 (Q00987); HDM4 (O15151);  

Lj-Mdm2 (KT960981) and Lj-Mdm4 (KT960982). Arrows denote the amino acid residues 

required for either p53 ubiquitination and/or degradation (Fang et al. 2000; Dolezelova et al. 

2012). 

 

Figure S11. Alignment of Mdm4 

Alignment of Mdm4 protein sequences from lamprey (GenBank accession number 

KT960982) elephant shark (Eshark) (G9J1M2); zebrafish (Q7ZUW7); Xenopus tropicalis 

(frog) (B5DFR1); chicken (E1C4B0); mouse (O35618) and human (O15151). 

 

Figure S12. Synteny of Mdm2 and Mdm4 genes 

Mdm2 and Mdm4 gene loci in human, coelacanth, elephant shark and lamprey. Genes that are 

colored indicate genes that show conserved synteny. The orientation of the pentagons (genes) 

denotes the direction of transcription and circles represent end of scaffold. 

 

Figure S13. Averaged binding free energy contributions of peptide residues in the complexes 

of HDM2
Nterm

 with Hs-p53
16-29

 (blue), Lj-p53
12-25

 (red) and Lj-p53
12-25(G22L)

 mutant (black). 

 

Figure S14. Snapshots of free peptides from Replica exchange molecular dynamics 

simulations.  

 

Figure S15. 

(A) Western blot showing in vitro translation (IVT) and immunoprecipitation (IP) of lamprey 

p53 (top panel) by Lj-Mdm2, which were used as bait. Input levels can be seen in the lower 

panel. (B) Western blot of Lj-p53 levels following co-transfection with various Lj-Mdm2 

expressing constructs. Lanes: (1) Lj-p53; (2) Lj-p53 with MG132; (3) Lj-p53 + HA-Lj-Mdm2; 

(4) Lj-p53 + HA-Lj-Mdm2 with MG132; (5) Lj-p53 + Lj-Mdm2-HA; (6) Lj-p53 + Lj-Mdm2-

HA with MG132; (7) Lj-p53 + Lj-Mdm2-HA + myc-Lj-Mdm4; (8) Lj-p53 + Lj-Mdm2-HA + 

myc-Lj-Mdm4 with MG132; (9) Lj-p53 9 + myc-Lj-Mdm4; (10) Lj-p53 + myc-Lj-Mdm4 

with MG132. Lj-Mdm2 levels can be seen in the upper panel and the loading control can be 

found in the lower panel. 

 

Figure S16. 

(A) A surface presentation (pink) of the human crystal structure of HDM2
Nterm

 (residues 25–

109) in complex with Nutlin (B) A surface presentation (green) of a homology model of the 

p53-binding region of Lj-Mdm2
Nterm

, in complex with Nutlin. Models were generated based 

on the HDM2
Nterm

 structure (residues 17-112) from the PDB structure 3JZR (Phan et al. 

2010). 
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58
45
31
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-------MEGTAPGNMGCVDDFDRVWQGGVGLLDMMDMYNMINPDLE-SSPFDNLPMPDSESALLD-
-------MEDELLEEPLSQETFGDLWNQLD--F--------PP--I---RAEETLPWPNVDPGWGDS
-------------MAQNDSQEFAELWEKNLIIQ--------PP--G---GG----------SCWDII
----MEPSSETGMDPPLSQETFEDLWSLLP--D--------PL--Q---TVTCRLDNLSEFPDYPLA
---MAE----EMEPLLEPTEVFMDLWSMLPYSM--------QQ-----------LPLPEDHSNWQEL
MTAMEESQSDISLELPLSQETFSGLWKLLPPED--------ILPSP--HCMDD-LLLPQDVEEFFE-
---MEEPQSDPSVEPPLSQETFSDLWKLLPENN--------VLSPLPSQAMDDLMLSPDDIEQWFTE

59
46
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49
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56
57

105
112
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-------------------LQPPCELPACPT-FNAPIAGPSIPSTDDYPGSLSFHLSWQQCSIAKSA
ALEELNRVWLVTGETSGGYTEPLGPAQVQPPAEPPVLTTSAVPSITDYAGPHNFQLLFQQFSTAKSV
NDEE-----YLPGSFDPNFFENVLEEQPQPST---LPPTSTVPETSDYPGDHGFRLRFPQSGTAKSV
AD------MTVLQE---G----------LMGNAVPTVTSCAVPSTDDYAGKYGLQLDFQQNGTAKSV
SPLEPS-DPPPPPPPPPLPLAAAAPPPLNPPTPPRAAPSPVVPSTEDYGGDFDFRVGFVEAGTAKSV
--GPSE-ALRVSGAPAAQDPVTETPGPVAPAPATPWPLSSFVPSQKTYQGNYGFHLGFLQSGTAKSV
DPGPDE-APRMPEAAPPVAPAPAAPTPAAPAPAPSWPLSSSVPSQKTYQGSYGFRLGFLHSGTAKSV
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TWTYSPDLNKLYCQIGKTCPVQLRVATPVPSGCAVRAMPVYKKADHLTEVVKRCPNHEISKEFNDGN
TNTYSTSLTKLFCQIAKTCPIQVKVSSPPPPGSVIRATAVYKKSEHVAEVVKRCPHHERCPDFN--D
TCTYSPDLNKLFCQLAKTCPVQMVVDVAPPQGSVVRATAIYKKSEHVAEVVRRCPHHERTPD-G--D
TCTYSPELNKLFCQLAKTCPLLVRVESPPPRGSILRATAVYKKSEHVAEVVKRCPHHERSVEPG--E
TCTYSPVLNKVYCRLAKPCPVQVRVGVAPPPGSSLRAVAVYKKSEHVAEVVRRCPHHERCGGGT--D
MCTYSPPLNKLFCQLAKTCPVQLWVSATPPAGSRVRAMAIYKKSQHMTEVVRRCPHHERCSDG---D
TCTYSPALNKMFCQLAKTCPVQLWVDSTPPPGTRVRAMAIYKQSQHMTEVVRRCPHHERCSDS---D

173
178
155
162
173
184
187

239
244
221
228
239
250
253

NLAPPSHLIRVEGSVQADYVDDQNTGRQSVRLPYEPPQVGTDFSTVLLNFMCNSSCVGGMNRRPISV
GLAPPSHLIRVEANSLARYHDDEHSKRQSVVLPYEEPQVGSECSTVLYNYMCNSSCMGGMNRRPILT
NLAPAGHLIRVEGNQRANYREDNITLRHSVFVPYEAPQLGAEWTTVLLNYMCNSSCMGGMNRRPILT
DAAPPSHLMRVEGNLQAYYMEDVNSGRHSVCVPYEGPQVGTECTTVLYNYMCNSSCMGGMNRRPILT
GLAPAQHLIRVEGNPQARYHDDETTKRHSVVVPYEPPEVGSDCTTVLYNFMCNSSCMGGMNRRPILT
GLAPPQHLIRVEGNLYPEYLEDRQTFRHSVVVPYEPPEAGSEYTTIHYKYMCNSSCMGGMNRRPILT
GLAPPQHLIRVEGNLRVEYLDDRNTFRHSVVVPYEPPEVGSDCTTIHYNYMCNSSCMGGMNRRPILT

240
245
222
229
240
251
254

306
295
272
277
284
300
303

IITLEASDGQVLGRRSFEARICACPGRDRKSDEENLRKQEREQEREQQGPARVTPPPPPPPLAVNGG
IITLETPDGRLVGRRCFEVRVCACPGRDRRYEEENQRKQCEKLTVKRS----------------IKE
IITLETQEGQLLGRRSFEVRVCACPGRDRKTEESNFKKDQETKTMAKT----------------TTG
IITLETPQGLLLGRRCFEVRVCACPGRDRRTEEDNYTKKRGLKPS--G----------------KRE
ILTLEGPGGQLLGRRCFEVRVCACPGRDRKIEEENFRKRGGAG----------------------GV
IITLEDSSGNLLGRDSFEVRVCACPGRDRRTEEENFRKKEVLCPELPP-----------------GS
IITLEDSSGNLLGRNSFEVRVCACPGRDRRTEEENLRKKGEPHHELPP-----------------GS

