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SUPPLEMENTARY MATERIALS: 

 

TABLE S1: A summary of the cilia and flagella structural defects in CSC subunits mutants 

  Chlamydomonas a) 
      pWT b)                  amiRNAi  FAP61‐KD       amiRNAi FAP91‐KD 

Tetrahymena 
           WT                               FAP61‐KO              FAP251‐KO 

Swimming velocity  normal  reduced  reduced  normal  reduced  reduced 
RS1 structure  present in 100% 

of repeats 
present in 100% of 

repeats 
present in 100% of 

repeats  
present in 100% of 

repeats 
present in 100% of 

repeats  
present in 100% of 

repeats  
RS2 structure 
 

present in 100% 
of repeats 

missing in 49 % of 
repeats 

missing in 27‐55 % 
of repeats 

present in 100% of 
repeats 

present in 100% of 
repeats  

present in 100% of 
repeats  

RS3 structure  short (RS3S)  loss of the entire 
RS3S 

reduction of the 
RS3S structure 

full‐length RS3, 
present in 100% of 
repeats 

missing completely 
in 36 % of repeats;  
missing a part of 
the RS3 stem 
region in 100% of 
repeats 

missing completely 
in 16 % of repeats;  
missing/incomplete 
arch‐like structure 
of RS3 base in 
100% of repeats 

Additional or 
irregular RS  

not observed  observed  observed  not observed  not observed  not observed 

IDAs 
 

(not analyzed)  reduction of 
dynein e (50%); 
slight reduction of 
dynein a/d (50%) 

reduction of 
dynein e; 
slight reduction of 
dynein a/d 

reduction of 
dynein d (10%) and 
g (10%) 

reduction of 
dynein d (38%) and 
g (25%) 
 

reduction of dynein 
d (13%) and g 
(13%) 
 

N‐DRC   normal  reduction of a 
small part of the 
fork;  
missing connection 
between  N‐DRC 
baseplate and the 
base of RS2  

reduction of a 
small part of the 
fork; 
missing connection 
between N‐DRC 
baseplate and the 
base of RS2 

normal  normal  normal 

Hole in the inner 
junction of the 
microtubule 
doublet 

present  absent   absent  present  present  present 



a) Based on Dymek et al., 2011; Heuser et al., 2012.  
b) This pseudo wild‐type strain (pWT) was used as the control for classification analysis in Heuser et al. 2012. It is a mutant rescue that is biochemically, 
structurally, and phenotypically indistinguishable from WT (Rupp and Porter, 2003; Heuser et al., 2009; Nicastro et al., 2011; Barber et al., 2012; Heuser et al., 
2012).



TABLE S2: Primers used to amplify DNA fragments used to prepare expression, overexpression 

and knockout constructs. Nucleotide sequence of the introduced restriction site is underlined. 

The ATG or TGA sequences are in bold. 

 

Name  Primer sequence 

Overexpression under MTT1 promoter in BTU1 locus 

FAP61‐MluI‐F  ATAT ACGCGT CATGTACTCCAACAATTAATTAG 

FAP61‐BamHI‐R  ATT GGATCC CTTAATTTCAATCTACATTTAC 

FAP251‐MluI‐F  ATAT ACGCGT  CATGTATTAGTAAGAAGAATACGAAG 

FAP251‐BamHI‐R  ATAT GGATCC  TCAATCTTAATCATATTCTTCAT 

FAP91‐MluI‐F  ATAT  ACGCGT  TATGGCCACAACAACTAATATTCTTCATG 

FAP91‐BamHI‐R  ATAT GGATCC TCAATTTTAAACATTTGCGTGCTT 

FAP91‐BamHI‐R (MTT locus)  ATAT GGATCC ATTTTAAACATTTGCGTGCTTATTTG 

Domain analysis (overexpression under MTT1 promoter in BTU1 locus) 

FAP61‐F330‐MluI‐F  ATAT ACGCGT CATGTTTAAGCCTGATTTCATGGAAGC 

FAP61‐D1400‐BamHI‐R  ATAT GGA TCC TCAGTCAATATCAACTAAACCTGAAGTTAC 

FAP251‐G792‐BamHI‐R  TTAAGGATCC TCATCCATCTTCTCCACCTTC 

FAP251‐W179‐MluI‐F  ATATACGCGT TTGGGAGTGGAATAAAGATG 

FAP251‐A342‐MluI‐F  ATATACGCGT AGCTTGGTTTGAAGATGCAATT 

FAP251‐E787‐F  GATGAAGATGAAGGTGGAGAAGATGGA        

FAP251‐D370‐R  TCCACCTTCATCTTCATCTTCATTGTCTTC 

Native locus expression with C‐terminal 3xHA tag 

FAP61‐coding‐ApaI‐F  AATT GGGCCC GATAAGAGAATCAACGATCC  

FAP61‐3’UTR‐PstI‐F  AATT CTGCAG CCAACAAACCAATCTATCAATCAACC 

FAP61‐3’UTR‐SacI‐R  AATT GAGCTC CTCGAG TGAATGCATATATCCGTACCTGC               

FAP91‐coding‐ApaI‐F  AATT GGGCCC GGTATTACTCACGAA   

FAP91‐3’UTR‐PstI‐F  AATT CTGCAG CTATCCTAACTAACTAACTATCTATCTTTCT 

FAP91‐3’UTR‐SacI‐R  AATT GAGCTC CTCGAG TTAATACCAAGCAAAATCCAAATTTACT             

FAP251‐coding‐ApaI‐F  AATT GGGCCC GAAACAATACCTACTGC    

FAP251‐3’UTR‐PstI‐F  AATT CTGCAG TAAGTTGCTTACTTGCTTGCATCT 

FAP251‐3’UTR‐SacI‐R  AATT GAGCTC CTCGAG GTCTTTTACAACTTCTAAGAAGGTCCTTT                         

3’UTR BTU1‐ClaI‐R  AATT ATCGAT GTTTATCAATCTTGAAGTAATAAC 

Knockout construct 

FAP61‐5’UTR‐ApaI‐F  TTAT GGGCCC GAAGTTCCTGTGAAAGAC 



FAP61‐5’UTR‐SmaI‐R  TAAT CCCGGG GAACTTCTGGAATGCTATC 

FAP61‐3’UTR‐PstI‐F  AATA CTGCAG ACCTAACTGAAGTCTAAG 

FAP61‐3’UTR‐SacII‐R  AATA CCGCGG GTAAGATCTTCAGTCTTA 

FAP251‐5’UTR‐ApaI‐F  AATT GGGCCC  GAGGTTGGTCATGCGTATCC   

FAP251‐5’UTR‐SmaI‐R  AATT CCCGGG CAATTCTTGTCTTACCAGTTGTTGC 

FAP251‐3’UTR‐PstI‐F  AATT CTGCAG  GCATTGATTACTCTCCAGATGGAA  

FAP251‐3’UTR‐SacII‐R  AATA CCGCGG ACCATCAAATTCTTCATTAGTCATACG  

Knockout cells analysis 

FAP251‐del‐KO‐F  GTAACATTCCATCTCTTAAGGTT 

FAP251‐BamHI‐R  ATAT GGATCC  TCA ATC TTA ATC ATA TTC TTC AT 

FAP61‐4110‐F  CTTGCATGTATTTCGAAGTTCAAG 

FAP61‐5650‐R  CTGCCTGGAGACTAGTTAAAG 
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               1
T.thermophila  -MYSNNQLDNPNHSRSQ--YRNGDQSGIYAGSDEEFQVLVRKSDLDDVDEVLKIIAQHEREANDLLYDYP------NLLSLFEKNYLSVTILN-QQQQI
I.multifiliis  MSYQENQSELVHQESQQNYNRNNDQSGTIYGEEQEFQVLVRKSDLDDIEEIRKLITQNGREANDLLYDYP------NLINLFERSFLSVTILD-QQQKI
P.tetraurelia  ---------------------------MSFSEQQGQELQIRKADLDDYDEIMQLMQEEGEEDLQQLYAYP------KILTLFERSYLSVTVLD-SQNNI
H.sapiens      ------------------------MSVLTSPRGKVEVVHCRRTESQDVYCIKSLIRKFTCKLFGKL----------NIIYLLEKANLAVTLCN-DKEEI
X.tropicalis   ------------------------MITLTSSSGRKDFVTVRRTESLDVHGIIKRKTTTTERIFGRV----------NVIYLLEKANLAVTVYS-AKNGV
S.kowalevskii  -----MAYIRRMVVLNVSMDSKVNMTTLVSSDGPAEVINARRTESLDAPNILRLVSHATEQLFGLV----------NVVHLIEKAVLAVTLHN-DHDEV
S.purpuratus   -----------------------MATVVQSADGPTEVINARRTESLDAPNILKLVTKATQPQFGLV----------DVVNIIEKAVLAVTLNN-EREEI
C.gigas        ------------------------MATIAPKDGPPEVVNARRTESLDAPHILNLVQDSTKTLFGRV----------NVVDVIEKAVLAVTLCN-DREEI
N.vectensis    ----------------------------MEQSITPEVIQARRTESLDAPDILKLVTATTDKLFGRV----------NVVNIIEKSNLAVTLVN-SANKV
T.adhaerens    --------------------------MASTSNTGELDINVRRTEISDATKIMQLFNSSTEKIFGRV----------NVVHLIEKSVLSITITD-DQETM
T.cruzi        --------------------------MQEMSAKKDLHVVLRRSRSTDAAAIAQLTRLGTVTPCVPPVALFPWRTEADFLALIERSVICITATSKITGRV
T.brucei       ----------------------MESKRFSVGSETQLPLRFRRSYTSDAAGIAQLRKIASVAQCIPPTAMYPWKTESEFTTLIEQSVISITAISTVIDKP
T.castaneum    --------------------------MHSLLTFVLSPDNVRRLGPQNAKEVEKLTLKNTEYLFGDT----------PVDKQLKRNYVSLGVYN-DLEEL
C.reinhardtii  ----------------------------------MSNITARQTLTRDVQSVDALVRQACKAEA-------------NATLLLGTGLLNLTAVD-DKDTV

