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SUPPLEMENTAL TABLE AND FIGURE LEGENDS 
 
Table S1. Data collection, phasing and refinement statistics for crystal 
structure of ctCENP-INT alone and ctCENP-INT complex with thCENP-HCT/KCT 

 
Figure S1. The phylogenetic tree of CENP-I (A), CENP-H (B) and CENP-K (C) 
from divergent species, and the reconstitution of thCENP-H/INT/K complex 
(D). 
 
Figure S2. Sequence alignment of the CENP-I from multiple species  
The alignment is generated using the online ESPript 3.0 server. Secondary 
structural elements predicted from PSI-PRED online server and found from 
crystal structure are indicated above the sequences, with the color blue and gray. 
The sequence of ctCENP-I shares high similarity (50%) with human CENP-I (E-
value 7.65E-20) and high identity (62%) with thCENP-I.  
 
Figure. S3 Sequence alignment of the CENP-K from multiple species 
The sequence similarity between thCENP-K and hsCENP-K is 40%, based on 
the reciprocal Best BLAST result (E-value= 1.81E-06). 
 
Figure. S4 Sequence alignment of the CENP-H from multiple species. 
The thCENP-H exhibits a relative low sequence similarity (29%) with hsCENP-H, 
but the residues in involved the binding interfaces for the complex formation 
show higher conservation levels. 
 
Figure S5. Density maps of thCENP-HCT and thCENP-KCT, and crystal 
structure of the ternary complex in one asymmetric unit 
A. Cartoon view of fungi CENP-H/I/K complex structure.  Even though two 
molecules of ctCENP-INT (cyan and green) were found in one asymmetric unit, 
only one binds to the heterodimer of thCENP-HCT (magenta) and thCENP-KCT 
(yellow). 
B. SDS-PAGE electrophoresis analyses of the complex crystals, stained with 
Coomassie Blue.  
C. Electron density for thCENP-HCT in the complex structure, composite omit map 
calculated with Phenix, contoured at 1.0σ. 
 



 
 

 

Figure S6. Analyses of the binding activities of thCENP-H WT or mutants 
bound to GST-thCENP-KΔN75 and GST-thCENP-KFL 

A. In vitro binding assay were performed to examine the binding activity between 
thCENP-HN164 (ΔCT) and thCENP-KN143 (ΔCT) complex and ctCENP-INT.  
B and C. Recombinant thCENP-H WT or mutant proteins were mixed with GST 
or GST-thCENP-KΔN75 (B) and GST-thCENP-KFL (C) proteins. GST pull-down 
assays were performed. The bead-bound proteins were resolved with SDS-
PAGE and stained with Coomassie Blue. Quantification was summarized for both 
in Figure 3B. 
 
Figure S7. Analyses of the binding activities of hsCENP-H WT or mutants 
bound to GST-hsCENP-KΔN85 and GST-hsCENP-KFL 

A and B. Recombinant hsCENP-H WT or mutant proteins were mixed with GST 
or GST-hsCENP-KΔN85 (A) and GST-hsCENP-KFL (B) proteins. GST pull-down 
assays were performed. The bead-bound proteins were resolved with SDS-
PAGE and stained with Coomassie Blue. Quantification was summarized for both 
(A and B) in Figure 3D. 
 
Figure S8. Analyses of the binding activities of thCENP-H WT or mutants 
bound to ctCENP-INT, and Immuno-blotting analyses of gene knock-down 
and overexpression in cell experiment. 
A. Recombinant thCENP-H WT or mutant proteins were mixed with GST or GST-
ctCENP-INT proteins. GST pull-down assays were performed. The bead-bound 
proteins were resolved with SDS-PAGE and stained with Coomassie Blue. 
Quantification was available in Figure 4B.  
B. Cell lysates of HeLa Tet-On cells treated with Luciferase, hsCENP-H or 
hsCENP-I siRNA were resolved with SDS-PAGE and blotted with the indicated 
antibodies. 
C. Cell lysates of HeLa Tet-On cells in Figure 5D were resolved with SDS-PAGE 
and blotted with the indicated antibodies. 
 



*Data for the highest-resolution shell are shown in parentheses

‡R-pim = 100 ΣhΣi [1/(nh-1)]1/2|Ih,i-<Ih>/ΣhΣi<Ih,i>, where nh is the number of observations of reflections h. 
§CC1/2 values shown are for the highest resolution shell.
#As defined by the validation suite MolProbity.

†R-meas = Σh(n/n-1)1/2 Σi |Ii(  ) -<I(  )> |/ΣhΣi Ii(  ), where Ii(  ) and <I(  )> are the ith and mean measurement of the intensity of reflection h.h h h h h

  

Wavelength 0.9778 

Resolution range (Å) 

Space group P 41212 

Unit cell (a, b, c (Å)) 59.671 59.671 145.971 90 90 90 

Unique reflections 22388(2244) 

Multiplicity 4.5 (4.5) 

Completeness (%) 99.7 (99.9) 

Mean I/sigma(I) 21.42(3.25) 

Wilson B-factor 47.39 

R-meas† 0.070(0.588) 

R-pim‡ 0.033 (0.274) 

CC1/2
§  0.866  

Reflections used in refinement 12379(1202) 

Reflections used for R-free 1238 (134) 

R-work 0.1739 (0.2132) 

R-free 0.2277 (0.2867) 

Number of non-hydrogen atoms 1790 

  macromolecules  1700 

  solvent  90 

Protein residues 213 

RMS(bonds) 0.007 

RMS(angles) 0.961 

Ramachandran favored (%)# 

 

 

98.09 

Ramachandran allowed (%)# 1.91 

Ramachandran outliers (%)# 0 

Rotamer outliers (%) 3.24 

Clashscore 4.03 

Average B-factor  

  macromolecules  

  solvent   

54.73 

 54.44 

60.28 

ct
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0.986 

46.46 - 2.199 (2.24-2.20)* 

P 41 

67.847 67.847 186.269 90 90 90 

42600 (4220) 

9.4 (7.6) 

100 (99.5) 

29.64(1.44) 

46.37 

0.102 (1.562) 

0.033 (0.559) 

0.694  

42479 (2611) 

2143 (228) 

0.1877 (0.3134) 

0.2298 (0.3549) 
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544 
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0.901 

97.14 
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0.36 

0.82 

8.82 
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56.11 

   CENP-INT complex with    CENP-HCT/ KCTthctCENP-INT(Se-Met)  

Phase determination 

Wilson B

Anomalous scatterer 

Wilson B

Figure of merit, 46.20–2.30 Å 

Wilson B

Refinement statistics 

Wilson B

Selenium (1 of 1 possible sites)  

0.246  

46.197 - 2.298(2.38-2.30)  * 

Data collection,  phasing and refinement statistics 



Maximum-Likelihood Phylogenetic Tree of CENP-I

Maximum-Likelihood Phylogenetic Tree of CENP-K

Maximum-Likelihood Phylogenetic Tree of CENP-H
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H.sapiens MSPQKRVKNVQAQNRTSQGSSSFQTTLSAWKVKQDPSNSKNISKHGQNNPVGDYEHADDQ

G.gallus ...MQRRQSSKHSKRPLQVHHSNQTDLSAWR....KGGTVDTEKSAQNRQSLSDQKNDNE

M.musculus MATQRVTRNSQQQNRISQGSNSRQTSLLDWMVKDKSGNFKSVLK..ESSSVEDSTRTDDR

X.laevis ...........MEERPP.............................QKSQQDESMRKQDV

D.rerio .................MAGLSNLTGL....VSEPSGEAESSVSSVSNRSLRLAEKEKKK

S.cerevisiae ............................................................

S.pombe .....................................................MESFENK

C.fumosorosea .........................................................MPA

T.terrestris .........................................................MSS

C.thermophilum .........................................................MVN

M.thermophila .........................................................MPS

consensus>50 ............................................................


70 80 90 100 110 X  X  X   X   X
H.sapiens                                           c        c           c c  cc cc  cc     cccc c  ccc c ccc  c c cc c c cc cc cc   A A  DF DF  DF     DEEF A  DEF A DEF  DEF DF A DEEF DF DE                                          G        L           D L  AV Y           K   L   L  V NVA    L  E I I L   I LSAEE A QM  G FEKGPIKASQN DKT EKH KT E   WKN  AS E D   N.. A  

G.gallus                                           c        c           c c  cc cc  cc     cccc c  ccc c ccc  c c cc c c cc cc cc   B B  KG KG  KG     KddG B  KdG B KdG  KdG KG B KddG KG Kd                                          G        L           D L  AL Y   IQ     KKS  L   LS M SIA  R L PE   V LD  V LS..Q S EQ  S FEK  DRVSL   EV QKH  T E   LK   P  GFD    .. A  

M.musculus                                           c        c           c c  cc cc  cc     cccc c  ccc c ccc  c c cc c c cc cc cc   B B  KG KG  KG     KddG B  KdG B KdG  KdG KG B KddG KG Kd                                          G        L             L  AV Y           K   L   LT V NVA    L PE I I L   V LST.EGA QV  G FQKGPKKASLS DKV EKH  T E   LSN  A  A D   N.. A  

X.laevis                                           c        c           c c  cc cc  cc     cccc c  ccc c ccc  c c cc c c cc cc cc   B B  KG KG  KG     KddG B  KdG B KdG  KdG KG B KddG KG Kd                                          G        L             M  AL FL  V      K N  L   IS V NL   H I PD I I L   L LSS.IQQ ED  L  KN KSKVPL G HT ISH  A E  GLK   P  G N   N.. A  

D.rerio                                           c        c           c c  cc cc  cc     cccc c  ccc c ccc  c c cc c c cc cc cc   B B  KG KG  KG     KddG B  KdG B KdG  KdG KG B KddG KG Kd                                          G        L           D    AA YL         R N  L  SI  V TVA  K L PE I V LD  L LSGEA PFTA  K  SQFKAGTTV G DE ER  LV E   VS   P  V T    .. A  

S.cerevisiae                                           c        c           c c  cc cc  cc     cccc c  ccc c ccc  c c cc c c cc cc cc   B B  KG KG  KG     KddG B  KdG B KdG  KdG KG B KddG KG Kd                                          G        L             L  II  L  AN        Q L  TLS L        L    L A V  LL  T.MSLI DD  LS TN  ERTP...P A KT   L YEKSKQY  SSPQ Q   R.  CE 

S.pombe                                           c        c           c c  cc cc  cc     cccc c  ccc c ccc  c c cc c c cc cc cc   B B  KG KG  KG     KddG B  KdG B KdG  KdG KG B KddG KG Kd                                          G        L             I   I WI   S      K T L   LQ    L     L    I   LD IL   G.FLD EEG Q  KKN ENLSSS K I AR.  QFHK CSEV  NQHS SS   V  SKK

C.fumosorosea                                           c        c           c c  cc cc  cc     cccc c  ccc c ccc  c c cc c c cc cc cc   B B  KG KG  KG     KddG B  KdG B KdG  KdG KG B KddG KG Kd                                          G        L           D I  LI  I  AS      R T V  SVN L SLA  R L P  L   L  LV   AGD E TN  AD VA  KLPPKA A L RP   S A   YE   L AA DE  A.  TTP

T.terrestris                                           c        c           c c  cc cc  cc     cccc c  ccc c ccc  c c cc c c cc cc cc   B B  KG KG  KG     KddG B  KdG B KdG  KdG KG B KddG KG Kd                                          G        L           D L  LL  L  AS     RRQT I  TV    SIL  R A PD L   VD LL V PER D DG  GD EA  KLPAK    S KP  ERTT   YD   L  E AR   .  T R

C.thermophilum                                           c        c           c c  cc cc  cc     cccc c  ccc c ccc  c c cc c c cc cc cc   B B  KG KG  KG     KddG B  KdG B KdG  KdG KG B KddG KG Kd                                          G        L           D L  LI  I  AS     RRQT I  TI  L T L  H A PD L   AD LL L TEE G PR  DA EE  KIPAK    P KP  EK T H YT   S  S LR   .  T R

M.thermophila                                           c        c           c c  cc cc  cc     cccc c  ccc c ccc  c c cc c c cc cc cc   C C  JH JH  JH     JIIH C  JIH C JIH  JIH JH C JIIH JH JI                                          G        L           D L  LI  L  AS     RRQT I  TV  A  LL  R A PD L   VD LL V PED D GG  GD EA  KVPAK    N KS  EK TA  YD   L  E AR   .  T R

consensus>50 ..ed.le..i...e..........q..l...i..........Gl.pe..d.Lld..l.l.