307
296
273
278
285
301
304

373
332
319
318
326
340
343

IRSSLVLPASGQITLSSDSEGPSVRVFTGKRLRKAHYLATKRSRPDEKEELFLIPVRGRENYELLLH
----VSQPT--VS------TEP--------------S----KRKLSSDTEVFTLQVTGRERYETLKQ
TKRSLVKESSSAT------LRP--------------EGSKKAKGSSSDEEIFTLQVRGRERYEILKK
----LAHPP--SS------EPP--------------LPKKRLVVVDDDEEIFTLRIKGRSRYEMIKK
AKRAMSPPT-----------EA--------------PEPPKKRVLNPDNEIFYLQVRGRRRYEMLKE
AKRALPTCT-----------SA--------------SPPQKKK--PLDGEYFTLKIRGRKRFEMFRE
TKRALPNNT-----------SS--------------SPQPKKK--PLDGEYFTLQIRGRERFEMFRE

374
333
320
319
327
341
344

428
387
373
363
367
390
393

LKESLEMKQLVPQQAMETYRQQQLHQ---------QQQLVPRIM-KALVKKEHMDKKEDKSPPEK
INESLEVQELVPASVVQ-ACRQQHKLRLKAAHKKESSASEPKKGRKLPLKDEVDSE---------
LNDSLELSDVVPASDAEK-YRQK---FMTKNKKENRESSEPKQGKKLMVKDEGRSDSD-------
LNDALELQESLDQQKVTIKCR------------KCRDEIKPKKGKKLLVKDEQPDSE--------
INEALQLAEGGSAPRPSKGRR-------VK-----VEGPQPSCGKKLLQKG--SD----------
LNEALELKDAHATEESGDSRA-------HSSYLKTKKGQSTSRHKKTMVKKVGPDSD--------
LNEALELKDAQAGKEPGGSRA-------HSSHLKSKKGQSTSRHKKLMFKTEGPDSD--------

Coffill and Lee et al. Fig S1



Hs-p53
Hs-∆40p53
Hs-∆133p53
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Dr-p53
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Dr-∆18p53
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Lj-p53
Lj-∆27p53
Lj-∆30p53
Lj-∆108p53

1
1

1
1

1
1
1

60
21

33
48

50
23
20

MEEPQSDPSVEPPLSQETFSDLWKLLPENNV----LSPLPSQAMDDLMLSPDDIEQWFTEDPGP
-------------------------------------------MDDLMLSPDDIEQWFTEDPGP
----------------------------------------------------------------
----------------------------------------------------------------
----------------------------MAQNDSQEFAELWEKNLI-IQPPGGGSCWDIIND--
-------------MHLSNVLFIWSSLYELQQINTNFSLFLFNCLRS-IQPPGGGSCWDIIND--
----------------------------------------------------------------
MEGTA----PGNMGCVDDFDRVWQGGVGLLD---------MMDMYNMI-NPDLESSPFDNLPMP
----------------------------------------MMDMYNMI-NPDLESSPFDNLPMP
-------------------------------------------MYNMI-NPDLESSPFDNLPMP
----------------------------------------------------------------

61
22

34
49

51
24
21
1

124
85

92
107

107
80
77
10

DEAPRMPEAAPPVAPAPAAPTPAAPAPAPSWPLSSSVPSQKTYQGSYGFRLGFLHSGTAKSVTC
DEAPRMPEAAPPVAPAPAAPTPAAPAPAPSWPLSSSVPSQKTYQGSYGFRLGFLHSGTAKSVTC
----------------------------------------------------------------
----------------------------------------------------------------
--EEYLPGSFDPNF---FENVLEEQPQPSTLPPTSTVPETSDYPGDHGFRLRFPQSGTAKSVTC
--EEYLPGSFDPNF---FENVLEEQPQPSTLPPTSTVPETSDYPGDHGFRLRFPQSGTAKSVTC
----------------------------------------------------------------
DSESALLDLQP-PCELPACPTFNAP------IAGPSIPSTDDYPGSLSFHLSWQQCSIAKSATW
DSESALLDLQP-PCELPACPTFNAP------IAGPSIPSTDDYPGSLSFHLSWQQCSIAKSATW
DSESALLDLSP-PCELPACPTFNAP------IAGPSIPSTDDYPGSLSFHLSWQQCSIAKSATW
------------------------------------------MGGDLC------------FYLF

125
86
1
1
93
108
1

108
81
78
11

185
146
53
26
153
168
41
171
144
141
74

TYSPALNKMFCQLAKTCPVQLWVDSTPPPGTRVRAMAIYKQSQHMTEVVRRCPHHERC---SDS
TYSPALNKMFCQLAKTCPVQLWVDSTPPPGTRVRAMAIYKQSQHMTEVVRRCPHHERC---SDS
--------MFCQLAKTCPVQLWVDSTPPPGTRVRAMAIYKQSQHMTEVVRRCPHHERC---SDS
-----------------------------------MAIYKQSQHMTEVVRRCPHHERC---SDS
TYSPDLNKLFCQLAKTCPVQMVVDVAPPQGSVVRATAIYKKSEHVAEVVRRCPHHERT---PDG
TYSPDLNKLFCQLAKTCPVQMVVDVAPPQGSVVRATAIYKKSEHVAEVVRRCPHHERT---PDG
--------------------MVVDVAPPQGSVVRATAIYKKSEHVAEVVRRCPHHERT---PDG
TYSPDLNKLYCQIGKTCPVQLRVATPVPSGCAVRAMPVYKKADHLTEVVKRCPNHEISKEFNDG
TYSPDLNKLYCQIGKTCPVQLRVATPVPSGCAVRAMPVYKKADHLTEVVKRCPNHEISKEFNDG
TYSPDLNKLYCQIGKTCPVQLRVATPVPSGCAVRAMPVYKKADHLTEVVKRCPNHEISKEFNDG
QYSPDLNKLYCQIGKTCPVQLRVATPVPSGCAVRAMPVYKKADHLTEVVKRCPNHEISKEFNDG

Coffill and Lee et al. Fig S2



Human chr17

TP53 ATP1B2 SHBG FXR2 SOX15 MPDU1WRAP53EFNB3DNAH2KDM6BTMEM88

Human chr1

TP73 CCDC27 SMIM1 LRRC47 CEP104 DFFBWRAP73TPRG1LMEGF6ARHGEF16PRDM16

Elephant shark Scaffold_93

TP73WRAP73TPRG1LMEGF6ARHGEF16PRDM16 DHDH PRKCZ SKI MORN1 RER1

Human chr3

TP63 LEPREL1 CLDN1 CLDN16 TMEM207 IL1RAPTPRG1LPPBCL6RTP2SST

TP53 locus

TP63 locus

TP73 locus

Jlamprey Scaffold_21

TP63TRMT44ACOX3ENTPD2ENTPD3HTRA1 TTC36 ADAM9 LOXL2 DMBT1 TTC31

Jlamprey Scaffold_926

TP73BCL6

Jlamprey Scaffold_216

KIF17 SRRT-A MPC2 GPR153TP53 MLF2 LEPRE1

Coelacanth Scaffold_JH127111

TP53 IRS4 AGFG2 CAMTA2 SPAG7DDX47LPPBCL6BSLC16A13TSC22D4

TP63 P3H2 CLDN1 HTR3E CLDN16 IL1RAPTPRG1LPPBCL6SST

Coelacanth Scaffold_JH126687

ENO3

Coffill and Lee et al. Fig S3



Lamprey_p53 -----------------------------MEGTAPGNMGCVDDFDRVWQGGVGLLDMMDM 

Lamprey_p63 MDSSPPIEDLLSQDTMQLIYNDITSGNSMLSIDNVDLRFDESPGSKLQINMEVLQMENKN 

Lamprey_p73 ---------------------------------------------MLYVSNTSQAQYGGP 

                                                               :  . 