             100
T.thermophila  IGAAVFNDFPQGLTGQIDFQHENFWENWIFDAFNF----DESICITPFNTLWMTFFFV-------------------AKDQYKFSQEEELIIC-QKVFQ
I.multifiliis  IGCAVFNDYPQGLTGMIDFQHENFWEHWMFEAFDF----DEEICVTPYNTIWMTYFFV-------------------AKELLNYQNKEDLYAC-QKVFQ
P.tetraurelia  IGSAVFDDCPQGVTGQVDFKHENLWEQWIHDGWDI------GFHVSSFNCLWMTFFFL-----------------DLAKKRFQLTEDQQLQIT-KQIFQ
H.sapiens      MAQATFLDYPN-----WNVAKQDDWVSVFRELDSD------IP-CTPLNTLFMHLFVA--------------------------VDEYSVGCC-KEILR
X.tropicalis   VANAVLLDYPN-----CDIVDQAEWEEKLPTHYEE------LSNCTPLNTLFLHLFVA--------------------------KDEYSEQCI-QEIIR
S.kowalevskii  LAHAAFFDFPN-----VTDVDPAKWEQWMNQYYDC-------EDSTPLNSAFMHYFVS--------------------------KQEFSRGSA-REIIR
S.purpuratus   LAHAAFFDYPN-----VDSVDHGEWQEWLNTYYDT-------QECTPLNTLFLHYFVA--------------------------KPAFAHGSA-KEIIR
C.gigas        LGHAAFFDYPN------TDVDSATWETWFQETYGD-------QPSNALNSLFMHYFVA--------------------------KPEYAHGCA-REIIR
N.vectensis    VAHAAFFDYPN-----ITGVDQASWDTWLKSKYDC-------DKATPLNSLFMNYFVA--------------------------KPDFAYGCA-VEIIR
T.adhaerens    IGQASFYDYPN-----IQSHVVERWEDLIISNPKL-------AHCSPLNTLFLHHFVA--------------------------LEGYAKGVA-KEIFK
T.cruzi        AGFVCLDDIPH-----VTSILAENWENTLKHNEDNNDSDYADVEIAPYNTLWLKSLLAPPSSAFLSHIIDPRDLDAIRTERKLLLFGYEEEDMISELLS
T.brucei       VGFICLDDTPH-----TTLIPGDSWEVLLDDSDGD---CDKPLSIFPCNTLWVKAVLVPTSTALMSDSTN-MTKEDLDLQRKLLLFGYSSEALLQRFLH
T.castaneum    AGVICFNCFPN-----IPALPPWEWAYWLHNKYHI-------DNMTPMTTLWIHYAVW--------------------------DRRYTTLFFKPILHS
C.reinhardtii  VGYLSLDDVSC-----TRLGSGGPGADTWVQQAAA-------SRFKLGSTAFVRVCAT---------------------------AHLSEIEASAALLR

             199
T.thermophila  NVYATLPQLEGILFLKRGETMEDNGAQAQISSILENIFIEVPVKDRDIIKRVRGIHLNSEVFYSPKHACQEIIEIRMAREQDHDDLAEIFNRQ------
I.multifiliis  NVYATLPQLESILFLKRGESIENELAQSYIYDILDNFFVNIPAKDKNRLKGVRGIHNKSEIYYSPKNSCTEIMEIRMAREQDHDDLAEIFNKQ------
P.tetraurelia  KVYDYLNVVNGIFFLRRSEAID--AAQQELDIALENLFEILPKRQDFKLKFMQGVNQNCEIFYSASSMVTELLEIRMAREEDHDDLAAIFNRQ------
H.sapiens      TVYKAVPELHFIFLIVPSYMSLGSTLITVF--------------DQVGNIPCLTYEEDFAVHICHRHSHYPQLHVRKARVEDHDDLMPIFMRY------
X.tropicalis   VVFNTAPYLHFICLTAPRDEALGLALGSVF--------------QQTKIVSASALAKQHSLYMCHRHNHCPQLYVRNARVEDYDDLIPIFMRH------
S.kowalevskii  TAFNAVPDLHFIYLVVPQGVYPESSLSDIF--------------KPLDKKSNAGTLEKCAIFVCYRHDHCPVLFVRKARVEDHDDLTPIFNRQ------
S.purpuratus   TVFNAVPDIHFLYVVLPTGVAPEPALGHNF--------------STKELKDDGKPLEGYSVFVCHRHDHCPELFVRKARVEDHDDLTPIFNRQ------
C.gigas        TAFNAVPDLHFLFLLVPMGAYPDSSLDEIF--------------KQMDKKEGSSGASKGAVFVCHRHNHVPVLHVRKARVEDHDDLTPIFNRQ------
N.vectensis    TVFNAVPFLHYIFLAVPRSVETGAALTEVF--------------KPMSYKESFTGKLNCEVQVCHRHEHCPKLHIRPARVEDHDDLMPIFNRQ------
T.adhaerens    TFFNATPYVHYCLLSVKKGTAMGDSLNEIF--------------SPTGFISKLEGSEY-EILICHRHDHCPTLHIRPAKVEDHDDLVPIFNRQ------
T.cruzi        TALINMPGVMQLLVPFPLDCKYPPIECLGK--------------KSISLSDCFFEG---SLLRIFASKLVPRLQLRLGIMEDYDDFVPEMLRG------
T.brucei       IALDNLPSIEHLLVPCPMGQTYRVFENIGF--------------RPRPLQPSSFNG---TVLHIKSVSIVPQLLLRLGIVEDYDDFVVRILGG------
T.castaneum    LFLTYEPIDTVCMVCPPGIQRLDFIDEYTT--------------RVLPYGFTNPSKVQ-TIYVAKKVDFVAHYVIRRAVEEDNDDLVAIIPKI------
C.reinhardtii  TAFLHMPSLQTLLMVAGGELSFTEPGLAAV--------------FSRVGAHKESGA---VLYEAGRDAVVPPLAIRPARVEDHDDMLPILQRCEVAFPA

             298
T.thermophila  ---SEVLTAQFGEFFIADLIATQNLTRRGTRKFLNNGKAIVGQ--VRDKAVGLMSISTDI-DYKFLAQCFELETYDNLFKPDFMEAIQNKRDDIRRENQ
I.multifiliis  ---SEVLTTQFGEFFIADLIATQNLTRRITKKFKNNGKAIVGQ--VRDKAVGLMSISTDI-DYRFLAQCFELETYDNLFKPEFMEAILNRRDDIRREQQ
P.tetraurelia  ---SDVHTEEFGEFFIADLIATQNQTRRQARNYRSDGKAIVGQ--VGDKAVGLMSISIQI-SYRLLGQCFDLEVFDNLYKSEYMEAIRNRLDQLALEEQ
H.sapiens      ---DTILKETYGEYFLAELIEAQDEENH----------AVVCE--VEGTAVGFMSVCSRV-NMQLLHECFDLGPFHGLCFPHPDDVLE-----------
X.tropicalis   ---NDTLKATYGEFFLAELIEAQDEQSH----------AIVSE--DKGKAVGFMSVSSEI-NARLLQSCFDLGPFHGLCKPHPDDSLY-----------
S.kowalevskii  ---SDMLSKTYGDYFLAELIEAQDDNNH----------ALVTE--NDGTAIGFMSICGEVSNLELLNDCFELAPFHGLRKPHPDDILE-----------
S.purpuratus   ---SDMLNSTYGSYFLAELIESQDENNQ----------AIIVE--NEGTAFGFMSLSTDV-DVDLLNTCFELGPFHGLRKPHADDILK-----------
C.gigas        ---SDMLKMTYGDYFLAELIEAQDDHMH----------CLVAE--VDGSAIGFMSISNDV-NADLLNKCFELGALHGLRKPHPSDQVS-----------
N.vectensis    ---NDVLTSMYGNFFLAELIEAQDSENK----------CLVAD--VNGTAVGFMSICSQM-EARILNRCFDLEPFNRLQKTADIGEEP-----------
T.adhaerens    ---SEVLKETYGDYFLAELIEAQNENNK----------CIVVD--VKGTAVGFMSLSKNV-NIDILTSCFELSPFNGLRRPPEFSNAE-----------
T.cruzi        ---YGLITALPEEFYLDELLKDQDAFHK----------VIIAEDAVSHRVVGIMCLEATIEDQQRVSRQYMTEIFDKFRPMNNRKDTG-----------
T.brucei       ---DGLITSLPEEFYLDELLKDQNSNNK----------VIVAEDAVTHRVAGIMCLEASIEDQQMISRQYYTELYGKLRPMRGQRNAS-----------
T.castaneum    ------IEETYGQYYISELLSNLDESGR---------QIIVAE--HRGCAVGVLCLNEEV-NYDLLNEEFELVPFNGLRKHDADDEVL-----------
C.reinhardtii  LAKLPEASRPHEPFALTRVVAGQDERNR----------VLVAE--AEGRLVGFIVMTSDV-DTGSLAETFDLHAYDNFLPPEVYEQQY-----------

             397
T.thermophila  YREEDQYQEIVKKMNEERMKSHFIGQRMTLQQHCREKEQEIVMKIDEIINNDAIQKNLTKKQVEEFLDEWLRGYELHQPSDLFYQYPHIFPNTQSIILT
I.multifiliis  FKEEDQNQEKLMLMNQERMKSHLIGQRMTLQQFCKDKEAEIVMKIEEILASEEQQKVLSKKIVEDLIDNWLQEFQLHYPSSLFFENPDVFPEIQSIILS
P.tetraurelia  INKQITNYKKHIELTKEAMKCHIIGQRLYLQQYCFDRDQEIKQKIDDYGQ-EDLAKTLTQQVVTNMINGWLKDYQVFKPSDLFLEYPDSFKDLECITIK
H.sapiens      ---------------------------------------------------------------------------------------------------
X.tropicalis   ---------------------------------------------------------------------------------------------------
S.kowalevskii  ---------------------------------------------------------------------------------------------------
S.purpuratus   ---------------------------------------------------------------------------------------------------
C.gigas        ---------------------------------------------------------------------------------------------------
N.vectensis    ---------------------------------------------------------------------------------------------------
T.adhaerens    ---------------------------------------------------------------------------------------------------
T.cruzi        ---------------------------------------------------------------------------------------------------
T.brucei       ---------------------------------------------------------------------------------------------------
T.castaneum    ---------------------------------------------------------------------------------------------------
C.reinhardtii  ---------------------------------------------------------------------------------------------------

             496
T.thermophila  PRQLLIETLEFFGLPQHYMNGAGHWKDWVQKKMEEKRIAQLKRPQKK--VTKRPKRQKEEDKKEDEFKPPSYFDLTPFQSAFKKFLAVNPEGRTIFRQK
I.multifiliis  PRQLLIQSLQFYGLPRNYMNGNGHWKDWAQKKMEEKRLASLKRPQKKQQAPKRVKKKQEEEKKEDEFKPPSYFDLSPFQNAFKKFVSVVSEGRTIFRQK
P.tetraurelia  PIQVLLEALEFFGLPKGYMNGEGHWKDWAKKKEEEQKALSLKRP-KRQ-QKKTNKKAKKEDKDEDIFKPPPYFDLGPFLLAFTKFTSVSAETRAQFRKQ
H.sapiens      ---------------------------------------------------------------------------SPQDLSVRRSQDAELRSSSQGSQK
X.tropicalis   ----------------------------------------------------------------------ASVKTSIEKDLMLSRQDSKTSAAALSQQD
S.kowalevskii  ------------------------------------------------------------DPREQTPPPPSAPSPVGAVITEDRPGTQDTTKSDRVGSA
S.purpuratus   ---------------------------------------------------------------AQTPLPPEETAVDDEIVSGSQAGSDKAALS-RTSSL
C.gigas        ---------------------------------------------------------------------PPETPPPEAPTEEERPGSKMSEKS--SSSI
N.vectensis    ---------------------------------------------------------------------------------------------------
T.adhaerens    ------------------------------------------------------------------------------------------------NDD
T.cruzi        ---------------------------------------------------------------------------------------------------
T.brucei       ---------------------------------------------------------------------------------------------------
T.castaneum    ---------------------------------------------------------------------------------------------------
C.reinhardtii  ---------------------------------------------------------------------------------------------------
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             595
T.thermophila  IEASMKVIKMMFCNENGEMKEERHVDLNDLGNELNKQKMDIAPEVCENLASFLECFGEIKYEEEIIMVNPPKEDTNQNAKIAQTKKMFASEQTESKPIP
I.multifiliis  VEQNLKFIKIMFCNENGEMKEERHVDLNELGSNLNAKNMDIPQEVCENLASFLECFGEIVYETETIMVVP-KEDPDQ--KNTKNTKKFGNEQQEQKFVP
P.tetraurelia  IESRVKELIMEFCTENGEMDPSRHIDLIEFPDVLRNKGFDIGAPMGENLAFILECFGELEVDNRIVQKIKEEKDAKK---KDANLKKVGDDAP--KPVD
H.sapiens      IVEELQEPVSPDTMENIQGNI-----------------------------------------------------------------AREAASEEALTAV
X.tropicalis   NIDHNTTDEKIDSTNDAITVS------------------------------------------------------------------------------
S.kowalevskii  GSRKDEDLDELEEGDGGAGKTPSVKGTPLPQQATPQ--------------------------------------------------------SQPPASR
S.purpuratus   SSIKKGDTGTAEPTPSTQPPAQTPQQTKATPLPAKAATPMTAKSTPLPTKGTPKPGATPL--------------------------------NKPPTVA
C.gigas        NSKAEQTDGQMDERKPGSQASSGQ-----------------------------------------------------------------------NSRA
N.vectensis    ---------------------------------------------------------------------------------------------------
T.adhaerens    GKQASETEEPTDTPAKTSSTITIG---------------------------------------------------------------------------
T.cruzi        ---------------------------------------------------------------------------------------------------
T.brucei       ---------------------------------------------------------------------------------------------------
T.castaneum    --------------------------------------------------KTQVLSATAIPVLEDSTERLSNTSLQEETREESAAEQDDQDNVSDDEFS
C.reinhardtii  ---------------------------------------------------------------EAARDSVRGQKLAMLRHQRQQEKEAEGEGAGEAGGQ