120 130 140 150 160 X   X   X   X   X
H.sapiens ccccccc   ccc  ccc c cccc cccccc c  c        c c  ccccccccccEEEEEEF   DEF  DEF A DEEF DEEEEF A  A        A A  DEEEEEEEEF K  NA    ILK  MIP T ISED VVKAVS L  G        K S    VLF RWLVG FG  VNTR   .C   A V    S      W CV ........ C GSTK   Y    

G.gallus ccccccc   ccc  ccc c cccc cccccc c  c        c c  ccccccccccddddddG   KdG  KdG B KddG KddddG B  B        B B  KddddddddG KL       LLK  LIP S I E  IV  VS             K S  IQLLFLRWLIG  ADTVNTR   .S   A A P SS  SS  WFCVS........ C SN          

M.musculus ccccccc   ccc  ccc c cccc cccccc c  c        c c  ccccccccccddddddG   KdG  KdG B KddG KddddG B  B        B B  KddddddddG K  NA    ILK  MIP S ISED VLKAVS L           K S    VLF RWLVG FG  VNSR   .C   E H    S      W CVD........ C GNTK   Y    

X.laevis ccccccc   ccc  ccc c cccc cccccc c  c        c c  ccccccccccddddddG   KdG  KdG B KddG KddddG B  B        B B  KddddddddG  L       LMK  LIP S VT   IL AVS             K S   QILFLRWLIGY VDSLNVR   .C   A E  RSS  Q   LFCVV........ C TNT         

D.rerio ccccccc   ccc  ccc c cccc cccccc c  c        c c  ccccccccccddddddG   KdG  KdG B KddG KddddG B  B        B B  KddddddddG  A T N   ILK  LIP T V  E IVK VS L  G        K    AQVLFLRWVLLN G P CSR   .F   A V PQ A   G  W CV ........ MPMN          

S.cerevisiae ccccccc   ccc  ccc c cccc cccccc c  c        c c  ccccccccccddddddG   KdG  KdG B KddG KddddG B  B        B B  KddddddddGS IDTVT   IV    LP   LT E LL IIN L  P             LQ A  KWLV I     KVY  ENCF  DGY  K L  E   H GT TVFSRYRIQTPPV  S LC    

S.pombe ccccccc   ccc  ccc c cccc cccccc c  c        c c  ccccccccccddddddG   KdG  KdG B KddG KddddG B  B        B B  KddddddddGTH D      LIK  L P   IS   AIRIIS L           R S  IQA  L WLI  F KNHVQL   .C Y NEL  QTI      S DPH......GL C YA   KL N   

C.fumosorosea ccccccc   ccc  ccc c cccc cccccc c  c        c c  ccccccccccddddddG   KdG  KdG B KddG KddddG B  B        B B  KddddddddGS LDQAS                                                    L Q     .................................................... 

T.terrestris ccccccc   ccc  ccc c cccc cccccc c  c        c c  ccccccccccddddddG   KdG  KdG B KddG KddddG B  B        B B  KddddddddGNHLDQAS   IVR  L P   V DE VLRVV  L  G        K S  LQALFLRWLV       LAA   .N Y SGK A  T     GA GH ......QL P LP          

C.thermophilum ccccccc   ccc  ccc c cccc cccccc c  c        c c  ccccccccccddddddG   KdG  KdG B KddG KddddG B  B        B B  KddddddddGNHLDQAS   I R  L P S VSDE VLR I  L  G        K T  LQALFLRWLV       LAA T .N Y S T    V   F GA GH ......QL P LA          

M.thermophila ccccccc   ccc  ccc c cccc cccccc c  c        c c  ccccccccccIIIIIIH   JIH  JIH C JIIH JIIIIH C  C        C C  JIIIIIIIIHNHLDQAS   IVR  L P   VSDE VLR I  L  G        K S  LQALFLRWLV       LGA   .N Y SGK    V   F GA GH ......QL P FP          

consensus>50 ..ldqa....i.k..l.p...v.ee.vl..vs.l...........k.s...q.lflrwlv
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H.sapiens  cccccc    ccccc ccccc  cc   c cccccc c ccccc ccccccc  cc cc DEEEEF    DEEEF DEEEF  DF   A DEEEEF A DEEEF DEEEEEF  DF DF MFD ID     IN L YG  F  LQ   L PYVCHL L LLTKK  VKPFRV  LL LQA   F  .RKEQ  L .  FF AS  DDA C      . Y     EN      RK  D  

G.gallus  cccccc    ccccc ccccc  cc   c cccccc c ccccc ccccccc  cc cc KddddG    KdddG KdddG  KG   B KddddG B KdddG KdddddG  KG KG MFD ID     V  L YGI F  LN   L PYICHV L LLTRK  VKPFRV  LL LQT   F  .HKEQ HA .   F SF  DEK C      . Y     EN      RR  D  

M.musculus  cccccc    ccccc ccccc  cc   c cccccc c ccccc ccccccc  cc cc KddddG    KdddG KdddG  KG   B KddddG B KdddG KdddddG  KG KG MFD ID     ISSL YG  F  LQ   L PYVCHL L LLTKR  VKPFRV  LL LQA   F  .HKKQ    .  FF AS  DDT C      . Y     EN      RK  D  

X.laevis  cccccc    ccccc ccccc  cc   c cccccc c ccccc ccccccc  cc cc KddddG    KdddG KdddG  KG   B KddddG B KdddG KdddddG  KG KG VFD I     ILSS  Y   F  LN   L                              T   F T.CKD    F. NFF CF  YDN ..............................

D.rerio  cccccc    ccccc ccccc  cc   c cccccc c ccccc ccccccc  cc cc KddddG    KdddG KdddG  KG   B KddddG B KdddG KdddddG  KG KG VFDLID     L SI YG IF  VT   L PFICHL L LLT R HVHPYRV  LL IQT      .CKDD R  .  F  SF  EET C      . Y   T E       RK  D  

S.cerevisiae  cccccc    ccccc ccccc  cc   c cccccc c ccccc ccccccc  cc cc KddddG    KdddG KdddG  KG   B KddddG B KdddG KdddddG  KG KG VY L         NI   I     Q   L  WI  L I  AT    VKPWKL  I    H  F FPVHSEREH  SSS WLHLW FSF QK  TP V WQ  TPVD      SI KRCA

S.pombe  cccccc    ccccc ccccc  cc   c cccccc c ccccc ccccccc  cc cc KddddG    KdddG KdddG  KG   B KddddG B KdddG KdddddG  KG KG VYE LD    LL    YGVLF  L    L PYI  L L LLTKH HVK FRI  LL L H   F  .GNN  CRY.     HF DFLT R   SN . V     Y   S   HQ  A Y

C.fumosorosea  cccccc    ccccc ccccc  cc   c cccccc c ccccc ccccccc  cc cc KddddG    KdddG KdddG  KG   B KddddG B KdddG KdddddG  KG KG V  ALE    VLS A YPVLF  L    I P L HL L LITRR HVRPFRI  LL LSG HH   .EPG   R .     NL DTAA R Q A  . A     K       QN  N  

T.terrestris  cccccc    ccccc ccccc  cc   c cccccc c ccccc ccccccc  cc cc KddddG    KdddG KdddG  KG   B KddddG B KdddG KdddddG  KG KG VY LLE    ILSQA YGVLF  L    I P LCHL L LVTRR HVRPFR        M  H   .NPT     .     NL DTAA R Q    . A     K      ........

C.thermophilum  cccccc    ccccc ccccc  cc   c cccccc c ccccc ccccccc  cc cc KddddG    KdddG KdddG  KG   B KddddG B KdddG KdddddG  KG KG VY LLE    VL QV YGVLF  L    I P LCHL L LVTRR HVRPFRI  IL LSM  H   .NPG  G  .     DL DTAA R Q    . A     K       QA  T  

M.thermophila  cccccc    ccccc ccccc  cc   c cccccc c ccccc ccccccc  cc cc JIIIIH    JIIIH JIIIH  JH   C JIIIIH C JIIIH JIIIIIH  JH JH VY LLE    VLSQV Y VLF  L    I P LCHL L LVTRR HVRPFRI  IL   M  H   .NPA     . S   NL DTAA R Q    . A     K       QG  D..

consensus>50 .vfd..d...e.l....ygv.f..ld...l.p.ichl.l.l.t.r.hv.pfrv..lldl.
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H.sapiens  c c    c         cc cc ccc c cccccccc  c c  ccc   c  cc cc  A A    A         DF DF DEF A DEEEEEEF  A A  DEF   A  DF DF  K G    P         LQ LL LYK F P LISVSL  R K  FKN   E  WK AL A M M..Q ........H  A  S   F A A      PV K IY   ..S NL  T  L

G.gallus  c c    c         cc cc ccc c cccccccc  c c  ccc   c  cc cc  B B    B         KG KG KdG B KddddddG  B B  KdG   B  KG KG  K G    P         LQ LL LYK F PELVSITL  K K  FKN   D  WK AI S M M..Q ........H  A  S   L C        PQ M TY   ..A GP  A  N

M.musculus  c c    c         cc cc ccc c cccccccc  c c  ccc   c  cc cc  B B    B         KG KG KdG B KddddddG  B B  KdG   B  KG KG  K G    P         LQ LL LYK F P LISVSL  R K  F N      W  A  A M M..Q ........H  A  S   F A T      PV K IF N ..SKNL TS SL

X.laevis  c c    c         cc cc ccc c cccccccc  c c  ccc   c  cc cc  B B    B         KG KG KdG B KddddddG  B B  KdG   B  KG KG    G    P         L  LL VYK F PELVTLTL  R K  FKS      WR  L ... L..Q ........H LG  S   I C        PS F SY   ..SHFL  ME K

D.rerio  c c    c         cc cc ccc c cccccccc  c c  ccc   c  cc cc  B B    B         KG KG KdG B KddddddG  B B  KdG   B  KG KG  K G    P         LT LL LYK F PDLVTLSL  R R  FKN      WK AL A M R..Q ........F  Q  A   V R        PS A TG   ..HNST  V  S

S.cerevisiae  c c    c         cc cc ccc c cccccccc  c c  ccc   c  cc cc  B B    B         KG KG KdG B KddddddG  B B  KdG   B  KG KG  H G    P          Q LV A       IITIN   K     RN   D  F  IL M P YRDA GSATLILQRF C  G SSQITES     CNR TLKSH  LKL AH LS  K

S.pombe  c c    c         cc cc ccc c cccccccc  c c  ccc   c  cc cc  B B    B         KG KG KdG B KddddddG  B B  KdG   B  KG KG  K G    P         L  LI  YK   PDVI  S   R H   R    D  W  A  Q P NTAD ........Y LA  LT  QHF    VG YTY K GSV ...L SE IA TK

C.fumosorosea  c c    c         cc cc ccc c cccccccc  c c  ccc   c  cc cc  B B    B         KG KG KdG B KddddddG  B B  KdG   B  KG KG    G    P         L  LL VYK Y PEII   A       FK    D  WR  M RQT N..D ........T VG  R   D Y    VGE VRGRASA  H..P PS  ER D

T.terrestris  c c    c         cc cc ccc c cccccccc  c c  ccc   c  cc cc  B B    B         KG KG KdG B KddddddG  B B  KdG   B  KG KG                                                    D  WR  L ...............................................H..P PQ  AK D

C.thermophilum  c c    c         cc cc ccc c cccccccc  c c  ccc   c  cc cc  B B    B         KG KG KdG B KddddddG  B B  KdG   B  KG KG    G    P         LT LL VFK Y PEII   A       FK    D  WR  L RQT G..D ........N  G  R   N Y    VGD TKGRASA  H..P PQ  QH D

M.thermophila  c c    c         cc cc ccc c cccccccc  c c  ccc   c  cc cc  C C    C         JH JH JIH C JIIIIIIH  C C  JIH   C  JH JH ............................................................

consensus>50 ...g...qp.........l..ll..yk.f.pe.i...........fk....d..w...l.