 

Lamprey_p53 ------------------------------------------------------------ 

Lamprey_p63 HCEAFSDIPENVSQQPVSTFPTYMQQQQQQPDSGIAQQQYNEHQYFGDESWCENQGLSCI 

Lamprey_p73 QYTTL------------------------------------------------------- 

 

 

Lamprey_p53 ---------YNMINPDLESSPFDNLPMPDSESALLDLQPPCELPAC----PTFNAPIAGP 

Lamprey_p63 -APMVA------------NSTAGFCPS--------TEPILCGPMVSPSLPLEMPGQLYGS 

Lamprey_p73 LGPVSAAGVQGAPRMERGGSPFGSEPGG-----PLASPSPY-AQPS----STYEAASPAA 

                                   .*. .  *                   .        .   .. 

 

Lamprey_p53 SIPSTDDYPGSLSFHLSWQQCSIAKSATWTYSPDLNKLYCQIGKTCPVQLRVA--TPVPS 

Lamprey_p63 TIPSNTDYKGPFNFTVNFSPSSTAKSATWTFSTKLKKLYCQMSKICPAEIRTS--TLPPQ 

Lamprey_p73 AIPSITDYPGPHGFDVSFQQSSTAKSATWTYSPDLKKLYCQIAKTCPIQFKVLSVPPPPA 

                 :***  ** *. .* :.:. .* *******:*..*:*****:.* ** :::.   .  *  

 

Lamprey_p53 GCAVRAMPVYKKADHLTEVVKRCPNHEISKEFNDGNNLAPPSHLIRVEGSVQADYVDDQN 

Lamprey_p63 GTIIRIMAMFKKSEHISEVVRRCPTHQQSPELNHG-SIAPVTHLIRVEGNRNVRYEEHPV 

Lamprey_p73 GCVLRAMPVYKKAEHVTEVVKRCPNHELGRDFNEAGQTAPPSHLIRVEGNNHAQYAEDAV 

                 *  :* *.::**::*::***:***.*: . ::*.. . ** :*******. :. * :.   

 

Lamprey_p53 TGRQSVRLPYEPPQVGTDFSTVLLNFMCNSSCVGGMNRRPISVIITLEASDGQVLGRRSF 

Lamprey_p63 TGRQSVVMLFEFPQVGTDFTKVMFCFMCNTSCLGSMNRRPIYTILTMETLNGQVLGRFCC 

Lamprey_p73 SGRQSVVVPYDSPQVGTEFTTVLYNFMCNSSCVGGMNRRPVLIIITLETRDAQVLGRRCF 

                 :***** : :: *****:*:.*:  ****:**:*.*****:  *:*:*: :.***** .  

 

Lamprey_p53 EARICACPGRDRKSDEENLRKQEREQEREQQGPARVT--PPPPPPPLAVNG-----GI-- 

Lamprey_p63 ETRVCASPGRDKKMDEQRMQKDDQERQQQQPPSPTTQNSPTTQNSPTTQNSPTTQNAPQS 

Lamprey_p73 EARICACPGRDRKADEENFHRQQQPLDPAGGGK-----------------G-----GT-- 

                 *:*:**.****:* **:.::::::  :                       .     .    

 

Lamprey_p53 -----------------------------------RSS-LVLPASGQITLSSDSEGPSVR 

Lamprey_p63 VQQYPTLAEAETQTSQPTNQPPQAQPVEHTPQVPKSSSGSSQPPSGEPTSDTSSQ--GCK 

Lamprey_p73 -----------------------------------SAV-GGLGGPGKRPMKQGS--PGL- 

                                                     :       .*: . . .*   .   

 

Lamprey_p53 VFTGKRLRKAHYLATKRSRPDEKEE-LFLIPVRGRENYELLLHLKESLEMKQLVPQQAME 

Lamprey_p63 KVVHDMLM-IS-SNVGNKRPSDQEDIFPLLVVQGRENFEILKKIKESLELMRMLPKDTVN 

Lamprey_p73 ----------HTSSGTKKRRLGDDD-VYYVPVHGRENYEVLMKIKESLELSQFVPSGAVE 

                                 ..*   .:: .  : *:****:*:* ::*****: :::*. ::: 

 

Lamprey_p53 TYRQQQLHQQQQLVPRIMKALVKK---EHMDKKE-DKSPPEK------------------ 

Lamprey_p63 VLRNLQQKRYMMELRG-RPASLSRHGSECSQEVL--NGS---QGSSSAGVGSSSGVAQNG 

Lamprey_p73 AYRQQQQQLFQQQPCDLFPPSLPR---PCLQSQLPYPGPPLPMGPKLPSVSQFVGHGAMG 

                 . *: * :           . : :      :.     ..                       

 

Lamprey_p53 ------------------------------------------------------------ 

Lamprey_p63 LTVVEANGSNGPPRSPDGDSPPAW----PETLPDSSKPQNTISNFLKQMDCFEFLENFTS 

Lamprey_p73 TP--MLNGHTGLHGDLNGVSSTQLHLPTPTHCTPPPYSPESVASFLTRLGCVACVDFFTS 

                                                                               

 

Lamprey_p53 ------------------------------------------------------------ 

Lamprey_p63 RGLLSLQQLKNFTLQDLDKLGVPEAKRQLLLSGIQEHRVSTTIFSKTTLKRSPSEETVHL 

Lamprey_p73 QGLQYANEVAQLSPQDLEMLKIPEQYRAAIFKGILELRSPLHDYGTPSHPPPPHPLQQHQ 

                                                                               

 

Lamprey_p53 ------------------------------------------------------------ 

Lamprey_p63 SPEDDDNG----IDTKDGIRAKVFPALQASGSNLSSVS------NHSHNSGISKYIFRVH 

Lamprey_p73 QQHQQQQQQQHQQQQQQQQQHQLLQRQASGGGPLGASSAVGMVPTAELREERIIDAVHFT 

                                                                               

 

Lamprey_p53 ------------------------------------------------ 

Lamprey_p63 ARQTIYLPRSGSWGGSSSLEVPRSKMRKLSSCSDTEEEERLE------ 

Lamprey_p73 LRQTVQMPRHHDWVEYG-FDLPDGAK----RCKQQQQQQIKEEYKEVH 

                                                                  

 

Phase 0 intron 

Phase 1 intron 

Phase 2 intron 

Coffill and Lee et al. Fig S4  
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1
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20
40
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---------------------------------------------------------------M
MNSGHVECSALLTDEPTCSICGGECQRCEPLAPRWPRIPSLLVFRLADPPGRGSWLESCCHSTM
----------------------------------------------------------------
----------------------------------------------------------------
--------------------------------------------MFVETPSHFSWKESYYRSAM
--------------------MNFETSRCATL----QYCPDPYIQRFIETPAHFSWKESYYRSAM
--------------------MNFETSRCATL----QYCPDPYIQRFVETPAHFSWKESYYRSTM