             694
T.thermophila  KLLKKTSFQEFFDAVYKMKEFDIMMNRLDITKSTTLKAEVSQIVKEEAQQEKAKQEKRRIERSPNPYDDYVKNLKDLDSIPEVPIDAQNAIVINLFCID
I.multifiliis  KILKKTSFIEFFDAIHKMKSFDQMMNRLNFTKSGSLKKEVQQIIEDENLKEQQKQKRRQILRKSTPYDDYVKNLLDLESIPEVPPEAQNAIVINLFCVD
P.tetraurelia  VLQKMTSYSEFIGAIQKLKNYDQMMCRLQLVRSNTLQTEVEEIIQDEQNKITNLERAKNVERNQTQFDEHVSQIQSIDQLPEVPKAAQNAVVINLFCID
H.sapiens      QSGNVSEPEDIEKLSDISTG------------------------------------YAQYHHVSSRSLASLVLPEEPVHFRPIYRGASAAFCIQLFCID
X.tropicalis   TGNDTMGPREEDTLQEPNDL-----------------------------VSRDPAADDAIQTRNCRAPESGSNAAESQHPHPVYKGDVTAFSIQLFCID
S.kowalevskii  EAASESEVKIKRKLSDIQMGGSCSSLQSEGSRPESAKSGASSKVSGSVKSPVQEEFEEEPPAPERTPTPQLPDRKMRTTFKSVYNGPSNCFCIQLFCID
S.purpuratus   GSIAESELQVEGKLSDSHMK-SSGSVMSDKDEVESVKSGMS-KRSGS----IASNHDVAEEAAPSELSVTSEPSLPEPRFEPTYYGPANAFSIQLFCID
C.gigas        GSMSGDPPKVQSKLSDAQLT--GASLLSDGEQMEEVARDAE-DRESQ-ISSRKSSIKEEAVQSRLGSPPPFTPMRTQKRFVPTYNGPLNAFSIQLFCID
N.vectensis    ---------------------------------------------------------DDPINESPEIIHKLSEEHLVQRCPTPPHGPCSAFCIQLFCID
T.adhaerens    ------------------------------------TDTSDVHFKSKLADVYDDDDGNQCTENLKYFLLQDIKGIDRASSAPVYQGTPSVICIQLYCID
T.cruzi        --------------------------------------------------------------------------------NFSTLDIPNVVKISFFQID
T.brucei       ----------------------------------------------------------------------------------KGAVTSNMVRIKFFYID
T.castaneum    LVNLSSSLIFNFLYEEDETSDHFFMSESETSIESHFSAVVLNEEYEDHLYNADRSGGGGDVEGDEKRIPRRKESKLDNITIPTYYGEPNAFALEICTAM
C.reinhardtii  GGNGGVSAGMQTDPEQGEDGEGAAEGEGEGAGEGAGEGGAAAPGTGADKADDSEEAEAQLLAAAEPTDEETRAEMLAMFAGQAPPADPTLFAVTMLCMD

             793
T.thermophila  ENFESRSLDFVEYAFSIFGDRDYIILTQPFTVPETTLLQQFIKIPMKKNST---------FDHVLYIYHKDCLLSNT--LFIRKSKLEDMQYVAPLFSN
I.multifiliis  ENFESRSIDFVEYAFNIFQDRDYIILTQPFTCPETTLLQQFIKIQMKKNST---------FDHVLYIFHKDALLSNS--IFIRKSKLEDMQNVDLLFSN
P.tetraurelia  ERFESRSLDFVERAFELFPDREYLILTQPYTVQETTLLSHFLQVSRKKHST---------FEHVLYIFHRNSLDSHL--IELRKFNQSEWNQCQFLVEN
H.sapiens      EKYEARSLDFMNFVFSLFSDKNFCVISLPHLTPEFFLIQNFVKMVPFNTCT---------LEQDLYVFHRAGLLKS---INIRFATLLDTPGVENLVST
X.tropicalis   EKHESRSVDFLSYAFSLFPDKDFCVITVPHLTPEFPLLQNFVRVVPLSTCT---------LSQELYVFHRAALISS---IKVRAVRSNDIHNIRSLLET
S.kowalevskii  ERYEMRSLDFLPMAFDLFPDRDFCVVTMPHLVPEFPMLQSFVRVTPRCPST---------LAQELYVFNRSGLLQN---FLVRPVCTSDMDSIQNVIKS
S.purpuratus   ERYEMRSQDFLPMAFSLFPDRDFCILTVPHLVPEFPLLQNFVRGTPKCPSV---------LPQELYLFHRAGLLQS---FTVRPACTSDVPAVTSLIEG
C.gigas        ERYEMRSGDFLATCFSLFPDLNFCVITVPHLVPEFPLLQRFMRVTPRCPST---------LPQELYVFYKAGLLKD---FKVRPACTKDTAGVENLVRS
N.vectensis    EKYEMRSIDFLPAAFAQFPDRDYCVLTMPHLVSEFPLLQAFIRVTPKRHST---------LSQELYVYHRWGLIES---FNVRPCISSDSDAIRKVIKK
T.adhaerens    EKYETRSLDFITAAFDFFPNVDYCVITVPHLVPEFPLLQHFTRVTPKPRST---------FPQELYLFHHYGLINS---MKVRNVKVEDVETISKLVQN
T.cruzi        PQYAMCADQFLPFVFQEFPYVEYAMIILPHEKDEPPFLQQFEHVPLRRYQPRNARGEVIPIPQGLWIYCRYAADPIWIQPVLKNDDVESISAFLNEPFV
T.brucei       PAYALRAKSFLPVIYKEFPFVEYVIITLPYDTEKPPFLGDFDHIPLRKYYPRNSEGYLIPPPDGLWINCRYAADPVVATPVRSEKDITSINVFLDEPHM
T.castaneum    DDHENCLYLLFQAAFECFPDREYLIVSLPTETQMCYLKKHFARVTPRPNSV---------FNHELYVLHKSAILGT---LWARVAVSEDKPLVSELVAT
C.reinhardtii  PAFEAQAIEFLTPAFAAYTDKLYCVVTLPHDSREPALMGTMTRVAPNPGSL---------FPEVLFMFHRHALIPD---FAVRLGEPGDLDAVASLVAG

             892
T.thermophila  LINKQQIYDDTLEAITQTASRK------------VAFSVFC-----------DQSLIGIYVVSKNVNLD--YYISHFCVQDHIILKEHPMTCHT-----
I.multifiliis  LINKDQVYADTFEAITQTVSRK------------VAFSVFC-----------DQALIGIYVVSKNVNLD--FYISHFCVQDHIILKEHPMTYHT-----
P.tetraurelia  LLGKDGIEKDVRNVNDN-----------------ETFIVYC-----------KDEIIGLYCMKKYVNLQ--YLKSHFCIQDHVLIKEHPKHLHT-----
H.sapiens      LMLNKSILEDLDRYNKARKDPDGTL--------LQAFVAEV-----------AEQIVGIAVIRNEMDIE--YIRSHYNIEDFIYFSHHQREEHG-----
X.tropicalis   LHPQESILGDLQIYNQARRDDDGTP--------VQAFVAEV-----------ANQIVGVSVIRNEKDIE--YIHSHYNIEDFIYFNHHQWEEHG-----
S.kowalevskii  LHHHDNLIADLKQYNIARRDVNGTP--------IQAFVACC-----------LKQIVGVAVTRQEEDIE--YIRSHYNIEDFIYFNHHRRHEHG-----
S.purpuratus   IYNQDVLLSDLDRFNKARRDEDGTP--------IKAFVATC-----------HSQVVGVALTRAEEDIE--FIRSHYNIEDFIYFNHHRRDEHG-----
C.gigas        IHLNENILKDLQQFNKARRDEDGTE--------IQAFVAEC-----------QGQIVGLSVIRREENIE--YIRSHYNIEDFIYYNHHKREDHG-----
N.vectensis    LKASDKILMDVEQYNRARRDPDGTE--------LQVFVAEC-----------IGQVVGAAVLRREEDIE--YIRSHYSIEDFVYFNHHQREEHA-----
T.adhaerens    TTGKDMLLRDINLYNMARRDPDGTD--------IKAYVAVC-----------LNQPVGVAVIRKEENIE--YIRSHYNIEDFIYYNHYMREEHG-----
T.cruzi        EFSQKNIATLLEDMRVSSEENTSRENL--PQNSMSFMLQSRLGGEG------ETFIVGVASTRRVKVGEMYALRANYTVDAFVNYHVGGPRDYSVTDIH
T.brucei       EFSQ-HQITLLREDIQRLRSGRETPEDVEESNINSFVFSFVTYTENVGSEKQLPIVVGVASARKISVNEMYSLRANYDLDKLVNYYSKAPRDYSETDVT
T.castaneum    LSKPSIVEDLFKEAVDSKMGQ------------FKAYTFFC-----------EEQMIGCAIVSEEEEHE--YLELHYNVDPWLSPKETRFGTYG-----
C.reinhardtii  MPNADDIVASFSGAAAA----------------GSAAVALC-----------QGELVGLVTVNPEVDLE--LLQANFGLSNHVDLGYQPREQHG-----