280       290          300        310       320       330     X         X            X          X         X         X
H.sapiens  cccccc    cc  c  c       cc ccc c c  ccccc                  DEEEEF    DF  A  A       DF DEF A A  DEEEF                  V QRNR    E   L  G       R  KRK N S  VIPVL                 A K    GPSP PLK ML PAN...V PL   W . LS     NSSSYTKECGKKEMSLS

G.gallus  cccccc    cc  c  c       cc ccc c c  ccccc                  KddddG    KG  B  B       KG KdG B B  KdddG                  V QRN         L  G       HS KRK N T  IVPA                  A R   QANSTVPQP LL TAQ...P  R   W . QL    SSANAQNLVVGGK.MSRA

M.musculus  cccccc    cc  c  c       cc ccc c c  ccccc                  KddddG    KG  B  B       KG KdG B B  KdddG                  V  RN     E   L          RS KRK N S  VIPAL                 A RL  QGAFP PLN PLRPTT...G  L   W . HS     N..SANKEYGEKTASLF

X.laevis  cccccc    cc  c  c       cc ccc c c  ccccc                  KddddG    KG  B  B       KG KdG B B  KdddG                  VS RN      D  L  G        S KRK N S  M PV                  E  K  AGDPAA SR IF DKEQVLSY R   W . NP P  HG.....IIWGKAPVLAD

D.rerio  cccccc    cc  c  c       cc ccc c c  ccccc                  KddddG    KG  B  B       KG KdG B B  KdddG                  VQ KNK     D  L           S KRK      V PL                  A  R   GAVLV QS SVDVKEK..PS R   RH.HLA P  SS..............AF

S.cerevisiae  cccccc    cc  c  c       cc ccc c c  ccccc                  KddddG    KG  B  B       KG KdG B B  KdddG                  I SR H                    S  H       I PL                  R L  A .PANFPADTVQNTIDM..YL EI QLG.ADS Y  RL............QSLP

S.pombe  cccccc    cc  c  c       cc ccc c c  ccccc                  KddddG    KG  B  B       KG KdG B B  KdddG                  I NRQ      E              S KRK Q S  I  LI                 A L   SEDVPL T...........WS E   R . SL PD  T................

C.fumosorosea  cccccc    cc  c  c       cc ccc c c  ccccc                  KddddG    KG  B  B       KG KdG B B  KdddG                  LQ        E              H    R Q    ALP V                 E  EAHLQQTQ RMSRPRDAFR...V KSVG G .RKT   S H................

T.terrestris  cccccc    cc  c  c       cc ccc c c  ccccc                  KddddG    KG  B  B       KG KdG B B  KdddG                  IQQR R    DD  V  G       H   RR      L PAV                 E    . SKRQ  RS RN FAV...N ALS  LKGAKV F   H................

C.thermophilum  cccccc    cc  c  c       cc ccc c c  ccccc                  KddddG    KG  B  B       KG KdG B B  KdddG                  IQQR R    ED  V  G       H   RR   T  VLP V                 E    . SEAQ  .G RN FSV...N ALG  LRG KA   T H................

M.thermophila  cccccc    cc  c  c       cc ccc c c  ccccc                  JIIIIH    JH  C  C       JH JIH C C  JIIIH                  IQQR R    DD  V  G       H    K       LPIV                 E    . SEYR  QG RN FAV...N AIDQ LKTARSS    R................

consensus>50 .v.qrn..d..ed.....g........s.krk.n....v.p...................


PDB    
PSIPRED

PSIPRED
PDB   

iiiiiiiiiii

iiiiiiiiiiiiii iiiiiiiiiiiii

iiiiiiiiiiii

PSIPRED
PDB    iiiiiiiiiii iiiiiiiiii

iiiii

PSIPRED
PDB   

PSIPRED
PDB   

PSIPRED
PDB    

iiiiiiiiiiiiiiii iiiiiiiiiii iiiiiiiiii

iiii iiiiiiiiiii iiiiiiiii

iiiiiiii

iiiiiiiiiiii

iiiiiiiiiiiiii iiiiiiiiiiii

iiiiiiii iiiiiiiiii iiiiiiiiii

iiiiii iiiiiiiiiiiiiiiiii iiiiii

iiiiiiiii

iiiiiiiiiiiiiii

iiiiiiiiii

iiiiiiiiiii

iiii

CENP-I Alignment



  340 350 360 370 380    X   X   X   X   X
H.sapiens                              c          c                      ccccccccccc cc ccc cc cccc cc    c  c  cccccccc c  c  c c   DEEEEEEEEEF DF DEF DF DEEEEEF    A  DF DEEEEEEF A  A  A D                             P          L                      N   S  LE L S  QLL NI  LEL SQ    M  V  N LLLHYI    D  V LDCL RSG FP  Q Q FP   Q  HC      .... GS  N S      NCVR EP L 

G.gallus                              c          c                      ccccccccccc cc ccc cc cccc cc    c  c  cccccccc c  c  c c   KdddddddddG KG KdG KG KdddddG    B  KG KddddddG B  B  B K                             P          L                      S   S  VE L T  QLL NI RLE  SQ    M  V  NPLLLHYM    D  V LDSY ANE FP  Q R FP   Q  H   F   .... GS  T        NCSK ES Y 

M.musculus                              c          c                      ccccccccccc cc ccc cc cccc cc    c  c  cccccccc c  c  c c   KdddddddddG KG KdG KG KdddddG    B  KG KddddddG B  B  B K                             P          L                      SSE SL LE L    QLL SI  LEL SQ    M  V  SPLLLHYI    D  I LDYL   R  P  Q QRFP   E  HC      .... CS  N        NCVK ES L 

X.laevis                              c          c                      ccccccccccc cc ccc cc cccc cc    c  c  cccccccc c  c  c c   KdddddddddG KG KdG KG KdddddG    B  KG KddddddG B  B  B K                             P          L                      SSEQ   IE L T  QLL NI RLEL  Q    M  V  SPLLLHYV    D    LNPV    MFP  R Q FP   D  H     A .... GS  K        NCFK DTPF 

D.rerio                              c          c                      ccccccccccc cc ccc cc cccc cc    c  c  cccccccc c  c  c c   KdddddddddG KG KdG KG KdddddG    B  KG KddddddG B  B  B K                             P          L                      SS   L L EL S   LL NI  IEL  Q    M  M  S LALHYL    D  A LDSN  KKG R Q  R FKE  E  HN    A .... GS  G T      DCVQ ES F 

S.cerevisiae                              c          c                      ccccccccccc cc ccc cc cccc cc    c  c  cccccccc c  c  c c   KdddddddddG KG KdG KG KdddddG    B  KG KddddddG B  B  B K                             P          L                       SDSTVSL DV SL QLA N   L I N     M     S VLL    M  D    LEYVP       W  T  E   Q WPQ H   DVDYM KPS N N   PRKV SR SLKH 

S.pombe                              c          c                      ccccccccccc cc ccc cc cccc cc    c  c  cccccccc c  c  c c   KdddddddddG KG KdG KG KdddddG    B  KG KddddddG B  B  B K                             P          L                      NT SS SLEEL SV QM     KI   S     I  V  S L L FL L        .MK  S  Y     T  Q  GLVYE  VF  R.... AA  K K F I  F KNKNVYYS

C.fumosorosea                              c          c                      ccccccccccc cc ccc cc cccc cc    c  c  cccccccc c  c  c c   KdddddddddG KG KdG KG KdddddG    B  KG KddddddG B  B  B K                             P          L                       TE SVTLEEI NV S V  M KLEL NQ    L  V   PLL K L L       MTTHA  D       E  Q F DK D       .... VA  AD   Q L L RPSAESY 

T.terrestris                              c          c                      ccccccccccc cc ccc cc cccc cc    c  c  cccccccc c  c  c c   KdddddddddG KG KdG KG KdddddG    B  KG KddddddG B  B  B K                             P          L                       QESSVTLEEI SA SLA NL KVEL TQ    L  V   PLL K L L  D  A  TLHA          D  E   Q  E       .... VA  AD   Q L L RP AE SS

C.thermophilum                              c          c                      ccccccccccc cc ccc cc cccc cc    c  c  cccccccc c  c  c c   KdddddddddG KG KdG KG KdddddG    B  KG KddddddG B  B  B K                             P          L                       QENSITLEEI NA   V NL K EL TQ    L  V   PLL K L L     A  TFHA          D  EAF K  E F     .... VA  AD   Q L L RPSAE SS

M.thermophila                              c          c                      ccccccccccc cc ccc cc cccc cc    c  c  cccccccc c  c  c c   JIIIIIIIIIH JH JIH JH JIIIIIH    C  JH JIIIIIIH C  C  C J                             P          L                       QESSVTLEEI SA   A NL KIEL SQ    L  V   PLL KFL L     A  TLHA          D  EAF R  E       .... VA  AD   Q   F RPNAE SS

consensus>50 d....e.s..leelqs.eql.qn...lelP.q....m..vL.dplll.yl.l..de...l


 390 400 410 420 430   X   X   X   X   X
H.sapiens ccc cc  ccccc              c     cc  cccccc     ccc    cccccEEF DF  DEEEF              A     DF  DEEEEF     DEF    DEEEER   WL  TLQEE              N      E    LD I     FLQ    S   F FYY  SQ     .......CIWYKV. NYEHGK FTNF  T IRAEC   EGFY CEA 

G.gallus ccc cc  ccccc              c     cc  cccccc     ccc    cccccddG KG  KdddG              B     KG  KddddG     KdG    KddddRL  WM  TLQEE                    EE    LE V     FLQ    S   F  YY  GQ     .......CTWCVV.DNNQYE  FRGF  T YKAEC   EGFP CEE 

M.musculus ccc cc  ccccc              c     cc  cccccc     ccc    cccccddG KG  KdddG              B     KG  KddddG     KdG    KddddRIS WL   LQEE              N      E    LDLV     FLQ    S   F   Y  SQA    .......CVWYNI. NYEQEK FINF    IRVQC   EGFY CEA 

X.laevis ccc cc  ccccc              c     cc  cccccc     ccc    cccccddG KG  KdddG              B     KG  KddddG     KdG    KddddRLN WL  TL EE                    EE    LE V     FLQ    S   F   Y  AF  H  .......CAWYK..GNKHSK  VEAF  T ANTQQ   EGLY TEG 

D.rerio ccc cc  ccccc              c     cc  cccccc     ccc    cccccddG KG  KdddG              B     KG  KddddG     KdG    KddddRLN WL  SLQEE                     E    L  I     FLQ    S  SF   F  GH     .......FLLCPVDGSSDNTS ACRF NT LFSQQ   EGFS TE  

S.cerevisiae ccc cc  ccccc              c     cc  cccccc     ccc    cccccddG KG  KdddG              B     KG  KddddG     KdG    Kdddd  S  L  N  DE                    E   EVI II       N     IIQ YS II IK SR  SSSPYEWCIWQLKRCFAHQI TPQ   P  ISVSSMD KLSSR   T

S.pombe ccc cc  ccccc              c     cc  cccccc     ccc    cccccddG KG  KdddG              B     KG  KddddG     KdG    KddddRL  WL  TLN                S     EE  EVL LL     F      SLLQY  DE  HI   YG..........LALR GSNNQ  ..   H  YKYLL SPKFPK     

C.fumosorosea ccc cc  ccccc              c     cc  cccccc     ccc    cccccddG KG  KdddG              B     KG  KddddG     KdG    KddddRV  WL   LQE                         EMMDVV      I     TVLNF  AN  NAA   V.......V......DGDADETTLW      RDFVVQ KNLPA     