2
65
1
1
21
41
41

60
126
8
8
82
102
102

DSSPPIEDLLSQDTMQLIYNDITSGNSMLSIDNVDLRF-----DESPGSKLQINMEVLQMENKN
SQGSQSSDLLNQDWFNQLFDLAA--QPVLNVQPISLSFSDELREGFPGTRIEISMDGVRMQDSE
--------------------------------------------------------MLYLETNA
--------------------------------------------------------MAYLDADS
SQSSQPREFLSPEVIQHIWDFLE--QPICSVQPIDLNFIDDPSENGPTNKIEISMDCVRLQDTE
SQSTQTSEFLSPEVFQHIWDFLE--QPICSVQPIELNFVDEPSENGATNKIEISMDCIRMQDSD
SQSTQTNEFLSPEVFQHIWDFLE--QPICSVQPIDLNFVDEPSEDGATNKIEISMDCIRMQDSD

61
127
9
9
83
103
103

118
162
43
45
119
139
139

HCEAFSDIPENVSQQPVSTFPTYMQ------QQQQQPDSGIAQQQYNEHQYFGDESWCENQGLS
PPDP--------------LWPQYTTLGLLNSIDQQMPNGSSSTSPYNE-HT-------------
PSSY--------------SEPQYTSLGLLNSMDQN--GGSTSTSPYNNDHA-------------
PLFI--------------LQPQYTNLGLLNSMEQQIQNGSSSTSPYANDHA-------------
LSDP--------------MWPQYTNLGLLNSMDQQIQNGSSSTSPYNTEHA-------------
LSDP--------------MWPQYTNLGLLNSMDQQIQNGSSSTSPYNTDHA-------------
LSDP--------------MWPQYTNLGLLNSMDQQIQNGSSSTSPYNTDHA-------------

119
163
44
46
120
140
140

182
209
90
92
166
186
186

CIAPMVANSTAGFCPSTEPILCGPMVSPSLPLEMPGQLYGSTIPSNTDYKGPFNFTVNFSPSST
------SNNVTA---------PSPYAQPSSTF--DTLSPSPAIPSNTDYPGPHGFDVSFQQSST
------QNNVTA---------PSPYAQPSSTF--EALSPSPAIPSNTDYAGPHTFDVSFQQSST
------QNSVTA---------PSPYAQPSSTF--DALSPSPAIPSNTDYPGPHSFDVSFQQSST
------QNSVTA---------PSPYAQPSSTF--DALSPSPAIPSNTDYPGPHSFDVSFQQSST
------QNSVTA---------PSPYAQPSSTF--DALSPSPAIPSNTDYPGPHSFDVSFQQSST
------QNSVTA---------PSPYAQPSSTF--DALSPSPAIPSNTDYPGPHSFDVSFQQSST

183
210
91
93
167
187
187

246
273
154
156
230
250
250

AKSATWTFSTKLKKLYCQMSKICPAEIRTSTLPPQGTIIRIMAMFKKSEHISEVVRRCPTHQQS
AKSATWTYSPELKKLYCQIAKTCPIQIKVMTQPPAGAVVRAMPVYKKAEHVTEVVKRCPNHELS
AKSATWTYSTELKKLYCQIAKTCPIQIKVLTNPPQGAVIRAMPVYKKAEHVTEVVKRCPNHELS
AKSATWTYSTDLKKLYCQIAKTCPIQVKVMTPPPQGAVVRAMPVYKKAEHVTEVVKRCPNHELS
AKSATWTYSTELKKLYCQIAKTCPIQIKVMTPPPQGAVIRAMPVYKKAEHVTEVVKRCPNHELS
AKSATWTYSTELKKLYCQIAKTCPIQIKVMTPPPQGAVIRAMPVYKKAEHVTEVVKRCPNHELS
AKSATWTYSTELKKLYCQIAKTCPIQIKVMTPPPQGAVIRAMPVYKKAEHVTEVVKRCPNHELS

247
274
155
157
231
251
251

305
332
213
220
289
309
309

PELNHGSIAPVT---HLIRVEG--NRNVRYEEHPVTGRQSVVMLFEFPQVGTDFTKVMFCFMCN
REFNDGQVAPPS---HLIRVEG--NSHAQYVEDPITGRQSVMVPYEPPQVGTEFTTILYNFMCN
REFNDGQIAPPS---HLIRVEG--NSHAQYVEDSITGRQSVLVPYEPPQVGTEFTTILYNFMCN
REFNEGMSRIYKRAKHFVQNVKFCHGQILYVNNTVCRYRKGTLPYQLAQVGTEFTTILYNFMCN
REFNEGQIAPPS---HLIRVEG--NSHAQYVEDPITGRQSVLVPYEPPQVGTEFTTVLYNFMCN
REFNEGQIAPPS---HLIRVEG--NSHAQYVEDPITGRQSVLVPYEPPQVGTEFTTVLYNFMCN
REFNEGQIAPPS---HLIRVEG--NSHAQYVEDPITGRQSVLVPYEPPQVGTEFTTVLYNFMCN

306
333
214
221
290
310
310

369
391
272
279
348
368
368

TSCLGSMNRRPIYTILTMETLNGQVLGRFCCETRVCASPGRDKKMDEQRMQKDDQERQQQQPPS
SSCVGGMNRRPILIIVTLENRDGQVLGRRCFEARICACPGRDRKADEDSIRKQQVTEGT-----
SSCVGGMNRRPILIIVTLETRDGQVLGRRCFEARICACPGRDRKADEDSIRKQHVTDGT-----
SSCVGGMNRRPILIIVTLETRDGQVLGRRCFEARICACPGRDRKADEDSIRKQQVSDST-----
SSCVGGMNRRPILIIVTLETRDGQVLGRRCFEARICACPGRDRKADEDSIRKQQVSDST-----
SSCVGGMNRRPILIIVTLETRDGQVLGRRCFEARICACPGRDRKADEDSIRKQQVSDSA-----
SSCVGGMNRRPILIIVTLETRDGQVLGRRCFEARICACPGRDRKADEDSIRKQQVSDST-----

Coffill and Lee et al. Fig S5, Panel A
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PTTQNSPTTQNSPTTQNSPTTQNAPQSVQQYPTLAEAETQTSQPTNQPPQAQPVEHTPQVPKSS
---KNGDAT------------KRL------R-------------------HV------------
---KSSE----------------A------F-------------------RQ------------
---KNGE----------------A------F-------------------RQ------------
---KNGDGT------------KRP------F-------------------RQ------------
---KNGDGT------------KRP------F-------------------RQ------------
---KNGDGT------------KRP------F-------------------RQ------------

434
404
281
288
361
381
381

497
442
319
325
398
418
418

SGSSQPPSGEPTSDTSSQGCKKVVHDMLMISSNVGNKRPSDQEDIFPLLVVQGRENFEILKKIK
--------------N-------QGIQ---VASITSKKRRPG-EEELFYLPVRGRETYEVLLKIK
--------------A-------SSHL---SQLNSIKKRRST-DEEVFCLPIKGREIYEILVKIK
----------------------STHG---IQMTSIKKRRSP-DDEVLYLPVKGREIYEMLLKIK
----------------------GTHG---IQMTSIKKRRSP-DDELLYLPVRGRETYEMLLKIK
----------------------NTHG---IQMTSIKKRRSP-DDELLYLPVRGRETYEMLLKIK
----------------------NTHG---IQMTSIKKRRSP-DDELLYLPVRGRETYEMLLKIK

498
443
320
326
399
419
419

543
501
373
383
460
480
480

ESLELMRMLPKDTVNVLRNLQQKRYMMELRGRPASLS---RHGSEC---------------SQE
ESLELMQLLPQHTIESYRQQQ----QHLLQKQ-SSLQSQQSFGTSPPPMNKMPSMGNKLPSVSQ
ESLELMQFLPQQTIESYRQQH----QNLLQKQ-SSLPPQPAFGSSSPTLGK-----NKLPSVSQ
ESLELMQFLPQHTIESYRQQQ----QHLLQKQ-SSLPGQSSFGSTSPPLGKMNNM-NKLPSVSQ
ESLELMQYLPQHTIETYRQQQQQQHQHLLQKQ-TSIQSQSSYGSNSPPLSKMNSM-NKLPSVSQ
ESLELMQYLPQHTIETYRQQQQQQHQHLLQKQ-TSMQSQSSYGNSSPPLNKMNSM-NKLPSVSQ
ESLELMQYLPQHTIETYRQQQQQQHQHLLQKQ-TSIQSPSSYGNSSPPLNKMNSM-NKLPSVSQ