             991
T.thermophila  ------------------KLIHTALNPLFTKNTRFILKEILRLMNKTCMYFEVQEKTLLPDVFNELVFVRARQFPHFLKRKWDFEHDKEHFERAGDLTE
I.multifiliis  ------------------KLIHTALNPLFSKCTRFILKEILRLMNKTCMYFEVQERTLLPDVFNELVFVRVRTFPHLLKRKWDFEHEKEHFERTGDLTE
P.tetraurelia  ------------------RLLHGILNPLFAKQTRFILREICRLMDKTCIMLEIHDRTLLPDIFHEFNFVRSRAFPHFLKQKWDWTLDDDQKERMGTILD
H.sapiens      ------------------HMHHFALNPIFRHYTKFFLKEILRLGFKSCLYYRVYPKSREGKFQNPYAHSLTSALHYLVPVRPRRQIVYP-LEKLGINAP
X.tropicalis   ------------------HLHHFALNPIFMHFGRHFLKEILRLSHKSALYYPIYPSCNKEQFKNPCAHSLSSALHYMVPVRPRRQIVFP-LEKLGINAP
S.kowalevskii  ------------------HLHHFALNPIFQHYSKHFMKEILRQSHHSCLYYPVYPPYSTDETI--QHHSLVSALNFMVPVRARRQIIYP-LEDLGENAP
S.purpuratus   ------------------HLHHFAMNPIFQHRSKHFIKEILRQSHHTCLYYPVYPAYSND-----MRHSLVTCLNFMVPVRARRQIMYP-LDQLGQNAP
C.gigas        ------------------HLHHFALNPIFSHLSKYFIKEIFRQGHNSCLYYPLYPSYTPKETV--DKHSLVSALNDMVPVRARRQITYP-LEKLGINAP
N.vectensis    ------------------HLHHLILNPVFQQYSKHFLKEVLRLAHKSCLYYPVFPVYASGSVT--KNHSVVTSLNDLVPIAARRQIIYP-VKELGGNAP
T.adhaerens    ------------------HLHHFVLNPIYSHFSKYFIQEILRLSKKNAIYYPIYPPYVQLNET--KPHSLASCLANMVPIRARRQVQYV-VDELKHNAP
T.cruzi        LNAEEGRRKFFRGEMQAVMVRFFYIKPVYRCHISFFLREILRHTNCEVTLVLEDG----------QASPFPPLLRQLLRAPPRRVQEKT--PMAVAEMG
T.brucei       LSSEEGRRKFFRNEVRGLLVRSFYVRPVYRSRISFLMRELLRHTDCELALLLEDN----------ASSPFTTLLHQLLRIQPRRVVEKPRPPASEPVFT
T.castaneum    ------------------SLEQFLLSPIFQRHINFFTRELHRLSDFDVLFYRLKRYDYIYSH---RSLPIVNAIINMIPVLPNRVPEYSKQITDEFLLP
C.reinhardtii  ------------------EIDMYTMNPIFVHRHRTLVAATMRLLGKTALYYALPP-----------GQQPPDMLEVLEQVAPRHRTA------------

            1090
T.thermophila  VQDGKRDAFDQEQAPFSLSVITKKMMSSVKVNNNTRIVVVGASDTGISFIESLLSVKD----INFTHITLLAPGGIMTMHINLP-GDQLKALSTNYTLE
I.multifiliis  VQDGQRDAFDQEQAPFSLSMITKKQLSGVKISNNSRIVVVGASDTGISFIESLLSIKD----INFTHITLLAPGGLITMHIQNP-GDQLKALSTDYTME
P.tetraurelia  DRDPYRDPQDQTQSPFSLAMLTKKQLSNVKISNNSRIVVVGASDTGLSFIESLLTIKD----IHFTNIILLAPGGLITMHVKHE-FEMLKAMSTNYTLE
H.sapiens      SK-----AVSKDPMSYALNHTNRKLTLEPKITVNAKIIVVGASSVGISFLETLVFCSH----MKFNNLTLISTHGLPGKKLLDTEQRKFLASDHCFNDK
X.tropicalis   SK-----QVSKDQPSYSLNHFNRKLTLEPKVTINARIVVVGASEVGISFMETLVFCPH----LKFNNITLISSTGLPENTPISTQEHGFLSTSHSYNDK
S.kowalevskii  SE-----RVSKEEERYALNHINRKLTLEPKVTVNARIVVVGASDVGISFLETLTFCPH----LRFNNLTLISPNGLPGELPPDDIRDNFLSSSLCYMQH
S.purpuratus   SN-----RVIKEQEMYALSHINRKLTLEPKVTINARIVVVGASDTGIAFLETLAFCPH----LRFNNLCLVSPNGLPGHMSFDETRSLFLSTSHCYTHD
C.gigas        SE-----RVLKEKECYALNHINRKLVMEPKVTINARIVVVGASDVGISLLEALAYCPH----LRFNNLTLISPHGMPGEMPPDELRDQMLGRSFCYDQE
N.vectensis    SE-----RILQEKEAFALNHLNRKLTLEPKVVINARIVVVGASDVGISFLETFVFCPH----LRFNNLTLVSPQGLPGQTAPDKLVNSCLPSSMCYDDD
T.adhaerens    SN-----RILQQMDNYMLFHINKKLVMEPKITINARIIVVGASDVGVSFLEKLIFSPH----MRFNNLKLISPNGIPGQLKPNSLRNQFLADSYCYTQQ
T.cruzi        SQGGDKIDGKEPVALGCLFVGTRRIIGDRKKIINTRIIVVGAGSTGLACIHRFLSVPY----VHFRNIVLVSTDGMPAHPNQQ--SLLWFADHMELLER
T.brucei       PRSPERIPSKDVSPLGCLFAATRRTLGDRKKLVHTRIIVVGAGSTGLTFLYRLLTVPY----ICFTNLVLISTDGMPEHPNQQ--QNLWSTDRMELLER
T.castaneum    T------CLQKHHQPFGLYLSSLRLSSMPKIEINQKMVIIGAGLTTISFLESLIFGRNPNYLIVFTNITVVSPHGVTYHKPPSQVREMVFVNDGHVDRR
C.reinhardtii  -------SDKQLQAEFALYVFTRQAAFKRRRSVNSQIVVVGASECGLAVVERLLLDPE----LQFNYLTLLAPGGIKVGG------MACQFTAGVIAR-



            1189
T.thermophila  ELKNLMLDARVNVLDAKMVELDKKGKKIKLDKNAELPYDYLVNTVGLIDTELQN--RRLISTGLFSSPYYQQLLDKYGRDRAQIEEGAPPIFGQHPVYG
I.multifiliis  ELRNLMLDARVNVLDAKMVGLDKKGKKIKLDKNADLPYDYLVCTVGLIDTELQNEKRRLISTGLYSSPYYQHLVEKY-----------EGSNEQHPVYG
P.tetraurelia  ELRALMIDARVQVVDAKMVKLDKKGNRIKIDKNAFIPFDYLIITVGLIDTELQS--REKISFGLSKSPYYKNSQ-------------------------
H.sapiens      DYALMSLCSWVNVVVGRMTGIDRAAKHVVLSTDEIVPYDHLILCTGQQYQVPCP-TEADISQHLTNREVPNSSQRRY-----------------TGKVP
X.tropicalis   DYALMSLRSWVNVVVGKMSGIDRAAKFVIVANGRKVPYDHLILCTGQQYQVPCP-TEADVRKLLTNKEAPVSSNQRY-----------------TGKIP
S.kowalevskii  ELSQISLRTWVNVVCAKMVAINRSSKYVVVTGGAKVPYDHLILCTGQQYQISAP-TEANIDDLVTNEEVPNNPNRHY-----------------TGVVP
S.purpuratus   ELSQISLRSWVNVVSSKMVGINRLSKYVKIANGTKVPYDHLIINTGQQYQVSSP-TGADVGKLVTNKEVPNNPDRRY-----------------VGPKP
C.gigas        SYAKTSLRTWVNVVVGKMTACDRKKKVVVVNGNTLVPYDHLVMCMGQQYQVPAP-TEADIDMGTTNSELPNSPDRRY-----------------LKPQP
N.vectensis    IYANMSLRTWINVVKGSMTAIDRTNKILKVSGGFGVPYDYLVICTGQQFQVPAP-TGADISTLVTTSEVPRPRTAVY-----------------RGMLP
T.adhaerens    NYDQIALHSWVSVIKGEVKAINRKSKYVVVGNDTKVMYDHLILCTGCRYQYSCP-TGVNVDENVVNNETTVP--YRY-----------------FGPKY
T.cruzi        EQMGLFVGNPVRVVHGLVMDVDTTQKYVSIDDGTYEPYDYVILTTGRQYVVPNS-----ICCLQQLIQQPLSNNQR-------------------GFVP
T.brucei       EHMGLTVGNPIRVIHGSMVDIETAQRYVVVDDSTYEPYDYVILTTGRQFGVPLS-----ISSLQQPVQQ-RQQLSR-------------------TSTP
T.castaneum    YIDAISLKTYVHVVTGVMTSINRKEKYVGLNDESYLPYDYLFLMCGEQFQKPPL-------------RKKEVVKKR-------------------TEFP
C.reinhardtii  ----LGLEARVMLLDAEVIGLDRGSKLLDLSDGSQIFYNQLVLAAGLQDQS------------------------RY---------------RFAEADP

            1288
T.thermophila  NYVQGVYSIDDPYLYEEFKKTGKKDSNIDLLTRKKRPQSITIYGRTLHTIAFISGMVNRGVHPNRIHYVIPPKVFETQVQFKNNTERLIYEDKRINDPD
I.multifiliis  DYINGVYSIDDPYIYDHFKKTGKKDSNIDLLTRRKRPQNITVYGRTLHTIAFISGMLNRGVAPKRIHYVIPQRVYEIETKFKNNTDRLKYEDKRVNDPE
P.tetraurelia  -FINGVYSIDDPYLYSHFKRTGFKGSNIDLLTRKKKPQNITIYGNTLTTITFMNGLLNRGVHPSRINYVMPPKTFQKQTRFENNKQRLEQEDKMIFDPD
H.sapiens      CNHFTLNEEEDCFKALIWIRNN-SITTE---------GNIIVYGNTIDTYTTVETLLNLGVSGSRIHLVQPPPAS---------------------TIT
X.tropicalis   SNLFTLQNRQDCLAAMRFLKDS-VVKQE---------GNVIVYGNTLDCYTTLSTLLSLGISGSRIHLVQPPLTM---------------------NVT
S.kowalevskii  SNVFTINDEYDAFQAKVWISKN-LLDTE---------GKVLIYGHTLDVYTTIQTLLMMGIPGERIIMVQPPLNY---------------------QPT
S.purpuratus   KNVFTINDESDAAATIKWLNKR-FISAE---------GKAIIYGSSLDAYTAVQTLLALDVPGHRIAMVQPPQRF---------------------TVT
C.gigas        KNLFTVNDEYDAAVALYWLENY-FLKSN---------KKAIVYGCTLDAYCCVQTLIAMGIPGENIQLVEPPSIY---------------------QST
N.vectensis    DNVFTVNSHGDCAKVVKWVNNY-FLNSQ---------GKALVYGCTLEAFTFVQGLLSAGIPADRLVMVQPPPP----------------------VPS
T.adhaerens    SNIFTLNDQFDCQAFLDWLEEQDFINRR---------DHVCIYGSTIDAYTTVQALLEYGIEGSRIILIHPPAAS---------------------PIN
T.cruzi        QGTLALSGESSVEKLRQHLHDLDRNPHNI--------SNVIVYGSGLDAFATATSIVSLGFSPQRIVVVSPE------------------------TSN
T.brucei       PGVLPISGSASVERLQRTLYELDRNPENV--------SNIVVYGSGLDAFAIATSIINLGFSPQRMVLVSPD------------------------VTN
T.castaneum    QNVFIINTEVDAGNAFNALKSLTSGQKQ---------GNMVVFGHYLEACCCLAALLEFGVAGSNLVYIDPNPDSSLRQDRHEH------------LTQ
C.reinhardtii  EVAGLLVTELELAADFSMNDAMVM-------------NSILVYGNAMGAYHSLAVLEAKGAGEKTRFVAPP-------------------------GQQ