T.terrestris ccc cc  ccccc              c     cc  cccccc     ccc    cccccddG KG  KdddG              B     KG  KddddG     KdG    KddddRIS WL   L D               S     D   DMIEVI             LLTF   N  VAC G V.......A...... GDADV LLL      HDYAVATKTLPPL    

C.thermophilum ccc cc  ccccc              c     cc  cccccc     ccc    cccccddG KG  KdddG              B     KG  KddddG     KdG    KddddRIS WL   L D               S     E   DMVEVI             LLTF   S  MAC G V.......V...... GDADI LLL      RDYVIATKGFPPL    

M.thermophila ccc cc  ccccc              c     cc  cccccc     ccc    cccccIIH JH  JIIIH              C     JH  JIIIIH     JIH    JIIIIRIS WL   L D               S     E   DMVEVI             LLTF   N  MAC G V.......A...... GDADS IFL      HDYVVATKTLPPI    

consensus>50 r...w$...lqee..................d.ee..e.le.i.....f.qe...s...f


440 450 460 470 480 X   X   X   X   X
H.sapiens                            c                                c   ccc ccccc  c ccc ccc cc c       ccc   c  cc ccccccc   c F   DEF DEEEF  A DEF DEF DEEF       DEF   A  DF DEEEEEF   A                            P                                L   K L LWDG   R Q L LVS WI         SEV   L   L QLF TST   I  Y.. S P    LCC S F Q   .   FSS....F   KPL FDH A   F   ... Y

G.gallus                            c                                c   ccc ccccc  c ccc ccc cc c       ccc   c  cc ccccccc   c G   KdG KdddG  B KdG KdG KddG       KdG   B  KG KdddddG   B                            P                                L   R L LWDG   R QIL LVS WI L       SEM   L  PL QLF TSS   L  Y.. S P    VSC S   Q   .    ST....F   KSQ CD  A   F   ... Y

M.musculus                            c                                c   ccc ccccc  c ccc ccc cc c       ccc   c  cc ccccccc   c G   KdG KdddG  B KdG KdG KddG       KdG   B  KG KdddddG   B                            P                                L   K L LWDGS  R Q L LL  WI         SEV   L   L  LF TSS   I  Y.. S P     SC S Y Q  A.   FSS....F   KPL SDH AP  F   ... Y

X.laevis                            c                                c   ccc ccccc  c ccc ccc cc c       ccc   c  cc ccccccc   c G   KdG KdddG  B KdG KdG KddG       KdG   B  KG KdddddG   B                            P                                L   K L  W G   R QIL LIS WI L       SEM   L  PI QIFISSS   V  Y.. S PH N .CH S   D   .    GP....S   EEL YK  A       ... Y

D.rerio                            c                                c   ccc ccccc  c ccc ccc cc c       ccc   c  cc ccccccc   c G   KdG KdddG  B KdG KdG KddG       KdG   B  KG KdddddG   B                            P                                L   KFL VWDGS  R QIL LLS  I L         M   L  PL QLY TST   V  Y..   S     LL P   D   .D   MP....SFY NKL FE  K   F   ... F

S.cerevisiae                            c                                c   ccc ccccc  c ccc ccc cc c       ccc   c  cc ccccccc   c G   KdG KdddG  B KdG KdG KddG       KdG   B  KG KdddddG   B                            P                                    KYL L E T  K     L   W          S         M SIFM ST     FCNL   K D L LK VCGGI PL. K EL.....I GTREFFVKF A    W  RDGHD

S.pombe                            c                                c   ccc ccccc  c ccc ccc cc c       ccc   c  cc ccccccc   c G   KdG KdddG  B KdG KdG KddG       KdG   B  KG KdddddG   B                            P                                V    F      T    NLL LL   I I       S     L     Q  LQ N   A  I..T FSKPNI EENY   T  VTH   TT....D SYFNS LKEFE FI  K ... E

C.fumosorosea                            c                                c   ccc ccccc  c ccc ccc cc c       ccc   c  cc ccccccc   c G   KdG KdddG  B KdG KdG KddG       KdG   B  KG KdddddG   B                            P                                    HF  LW G   K  I  IL  Y  L        EL   I  P   A A N      FA..  FQ  N EGS TC FQ  V. T  HD....FD  YKH FQ FEA V D K...PA

T.terrestris                            c                                c   ccc ccccc  c ccc ccc cc c       ccc   c  cc ccccccc   c G   KdG KdddG  B KdG KdG KddG       KdG   B  KG KdddddG   B                            P                                L    FL VWDGS  R  VL LLS YV L       TEL   I  PL  A L NT      E..Q  R     GK DM  E   .    IDGANKQ   YKM LG  EA V D  ...PS

C.thermophilum                            c                                c   ccc ccccc  c ccc ccc cc c       ccc   c  cc ccccccc   c G   KdG KdddG  B KdG KdG KddG       KdG   B  KG KdddddG   B                            P                                     FL IWD                 L                 L T  L NT     FE..Q  H   D.............LS  LN..............L E TL D  ...PS

M.thermophila                            c                                c   ccc ccccc  c ccc ccc cc c       ccc   c  cc ccccccc   c H   JIH JIIIH  C JIH JIH JIIH       JIH   C  JH JIIIIIH   C                            P                                     FL IW GS  R  V   LS FA L        EL   L  GL  A L NT     FA..Q  R  N  EK DI FEC  .    AE....FE  YKT .Q  EH V D  ...PN

consensus>50 l....fl..w#g...r.qilqlls..iPl.......sem...l.d.l...f..st.....


490 500 510 520 530 540 X   X   X   X   X   X  
H.sapiens c cccc  c  cc  cc cc        c         cc  cc cccccc  cc ccc A DEEF  A  DF  DF DF        A         DF  DF DEEEEF  DF DEF F CSVL  L  LL  WL WL        I          L  TL G MNSV  LI YVG  K    QS KE  QN  L  SM.....D HMKPVTN.SP ET  G S    SK  H   W

G.gallus c cccc  c  cc  cc cc        c         cc  cc cccccc  cc ccc B KddG  B  KG  KG KG        B         KG  KG KddddG  KG KdG F CSVL  L  LL  WL W         L         SL  TL GLVN V  LI FVG  K    ES KE  QN  N HVV.....Q DSESDSQFS  NT  S    G AE  N   R

M.musculus c cccc  c  cc  cc cc        c         cc  cc cccccc  cc ccc B KddG  B  KG  KG KG        B         KG  KG KddddG  KG KdG F CSVL  L  LL  WL WL        A          L  TL G MSSV  LI Y G  K    QS QE  QN  L  ST.....D HVQPTTD.SP ET  G S    SQ  E T W

X.laevis c cccc  c  cc  cc cc        c         cc  cc cccccc  cc ccc B KddG  B  KG  KG KG        B         KG  KG KddddG  KG KdG F CSIL  L  LL  WL W         V         NM  TM GLLTSV  LI FIG  K    ES KA  QN  I HSF.....S ERMQTQS.I  NS  S      KD  H   H

D.rerio c cccc  c  cc  cc cc        c         cc  cc cccccc  cc ccc B KddG  B  KG  KG KG        B         KG  KG KddddG  KG KdG F CSVI  L  ML  WL W         L         TM  TL G M SV  LV FVG  K    EC NS  VK  T HSVSASEGS DISLNSN.S  TM  S F D  ME  R   L

S.cerevisiae c cccc  c  cc  cc cc        c         cc  cc cccccc  cc ccc B KddG  B  KG  KG KG        B         KG  KG KddddG  KG KdG   CT       VL     WV                   L  TL   MQSL  L      NN  FSETCFY  QMITN  L............DDKLIA GL  LHD    LT DKIFNN

S.pombe c cccc  c  cc  cc cc        c         cc  cc cccccc  cc ccc B KddG  B  KG  KG KG        B         KG  KG KddddG  KG KdG F    L  L      WL  M        L         TL      I N A  LV      CSKH NI WL....  FR L......N RIASMGNNH  LEKCLL T H TF  SHFSW

C.fumosorosea c cccc  c  cc  cc cc        c         cc  cc cccccc  cc ccc B KddG  B  KG  KG KG        B         KG  KG KddddG  KG KdG     LL     LV  W   L                  S       A  TI   V  AG TQLE  NMYTN  HH TSV .................R SKNIPAH SR  TST QH  T

T.terrestris c cccc  c  cc  cc cc        c         cc  cc cccccc  cc ccc B KddG  B  KG  KG KG        B         KG  KG KddddG  KG KdG     LL     LL  W   M                   A   A  AV SI  LI  V  SQVA  KLYTL  RR TVA .................EA SDV AL  A  PS  DH NK

C.thermophilum c cccc  c  cc  cc cc        c         cc  cc cccccc  cc ccc B KddG  B  KG  KG KG        B         KG  KG KddddG  KG KdG    SLL     LL  W   L                  S      PA TSI  LI  V  SQL   TFYHR  LH TTL L................S PDPGQY  G   PQ  SH NK

M.thermophila c cccc  c  cc  cc cc        c         cc  cc cccccc  cc ccc C JIIH  C  JH  JH JH        C         JH  JH JIIIIH  JH JIH    SLL     LL  W   M                   A         TI  LI YV  SQV   KFYTS  RR TIV .................EA NGVDTLPWA  PR  D  NQ

consensus>50 f.cs.le.l..ll..wl.wl...................ln.tl.....sv..li.yvg.


     550       560       570          580       590       X         X         X            X         X
H.sapiens c c cccc c cc  c  cccccc c  ccc   ccc   cccccc ccc cc c ccccA A DEEF A DF  A  DEEEEF A  DEF   DEF   DEEEEF DEF DF A DEEEL T AM L S N   L  ILDFYE V  IYI   LPL   VVL PP I Y AL S D  I S T  R E N TFL HF      K CD   NYN   ...   F  G F S  L L TS 

G.gallus c c cccc c cc  c  cccccc c  ccc   ccc   cccccc ccc cc c ccccB B KddG B KG  B  KddddG B  KdG   KdG   KddddG KdG KG B KdddI T AL L       L  ILDFYE V  IYL   LPL   LIMPP  V Y AL S D V  S A  H EKSHTFL YF      T CD   KYK   ...     AG F P  L M S N

M.musculus c c cccc c cc  c  cccccc c  ccc   ccc   cccccc ccc cc c ccccB B KddG B KG  B  KddddG B  KdG   KdG   KddddG KdG KG B KdddL   AM L S S   L  ILDFYE V  IYI   LPI   VVL PP I   AL S DA I CVV  R E S TLL HF      K CD   NYD   ...   F  V FHS  L L  T 

X.laevis c c cccc c cc  c  cccccc c  ccc   ccc   cccccc ccc cc c ccccB B KddG B KG  B  KddddG B  KdG   KdG   KddddG KdG KG B KdddL T  LQI   S   L  VLD YE V  MYV   LPL   VVLPPP V Y AL S D V  S LG   .HN SLL HF   I  L SD   RFS   ...      G F P  L T C N

D.rerio c c cccc c cc  c  cccccc c  ccc   ccc   cccccc ccc cc c ccccB B KddG B KG  B  KddddG B  KdG   KdG   KddddG KdG KG B KdddL S  L L N  V  L   L FYE V  MFL   LPL   IIMPP  V Y AL   D I  A EG R E CH LL NQT A   T CD   KYS   ...     AG F P  FAI S S

S.cerevisiae c c cccc c cc  c  cccccc c  ccc   ccc   cccccc ccc cc c ccccB B KddG B KG  B  KddddG B  KdG   KdG   KddddG KdG KG B KdddA S   S     I  L  L          YA   L V       GP IM  V  S D LL T NRF T.MAF SS DI TQLSKQTKSD  IQY I .......  D  NK FS D P  

S.pombe c c cccc c cc  c  cccccc c  ccc   ccc   cccccc ccc cc c ccccB B KddG B KG  B  KddddG B  KdG   KdG   KddddG KdG KG B Kddd  S A QL          L   Y  I         P      IPP  LIY L  Q  A  DV L Y  ........SR FQL YK LTKIRKQIE N.....   KE   V FF PS FY

C.fumosorosea c c cccc c cc  c  cccccc c  ccc   ccc   cccccc ccc cc c ccccB B KddG B KG  B  KddddG B  KdG   KdG   KddddG KdG KG B KdddL   LLQ    TL     IL  YE    L     L     I LPP  LIY LV S  LA  ALA   T.GP  SSESA  AL  QNLA LTDEA RSRVR Q   SA   L  L QS  T

T.terrestris c c cccc c cc  c  cccccc c  ccc   ccc   cccccc ccc cc c ccccB B KddG B KG  B  KddddG B  KdG   KdG   KddddG KdG KG B KdddL   L Q  S TV     ILDFY  V  LY    L     IAIPPP LVY L     LAV SLT T T. R  GTYLD     TA TA  SKPA LQHVE      L   L FFCPS   

C.thermophilum c c cccc c cc  c  cccccc c  ccc   ccc   cccccc ccc cc c ccccB B KddG B KG  B  KddddG B  KdG   KdG   KddddG KdG KG B KdddL   L Q  S TV     ILDFY     LY    L     I IP P LVY L  S  LAV ALT S T. P  HTHLS     ASCAN  SNPA LSHIS T  H L   N YF PS   

M.thermophila c c cccc c cc  c  cccccc c  ccc   ccc   cccccc ccc cc c ccccC C JIIH C JH  C  JIIIIH C  JIH   JIH   JIIIIH JIH JH C JIIIL   L Q  S TV     ILDFY     LY    L     I IPPP LVY V  S  LAV ALT T T. P  GTQLV     GASAV  SSKK LQHIE T    L   L YF PS   

consensus>50 l....lq........l..ildfye.v.dly....lp....i.lppp.i.y....s.d...