544
502
374
384
461
481
481

586
546
437
443
511
531
531

VLNGSQGSSSAGVGSSSGVAQNGLTV---------VEANGSNGP------PRSPDGD------S
LISPQ-RNPITHSGMPGNL---------------VPQMMGNPMQMNGDLNGLSPTQGLPP---M
LINPQQRNALTPSGMPGGLTDSLLQSQPFPLPSVTPPMMGGPVPMNTDLSSLSPNNPLQSQLQM
LMNPQQRNSLTPNAMSDGMGANILIM----IFPFLVPMMSTHMPMTSDLNGLSPSQTLPPSLSL
LINPQQRNALTPTTIPDGMGTNI-------------PMMGTHMAMTGDMNGLSPTQALPPPLSM
LINPQQRNALTPTTMPEGMGANI-------------PMMGTHMPMAGDMNGLSPTQALPPPLSM
LINPQQRNALTPTTIPDGMGANI-------------PMMGTHMPMAGDMNGLSPTQALPPPLSM
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PPAWPETLPDSSKPQNTISNFLKQMDCFEFLENFTSRGLLSLQQLKNFTLQDLDKLGVPEAKRQ
PTTSHCTPPPPYPSDNSISSFLARVGCAVCLEYFTTQGLINIYQIEHFTMDDLMSLKIPEQFRH
VPSSHCTPPPPYPMDNSISSFLLRLGCSACLDYFTAQGLTNIYQIENYNLEDLSRLKIPTEFQH
PSTSHCTPPPPYPSDCSIASFLARLGCSSCLDYFTTQGLNTIYQIENYSIEDLASLKIPDQFRH
PSTSHCTPPPPYPTDCSIVSFLARLGCSSCVDYFTTQGLTTIYQIEHYSMDDLVSLKIPEQFRH
PSTSHCTPPPPYPTDCSIVSFLARLGCSSCLDYFTTQGLTTIYQIEHYSMDDLASLKIPEQFRH
PSTSHCTPPPPYPTDCSIVSFLARLGCSSCLDYFTTQGLTTIYQIEHYSMDDLASLKIPEQFRH

651
611
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508
576
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713
654
544
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618
638
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LLLSGIQEHRVSTTIFSKTTLKRSPSEE-TVHLSPEDDDNGIDTKDGIRAKVFPALQASGSNLS
AIWKGIVEHRQSLEYAGTPQLLRNTSSASSGSLASQSETRGERV--------------------
IIWKGIMEYRQTMEFSPPPHILRTSSGTSTVSV-GSTEARGERV--------------------
AIWKGLMEHRQMHDFTSPPHLLRTTSSASTVSV-GSNEPRGERV--------------------
AIWKGILDHRQLHDFSSPPHLLRTPSGASTVSV-GSSETRGERV--------------------
AIWKGILDHRQLHDFSSPPHLLRTPSGASTVSV-GSSETRGERV--------------------
AIWKGILDHRQLHEFSSPSHLLRTPSSASTVSV-GSSETRGERV--------------------

714
655
545
551
619
639
639

774
695
588
592
660
680
680

SVSNHSHNSGISKYIFRVHARQTIYLPRSGSWGGSSSLEVPRSKMRKLSSCSDTEEEERLE
------------IDAVRFTLRQTISFPPRDDWNDFGFDV--DGRRN-KQRIKEEGE-----
------------IDAVRFTLRQTISFPPRDDWTDFSFDLAPDSRRNKQQRIKEEGE-----
------------IDAVRFTLRQTISFPPRDDWNDFNFDL--DTRRNKQQRIKEEGE-----
------------IDAVRFTLRQTISFPPRDEWNDFNFDM--DARRNKQQRIKEEGE-----
------------IDAVRFTLRQTISFPPRDEWNDFNFDM--DSRRNKQQRIKEEGE-----
------------IDAVRFTLRQTISFPPRDEWNDFNFDM--DARRNKQQRIKEEGE-----

Coffill and Lee et al. Fig S5, Panel B
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1
1
1
1
1
1

59
58
56
54
52
55

-------------------------------------------------------------
--MAQSSPADEGHTFENLWSSLEPDSTYFDIPQTNLSGNNEAVPNLPQNRTEVCMDVFQMR
--MSQSSTADEGPTFEHLWSTLEPDSTYFELPQAGHSGDRA-SSSLPGNRAEVCMDVYHMR
LKMSQSSGADEGTTFEHLWSTLEPDSTYFELPQSSHSNNTE-A----SNRTDVNMDVYQMR
--MSQSSPADESTTFEHLWSTLAPDSTYFDLSPSSHTGSNE-V----SNRTEVTMDVFQMR
---MAQTSSSSSSTFEHLWSSLEPDSTYFDLPQPSQ-GTSE-A----SGSEESNMDVFHLQ
MAQSTATSPDGGTTFEHLWSSLEPDSTYFDLPQSSR-GNNE-V----VGGTDSSMDVFHLE

1
60
59
57
55
53
56

60
108
110
105
103
95
103

-MLYVSNTSQAQYGGPQYTTLLGPVSAAGVQGAPRMERGGSPFGSEPGGPLASPSPYAQPS
---DMNESVMS-----QFNL----LNSTMDQSISNRASSGSPYNSEHTSNVPTPSPYSQPS
DMRDMNDNVMS-----QYSL----LSSSMDQGLGNRAASTSPYSSETTSNVPTPSPYSQPN
---TMNESIMS-----QFNL----LNNTMDQSIGSRAASTSPYNPDHTSNVPTHSPYSQPS
---GMNDSVMS-----QFNL----LNNSMDQSIGSRAASTSPYSSEHTSNVPTHSPYSQPS
---GM-----A-----QFNL----LSSAMDQ-MGSRAAPASPYTPEHAASAPTHSPYAQPS
---GMTTSVMA-----QFNL----LSSTMDQ-MSSRAASASPYTPEHAASVPTHSPYAQPS

61
109
111
106
104
96
104

121
169
171
166
164
156
164

STYEAASPAAAIPSITDYPGPHGFDVSFQQSSTAKSATWTYSPDLKKLYCQIAKTCPIQFK
STFDTMSPAPAIPSNTDYPGPHLFEVTFQQSSTAKSATWTYSPLLKKLYCQIAKTCPIQAK
STFEAMSPAPAIPSNTDYPGPHNFEVTFQQSSTAKSATWTYSPLLKKLYCQIAKTCPIQIK
STFDAMSPAPVIPSNTDYPGTHNFEVTFQQSSTAKSATWTYSPLLKKLYCQIAKTCPIQIK
STFDAMSPAPVIPSNTDYPGPHHFEVTFQQSSTAKSATWTYSPLLKKLYCQIAKTCPIQIK
STFDTMSPAPVIPSNTDYPGPHHFEVTFQQSSTAKSATWTYSPLLKKLYCQIAKTCPIQIK
STFDTMSPAPVIPSNTDYPGPHHFEVTFQQSSTAKSATWTYSPLLKKLYCQIAKTCPIQIK