            1387
T.thermophila  PFDDPSVEQKIFEFMESKGIQVHKGYNLHQIDVDEETR------ICQGVVFRKKADNYEEIIQQIEIKKQQILERDANSENADKGFDDTQSRDGDEENQ
I.multifiliis  PFNDEKVEEMVFQMMEKLGINVFRGFGLHEIQVDEYTK------ACQTVIFRKKSDDFDEIERRIAEKKQEILERQNENEN-YKDIDDNLSRGEEDGNI
P.tetraurelia  QFENEEVKNKVFDIMVKLGIKIHQGFTLYELKVGKEGFGLNSEDVLQEVIFRKQADNYEELKIEIQRKEQELQELKDNSEN--NMSKDMYGEQEEGENQ
H.sapiens      CINNYSVESAVADALGAAGVTMYRDAILAQWNDGLHPD------PIYSASFTTPTKP------------------------------------------
X.tropicalis   CFNNYAIEEAVQKALLAEGISSYCNCVLAQWNDGAHPD------PICFATFTSDTKP------------------------------------------
S.kowalevskii  CFNNSTIDKAITNALKHSGVQIHTGYYLAEWSDCMGGEGD----EVHCASFTSDTKP------------------------------------------
S.purpuratus   CFNNPTVHEAVHHSMAQAGVELYQGYYLAQWNDGKGVSGDG---EVYCASFTSDTKP------------------------------------------
C.gigas        CFNDPKIDDAVKQAMVSSGVQVHSGYILAQWNDGDDVS------EITSASFTSSKTP------------------------------------------
N.vectensis    CFNNIDIEEATDQALQASGVEVHVGYVLAEWNDGKYDS------NLSCATFTSENKP------------------------------------------
T.adhaerens    CFNNSIVEEVVLKGLKEAGITVHHDLILARWEIDESNE------TVVGASFTSDNKP------------------------------------------
T.cruzi        PFLDKDAFDCAVKLCNSLGINTLRGYYVTRLEYDDDGS------ALTTVVVSPVLFSEEGGDRDNTAGISNS---------------------------
T.brucei       PFVDKDAFECVVRMWSALGANTMHGYKISRTEYDDDGT------TLTTVVLSPVPALAAPAGPGTDSNARSS---------------------------
T.castaneum    FFNDSAVETAVLDEILYQGITIYQDFNFVEWHLDSTKN------FITSAKFESKYKF------------------------------------------
C.reinhardtii  PPLVGVLHALAGEAGVALPSPEPRDLAGLSVVQPVGPEL-----HASATLIDPADPGPR----------------------------------------

            1486
T.thermophila  PITLEQEIEELERNKFDDIEITSRFLVTSGLVDIDKEIFYIIHENGLVYNGRLIVKSNFQTTEKDIFCCGKICEFSQRYKRLSIGRSLRLDKYNGRELG
I.multifiliis  IITPEQEIEQLEAQKYNDIEINSRFLITSGLVDIDKEIFYIIHENGLVYNGRLIVKSNFQTTEKDIFCCGKICEFSQRYKRLSIGRSLKLDKYNGRELG
P.tetraurelia  LEVLAREIEQLKASEYDYLQLDSRFFITSGLIDIDKEIFHIIHENGLVYNGRLIVKSNFQTTQENIFACGKICEFSQRYKHHSVGKSLRLDKYNGRELG
H.sapiens      ------------------FRLQCSMFFSFCEKNVDYETFKALNDACLVYDSRLVIDTNFHTNDIAIRAAGSLTKFSNRYYSNEWT----HSNFSSKEIG
X.tropicalis   ------------------LRLQCSAFFNFSRKSVDYEAFKAINDACLVYDGRLVIDTTFHTNDDSIRAAGTLTKYSNRYHASEWS----HSNFSSKEIG
S.kowalevskii  ------------------IKLECSVFLCYNRKGVDYEAFKAINDSCLVYDGKLVIDANFHTNDLSIRGAGPLTKFQRKYHADQWT----HSNFNSKEVG
S.purpuratus   ------------------LKLECSAFFCYSRKAVDYEAFKAINDSCLVYDGRLVIDALFHTNDLSIRAAGPLTKFQRKYHAEQWT----HANFNPKEVG
C.gigas        ------------------LTLECGVFFAYYKRAVDTDAFKAINDACLVYDGKLVIDAAFHTNDVSVRGAGTITKYQRKYHAEQWS----HANFNSKEVG
N.vectensis    ------------------LRVDCQAFFCFQEKRVDFQAFKAINDSCLVFDGRLVVDANFRTNDPFIRAAGPLTKYQRRYHAESWS----HANFNSREVG
T.adhaerens    ------------------VQISCSAFICFSKLGIDYSIFKAINDSCLVYDGRLVIDSSYRTNDPCIWAAGPMTKFARRYHAEAWT----HANFNSKEVG
T.cruzi        ------------------VELGCSLIVCCEDKDIDSHVLSTLNRRSIVFDGRVIVEANYRTTDKCVYAAGPVAMFTRRYGTTPG-----FEDFNTRDVG
T.brucei       ------------------VEINCSLIVCCEDKDIDSNVLSTLNRRSIVFDGRVTVESNYLTTNPCVYATGPVAMFTRRYGTTTS-----FDEFNARDVG
T.castaneum    ------------------VEIELSALFIYHSKGVSARTFQAIARSGLVFNGRLVIDKDYQTNDPSIYGAGPLTMYSKKYYAEHLS----HKYYNPREIG
C.reinhardtii  ------------------EELPVDLVVGCEPPSVSRSLFTCLNDASLVFDGRLVVDGAFRTNDPAIYAGGSLAKLSRRYGGTH------LEHYNSRDVG

            1585
T.thermophila  QKLAKCLLDSLDLGYLT-------------------------------------------------------DQIYSLGELPNLYMPIGIGAFLPGDLF
I.multifiliis  QKLAKCLLDGLDLGYLT-------------------------------------------------------DQIYSLGELPNLYMPIGIGAFLPNKQY
P.tetraurelia  QKLSKCILEQLNLSYLT-------------------------------------------------------SQTYSVDELPQLYMPIGQGGIVPHKLY
H.sapiens      FQLAAAMLHLFDPTLEP----------------------------------------------------VTEPPANLDRLIPMYKGAKIQGGILPGSYH
X.tropicalis   FQLAANMLNIFDPTLEP----------------------------------------------------VIEFTDEFDRLIPIYKGPVIQGGIIPGGFH
S.kowalevskii  FLLASTMLRLFDPTIEN----------------------------------------------------DIVPPEEPHNLIPMYRSAKVQSGFLPGDYY
S.purpuratus   RSLASTMLRLFDPTIEN----------------------------------------------------DVAPPPEPHCLIPLYQGAKVQGGVLPGGLH
C.gigas        VHLATEMLRLFDPTLDQ----------------------------------------------------QTAPPEESLNLIPIYRNPKIQGGILPGCYY
N.vectensis    DELARSMLALFDPTLEG--------------------------------------------------FMPGPVSEEEDKLVPLYKKPKMVSAVLPGGYH
T.adhaerens    LKLAETVLSILDPMLES------------------------------------------------------EAPDAQPDIIPVYNHPKTFLTKLPGNYT
T.cruzi        TSLAEILLGVFGLDEFADKNLREVGDKEEEITAAQNQLYKRVLQENGS----NGADFLMSGGALSTEE-GKKNIAELQKKLPTYNSPVASRIRLPVNYV
T.brucei       TNLAEVILGTLGFEEFATPNLQSCTDKENELLAAHNELYSKVLDENGSRNANYGVDLNSLSAEKDAHEIAKQNQLKQQQKLPVYTTPVASRIRLPGKYV
T.castaneum    YNLGSAIRKKLVPEQFW----------------------------------------------------------DPPVKETLIHQPVVQICKFPGNLC
C.reinhardtii  SRLASSLVSFFNAGPDE-----------------------------------------------------PQPAATAAAPPPALHRARAVGCSLPGGNY

            1684
T.thermophila  YYHIK---------------KNDYARPSKTM-EAEDNRQDIVSDNIDQKQQI-----GHYIKFKFDNNGIIDQVTYLGTE-PVSVQSLVSFVGLSEKCL
I.multifiliis  YYNIK---------------KNDYARPLLTM-EAENNREDIVCNSIDQETNQ-----GHYIRFKFDNYGIIDEINYFGSE-PISVQSLVSFVGLSEKYL
P.tetraurelia  YYYIK---------------KNDFSKPRQLQ-QQPS--KPIVSDNFKDSQ-------GHFLQFDVDPNGLIESLTYFGSE-AVHIPSLIHFIELSVRYL
H.sapiens      YLHIA--------------------KPAIPTPLEVQMAQPNYGLELVTGSAKN----GTYFRIHINKYKMVETITCLSRE-PFPASNYIRLFGQHEQLL
X.tropicalis   YLHVN--------------------KPAIPCPLKAQMAQAHYGREIVTGSAVD----GDYFRLHINQYNMVESITCLSQK-PFPESNYICLYGHHERLL
S.kowalevskii  YLDYG--------------------KPSLKQSLDALMAQQDYGEELITGHPDKDG--SEYFRIHVNQYSQLETVTCLSKK-PIDTGNLLCLYGLHERFL
S.purpuratus   YLHYG--------------------KPGLDMPLEVQMAQADYGREIITVDTQ-----QNYFRLHLNNYSNIQTVTCLSHQ-PIDVSNLLCLYNIHERFL
C.gigas        YLHVA--------------------KPGLDVPLATQKEQPDYGKEYLTGSPGGK---PDYFRIHINQYNNVETLTCLTKQ-AFPCENFICLYGLHERFL
N.vectensis    YLHVG--------------------KPGLNIPLDSLMVQPEYGRELLTGNAKEAESGPGYFRLHVNQYRSVETITCYSKK-SLDTTNLKCLYGIHERYL
T.adhaerens    YLHTG--------------------KPSLNISLDSMMVQPNYGHVLVTGSHTVDT--QGYFRLHINQYRSVETVTCLSKN-EIKVNNLLSLYGIHEKFL
T.cruzi        FFCSRSIDFKPERCLRLFYSNIEENKPVVTVMEELEASPSMNIEDLPTRIPE-----QNLFVIYIDEQTHLIDAVVYFGNGAPEMHNYVCLIGMPQSLL
T.brucei       FFSTMRIFFDPAQCTRLYYSCIEDNKPYVDDITASYQVATPADRGSIYKDVE-----QDLLVIYLNKHTRLIDAVVYFGNGSPETHNYMCLIGLPHSLL
T.castaneum    YLNVF-----------------KAGRPVPLDVATNKCNYGRVLKTGDCKKLDK----QGYFRLHLNQFQTVETITCLAKF-DLKVHNLINLWGKHEILL
C.reinhardtii  FVYAG--------------------CPAALQRPSTAAPEGGYEMKTASE--------RGLTRITLDGEGRVHSLMYLGRV-AVNAPRLGSLVGLHANYL