600 610 620 630 640 650X   X   X   X   X   X 
H.sapiens cc cc cccccc    cc                       c   ccc c ccc cccccEF DF DEEEEF    DF                       A   DEF A DEF DEEEELN LC IM RYR    AA                       S   QEF N YL  MV CL  Q  F  H   KNLT  KK.......NELVQKTKSEFNFS KTY   . H  TS  G  

G.gallus cc cc cccccc    cc                       c   ccc c ccc cccccdG KG KddddG    KG                       B   KdG B KdG KddddLN LC IM RYR    AA                       S   QEY N YII MV CL  Q  Y  Y   TNLI  KE.......NEMSKKKIQQFKFS QTY   . Q   A  G  

M.musculus cc cc cccccc    cc                       c   ccc c ccc cccccdG KG KddddG    KG                       B   KdG B KdG KddddLN LC IM RYR    AA                       S    EY N YL  MV CL  Q  Y  Y   NNWT  KK.......NRYLQKAKPEFSLS KICK  . Y  TA  C  

X.laevis cc cc cccccc    cc                       c   ccc c ccc cccccdG KG KddddG    KG                       B   KdG B KdG KddddLN LC IM RYR     A                       S   QEF N YL  MV CL  Q  Y  Y   TNLVT KT.......NERQIKAQMHLNIH HTF   . K  TA  G  

D.rerio cc cc cccccc    cc                       c   ccc c ccc cccccdG KG KddddG    KG                       B   KdG B KdG KddddL  L  IM RYR    LA                            EF N  L  MVN M DR GY  Y   MNLT  KQ.........QKQQREQTFHISRNAYK  . RN QT   S 

S.cerevisiae cc cc cccccc    cc                       c   ccc c ccc cccccdG KG KddddG    KG                       B   KdG B KdG KddddLS AC  LV  K                             T       N YIM L N L  A  RY  AT NKLMQYPS..................... NKFVRMQ Q   D T Y 

S.pombe cc cc cccccc    cc                       c   ccc c ccc cccccdG KG KddddG    KG                       B   KdG B KdG KddddIN M  LLL  K     L                           S F   YL  L   I  S VG   LT NYQER MD...................SRIDAI K THS  KS SEI 

C.fumosorosea cc cc cccccc    cc                       c   ccc c ccc cccccdG KG KddddG    KG                       B   KdG B KdG KddddV  LC IMA YK     A                       Q   N Y N  LL IVN L AR  R   S  RGFET MK......VRAGAGTTVDASSYS DEV R . GN  D   L 

T.terrestris cc cc cccccc    cc                       c   ccc c ccc cccccdG KG KddddG    KG                       B   KdG B KdG KddddAS LC ILARYK    AV                           Q F N FLM I NCV  R  G      RAWE  MS..........SAVARKLTRPERDRI A . G   D S   

C.thermophilum cc cc cccccc    cc                       c   ccc c ccc cccccdG KG KddddG    KG                       B   KdG B KdG KddddVS LC ILA YK    AV                           NDF N FLM L NCL  R  G   M  RAWE  MASPSSSSSGSGSTVKRQLTKHERAQV   . G   D C   

M.thermophila cc cc cccccc    cc                       c   ccc c ccc cccccIH JH JIIIIH    JH                       C   JIH C JIH JIIIIAS LC ILA YK     V                           N F N FLM L NCL  R  G   S  RAWET MS..........PAVARQLTRRERDQV V . G   D C   

consensus>50 ln.lc.i$.ryk.....a........................d..qef.n.yl..mvncl
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  660 670 680 690    X   X   X   X 
H.sapiens                                                       c     c cccc         c  cc    cc  c         c ccc cc  cccc   cc  cF DEEF         A  DF    DF  A         A DEF DF  DEEF  DEF  D                                                      P     W SK F         G  ID    IL            G A Y N    NV        Y T  P GK....... IY  ..PE  EKT......... V E K S..L  VHH SFLS 

G.gallus                                                       c     c cccc         c  cc    cc  c         c ccc cc  cccc   cc  cG KddG         B  KG    KG  B         B KdG KG  KddG  KdG  K                                                      P     W S AF         G  LD    LL            G   Y N   FNI    AL  Y T S  QKDNHP..E IR  ..DE  KKT......... VRE K S..   VYH   MC 

M.musculus                                                       c     c cccc         c  cc    cc  c         c ccc cc  cccc   cc  cG KddG         B  KG    KG  B         B KdG KG  KddG  KdG  K                                                      P     W SR F         G   D     I            G  QY S    NI     L  Y T  P KA....... VYT ..PET ENT......... GT  K T..L  VYH S LS 

X.laevis                                                       c     c cccc         c  cc    cc  c         c ccc cc  cccc   cc  cG KddG         B  KG    KG  B         B KdG KG  KddG  KdG  K                                                      P     W SHAF         G  LE    LL            G LTY  A  FNI    AL  Y T    HQDTHP..Q IQ  ..TH  ESS......... V   KK ..   VYH   IG 

D.rerio                                                       c     c cccc         c  cc    cc  c         c ccc cc  cccc   cc  cG KddG         B  KG    KG  B         B KdG KG  KddG  KdG  K                                                      P     W S            G  LE    LI              A       F I    AL  Y N QWCIP....... SD  INKD  ALS.........KI EPWCC.. D IHH   FS 

S.cerevisiae                                                       c     c cccc         c  cc    cc  c         c ccc cc  cccc   cc  cG KddG         B  KG    KG  B         B KdG KG  KddG  KdG  K                                                      P     Y NKV          G   D    IL  L         P A F NA  FTIT   AL    R   LSSKSLF... VSP FFKQ  EN YI....... T D K  KF    GI   SYI

S.pombe                                                       c     c cccc         c  cc    cc  c         c ccc cc  cccc   cc  cG KddG         B  KG    KG  B         B KdG KG  KddG  KdG  K                                                      P                              L  A             Y Q   FSLT       YLLKEKRAILSFLQLWEPFKSDYSQF PI TRIA.....NDHP A R.V    CA QFFS 

C.fumosorosea                                                       c     c cccc         c  cc    cc  c         c ccc cc  cccc   cc  cG KddG         B  KG    KG  B         B KdG KG  KddG  KdG  K                                                      P     W  HAF         G  L     A   L         G VT   A   SLS   VL    RM   GVERGDVEQ CM P..AA RER GRYAAAADR V  LAA ..L   YS   CLQ

T.terrestris                                                       c     c cccc         c  cc    cc  c         c ccc cc  cccc   cc  cG KddG         B  KG    KG  B         B KdG KG  KddG  KdG  K                                                      P     W  RAF         G  V     I   L           LS  TA  FNLS   LL    RG   STTDENA.Q CC P..QS QPR ESYLRAAD.SD  LA  ..    HS   CLQ

C.thermophilum                                                       c     c cccc         c  cc    cc  c         c ccc cc  cccc   cc  cG KddG         B  KG    KG  B         B KdG KG  KddG  KdG  K                                                      P     W  RAF         G  L     V   L           MS   V  F LS    L    RG   TTTDLNA.R CL P..QS QTV EKYVRAVD.SE  LAV .. G  YA T CLQ

M.thermophila                                                       c     c cccc         c  cc    cc  c         c ccc cc  cccc   cc  cH JIIH         C  JH    JH  C         C JIH JH  JIIH  JIH  J                                                      P     W  RAF         G  I     V   L         P LS  TA  F LS   LL    RG   STTDVNA.Q CR P..QP QAT EAYMRTAD. D  LA  .. G  HS   CLQ

consensus>50 w...af.........g...d...e..................y.....fni...P.l..y


  700 710    X   X
H.sapiens cc ccc c         c  c ccc cc   c                c       c c EF DEF A         A  A DEF DF   A                A       A A AV FL            E  T  V  I                     W       S Y   S  LQES.......P ER VN SS R.GK................K ....... W .

G.gallus cc ccc c         c  c ccc cc   c                c       c c dG KdG B         B  B KdG KG   B                B       B B AV FL  A         D  T     I                     W       N Y   D  QQ W.......P DT FNFNL K.GK................K ....... W .

M.musculus cc ccc c         c  c ccc cc   c                c       c c dG KdG B         B  B KdG KG   B                B       B B AA FL            E  T HL  IQ                    W       N Y   S  LQES.......P EM E  SS  .GK................K ....... W .

X.laevis cc ccc c         c  c ccc cc   c                c       c c dG KdG B         B  B KdG KG   B                B       B B  V F H I         E  Q RL  I                     W       N Y C H Y Q F.......S DK F  QL K.GR................L ....... K .

D.rerio cc ccc c         c  c ccc cc   c                c       c c dG KdG B         B  B KdG KG   B                B       B B AI F             E     LG I                     W       N Y   E HQRCW.......P RKDVD  S KTGK................Y ....... W .

S.cerevisiae cc ccc c         c  c ccc cc   c                c       c c dG KdG B         B  B KdG KG   B                B       B B  I  LR L                G IN   T                W           C II  R ETAE....NTKIKFTS I  .EE FNNFFRVHHDEIGQHG IKGVNNIHDLR

S.pombe cc ccc c         c  c ccc cc   c                c       c c dG KdG B         B  B KdG KG   B                B       B B I  Y   L            S  L  IQ   T                W         F  NG QIY QQTN....PATG IP KP  .EE FGAFQSNLHLSD...S .......ED Q

C.fumosorosea cc ccc c         c  c ccc cc   c                c       c c dG KdG B         B  B KdG KG   B                B       B B     LR L            T HAG AS   S                F       N Y SSEA  A EVRRIAADEAVE R   P  .QE LRRLATSGGIRL...G ....... G R

T.terrestris cc ccc c         c  c ccc cc   c                c       c c dG KdG B         B  B KdG KG   B                B       B B  I  VR L         E    H G VT   S                W       Q Y S SL  E EDLEA...D IRAR G P  .QA LNQLANRGGLSL...S ....... E R

C.thermophilum cc ccc c         c  c ccc cc   c                c       c c dG KdG B         B  B KdG KG   B                B       B B AI FMR L              HAG VT   S                W       Q Y   S   E EDED....ESVQAR   P  .QA LARLARRGGLEL...S ....... D R

M.thermophila cc ccc c         c  c ccc cc   c                c       c c IH JIH C         C  C JIH JH   C                C       C C  L YIR L         D    HAG VT   S                W       Q Y S S   Q EEDEM...E LRAR   P  .QV LGRLANRGGLAL...S ....... E R

consensus>50 .i.fl.qle........e......g.i..q..................w.......n.y.