122
170
172
167
165
157
165

182
227
229
224
222
214
222

VLSVPPPPAGCVLRAMPVYKKAEHVTEVVKRCPNHELGRDFNEAGQTAPPSHLIRVEGNNH
VTS--LPPSGSVVRAMPVYKKAEHVTEVVKRCPNHELGRDFND-GQSAPASHLIRVEGNNL
LAS--SPPNGSVIRAMPIYKKAEHVTEVVKRCPNHELGRDFNE-SQTAPASHLIRVEGNNL
LSN--PPPPGSVIRAMPVFKKAEHVTEVVKRCPNHELGRDFND-GQAAPASHLIRVEGNNL
VSS--PPPPGTIIRAMPVYKKAEHVTEVVKRCPNHELGRDFND-GQSAPASHLIRVEGNNL
VST--PPPPGTAIRAMPVYKKAEHVTDIVKRCPNHELGRDFNE-GQSAPASHLIRVEGNNL
VST--PPPPGTAIRAMPVYKKAEHVTDVVKRCPNHELGRDFNE-GQSAPASHLIRVEGNNL

183
228
230
225
223
215
223

243
288
290
285
283
275
283

AQYAEDAVSGRQSVVVPYDSPQVGTEFTTVLYNFMCNSSCVGGMNRRPVLIIITLETRDAQ
AQYVDDPVTGRQSVMVPYEPPQVGTEFTTILYNFMCNSSCVGGMNRRPILIIITLETRDGQ
CQYVDDPVTGRQSVLVPYESPQVGTEFTTILYNFMCNSSCVGGMNRRPILIIITLETRDGQ
SQYVDDPVTGRQSVMVPYEPPQVGTEFTTILYNFMCNSSCVGGMNRRPILIIITLETRDGQ
SQYVDDPVTGRQSVMVPYEPPQVGTEFTTILYNFMCNSSCVGGMNRRPILIIITLETRDGQ
AQYVDDPVTGRQSVVVPYEPPQVGTEFTTILYNFMCNSSCVGGMNRRPILVIITLETRDGQ
SQYVDDPVTGRQSVVVPYEPPQVGTEFTTILYNFMCNSSCVGGMNRRPILIIITLEMRDGQ

244
289
291
286
284
276
284

304
339
341
336
334
326
334

VLGRRCFEARICACPGRDRKADEENFHRQQQPLDPAGGGKGGTSAVGGLGGPGKRPMKQGS
VLGRRSFEGRICACPGRDRKADEDHYREQQAINENAA----------KNANGSKRPFKQTP
VLGRRSFEGRICACPGRDRKADEDHFREQQALNESVA----------KNGNANKRNFKQTP
VLGRRSFEGRICACPGRDRKADEDHFREQAALNETAA----------KNGNANKRTFKQSP
VLGRRSFEGRICACPGRDRKADEDHYREQQALNENAA----------KNGNANKRTFKQSP
VLGRRSFEGRICACPGRDRKADEDHYREQQALNESTT----------KNGAASKRAFKQSP
VLGRRSFEGRICACPGRDRKADEDHYREQQALNESSA----------KNGAASKRAFKQSP



Coffill and Lee et al. Fig S6, Panel B
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340
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335
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364
400
402
397
395
387
393

PGLH-TSSGTKKRRLGDDDVYYVPVHGRENYEVLMKIKESLELSQFVPSGAVEAYRQQQQQ
PGAQGPTAGIKKRRHGDEEFFYVPVRGRENFEILMKIKESLELMELVPQQLIDSYRQQQQQ
TNITGPSINIKKRRHGEEEMYYIPVRGRENFDILMKIKDSLELVEFVPQQLVDSYRQQQQQ
PSVPSMGSNIKKRRHGEDEIFYIPVRGRENFEILMKIKESLELVELVPQQLVDSYRQQQQQ
QAIPALGPGVKKRRHGEEEMYYVPVRGRENFEILMKIKESLELVELVPQQLVDSYRQQQQQ
PAIPALGTNVKKRRHGDEDMFYMHVRGRENFEILMKVKESLELMELVPQPLVDSYRQQQQQ
PAVPALGAGVKKRRHGDEDTYYLQVRGRENFEILMKLKESLELMELVPQPLVDSYRQQ--Q

365
401
403
398
396
388
394

413
454
457
453
452
443
449

LFQQQPCDLFPPSLPRPCLQSQLPYPGPPLPMGPKLPSVSQFVG------------HGAMG
QLLQRQQ-QASSAYGA-VNPPMNKIP-----NVNKLPSVNQLVGQPSQHSPSTSVNLGPMG
LLQRQNHVASPSSYGT--LNNMNKIHG----PISKLPSVNQLVTQQTQQSAGPSASLSHMG
LLQRQTHLQSTSSYGP-VLSPMNKLHG----GINKLPSVNQLVGQPNQHNSNAGPNMGPMG
LLQRQNQLQTPSSYGP-VLSPMNKAHGG---GINKLPSVNQLVGQPAQHSSGSAPSLGPMG
QLLQRPSHLQPPSYGP-VLSPMNKVHG----GVNKLPSVNQLVGQPPPHSSAAGPNLGPMG
QLLQRPSHLQPPSYGP-VLSPMNKVHG----GMNKLPSVNQLVGQPPPHSSAATPNLGPVG

414
455
458
454
453
444
450

465
515
511
507
506
499
505

TPMLNGHT------GLHGDLNGVSSTQL-HLPTPTHCTPPP-YSP-ESVASFLTRLGCVAC
PTLMNNHHHHHHYMPPNGNMNGGNPSQSTAMGPTSHCTPPPPYNADPALVSFLTGLGCPNC
ANMLGG-----HHMQSNGDVNGAHQSQS--IVSTSHCTPPPPYNPDPSLVSFLTSLGCQNC
PSMLNS---H--PLQTNGEMNGAHSSQS--MVSGSHCTPPPPYNADPSLVSFLTGLGCPNC
PGMLNS---H--PMQPNGEMNGGHSSQS--MVSGSHCTPPPPYNPDPSLVSFLTGLGCPNC
SGMLNS---HGHSMPANGEMNGGHSSQT--MVSGSHCTPPPPYHADPSLVSFLTGLGCPNC
PGMLNN---HGHAVPANGEMSSSHSAQS--MVSGSHCTPPPPYHADPSLVSFLTGLGCPNC

466
516
512
508
507
500
506

526
569
564
561
560
552
559

VDFFTSQGLQYANEVAQLSPQDLEMLKIPEQYRAAIFKGILELRSPLHDYGTPSHPPPPHP
LEYFTSQGLQTMYHLQNLSMEDLGALKIPEQYRLLIWRGLQEFKP-GHDYNSPQL------
IDYFTSQGLQSVYHLQTLTMEDLGALKIPEQFRLAIWRGLQEMKQ-GHDYGQ-QL------
IEYFTSQGLQNIYHLQNLTMEDLGALKIPEHYKSMIWRGIQELNK-SHEYGAQQL------
IDYFTSQGLQNIYHLQNLSIEDLGALKIPEQYRMIIWRGLQELKQ-SHDYGAQQL------
IECFTSQGLQSIYHLQNLTIEDLGALKVPDQYRMTIWRGLQDLKQ-SHDCGQ-QL------
IEYFTSQGLQSIYHLQNLTIEDLGALKIPEQYRMTIWRGLQDLKQ-GHDYSTAQQ------

527
570
565
562
561
553
560

587
591
590
587
586
578
585

LQQHQQQHQQQQQQQHQQQQQQQQQHQLLQRQASGGGPLGASSAVGMVPTAELREERIIDA
----------------------------LRS-S------NNNPS----VGGELQRQRVMEA
----------------------------IRS-S------SNMATMAIGPSGELQRQRVMEA
----------------------------VRS-S------SNASTISIGSSGELQRQRVMEA
----------------------------IRS-S------SNASTISIGSSGELQRQRVMEA
----------------------------LRS-S------SNAATISIGGSGELQRQRVMEA
----------------------------LLR-S------SNAATISIGGSGELQRQRVMEA