            1783
T.thermophila  NQLDVRFKNGLIP---------------------------------NISEFLSENWAIGLYHEWFSEFRHITKMEMLQSENI-----QQILDEAAKYAQ
I.multifiliis  NQLDVRYKNNLIP---------------------------------NIVEFLSENWAICLYHEWFSEFRYITKTDIQKSQNI-----QSILDEIGRHAK
P.tetraurelia  NRLDQRGK--LIS---------------------------------NVSEFLSENWAIALYHEWFSEFRHITKSEMLKNELI-----DQVLEKSQEYAR
H.sapiens      NNLCARYDENLIT---------------------------------DLYSYFTEPWCLALFHDRFIDLRKELRQILASKEEEDLP--SIEQLAHQIEDE
X.tropicalis   NNLCARFDEGLIK---------------------------------DLYSYFMKAWCMAIYHDRFIDFQQEVREMLAAEQGEGRP--SMKQLAQQIADD
S.kowalevskii  NNMLSRFKEGLIK---------------------------------DFYEFFKETWCLAVFHDRFGDFRQEIRELLIQRPAADLP--SLEEKVRQLIEQ
S.purpuratus   NNLVSRFDEGLIK---------------------------------DLYAYFRETWSLAIFHDRFTDFRQEVRELLVQRPAVDVS--SLEEKVRELISQ
C.gigas        NNMVSRFNEKLIP---------------------------------DFYEFFRETWCLALYHDRFSDFRDEVRELLVTSPGVGMD--SIEDKVREVVDE
N.vectensis    NNLLQRFDEGLIQ---------------------------------DFYSFFQESWCLAVFHDRFNDFREEIRELLVNKPSDDVL--SLEEKVRKMIDE
T.adhaerens    NNVLSRYKEGLVS---------------------------------DFYQYFNEPWATAIFHDRFHDFREEIKEILFNKQVEEESDETFELKIRKLLDE
T.cruzi        N-LIYRYEEARIA-------NRDESSHQSSKHEGCSHNDTGNGSGLNLLEYLRLPKLQIFFYDRFTVFYRELREKMRDHKDLID---AKARAFEFLTEE
T.brucei       N-LIFRYNEARTDLLESDDCGSNSSMSGSKSTASNKIDIVAQESTLNLMEYLRSPRLQVVFYDRFVEFYENLRKKMQEHEDVMK---MKQSALQRMEVT
T.castaneum    NHLLLRYDLGMIP---------------------------------DMFQFFDEPWACAIYYRDFPRVIDEISELLLTAETNEG---VKLVDEVRAQLE
C.reinhardtii  NSLAPKYQAGDIK---------------------------------CLLSFITEPWSELLYNESFPELRETLLEVALAELSAGG---------REVDGG

            1882
T.thermophila  GGGFLD-PEFIEKIKAKISPE--IISQIQQGTLDFIRENQNHLP-MYYVPPKKVNVD--------------------------------------
I.multifiliis  SGQFLV-QELFQKIRGQISPE--IIIQIQEGILDFIRENQNHLP-MYYVPPKKFTMDS-------------------------------------
P.tetraurelia  DGRYMD-DNFFEEIKKLITRD--IVICIQEGTIEFIRQNQNHLP-MYFVPKQKLN----------------------------------------
H.sapiens      EINPTE-KPRQYLKRVFEESI--YKTLVERSTLDYLHYNRYHLP-MYAWPGIV------------------------------------------
X.tropicalis   ELNLKE-QPRQYLKRILEENG--HKKEIERKILNYLNYNSNHLS-MFARPGMI------------------------------------------
S.kowalevskii  DLQLEK-KDRKYLNDEFEDGS--YRKAVETRLLSFLSYNYYHLP-MYAKPGMV------------------------------------------
S.purpuratus   DLLLES-HDRKYLAEQFDQQG--NKRAVETRLLSFLSYNYYHLP-MYAKPGMV------------------------------------------
C.gigas        DVPMND-AQKKQLLEIYASSG--SKRAVETRLLSFLSYNYYHLP-MYAKPGMV------------------------------------------
N.vectensis    DLVLSK-DQRRNLSDNYVSSP--AKKAIEQRLLSFLSYNGYHLP-MYAKPGMV------------------------------------------
T.adhaerens    DFTFTK-KELQQLGEDYIKS---CKSSTEKRLLTYLSYNTYHLP-MYAKPGIV------------------------------------------
T.cruzi        SILSDGCRKKNLNELTAESSS--FARQVQYELIKFLHESKDYVPQIYFLPDIRSHVK--------------------------------------
T.brucei       PRISAKNRAIYLEKLTEMQKD--FARRVQYELIKFLHESKEYLPQIMYLPDITEHVEKNEGRQE-------------------------------
T.castaneum    KNDWNPLTKIQTDEIEEMCRDTSLIPLIERKVLDFLHDNFMYLP-MYVHQLLIRWILHQIQTSPLFVKTTFISNTRKSFSPGIPFLMRPTQSRME
C.reinhardtii  MVE--------------------WVTHAQDAVLEFARAHAAELP-GYTMPSAART----------------------------------------



  

 

FIGURE S1:  A multiple alignment of FAP61 homolog sequences. Chlamydomonas reinhardtii 

(XP_001703513.1), Crassostrea gigas (EKC26516.1), Homo sapiens (NP_056400.3), 

Ichthyophthirius multifiliis (EGR32779.1), Nematostella vectensis (XP_001629331.1), Paramecium 

tetraurelia (XP_001443527.1), Saccoglossus kowalevskii (XP_002731664.1), Strongylocentrotus 

purpuratus (XP_783801.2), Tetrahymena thermophila (XP_001015337.1), Tribolium castaneum 

(XP_967262.1), Trichoplax adhaerens (XP_002107865.1), Trypanosoma brucei (XP_845755.1), 

Trypanosoma cruzi (XP_807700.1), Xenopus (Silurana) tropicalis (NP_001072512.1). Some of the 

predicted protein sequences were manually corrected to include the most probable coding 

sequence based on the homologies to the predicted ORFs; Paramecium tetraurelia FAP61 

(XP_001443527.1) was corrected based on the analysis of the data from 

http://www.genoscope.cns.fr. Corrections in the translation of the predicted coding region 

(scaffold_95) were between nucleotides of the analyzed scaffold_95: 2251‐2421 (reading frame 

prediction between I687 and Q745, see alignment, 3027‐3039 (Y950‐P953 aa were missing), 

3582‐3642 (S1136‐T1142 aa were missing due to intron prediction), 4911‐5026 (from L1597, 

intron and stop codon were predicted). Inspection of the mRNA sequence of Ichthyophthirius 

multifiliis (XM_004036717.1) suggested translation of possibly non‐processed introns (2598‐

2641bp, 2837‐2880bp, 4756‐4803bp) during protein prediction.  
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               1
H.sapiens      ---------------------------MSDAAEAPREATGENGETEMKEEEEPNPNYKEVEDPQQESKDDTIAWRESQEEERKTGEEEGEEEGKEDKKIVMEE
X.tropicalis   -------------------------------------------------------------------------------------------------------
S.kowalevskii  MADNDNEPTTAADQAVEEISGEAQTHTDPEQAEEGIAKVSVDEGDRESTKQDEAEPETTGEEAGTGGVGESDAAEPVVEGNVVEGEDTNQSTGDGEQQQVDQT
S.purpuratus   ----------------------------------------------MADDEKQPPPEEAPADEQQATENAEPSAETGGEGDEPQVTEQTEAALEPAEESTNDN
C.teleta       -------------------------------------------------------------------------------------------------------
T.adhaerens    -------------------------------------------------------------------------------------------------------
T.thermophila  -------------------------------------------------------------------------------------------------------
P.tetraurelia  -------------------------------------------------------------------------------------------------------
O.trifallax    -------------------------------------------------------------------------------------------------------
C.reinhardtii  -------------------------------------------------------------------------------------------------------
V.carteri      -------------------------------------------------------------------------------------------------------
T.brucei       -------------------------------------------------------------------------------------------------------
T.cruzi        -------------------------------------------------------------------------------------------------------
G.theta        -------------------------------------------------------------------------------------------------------
T.castaneum    -------------------------------------------------------------------------------------------------------

             104
H.sapiens      TEEKAGEVQEKEASGIQEETTVEPQEVTASMIRLETQITDSQSITSGIFPKTQRGSKSKLSLQLEDAETDELLRDLSTQIEFLDLDQISPEEQQISSPERQPS
X.tropicalis   ----------MDPHIEITASESQAGTAETQELETASLNADGEIFQQVEEHEVTEENLDPSEEEASQNPSLVYNPEQRLNGENEQESTEMESTSSRIFTIDDQG
S.kowalevskii  QENTNINQAGDDGNADTTQKEDPAEEQQAPAECLPQEGTEVGETVPTDGELHTEDADEVVASVVDGNDDTVEQQMEADVTANEGEQDGDVAGDGDQNGQETQV
S.purpuratus   GGDDGAEPTDGGPAEPQEDDSKPAGDEGEATEVTEEQAEEGQKEEEPVEEGRQEEGGGGQEDNVPEEAAEEADAQLGGVTEEAPPQEGGEVGEQGIQEEEGQE
C.teleta       -------------------------------------------------------------------------------------------------------
T.adhaerens    -------------------------------------------------------------------------------------------------------
T.thermophila  -------------------------------------------------------------------------------------------------------
P.tetraurelia  -------------------------------------------------------------------------------------------------------
O.trifallax    -------------------------------------------------------------------------------------------------------
C.reinhardtii  -------------------------------------------------------------------------------------------------------
V.carteri      -------------------------------------------------------------------------------------------------------
T.brucei       -------------------------------------------------------------------------------------------------------
T.cruzi        -------------------------------------------------------------------------------------------------------
G.theta        -------------------------------------------------------------------------------------------------------
T.castaneum    -------------------------------------------------------------------------------------------------------

             207
H.sapiens      GELEEKTDRMPQDELGQERRDLEPENREE-GQERRVSDIQSKAGISRESLVSSTTEDILFQKDKSTPVYPLTMTWSFGWN--SSLPVYYIREE-RQRVLLYVC
X.tropicalis   QELHGKQESPVEKMHELSDDINDNEHVKEMVAEMVQERHTESAKGEDSLVYTATPKTLFEDANMTSADKPLNLSWSFGLN--NKIPVFNFYDE-ERQVIVYAC
S.kowalevskii  EEGGVDGEGEQPPTEQDMEDQQMPAQVTTPAPVDTGRHVVTPTDGEQLDAVDEHTIESESVKPEEPGPNALNLTWSFGVN--RNIAAINLTDG-QRKAVLYTC
S.purpuratus   PELMEPPSPNGVPDPPSSGPPLPKDVDKSRAESSAAQDYLNMDVTPNALITWLYLTQFLYLFNQFPSLYPQNMTWSFGVN--KYIPAINLTDQ-HRKMLIYVC
C.teleta       ------------------------------------------------------------------------------MN--RHVPVINITDT-TRRMIFYAC
T.adhaerens    -------------------------------------------------MDTKNQENSTSDNPTATASNALNLMWSFGIN--RNIPVVNMASD-DRKIVLYAT
T.thermophila  -----------------------MYQQEEYEVNNEGQEDVSKINALISRSLFQYPTKLKCINKQQFLLYKKNLKWTLGFNFQLTDGVHNLTNE-KRKEIFYPV
P.tetraurelia  -----------------------------------------------------MSEYHDEFQEDQQKLNALNLSWTLGFNYKMVNGVHNLTND-SRKEIFYAT
O.trifallax    ---------MDDRSYQNSDMGGQQMPNGQQQYYEGQQEQYGSPDGMYQNEEDIYGDELDGEEDRNDGLNALNLQWVIGINKDIDQGVHNLTTD-QRTEIFYSA
C.reinhardtii  ---------------------------------------------------------------MAEEQTALSLSWVFGASAHVKHGVVNLSDG-YTDKICYLA
V.carteri      ---------------------------------------------------------------MAEDQQALSLSWVFGASATIKHSVVNLSDG-YTDKICYLA
T.brucei       ---------------------------------------------------MAYSTRVIRKVEPSSTHESLALEWAFGLHNDYKANIHNLSTSTTERVVFYTV
T.cruzi        ---------------------------------------------------MPIFERVLRHTEPEASHESLRLEWAFGLHKDFRSVIHNLSTSPSERVVFYTI
G.theta        ----------------------------------------------MSRQSIGEQGVLSMQPKEMVDRNAMNLRWTFGFNLESMVLVDLTAEG--HLAMFYAI
T.castaneum    -------------MLNYSESNDFRSQVVEDQWYHKENVDLPLLNDLVNDSSDLGPESVLKDCKYNPLLNPFDMEWVFGFD-ISIPVLSLTAGD--RREIFYSA