 720         730       740       750   X           X         X         X
H.sapiens       c                                         ccc  c c  c cc  cc cccccccc   c              DEEF A A  A DF  DF DEEEEEEF   A                 L                                         LDY  S G    GL  FI SSVH                   ...    F Q ..LQ  KL  R    HSSIPRAEGINCNNQY...

G.gallus       c                                         ccc  c c  c cc  cc cccccccc   c              KddG B B  B KG  KG KddddddG   B                 L                                         L Y    G    GL  FI SSI  V K   S           ... R  YGQ ..LE  KL  E   NR S ASQ KAEDEDEKV..

M.musculus       c                                         ccc  c c  c cc  cc cccccccc   c              KddG B B  B KG  KG KddddddG   B                 L                                         LDY  S G  F GL  FI SSVHS V                ...    Y E .. Q  KL  K     S PKPEENTE........

X.laevis       c                                         ccc  c c  c cc  cc cccccccc   c              KddG B B  B KG  KG KddddddG   B                 L                                         LEF  S G    GL  FI SSV  LA    Q           ...    Y Q ..LN  KH  E   NR  SNSQ QEPCDLLSSKS

D.rerio       c                                         ccc  c c  c cc  cc cccccccc   c              KddG B B  B KG  KG KddddddG   B                 L                                         MEF  N G  F GL  FI TN         Q           ...    F Q .. D  NN  R  TGHGPSSSS DDRQPLSQNCH

S.cerevisiae       c                                         ccc  c c  c cc  cc cccccccc   c              KddG B B  B KG  KG KddddddG   B                 L                                         L    N    Y  I  FL T LKSL K   Q           VKI MH S TANP RD AA  F Y    S YSV NS.........

S.pombe       c                                         ccc  c c  c cc  cc cccccccc   c              KddG B B  B KG  KG KddddddG   B                 L                                         I Y    G  Y  I  FL STL                    KNF I  KKK .. LA SD  L   NR..................

C.fumosorosea       c                                         ccc  c c  c cc  cc cccccccc   c              KddG B B  B KG  KG KddddddG   B                 L                                         LE     G    GV   L  SM SAAK   S           ASV  A RAK ..MP  EEL KA  P    AIE WAAGKEA....

T.terrestris       c                                         ccc  c c  c cc  cc cccccccc   c              KddG B B  B KG  KG KddddddG   B                 L                                         L    S G    GI   M NTMKNLMK               AAV AH E K ..LP  PEL Y        ARK............

C.thermophilum       c                                         ccc  c c  c cc  cc cccccccc   c              KddG B B  B KG  KG KddddddG   B                 L                                         LEY    G  F GI   M NTMKNLMK   T           VGV    EAK .. G  KEL Y        ERR ...........

M.thermophila       c                                         ccc  c c  c cc  cc cccccccc   c              JIIH C C  C JH  JH JIIIIIIH   C                 L                                         LEY    G  F GI   M NTMKNLMR   S           SGV    EAK .. G  SDL Y        ARR ...........

consensus>50 ...leyL...g..f.gi.efl...m....................
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Figure S2



  1 10 20 30 40 50  X  X  X  X  X  X   
H.sapiens                             c  c c   c c cc   c c c   c                                 A  A A   A A DF   A A A   A                                 E  I E   M K ME   N L L   E     .......MNQEDLDPDSTTDVGDVTNTE EL R CEE W D  ECQ K S IGT TLTDS

M.musculus                             c  c c   c c cc   c c c   c                                 B  B B   B B KG   B B B   B                                 E  I E   M K ME   N L L   E     .....MSENKQEVHPDTITDVEAVIDTE EL K CEE W D  DCQ K S IGT TLTNA

G.gallus                             c  c c   c c cc   c c c   c                                 B  B B   B B KG   B B B   B                                 E  L E   I K ME   S L L   E     .................MSDSVCPIDAK EL R CEN W E  KCQ K T LAA PVPES

X.laevis                             c  c c   c c cc   c c c   c                                 B  B B   B B KG   B B B   B                                 E  L     I K ME   S L M   E     .....MSGYQHELPPNISKTSPAPEEAR EL QQCEA W Q  ECQ K T SGP TLPET

D.rerio                             c  c c   c c cc   c c c   c                                 B  B B   B B KG   B B B   B                                    L E       L    N I M   E     MTPGLPKQIEMEKEVQTSEDTGCMSAAKAVL D CEEQFGL QKLQ E I ADT AYDDQ

S.cerevisiae                             c  c c   c c cc   c c c   c                                 B  B B   B B KG   B B B   B                                 E  I       K A      I     D     .............MDVEKDVLDVYIKNL NQ GNKRYFL Q QGAIDE TKRSL TEGKP

S.pombe                             c  c c   c c cc   c c c   c                                 B  B B   B B KG   B B B   B                                    L D   L   L    S L L         ...................MNSENASLFRNI N TEN VQP TQDE R A FESLVQSDQ

C.fumosorosea                             c  c c   c c cc   c c c   c                                 B  B B   B B KG   B B B   B                                 E  L E     R  E   S L A   D     ...............MASPEDTTHANNL YT K LRREV ER QQL R R SQE VILSP

T.terrestris                             c  c c   c c cc   c c c   c                                 B  B B   B B KG   B B B   B                                 E    E   L   LE     L           ............MEGVRDRTNGSYEAAL RTFQ LKR ESQ  DAVHQ RTSAAATDARF

C.thermophilum                             c  c c   c c cc   c c c   c                                 B  B B   B B KG   B B B   B                                 E  I E   I K LE   Q L           .......MEMEVDPSPQRRSDRTYEAQL RT Q LKS E Q  DAI Q R.SDSAVGADS

M.thermophila                             c  c c   c c cc   c c c   c                                 C  C C   C C JH   C C C   C                                                     M A         ................................................ R SAGSSGAGL

consensus>60 ............................e....e......qmed....l.....e...d.


     60        70        80        90       100       110      X         X         X         X         X         X   
H.sapiens  c  cc cc    c c         c   cc    cccc c  c    cc  cccc  c  A  DF DF    A A         A   DF    DEEF A  A    DF  DEEF  A  A  SL IM    L A         P    L    LI L K       QD  MVLS    N QL  L  QVKC T ELSQWQKKT ETIP TEDV  T G EEFQKLR  LE    TKES

M.musculus  c  cc cc    c c         c   cc    cccc c  c    cc  cccc  c  B  KG KG    B B         B   KG    KddG B  B    KG  KddG  B  A  SL IM    L A         P    L    LL L K        D  MVLS  Q D QL  L  QMKC T ELGQWKKRK EIIP NEDV  T G EEFQKLRC LE    TI S

G.gallus  c  cc cc    c c         c   cc    cccc c  c    cc  cccc  c  B  KG KG    B B         B   KG    KddG B  B    KG  KddG  B  A  SL L     L A         P   S     LLLL    L     E  MVLS  Q D KV  L TRMQA R EYHQWQKRN ELI TNPEV    GEEE QKVKK LE    AV L

X.laevis  c  cc cc    c c         c   cc    cccc c  c    cc  cccc  c  B  KG KG    B B         B   KG    KddG B  B    KG  KddG  B  V   L MM    L A         P   S     LLAV K  L    QE  MVLS  Q D QLY L  QVKA T EYEQWQKRT EII DNQDV    G EE EKIA  LE    SV A

D.rerio  c  cc cc    c c         c   cc    cccc c  c    cc  cccc  c  B  KG KG    B B         B   KG    KddG B  B    KG  KddG  B        LI    I           P   T     LLAV K  L    S   MVLS  Q SNEAVNR  ...A TSELEQWQEIE KLL TNTEV    G KE QRLH QLK    CS A

S.cerevisiae  c  cc cc    c c         c   cc    cccc c  c    cc  cccc  c  B  KG KG    B B         B   KG    KddG B  B    KG  KddG  B         L    M           P   SL     L L                Q  S VNSEVFTE LRKP FFSE....RAD IGF  TSN.F S RA.............. SS E

S.pombe  c  cc cc    c c         c   cc    cccc c  c    cc  cccc  c  B  KG KG    B B         B   KG    KddG B  B    KG  KddG  B  L   I                        L    II L K  A        AI N  S L VEK EKWEKKVSKFTENSKSEKRKLQLE FQE.  D K CI FKPIIGKN  D NI D

C.fumosorosea  c  cc cc    c c         c   cc    cccc c  c    cc  cccc  c  B  KG KG    B B         B   KG    KddG B  B    KG  KddG  B  A  QV  A    V           P   SL    LIAL K       TE  ALV     I QV  IT ALDK TDAE....PFV IPG  LPS.    R ..THATI  SN   EEQAK

T.terrestris  c  cc cc    c c         c   cc    cccc c  c    cc  cccc  c  B  KG KG    B B         B   KG    KddG B  B    KG  KddG  B  A  SL IM      M         P   SV    LLAM R  A    TE    A     S KD  E  AKAYQS AEAE..PLL TPG  LPA.    R .. QQTI  TDRY DSQAA

C.thermophilum  c  cc cc    c c         c   cc    cccc c  c    cc  cccc  c  B  KG KG    B B         B   KG    KddG B  B    KG  KddG  B  A  SV IM      L         P   SV    LLAM R  A    QE    A     S TE  E  TKAFQH AESE..PIL SPG  LPA.    R .. HQTI  SQEC AAQAQ

M.thermophila  c  cc cc    c c         c   cc    cccc c  c    cc  cccc  c  C  JH JH    C C         C   JH    JIIH C  C    JH  JIIH  C  A  SL IM      M         P   S     LLAM R  A    TE        T S KD  E  TGAYKI TEEG..PYM PAG PLPA.    R .. RQTI  TNEHNDAQ D

consensus>60 .a......m..........q.....p...s...d.ll.l..........e.e........


    120       130       140       150       160        170      X         X         X         X         X          X  
H.sapiens   c cc  cc c   c ccc c   cc  c  cc  c c ccc c c  cc cc  cc    A DF  DF A   A DEF A   DF  A  DF  A A DEF A A  DF DF  DF    E LK  LE E   L EQQ I   LN     LK  V T SE  I N  LK KM  IK  KN K  ED  R QRW D   Q MES  VLHSE  NK E F  SR F E.  T  LN  ..

M.musculus   c cc  cc c   c ccc c   cc  c  cc  c c ccc c c  cc cc  cc    B KG  KG B   B KdG B   KG  B  KG  B B KdG B B  KG KG  KG    E LK  LE E   L EQQ I   LN     V   V T TE  I N  L  KI  IK  KN K  ED  R QQW D   Q LDT  VLNSD ENQ V L  SR F E. TT  RG  ..

G.gallus   c cc  cc c   c ccc c   cc  c  cc  c c ccc c c  cc cc  cc    B KG  KG B   B KdG B   KG  B  KG  B B KdG B B  KG KG  KG    E LK  LE E     EQ  I          MK  V T SEK V Q  LK  M  LK  KN K  ED  R QQWHD  VQ LNAFKEIEEE  KE V D   R F E.  NQ LE  ..

X.laevis   c cc  cc c   c ccc c   cc  c  cc  c c ccc c c  cc cc  cc    B KG  KG B   B KdG B   KG  B  KG  B B KdG B B  KG KG  KG      LK  LE E   L  QQ I   LT     LK  L   SEK V Q  I  KL  VR  KNKK  KD  K QNW DG  K VDA  SRQDE  NQ TAF   R Y D. AG  YK  ..

D.rerio   c cc  cc c   c ccc c   cc  c  cc  c c ccc c c  cc cc  cc    B KG  KG B   B KdG B   KG  B  KG  B B KdG B B  KG KG  KG    D  K  L  E     E Q A   VT  I  L     Q SDH V Q  MK KI  LK  KL AQ KI KR QTWQS K E LNS  EK AR QQE.K K   S S E.  R  HK  ..