588
592
591
588
587
579
586

634
636
640
634
633
631
636

VHFTLRQTVQMPRH---------HDWVEYGFDLPDGAKRCKQQQQQQIKEEYKEVH--
VHFRVRHTITIPNRG--------DDWGDFGFDVPDCKTR-----KQPIKEEFTENELN
VHFRVRHTITIPNRGPA---NGPEEWPDFGFDMPDCRLH-----KHSIKEEFAEGDVH
VHFRVRHTITIPNRGG------ADEWADFGFDLPDCKSR-----KQSIKEEYENSDIN
VHFRVRHTITIPNRGA------ADEWADFGFDLPDCKSR-----KQSIKEEFTEGEIN
VHFRVRHTITIPNRGGAGAVTGPDEWADFGFDLPDCKSR-----KQPIKEEFTETESH
VHFRVRHTITIPNRGGPG--GGPDEWADFGFDLPDCKAR-----KQPIKEEFTEAEIH



Lamprey Tp63 isoform (3.1 kb)

Lamprey Tp63 isoform (2.6 kb)

Lamprey Tp63 isoform (2.8 kb)

Lamprey Tp73 isoform (2.8 kb)

Coffill and Lee et al. Fig S7
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1
1

1
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1

60
60
60

21
21
21

MNFETSRCATLQYCPDPYIQRFVETPAHFSWKESYYRSTMSQSTQTNEFLSPEVFQHIWD
MNFETSRCATLQYCPDPYIQRFVETPAHFSWKESYYRSTMSQSTQTNEFLSPEVFQHIWD
MNFETSRCATLQYCPDPYIQRFVETPAHFSWKESYYRSTMSQSTQTNEFLSPEVFQHIWD
------------------------------------------------------------
------------------------------------------------------------
------------------------------------------------------------
---------------------------------------MDSSPPIEDLLSQDTMQLIYN
---------------------------------------MDSSPPIEDLLSQDTMQLIYN
---------------------------------------MDSSPPIEDLLSQDTMQLIYN

61
61
61
1
1
1

22
22
22

104
104
104
10
10
10
76
76
76

FLEQ--PICSVQPIDLNFVDEPSEDGATNKIEISMDCIRMQDSDLS--------------
FLEQ--PICSVQPIDLNFVDEPSEDGATNKIEISMDCIRMQDSDLS--------------
FLEQ--PICSVQPIDLNFVDEPSEDGATNKIEISMDCIRMQDSDLS--------------
------------------------------------MLYLENNAQT--------------
------------------------------------MLYLENNAQT--------------
------------------------------------MLYLENNAQT--------------
DITSGNSMLSIDNVDLRFDESP-----GSKLQINMEVLQMENKNHCEAFSDIPENVSQQP
DITSGNSMLSIDNVDLRFDESP-----GSKLQINMEVLQMENKNHCEAFSDIPENVSQQP
DITSGNSMLSIDNVDLRFDESP-----GSKLQINMEVLQMENKNHCEAFSDIPENVSQQP

105
105
105
11
11
11
77
77
77

133
133
133
39
39
39
133
133
133

-------------------------------DPMWPQYTNLGLLNSMDQQIQNGSSSTSP
-------------------------------DPMWPQYTNLGLLNSMDQQIQNGSSSTSP
-------------------------------DPMWPQYTNLGLLNSMDQQIQNGSSSTSP
-------------------------------QFSEPQYTNLGLLNSMDQQIQNGSSSTSP
-------------------------------QFSEPQYTNLGLLNSMDQQIQNGSSSTSP
-------------------------------QFSEPQYTNLGLLNSMDQQIQNGSSSTSP
VSTFPTYMQQQQQQPDSGIAQQQYNEHQYFGDESWCENQGLSCIAPMVANSTAG---FCP
VSTFPTYMQQQQQQPDSGIAQQQYNEHQYFGDESWCENQGLSCIAPMVANSTAG---FCP
VSTFPTYMQQQQQQPDSGIAQQQYNEHQYFGDESWCENQGLSCIAPMVANSTAG---FCP

134
134
134
40
40
40
134
134
134

191
191
191
97
97
97
187
187
187

YNTDHAQNSVTAPSPYAQPSST--FDALSPSPAIPSNTDYPGPHSFDVSFQQSSTAKSAT
YNTDHAQNSVTAPSPYAQPSST--FDALSPSPAIPSNTDYPGPHSFDVSFQQSSTAKSAT
YNTDHAQNSVTAPSPYAQPSST--FDALSPSPAIPSNTDYPGPHSFDVSFQQSSTAKSAT
YNTDHAQNSVTAPSPYAQPSST--FDALSPSPAIPSNTDYPGPHSFDVSFQQSSTAKSAT
YNTDHAQNSVTAPSPYAQPSST--FDALSPSPAIPSNTDYPGPHSFDVSFQQSSTAKSAT
YNTDHAQNSVTAPSPYAQPSST--FDALSPSPAIPSNTDYPGPHSFDVSFQQSSTAKSAT
STEP------ILCGPMVSPSLPLEMPGQLYGSTIPSNTDYKGPFNFTVNFSPSSTAKSAT
STEP------ILCGPMVSPSLPLEMPGQLYGSTIPSNTDYKGPFNFTVNFSPSSTAKSAT
STEP------ILCGPMVSPSLPLEMPGQLYGSTIPSNTDYKGPFNFTVNFSPSSTAKSAT

192
192
192
98
98
98
188
188
188

251
251
251
157
157
157
247
247
247

WTYSTELKKLYCQIAKTCPIQIKVMTPPPQGAVIRAMPVYKKAEHVTEVVKRCPNHELSR
WTYSTELKKLYCQIAKTCPIQIKVMTPPPQGAVIRAMPVYKKAEHVTEVVKRCPNHELSR
WTYSTELKKLYCQIAKTCPIQIKVMTPPPQGAVIRAMPVYKKAEHVTEVVKRCPNHELSR
WTYSTELKKLYCQIAKTCPIQIKVMTPPPQGAVIRAMPVYKKAEHVTEVVKRCPNHELSR
WTYSTELKKLYCQIAKTCPIQIKVMTPPPQGAVIRAMPVYKKAEHVTEVVKRCPNHELSR
WTYSTELKKLYCQIAKTCPIQIKVMTPPPQGAVIRAMPVYKKAEHVTEVVKRCPNHELSR
WTFSTKLKKLYCQMSKICPAEIRTSTLPPQGTIIRIMAMFKKSEHISEVVRRCPTHQQSP
WTFSTKLKKLYCQMSKICPAEIRTSTLPPQGTIIRIMAMFKKSEHISEVVRRCPTHQQSP
WTFSTKLKKLYCQMSKICPAEIRTSTLPPQGTIIRIMAMFKKSEHISEVVRRCPTHQQSP

Coffill and Lee et al. Fig S8, Panel A
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252
252
252
158
158
158
248
248
248

311
311
311
217
217
217
307
307
307

EFNEGQIAPPSHLIRVEGNSHAQYVEDPITGRQSVLVPYEPPQVGTEFTTVLYNFMCNSS
EFNEGQIAPPSHLIRVEGNSHAQYVEDPITGRQSVLVPYEPPQVGTEFTTVLYNFMCNSS
EFNEGQIAPPSHLIRVEGNSHAQYVEDPITGRQSVLVPYEPPQVGTEFTTVLYNFMCNSS
EFNEGQIAPPSHLIRVEGNSHAQYVEDPITGRQSVLVPYEPPQVGTEFTTVLYNFMCNSS
EFNEGQIAPPSHLIRVEGNSHAQYVEDPITGRQSVLVPYEPPQVGTEFTTVLYNFMCNSS
EFNEGQIAPPSHLIRVEGNSHAQYVEDPITGRQSVLVPYEPPQVGTEFTTVLYNFMCNSS
ELNHGSIAPVTHLIRVEGNRNVRYEEHPVTGRQSVVMLFEFPQVGTDFTKVMFCFMCNTS
ELNHGSIAPVTHLIRVEGNRNVRYEEHPVTGRQSVVMLFEFPQVGTDFTKVMFCFMCNTS
ELNHGSIAPVTHLIRVEGNRNVRYEEHPVTGRQSVVMLFEFPQVGTDFTKVMFCFMCNTS