             310
H.sapiens      AHTAIIYNVFRNNQYHLQGHANIISCLCVSEDRRWIATADKGPD----------------------------------------------------CLVIIWD
X.tropicalis   AHTAVIHDISQNRQHHLQGHCSCISCMCVSEERRWIATADQGTE----------------------------------------------------SLIIIWD
S.kowalevskii  AHIAVIYDHVENTQQLLQGHCNNISCTCVSEDKRWVATADKGPN----------------------------------------------------STVIMWD
S.purpuratus   GNTAVLSSYDKNTQKLLQGHCNNITCICASQDKRWVATADKGEN----------------------------------------------------SMIIIWD
C.teleta       AHTGILYDFHGNQQLLLQGHANNISCTCVSADKRWVATADVGSD----------------------------------------------------NMVVVWD
T.adhaerens    AHTGVLYDYETNKQQLLQGHCNSISCICVSNDKRWVAIADQGKD----------------------------------------------------PTIVIWD
T.thermophila  AHTGVIYDYENNTQRLLQGHCNRITATAYCKFSDIIVTADCGPD----------------------------------------------------SMLVVWD
P.tetraurelia  AHTGVIFDYGNNQQRLLQGHCNKISCTAYCKELDIIVTADAGPD----------------------------------------------------SMLVIWD
O.trifallax    AHTGVLFDYKSKTQRLLQGHCNRITATSCSDDKRWIVTADGGDD----------------------------------------------------SMLVVWD
C.reinhardtii  ANTAVIYDKRLRRQLFLQGHTSPITCIVTTEDRSHVVTADTGPE----------------------------------------------------ALLVVWN
V.carteri      ANTAVIYDKRLRRQVFLQGHTSPITCIATTDDRSHVITADQGPE----------------------------------------------------SLLVVWN
T.brucei       GHVGVIYDAIQNTQKHLMGHRHMIVASACSRNRRFIVTADSGSTKSSDCQDACGHSASGNHSTAGGAGEKSGVERYNNESAVIAPEGIYSSNEGRDATMIIWD
T.cruzi        GHIGVIYDAVQNTQRHLMGHRNMIIASACSRNRRFVVTADSGSGQANSSSLSKDSIVQSSTQQQGSTGVERIEQREERDVEYDS------------SLMIIWE
G.theta        GHTGVIFDYEMRQQRLLQGHTNTITCAATSDDKKWLATGDMGEKD---------------------------------------------------AMIIVWN
T.castaneum    TNVGIVYNYCTKTMVHLRGHQSKIVSVSVDRSCRWLATADNGKD----------------------------------------------------NIIMVWD

             413
H.sapiens      SF--------TGIPVHTIFDSCPEGNGIMAMAMTHDAKYLATISD-----AEVQKVCIWKWTLAVET------------------------------------
X.tropicalis   SF--------SGIPVHTIFNSHPEG-GVIAMSFSHNGKYLATVGG-----GTKQRVCIWEWTTDTGK------------------------------------
S.kowalevskii  SH--------TGIPVQTLFDAHPDG-GVSGMTMTPDAKYLATLSAN----GKKQTFAIWDWTTDSET------------------------------------
S.purpuratus   TY--------SGTPVQTIFDPHPDG-GVVGINMTLDAKYIVTLSA-----AKKQTLSIWDWTTNGEY------------------------------------
C.teleta       SY--------TGVPVRNIFDPHPEG--IVAMAMTPDAKYLVTIST-----GQNQILSIWDWTVEGD-------------------------------------
T.adhaerens    AQNMLIYLDDTRVPVQTFFDPHKNG--VLAMTLSNDSKYLATLSA-----SQPQELCVWDWTSADNN------------------------------------
T.thermophila  AS--------TGIPKKTIFEPHPNG--CQALDISQDGQFIVTLSKEANTDTDVQSLSLWEWNKDDEPC-----------------------------------
P.tetraurelia  AK--------TGVPRRTIFEPHANG--VQAVDISENGQYLVTLSKEEP--DKIQSISFWDWQSQDPR------------------------------------
O.trifallax    SE--------SGTPIRTYLNPHPNG--VKTIDISLDNNYLVTLGN-----DEPQTISLWDWTNEKEEGPI---------------------------------
C.reinhardtii  VR--------TGLPTRTVQQPHRHG--VSTMDMSADGQWLATVSAADPE-SGEQEVSLWSMAALLTPPEAAPPGQGPL-------------------------
V.carteri      VR--------TGLPTCTVQRPHRHG--VYCMDVSLDGLWLATFSAPDPE-TSEQEISLWSLSALLDPAAAAMQARQYQQQQQQAGGTEGSAGGGVAAGGPNPL
T.brucei       VQ--------TAIPIRKINTGEYGG--VVACAMSLDGMYIATLNR-----TVPQEIMVWGWTADADTGAEVMRNGADEDPLLHDSM-----------------
T.cruzi        TQ--------TGTPVRTIPTGLYGG--VVACAMSLDGMYIATLNR-----RIPQEIMLWGWTAENEVDDEHSATDTLIEELALASNI----------------
G.theta        AR--------TGVPVRSIFDPHIGG--VVDLDMTPDAKYIASIGA-----GPKQTIAVWRWTSPEE-------------------------------------
T.castaneum    TLN-------RSVVWTIFNHPAEGH-DLILIGLSPSARLLITITN-----EHENTINFWLWTYGRDK------------------------------------

             516
H.sapiens      PACTLELPTEYGVQNYVTFNPTNNK--------ELVSNSKTRAIYYAWYEERDT-LAHSAPLLTEKTFNK---LVGKFSQSIFHLNLTQILSATMEGKLVVWD
X.tropicalis   PICSAELRQEFGIQTYIVFNAQDQT--------QLVTSSETQVIFYTWTHNS---LDYEAPPLNDNTFNK---VVGEFSQSVFDFSATRALTGTSAGKLVVWE
S.kowalevskii  PICTAELDESYGLQTYVQFNPEDIT--------QIVSNSDQQVIFYSWKNDK---IEYFAPSLTDQDFNR---AVGNYSKSIFVSGTTKAYTATSCGNIVVWD
S.purpuratus   PVASKELGVNYGQQTYVLFNPEDHY--------QIVSNSPTQVIFYKWGGEK---IEVFAPPLTDQDFNR---VVGNFSQSIFSQNSTRALTATAAGNVVVWD
C.teleta       ALCSVELQPSYGVQSYVLFNPNNTS--------QLVSNSDGQVVFYSWVRLQGNSIKHFAPPLSDDDFNK---PVGRFSQSIFLENCKRVLTGTSLGNLVVWD
T.adhaerens    LLHTLQLDEDIPLQTHISFRPDDNR--------MLISNSERQVVFYSWQFNE---LLYDVPSLTDKDFNR---TVGNYCQSVFIRNVIRAFTATSVGNIVVWD
T.thermophila  LITNEFDRRIKDYQYFVRFNSDDNT--------EFATTGKTRIVFWRREGEQKG-FNYYSPGNIP--------SLKVLTQTVFIPDNTQVVTGTTDGHIIVWD
P.tetraurelia  LRTTVLDDKLKDYQYYVTINNNAEQKQNQQQIFEFATTGKKRVVFWSWEYGAAG-FEYYSPEVQ---------KNKVLTQTVFIPKNKNVVTGTLDGYIIVWD
O.trifallax    VSLQFKYTEEFQNQHWVKFNPSDPM--------EIASNGKERVLFLSWEQGVST-FQYYSPRIEKKDFSTKDKSEAHFTKTVFIPNKEMAVTGTNAGDILVWD
C.reinhardtii  RPLVTTLVPAGDVQHSIRFSPNNPA--------ELISNGRRRVYFWSWAPGSPR-FQYYSPPLRSRDFKQ---SVGDFVSSVFVPGTTQALTATTDGDLVVWD
V.carteri      RPIVTTVMPVGDIQFSLRFSPNNPQ--------ELISNGKKRVYFWSWSPGGSR-FQYYSPPLRSRDFKQK--KVADFVSSVFVPGTTQALTGTEDGDLLVWD
T.brucei       APEYRHLIAAQDEQISIRFSDDDPH--------LIVTNGQYRVLFWSWAEGK---LKYYSPPIIAKNFKV---PIGHFTQTVFVPGTTMACSGTVDGDVLLWE
T.cruzi        TPEYRQLIPAQDEQTSIRFSEDDPH--------LIVTNGLRRVLFWSWAERE---LKYYSPPILAKNLKV---AVGNFTQTMFVPGTSMACSGTVDGDVILWE
G.theta        TPAAQHDVISRDLQTCVKFRRDDVR--------EIMTNGSQRVIFWSWEDDK---LKFYSPALSSKEFSS---PVGKFTQSVFIPFSNQAVSATEDGDLLLWD
T.castaneum    PDETYTDDRSLGAAKAIEFHPDLEE--------HFMIVFEKGVIFFQWDFEQDK-LVKNVSPKSP--LST---RIGYYTDATYVNCCHECFVSTSKGCILVFG
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             619
H.sapiens      IH----RPPSSASTFLGFPYIKPCKLVHLQK-------------EGITVLTTIDSYIVTGDIKGNIKFYDHTLSIVNWYSHLKLG----------AIRTLSFS
X.tropicalis   TI---HSPSIKATSSIQPHKKKALKLMHLQK-------------DAITVLSTHDRYFVTGDVQGHVKFYDQRLQLVNWYSHLTLR----------PVRSISFS
S.kowalevskii  NN----RPISGPPSLEPSPNKKAFKLVRLQE-------------RGITVLTTTDNYVVTADVLGHVKFYDWHLRMSNWYSDFDVG----------PINSLSFE
S.purpuratus   SN----RPTSGPPSLEPSPNKKAFKLVRLQE-------------RGITVLTTTDRFVVTGDVLGHVKFYDLQLRMSNWYSELSVG----------PINSVSFA
C.teleta       MKKGTTEGLKLNFLSIAVSDKKATKLVRMQE-------------RAINVITTTERFIVIGDVLGHVKFFDQSLKLLNWYQDFHLG----------PINSLSFA
T.adhaerens    NK---------GKDKRGLPLKKALKIVRVQE-------------KAITYLTTIGNYIVTGDCLGHVKFYDTEMRLTNWFNNINAG----------PINSISFA
T.thermophila  IS-------LIIEKVDTPKERRAIKLVDLMN--KSKKPDGKKGSNSINILKIQDNYLVIGSSNGSIRFYDFQYRIIAWFEDAIIG----------SISNISFA
P.tetraurelia  VS-------LIIEEYGQPDERRVIKIVNLMNVANKSETQQKKGNAQILLLRVQGRYLVVGASNGSIRFYDFKFRIRAWFEDVVIGQNGLNIQCIGSITNLSFA
O.trifallax    RS-------LIIEGIGEQNEKRLIKIVTFNQ----------NNSPINILMTVHDEYLVCGNSDGTIRFYDFHFKVVAWFEDMNFS----------TIKSISFS
C.reinhardtii  EQ------GIAAQVGTSATDRRAIKLMRIHN-------------CPITLLATVGDFIVSGGEDGYVRFFDPLLRIVAWFEDLAAG----------PVTSVAFS
V.carteri      EQ------GITAQVGTSATDRRAIKLMRIHS-------------SPITLLSTVGDFIVSGGEDGYVRFFDPLLRIVAWFEDLAAG----------PVTAVAFS
T.brucei       VQ--------QRDRVTKEQDKTMLKMVRVHS-------------SGVSFLTWSNGYIVTGGIDGDVKFLDPRLRLVAWFEDLKGG----------AITSISFD
T.cruzi        VQ--------PRDRVTKEQDKTMLKMVRIHS-------------TGVSFLTWTSGYIVTGGIDGHVKFLDPKLRLVAWFEDLNGG----------AVTSISFD
G.theta        QV-------LLPALDARPSDRCAVKLLKLHD------------GHAITFISVFDSFLVTAGADGFVRFYDLKFRLLAWYEDLDVG----------PIASLTFT
T.castaneum    NT---IFAKNYAGQEDLDNDKIFVKTIKIEK-------------SALNCLTSVDEMIVTGDSNGTIMFFDKRIKLLYWYSRSIEK----------SIRSMSFV