S.cerevisiae   c cc  cc c   c ccc c   cc  c  cc  c c ccc c c  cc cc  cc    B KG  KG B   B KdG B   KG  B  KG  B B KdG B B  KG KG  KG      M          L  QN I   L   L  L   M     K      IR R       WLSL NDQSVDQKAM LL  N NSD KEL RK QHQ TIMDS KQDHAH  T KA.....

S.pombe   c cc  cc c   c ccc c   cc  c  cc  c c ccc c c  cc cc  cc    B KG  KG B   B KdG B   KG  B  KG  B B KdG B B  KG KG  KG      LH     E   L E        S  L  LK  M   Q   A     R K   IH  LKKN  SNKKL .AV K ELHQIKKF SD QS  SS GER KQQ AMS.R G KSI  SA

C.fumosorosea   c cc  cc c   c ccc c   cc  c  cc  c c ccc c c  cc cc  cc    B KG  KG B   B KdG B   KG  B  KG  B B KdG B B  KG KG  KG    E     LE D   L DQ  I   LT  I  L   L S  D  L    V  K   LR  SQ AQDKR  A RAA K  KL HEA  AR AS QEE S NA VT GDA. SA REE  ..

T.terrestris   c cc  cc c   c ccc c   cc  c  cc  c c ccc c c  cc cc  cc    B KG  KG B   B KdG B   KG  B  KG  B B KdG B B  KG KG  KG    E V   IE E   L DQQ L   LQ  I  LR  L S Q K   Q  AR RI  LK  AL H ERK  A RAN A   A EAA  MR RS  EG E L A SED V.  E  AE  ..

C.thermophilum   c cc  cc c   c ccc c   cc  c  cc  c c ccc c c  cc cc  cc    B KG  KG B   B KdG B   KG  B  KG  B B KdG B B  KG KG  KG    E I   IE E   L EQ  L   L   L  LR  L    EK   Q   K RI  LK  SL Q QRR  T KAN C  EA RTA ENR KS  EG EDEG  SED L.S E  AE  ..

M.thermophila   c cc  cc c   c ccc c   cc  c  cc  c c ccc c c  cc cc  cc    C JH  JH C   C JIH C   JH  C  JH  C C JIH C C  JH JH  JH    E LR  IE E   L EQQ L   L   I  LR  L S   K   Q  A  RM  LR  VL Q  QR  A EAN R   A QTA ENR QS  EG E REK SEE I. EE  AE  ..

consensus>60 ..e.l....e.#...l.eqq.....l......l.e.l....e....q.............


  180 190    X   X
H.sapiens               c   c                                             cc         c     ccccc cc                                   DF        DF  A  DEEEF DF                                             L   L                                             KE         L     FLEDH PL                               ..EY  .......K  ST GE     F  ...............................

M.musculus               c   c                                             cc         c     ccccc cc                                   KG        KG  B  KdddG KG                                             L   L                                             KE         L     FLD H PL                               ..EF  .......K  LT GA   N F  ...............................

G.gallus               c   c                                             cc         c     ccccc cc                                   KG        KG  B  KdddG KG                                             L   L                                             K          M     FLEEH PL                               ..EY K.......K  NA GE     F  ...............................

X.laevis               c   c                                             cc         c     ccccc cc                                   KG        KG  B  KdddG KG                                             L   L                                             KE         L     FLEEH PL                               ..AH  .......E  SA GD     F  ...............................

D.rerio               c   c                                             cc         c     ccccc cc                                   KG        KG  B  KdddG KG                                             L   L                                             H          M      L EH PL                               ..EY S.......S  EM SDM A  F  ...............................

S.cerevisiae               c   c                                             cc         c     ccccc cc                                   KG        KG  B  KdddG KG                                             L   L                                             KE         A     YL     V                               ..RN  LWD....S  DF KG  ..... ...............................

S.pombe               c   c                                             cc         c     ccccc cc                                   KG        KG  B  KdddG KG                                             L   L                                             KE               FLDEH P                                IIQE  RYEKESQE FTF DG     A SLLE.........GAQASID............

C.fumosorosea               c   c                                             cc         c     ccccc cc                                   KG        KG  B  KdddG KG                                             L   L                                                        M     FME                                    ..QKAKDYSRRKRQ  IE LA   RELAPLLVAEEMGGPVVGDLMDVDANDLAAGFTAQG

T.terrestris               c   c                                             cc         c     ccccc cc                                   KG        KG  B  KdddG KG                                             L   L                                             KD         M     FI EH GA                               ..RQ  EWAKKTSS  KQ DW  G  L  MLAAEELGGPVVGELMEIDPDDLSAGFNAHG

C.thermophilum               c   c                                             cc         c     ccccc cc                                   KG        KG  B  KdddG KG                                             L   L                                             KE         M     FIEE  G                                ..KQ  HWDKQTST  KQ DQ    YL PMLAAEDLGGPVVGDMIDINPNDLEAGFTTHG

M.thermophila               c   c                                             cc         c     ccccc cc                                   JH        JH  C  JIIIH JH                                             L   L                                             KE         M     FI EH G                                ..KE  HWDEQTSS  KE NW  G  L PMLAAEELGGPVVGGLMDIDPKDLSAGFSAQG

consensus>60 ....ke........Lm..L..fleeh..................................


  200 210    X   X
H.sapiens          cc     cc                           c  c cc cccccc          DF     DF                           A  A DF DEEEEF          PD     KK                           E  V LI LHEMLE .........  RSVKK  KN.......................IQ SS N  T      I

M.musculus          cc     cc                           c  c cc cccccc          KG     KG                           B  B KG KddddG          PE     KR                           D  A LI L EILE .........  ASTPK  KN.......................IQ SN Q  T N    M

G.gallus          cc     cc                           c  c cc cccccc          KG     KG                           B  B KG KddddG          PE     KK                           E    VI IHEILE .........  KNGNA  KR......................YSE PPEQ  T      I

X.laevis          cc     cc                           c  c cc cccccc          KG     KG                           B  B KG KddddG          P       K                              V LM LHEILE ......... QEQENQS KK....................KGQSGKKS Q  T      I

D.rerio          cc     cc                           c  c cc cccccc          KG     KG                           B  B KG KddddG          PD      K                              I LI L EIIE .........  PQENGS KK...................RAAAYDAAE N  S S    R

S.cerevisiae          cc     cc                           c  c cc cccccc          KG     KG                           B  B KG KddddG          P                                           L   V  ......... NLDDNDESID................................S TNE ML

S.pombe          cc     cc                           c  c cc cccccc          KG     KG                           B  B KG KddddG          P                                   E        K VIE ......KNR GKNQPSLNFENI.................SKKDLT ......EF Q   N

C.fumosorosea          cc     cc                           c  c cc cccccc          KG     KG                           B  B KG KddddG                 RR                           D  A A  MR L E RLRKTGKGDAGREKGQ  IDEIWGRDGEGGGRRPAADNQRRRPLN VE A EE  W T Q

T.terrestris          cc     cc                           c  c cc cccccc          KG     KG                           B  B KG KddddG          PD     RR                           E  A  A MRDLIE KLKKA.TSQ  LDRRQ  IDDIWGPQDEQG....QAH.KRKRGAD AL AS E      Q

C.thermophilum          cc     cc                           c  c cc cccccc          KG     KG                           B  B KG KddddG           D     RR                           E  A AA MRDLLE KLKKT.KGES QDKRQ  IDEMWAPMDSQG....EAG..KKRPRD AS A  E      Q

M.thermophila          cc     cc                           c  c cc cccccc          JH     JH                           C  C JH JIIIIH          PD     RR                           E  A  A MRDLIE KPKKA.KEQ  QDRRQ  IDDIWGPREEQG....QASTRRNHERD AA AS E      Q

consensus>60 .........pd.d......d........................de.......l.e..e.


220 230 240 250 260 X   X   X   X   X
H.sapiens c                               c                     c  c   cccccc c    c cc c          c   ccc ccc     cc c  ccc      DEEEEEF A    A DF A          A  DEEF DEF     DF A  DEEF  A  L                               L                     L  F   INRL D P    D YV I          V   LRN IAL     HP D  RIR           F V ...H P  K SDSFWP..PY EL    G   R....  E PT    EA HQ

M.musculus c                               c                     c  c   cccccc c    c cc c          c   ccc ccc     cc c  ccc      KdddddG B    B KG B          B  KddG KdG     KG B  KddG  B  L                               L                     L  F   INRM D P    D YV I          I   LR  IAL     HP D   IR           F V ...H P  K RDSFWP..PY EL   YG   R....  E PSQ   EA HQ

G.gallus c                               c                     c  c   cccccc c    c cc c          c   ccc ccc     cc c  ccc      KdddddG B    B KG B          B  KddG KdG     KG B  KddG  B  L                               L                     L  F   LN LM  P    E YV V          L   LRS IVL     HP D  RIR         Q  ST ...H P  T DDSFWP..PY EL    G   R....  E PN    EA HE

X.laevis c                               c                     c  c   cccccc c    c cc c          c   ccc ccc     cc c  ccc      KdddddG B    B KG B          B  KddG KdG     KG B  KddG  B  L                               L                     L  F   INKLM  P    D YL L          I   LR  IAL     HP D  RIR            TT ...H P  V EPHHWP..PY EM   YG   R....  E PK    EA HQ

D.rerio c                               c                     c  c   cccccc c    c cc c          c   ccc ccc     cc c  ccc      KdddddG B    B KG B          B  KddG KdG     KG B  KddG  B  L                               L                     L  F    NK LE P    D YV I              LRN IAM     HP D  KIR       T  T  T ...H P  T DDTFWP..PYTEM    G   R....  E CN    EN F.

S.cerevisiae c                               c                     c  c   cccccc c    c cc c          c   ccc ccc     cc c  ccc      KdddddG B    B KG B          B  KddG KdG     KG B  KddG  B  L                               L                     L  F   M RLIE      D  L L              LR  II             IK        K    .....H LN T NDFSSKTIPIYRL   AN  TVIEGSTNPGTKY   ID NE

S.pombe c                               c                     c  c   cccccc c    c cc c          c   ccc ccc     cc c  ccc      KdddddG B    B KG B          B  KddG KdG     KG B  KddG  B  L                               L                     L  F   MN  I  G      YI V          V   V   L        P D  KVK         NS IP ....SP  E KNER.....I SF  LAS CTV....D Q PS    IP SD

C.fumosorosea c                               c                     c  c   cccccc c    c cc c          c   ccc ccc     cc c  ccc      KdddddG B    B KG B          B  KddG KdG     KG B  KddG  B  L                               L                     L  F   LNKM D      D YV I          V   IRS VA      HP D  RIK           T AAGNTE S  N GRES....AA RF    K  QY....  R IS    ID GR

T.terrestris c                               c                     c  c   cccccc c    c cc c          c   ccc ccc     cc c  ccc      KdddddG B    B KG B          B  KddG KdG     KG B  KddG  B  L                               L                     L  F   MNKLVE G      YV I          A   VRS VAM     HP D  RLR             A GDNSAT  E PRES....AA RF    K   F....  N AR    VD GR

C.thermophilum c                               c                     c  c   cccccc c    c cc c          c   ccc ccc     cc c  ccc      KdddddG B    B KG B          B  KddG KdG     KG B  KddG  B  L                               L                     L  F   MNKLIE        YV L          A   VRS VAM      P D  KIR             ARGDNSAA  E PRES....AA RF    K   F....D K AR    VD GR

M.thermophila c                               c                     c  c   cccccc c    c cc c          c   ccc ccc     cc c  ccc      JIIIIIH C    C JH C          C  JIIH JIH     JH C  JIIH  C  L                               L                     L  F   MNKLVE G      YV L          A   VRS VAL     HP D  KLR             A GDTSAA  E PRES....AA RF    K   F....  R AR    VD GR

consensus>60 Lmn.l.e......d.yv.i.............L.r..ial.....hped...irL..F..