312
312
312
218
218
218
308
308
308

369
369
369
275
275
275
367
367
367

CVGGMNRRPILIIVTLETRDGQVLGRRCFEARICACPGRDRKADEDSIRKQQVSDSTK--
CVGGMNRRPILIIVTLETRDGQVLGRRCFEARICACPGRDRKADEDSIRKQQVSDSTK--
CVGGMNRRPILIIVTLETRDGQVLGRRCFEARICACPGRDRKADEDSIRKQQVSDSTK--
CVGGMNRRPILIIVTLETRDGQVLGRRCFEARICACPGRDRKADEDSIRKQQVSDSTK--
CVGGMNRRPILIIVTLETRDGQVLGRRCFEARICACPGRDRKADEDSIRKQQVSDSTK--
CVGGMNRRPILIIVTLETRDGQVLGRRCFEARICACPGRDRKADEDSIRKQQVSDSTK--
CLGSMNRRPIYTILTMETLNGQVLGRFCCETRVCASPGRDKKMDEQRMQKDDQERQQQQP
CLGSMNRRPIYTILTMETLNGQVLGRFCCETRVCASPGRDKKMDEQRMQKDDQERQQQQP
CLGSMNRRPIYTILTMETLNGQVLGRFCCETRVCASPGRDKKMDEQRMQKDDQERQQQQP

370
370
370
276
276
276
368
368
368

372
372
372
278
278
278
427
415
415

------NGD---------------------------------------------------
------NGD---------------------------------------------------
------NGD---------------------------------------------------
------NGD---------------------------------------------------
------NGD---------------------------------------------------
------NGD---------------------------------------------------
PSPTTQNSPTTQNSPTTQNSPTTQNAPQSVQQYPTLAEAETQTSQPTNQPPQAQPVEHTP
PSPTTQNS------------PTTQNAPQSVQQYPTLAEAETQTSQPTNQPPQAQPVEHTP
PSPTTQNS------------PTTQNAPQSVQQYPTLAEAETQTSQPTNQPPQAQPVEHTP

373
373
373
279
279
279
428
416
416

408
408
408
314
314
314
487
474
474

-------GTKRP-------------FRQNTHGIQMTS--I--KKRRSPDDELLYLPVRGR
-------GTKRP-------------FRQNTHGIQMTS--I--KKRRSPDDELLYLPVRGR
-------GTKRP-------------FRQNTHGIQMTS--I--KKRRSPDDELLYLPVRGR
-------GTKRP-------------FRQNTHGIQMTS--I--KKRRSPDDELLYLPVRGR
-------GTKRP-------------FRQNTHGIQMTS--I--KKRRSPDDELLYLPVRGR
-------GTKRP-------------FRQNTHGIQMTS--I--KKRRSPDDELLYLPVRGR
QVPKSSSGSSQPPSGEPTSDTSSQGCKKVVHDMLMISSNVGNKRPSDQEDIFPLLVVQGR
QVPKSSSGSSQPPSGEPTSDTSSQGCKKVVHDMLMISSNVGNKRPSDQEDIFPLL-VQGR
QVPKSSSGSSQPPSGEPTSDTSSQGCKKVVHDMLMISSNVGNKRPSDQEDIFPLL-VQGR

409
409
409
315
315
315
488
475
475

456
456
468
362
362
374
534
521
521

ETYEMLLKIKESLELMQYLPQHTIETYRQQQQQQHQHLLQKQTSIQSP------------
ETYEMLLKIKESLELMQYLPQHTIETYRQQQQQQHQHLLQKQTSIQSP------------
ETYEMLLKIKESLELMQYLPQHTIETYRQQQQQQHQHLLQKHLLSACFRNELVEPRRETP
ETYEMLLKIKESLELMQYLPQHTIETYRQQQQQQHQHLLQKQTSIQSP------------
ETYEMLLKIKESLELMQYLPQHTIETYRQQQQQQHQHLLQKQTSIQSP------------
ETYEMLLKIKESLELMQYLPQHTIETYRQQQQQQHQHLLQKHLLSACFRNELVEPRRETP
ENFEILKKIKESLELMRMLPKDTVNVLRNLQQKRYMMELRGRPASLS-------------
ENFEILKKIKESLELMRMLPKDTVNVLRNLQQKRYMMELRGRPASLS-------------
ENFEILKKIKESLELMRMLPKDTVNVLRNLQQKRYMMELRGRPASLS-------------

Coffill and Lee et al. Fig S8, Panel B
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457
457
469
363
363
375
535
522
522

510
510
487
416
416
393
569
556
556

----SSYGNSSPPLNKMNSMNKLPSVSQLINPQQRNALTPTTIPDGMGAN--IPMMGTHM
----SSYGNSSPPLNKMNSMNKLPSVSQLINPQQRNALTPTTIPDGMGAN--IPMMGTHM
KQSDVFFRHSKPPNRSVYP-----------------------------------------
----SSYGNSSPPLNKMNSMNKLPSVSQLINPQQRNALTPTTIPDGMGAN--IPMMGTHM
----SSYGNSSPPLNKMNSMNKLPSVSQLINPQQRNALTPTTIPDGMGAN--IPMMGTHM
KQSDVFFRHSKPPNRSVYP-----------------------------------------
-------RHGSEC------------SQEVLNGSQGS------SSAGVGSSSGVAQNGLTV
-------RHGSEC------------SQEVLNGSQGS------SSAGVGSSSGVAQNGLTV
-------RHGSEC------------SQEVLNGSQGS------SSAGVGSSSGVAQNGLTV

511
511

417
417

570
557
557

568
555

474
461

623
610
610

PMAGDMNGL--SPTQALPPPLSMPSTSHCTPPPPYPTDCSIVSFLARLGCSSCLDYFTTQ
PMAGDMNGL--SPTQALPPPLSMPSTSHCTPPPPYPTDCSIVRIWQV-------------
------------------------------------------------------------
PMAGDMNGL--SPTQALPPPLSMPSTSHCTPPPPYPTDCSIVSFLARLGCSSCLDYFTTQ
PMAGDMNGL--SPTQALPPPLSMPSTSHCTPPPPYPTDCSIVRIWQV-------------
------------------------------------------------------------
VEANGSNGPPRSPDGDSPPA--WP----ETLPDSSKPQNTISNFLKQMDCFEFLENFTSR
VEANGSNGPPRSPDGDSPPA--WP----ETLPDSSKPQNTISNFLKQMDCFEFLENFTSR
VEANGSNGPPRSPDGDSPPA--WP----ETLPDSSKPQNTISNFLKQMDCFEFLENFTSR

569

475

624
611
611

628

534

683
670
650

GLTTIYQIEHYSMDDLASLKIPEQFRHAIWKGILDHRQLHEFSSPSHLLRTPSSASTVSV
------------------------------------------------------------
------------------------------------------------------------
GLTTIYQIEHYSMDDLASLKIPEQFRHAIWKGILDHRQLHEFSSPSHLLRTPSSASTVSV
------------------------------------------------------------
------------------------------------------------------------
GLLSLQQLKNFTLQDLDKLGVPEAKRQLLLSGIQEHRVSTTIFSKTTLKRSPSEETVHLS
GLLSLQQLKNFTLQDLDKLGVPEAKRQLLLSGIQEHRVSTTIFSKTTLKRSPSEETVHLS
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