CENP-K Alignment
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Figure S3



1       10        20        30        40        50        60X        X         X         X         X         X         X
H.sapiens         c                  c         c    cc c c ccc  ccc  c        A                  A         A    DF A A DEF  DEF  D        D                  V         D    LL L    KQ  LE   MMEEQPQMQ ADEPADSGGEGRAGGPPQ AGAQAACSE RMTL  R RAQT  QL  YKS 

M.musculus         c                  c         c    cc c c ccc  ccc  c        B                  B         B    KG B B KdG  KdG  K        E                  L         D    LL L    KQ  LE   MMEEQP..R RSEAGAEACEEKRG.... SQAAEERIE RISL  R RAQT  QL  YKS 

G.gallus         c                  c         c    cc c c ccc  ccc  c        B                  B         B    KG B B KdG  KdG  K        E                  A               L A   LKQ  ME   A..MAGRLS SVGSGPGAE......... ETAADPDAKRDVLEH C RTH   LV  FDT 

X.laevis         c                  c         c    cc c c ccc  ccc  c        B                  B         B    KG B B KdG  KdG  K        D                                 LL L E VK   LEV  VMDLPGPLG MQALSSELQRVCLLGACGQEPPEEEPPEPHLLR  R R Q  HQS   QT 

D.rerio         c                  c         c    cc c c ccc  ccc  c        B                  B         B    KG B B KdG  KdG  K        D                  L              LL M E M N   EM   MSSSNVNH ALASDVDTPRRDNS.... PDPSSVSDGVTPTS  K K I E QCF  NVK

S.cerevisiae         c                  c         c    cc c c ccc  ccc  c        B                  B         B    KG B B KdG  KdG  K                           M                   E  R   I L  L........................... TNSSEKQWERIQQLEKEHV VY ELL T DR 

S.pombe         c                  c         c    cc c c ccc  ccc  c        B                  B         B    KG B B KdG  KdG  K                           L         D    VI       Q    V   ..........MDNNDQISN........ CLGALQLLA QPIS  SNEPSEE RNEH LKK

C.fumosorosea         c                  c         c    cc c c ccc  ccc  c        B                  B         B    KG B B KdG  KdG  K        D                            D    VL L D L Q  LEI  I.......M NDEHMEDVE.........SAGEPPLGLS DERQ  E Y R Q MD   A. 

T.terrestris         c                  c         c    cc c c ccc  ccc  c        B                  B         B    KG B B KdG  KdG  K                           A         E    VL L D LRQ  LEL  L...........MAATAST......... TPTPLPHFT REAS  A Y R   LQ   A. 

M.thermophila         c                  c         c    cc c c ccc  ccc  c        C                  C         C    JH C C JIH  JIH  J                           V         E    VL L D L Q  LEL  L...........MASHSPS......... SS...PAFT TEAS  A Y Q Q LQ   A. 

consensus>60 ........d............................d.....l.l.e...q..le....


70        80        90       100       110       120 X         X         X         X         X         X
H.sapiens c  c  c              c     cc cccc   cccccc cc cc  cc  c   cF  A  A              A     DF DEEF   DEEEEF DF DF  DF  A   AV  S  K              I     EI EVKV   IK LAL RM L   L   L   S DA EE TPEQIMQEKQIEAK EDLEN  E    AFE  K   D  R STA KKN EKI 

M.musculus c  c  c              c     cc cccc   cccccc cc cc  cc  c   cG  B  B              B     KG KddG   KddddG KG KG  KG  B   BI  N  K              I     EI DVK    MKSLAL RM L   L   M     DT EE TPEQIMQEKQIEVK EELEN  E   SNIE      S  K SVA RDN ENMG

G.gallus c  c  c              c     cc cccc   cccccc cc cc  cc  c   cG  B  B              B     KG KddG   KddddG KG KG  KG  B   B                     A     EV  VK     K LVI RI LM  L   V    CPPDEGCNSG...AEVNFIES KETLE  GK  SAFES A   K  Q  DA RKR KEND

X.laevis c  c  c              c     cc cccc   cccccc cc cc  cc  c   cG  B  B              B     KG KddG   KddddG KG KG  KG  B   BA  S                       DI DLKV    KTMVL RM  V  LL  I   N EA EEVSSEALSSEKLTEIAKELLK.  E    SYQN     Q  QF NA  NK QDN 

D.rerio c  c  c              c     cc cccc   cccccc cc cc  cc  c   cG  B  B              B     KG KddG   KddddG KG KG  KG  B   BV     R              L     EI  ARL    KTLVL RM I   VI  M     SMGKH ES......CEAEAD SKYES  EQ   SHFN     N  Q WSA  EK IQNG

S.cerevisiae c  c  c              c     cc cccc   cccccc cc cc  cc  c   cG  B  B              B     KG KddG   KddddG KG KG  KG  B   B                     L      L EIR      QI L K  LL  LL      NYLIRKHNHA..........VI SHTQQR L   ...HQL  N E TA  IR  EKPDNT 

S.pombe c  c  c              c     cc cccc   cccccc cc cc  cc  c   cG  B  B              B     KG KddG   KddddG KG KG  KG  B   B   N  R                    D     A   I N  M    LV  L   L   SWEN VL HW......KILFSLFMQTCG SVQGN AFS L .F TTNS  GQ YQR YDE 

C.fumosorosea c  c  c              c     cc cccc   cccccc cc cc  cc  c   cG  B  B              B     KG KddG   KddddG KG KG  KG  B   BI  Q  H              L      L  AR    LRN AV  V MV  VL  V   T NA KA VS...TSTDDSPDA AAAQEA LQ  SRYK   D  EL M  HP  KA HGS 

T.terrestris c  c  c              c     cc cccc   cccccc cc cc  cc  c   cG  B  B              B     KG KddG   KddddG KG KG  KG  B   BL  Q  H              L      L EARA   LR  VV  V  L  IL  V   T TS RS GVIETSASRRAEND AVDEAR L    TLD  DS  EN VT QP  NA HHA 

M.thermophila c  c  c              c     cc cccc   cccccc cc cc  cc  c   cH  C  C              C     JH JIIH   JIIIIH JH JH  JH  C   CL  Q                 L        EAKA   L N VV  V AV   L  V     QS HNVG......SPTTGHD SENQTRFL    TLA C S  ES V  QPT NA HQAR

consensus>60 .d.q.....................e.e..e...........le...l...l.n...n..


130       140          150       160          170  X         X            X         X            X
H.sapiens   c cc c c  c  c   cc c     cc  c ccc cc c cc c   c    ccccc  A DF A A  A  A   DF A     DF  A DEF DF A DF A   A    DEEEE  S VL D M  L  L   IM       ES  L EKL DI K RL L   S    SKLLERQ S  M N KH LE NKL  KSQ...Q  WD E   L  R K  Q KQA ...E     

M.musculus   c cc c c  c  c   cc c     cc  c ccc cc c cc c   c    ccccc  B KG B B  B  B   KG B     KG  B KdG KG B KG B   B    Kdddd  N VL D M  I  L   IM       ES  L  KL DV K RL L   S    SKLLEPE C  T D KH LK QKL  KSQ...E  SE EK  L  R K  Q KQA ...R     

G.gallus   c cc c c  c  c   cc c     cc  c ccc cc c cc c   c    ccccc  B KG B B  B  B   KG B     KG  B KdG KG B KG B   B    Kdddd    LI E M  I  L   II A         I E L DI R R  L         KAL GCAR  V T RD IK NWE  Q H...QQARV R N N  R K YF KQAE...GE   R

X.laevis   c cc c c  c  c   cc c     cc  c ccc cc c cc c   c    ccccc  B KG B B  B  B   KG B     KG  B KdG KG B KG B   B    Kdddd  S LI E    I  L   VI       ET  L DRL DI K RL L         KMLENE R  Q KFTH ST SSA  NSQ...Q  RE E   Y  R K  V KELG...SA    

D.rerio   c cc c c  c  c   cc c     cc  c ccc cc c cc c   c    ccccc  B KG B B  B  B   KG B     KG  B KdG KG B KG B   B    Kdddd     L E       I    I I     ET  L D I DV K RL L         KM EADAEE K LTNQNSE CEKT Q L...K  RE Q Q T  Q Q  D KGQI...KK  Q 

S.cerevisiae   c cc c c  c  c   cc c     cc  c ccc cc c cc c   c    ccccc  B KG B B  B  B   KG B     KG  B KdG KG B KG B   B    Kdddd     L   L     L   LL        Q  L   L E    R  L        SKLIEVLFTK QNL EESNS DYE  QSLG...A SS HKQ I SRAE DE .......M     

S.pombe   c cc c c  c  c   cc c     cc  c ccc cc c cc c   c    ccccc  B KG B B  B  B   KG B     KG  B KdG KG B KG B   B    Kdddd     I   L     L    L I      T    EK  E  K  L     S    S  LENSLGF SSP NETEH SEEN K ESSITF SEEI  EK NI SV LPSVQ ...I SS  

C.fumosorosea   c cc c c  c  c   cc c     cc  c ccc cc c cc c   c    ccccc  B KG B B  B  B   KG B     KG  B KdG KG B KG B   B    Kdddd  S I  D L  I      AV V           D L DV    L A   N    SRL ENA P DR L PY VKRDDA  E ARAAAQAQATR A T  QVET R CRR VTLT   F 

T.terrestris   c cc c c  c  c   cc c     cc  c ccc cc c cc c   c    ccccc  B KG B B  B  B   KG B     KG  B KdG KG B KG B   B    Kdddd  S L  D L         A  V     D   A  RL EL    L A   N    S VL HA P ER L PYTEQRDAT TK ASLCA LDS WG  A  ETES R TQR MELA E  R

M.thermophila   c cc c c  c  c   cc c     cc  c ccc cc c cc c   c    ccccc  C JH C C  C  C   JH C     JH  C JIH JH C JH C   C    JIIII  S V  D L  I      A  A     E   A  RL EL    L A   N      VL QA A ER L PI QERDIA TK ANIYS LQT RA  A  EVGS K SHW RELAAD  Q

consensus>60 .......d.l.....ld...........e.....e.l.#i...rl.l........sklle


180        190       200       210       220       230     X          X         X         X         X         X   
H.sapiens c                    c  c   c    c   ccc c c ccc c c cc c  cF                    A  A   A    A   DEF A A DEF A A DF A  DI                    I  I   L    K   VIQ V Q LIL S V WA D  L QTEKNKQ.KIDLDSMENSER KI RQN QMEI ITT   H F N   G K N  E PA 

M.musculus c                    c  c   c    c   ccc c c ccc c c cc c  cG                    B  B   B    B   KdG B B KdG B B KG B  KI                    I  M   L    K   VVQ   Q LIL S   WA D  L QIEKNKQ.KEDVDKMENSEM KT KKK QTEI ITT   HTF G   A KTN  E PA 

G.gallus c                    c  c   c    c   ccc c c ccc c c cc c  cG                    B  B   B    B   KdG B B KdG B B KG B  KI                    L  I   V    K   LVQ I Q IIV   I WA D  L FTTVRKK..KEVVRMKIAEK KF HRN QYER VTT   N L N   GCQ N  K PS 

X.laevis c                    c  c   c    c   ccc c c ccc c c cc c  cG                    B  B   B    B   KdG B B KdG B B KG B  KI                    I  L   L        VLQ V Q IIL S V WA D  L QTLKSNW.KANREETQN.EK KR NKI KDEIDSTT   N F N   A H D  K PQ 

D.rerio c                    c  c   c    c   ccc c c ccc c c cc c  cG                    B  B   B    B   KdG B B KdG B B KG B  KI                       A   L    R   ILQ V   IIL S V W  D  L NELKQEK...ENQGEVQQKTKER EAV QKYQ ITT   N LRG   A K N RE PK 

S.cerevisiae c                    c  c   c    c   ccc c c ccc c c cc c  cG                    B  B   B    B   KdG B B KdG B B KG B  KL                    I                 N   Q LMI   I         SSKFPKP............T PPDDSDTAGKQVEVEKE ETI E   ALQ HSGYTNIS

S.pombe c                    c  c   c    c   ccc c c ccc c c cc c  cG                    B  B   B    B   KdG B B KdG B B KG B  KL                    I  V   L        IV  V Q LLL S I FL    L YASKESD.........YRSS EG LAD KLARARWE  RN T I   E G S  ENKK 
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