             722
H.sapiens      KTPAT-------------------------------PPTEKSNYPPDCTLKGDLFVLRNFIIGTSDAAVYHLTT--------DGTKLEKLFVEPKDAICAISC
X.tropicalis   TCPPV-------------------------------TASGRTRYPQDCSIKGDQFAISNFIVSTVDSVVLHVHT--------DGTVLKEHMHEPSEAVHALAC
S.kowalevskii  YLPEF----------------------------------SYDNYPPDATIYSKPFVTRDYMIGTSTAVIAHVVA--------DGTSLKVIHREHDAAVHAVAT
S.purpuratus   YVPEF-----------------------------NADAKPDSEYPKDATIHAKSFVTRDFIVSTSNAQVALVVA--------DGVQVKMILEEHDKPIRALTT
C.teleta       YSSDF-----------------------------NEINGGSCDYPPDATIKARPFAIRDFVIGTSTAVYGHVHT--------DGTDVTVIHKDHDGPVHALSP
T.adhaerens    SNLSK------------------------------TVDLERNEYPRDATIHGSTFVIPNFIVSTSLAQIAHIVS--------DGSHVEILIKGHDTAINALAT
T.thermophila  NTPMI---------------------------EDNEDEDGFDDERKDKGENEPKFICPDFIVVDLDATITMLNYKLFEELDDEKKKGTTLMKSIVSPIIAMSC
P.tetraurelia  NESVF-------------------------QEDFETESDEEKDKDEQSQKKSKPFLCQDFIVVDDRANVILLKSSQFQEIEKEKKKGTVIMSSIVSPIISISV
O.trifallax    KTEPK-------------------------------PSTDFQDDIDKTFKCSDFLVTDDSALVCKLWSSIFEEI------DPQRKRGEMIFYGLKSAVSAIAV
C.reinhardtii  AVLPD------------------------------------RLAHADAADTLNRFMVPDFVVATRNSRIVSVQSASFEEYDADRRRGSSVLDSLLADVVDLAA
V.carteri      AVLPD------------------------------------RIAHADAADTLNRFMVPDFVVATRQSKIISVQSATFEEYDADRRRGTSVLDSLLADVVDIAA
T.brucei       RPSGT-------------------AATAMNELRREFKSITQKKMVQVGTNAVGDFSASDFMVSTSNAMIIDVSANAFHAGVPELLRGRLVVQGQENGVHCIAA
T.cruzi        RPPFI-------------------ALQAMDELRREFKTTTQKKAALVGTTAVGEFSAPDFMISTAHAMIIDVASKAFHTGNAELLRGKLIVQGQEKGIHCIAA
G.theta        SPRAT---------------------------------------PKDGGYLEGEVRIPNFIVATKAGKIALVNAAIFEQYSKEERKGEVLVQGFESPISAMCA
T.castaneum    QNPRRKYIFDESQIRDLEERSFEGIPDCIQDRSHEYEILMKQKVPKDATLNNRPFITRDFFISTVDGQIHMMNY--------SRQEFISLFPTGESSVAAIDV

             825
H.sapiens      HPYQPLIAIGSICGMIKVWNYENKQYLFSRVFEKG------------LGVQSLTYNPEGALLGAGFTEG----------------------------------
X.tropicalis   HPCEHLIAIGSYSGLLKVWNYKARKLFISRIFGKG------------KSLHCLSYDPKGFLLGAGFTDG----------------------------------
S.kowalevskii  HPSKPFVCIGSYAGYVKVWNYLKKEVVVQRRFPRG------------CLVRCLTYDPQGAYIAVGFTNG----------------------------------
S.purpuratus   HPSQPFVVIGSFAGLLKVWNYENKQVMASRKFPRG------------NLIRCVGYDPTGSYLGVGFENGCVRILDALTLIDENPEPFRYSRDAVTHVTFSHDS
C.teleta       HPTEPRFAVGSYSGHLQIWNYEKKKVLVSRTFERG------------NMIRCCEFNPTGRMIGVGFTNG----------------------------------
T.adhaerens    HPTEPRLAIGSNSATLEIWNYNTKQILRNRIFDKP------------TLIQCIAFDPKGAFIACGFTNG----------------------------------
T.thermophila  RPNSNVIGICCENGYLYEWNFQEKSSVLSILRVFDTDKE--------NIPNCIDYSPDGNWLSVATKSG----------------------------------
P.tetraurelia  RPNVPVVAFSCEDNKIYEWNFYEKHNKLKEIKEKGSELQIQILMV--IIQLSVQKMEQFICMIAEKKNGL---------------------------------
O.trifallax    HPRRPILAIAGYEKFVLLWDYQKKGDPILHNYELFRKEETKEKDSKQHYFTCMVFTPDGDELLIGQTNG----------------------------------
C.reinhardtii  HPTRAEFAVLGRDGGLQRWDSIAHCLLGGRAFER-------------QVGACLTYSRDGSLLVVGFGSG----------------------------------
V.carteri      HPTRAEFSVLGRGGGLQRWDSIAHCLVTARSFANGPK----------QEGRCLCYSRDGSLLAVGFGTG----------------------------------
T.brucei       HPKLSRLAVAGHSGGLQVWDYLLKRVVMIVVFRG-------------VEINCMAFDPEGVWLAIGCTNG----------------------------------
T.cruzi        HPKLPQLAIAGHSGDVHIWDYISKRVSLLSIFQG-------------SHINCMAYDPQGVYLAIGCTNG----------------------------------
G.theta        YPSSSKLFVVTTSGMLRVLDFESQAWLQQKVLEK-------------RTPTCICVNPNGQELVIGCTDG----------------------------------
T.castaneum    HDEKPFVIVAYTKGHLIIFNYETHEEVVSSNLPETEPE---------TTITSIKYSPQSLHLACGRSNG----------------------------------

             928
H.sapiens      --------------TVYILDAMSLENE----SPEPFKYSRTSVTHISFSHDSQYMATADRSFTVAVYMLVVRNGQRV----WEYLARLRSHRKSIRSLLFGVY
X.tropicalis   --------------SVYILDAMTLEDE----IAEPFKYARGSITHIAFSHDSQYLATADTEFTVTLFKLSREKNGVT----WQYFGRYRSHYKKIQSLVFGIH
S.kowalevskii  --------------SVRILDALTLDDE----CPEPFRFSRDVVIQCAFSHDSEWLATADADYCVSVFKAQPYNEQEP----WMYLGKQRAHYKPVRGIMFGRT
S.purpuratus   KWMATAVSVGFENGCVRILDALTLIDE----NPEPFRYSRDAVTHVTFSHDSKWMATADADFCVTVYKAESPNSQEP----WVYMGKHRAHYKHIRGITFGVA
C.teleta       --------------SIRVVDAITLHDM----LEEPIRYARDAITHIAFSHDSEFVATADAENTVSLLKKG--DTEEP----FEYVGRYKAHYKPIQDLTFGIQ
T.adhaerens    --------------IIRIMDAITLEDL----PQAIFKYSKDSISHACFSHDCKYLATADDDFAVSVYKSQLKNKDEP----WVYLGRQRAHYKSIKGLMFGIA
T.thermophila  --------------KIHIFDCKEKQWQ----NSVLEVSENEQDSKNLATMDADYAVSLFTIDHRQFDVNIPEKE-------WQFVGKHRIHHSEIKSIAFGES
P.tetraurelia  --------------KIYWFQKLTKLNQ----KQPIQLLVLIQN-ILLRLMNLMQSV-FLIFDFDPNSQLKQQKE-------WIFAGKYRVHHGPIKSVAFGET
O.trifallax    --------------VIQVMDPNTGMYKKLSQPLKTTESLVSPITQMIMSNDGQYFATMDKACCVCLFKKDHLQGDSSKPIEWQFNGKKKTHEVEITSIAFGES
C.reinhardtii  --------------HLHILNADDCSDL------YVMRNTAAGLVRVAVSNTGKHIAAADENHQLLLYAYLPYKHTMR----WEYVGRCRSHHGPIASVVFGES
V.carteri      --------------HLHVLDGDTLADT------YVLRNTAVGLSRLAVSSTGNHIAAADENHQVLLYAYLPYKHTMR----WEFLGRCRSHHGRIASLVFGES
T.brucei       --------------VVKFLDSANLEER-----KSIKPKRPSSITRMVFASSGRLLATGDDTGCVSLFWYEHIQGNTSKAMGWDVVGRHKTHKGTITGLQFGDD
T.cruzi        --------------LVKFLDATTLEER-----KSIKPKRTDCVTRMAFSDAGNRLATGDSAGCVSLYEFDHPQGNTTKPMEWDIVGRHKTHRAAISGLQFGDD
G.theta        --------------SVLIIGVSDLELI-----QRMS-QIDCEITSVQFAPDGMHVAVADAHNCVGIFRRERNVLESGKEVPWLYVGRYRSHHGRIVGLQFILD
T.castaneum    ---------------ELWLLQPATLGQ-------IYVEPFRFSNDKDSNNTIFGFYYDCESED------------------WIFKGKVRSHYKDVCNILFLDE

            1031
H.sapiens      LD---SNEPRLLSLGTDRLLIEYDLLRSYKDH-------------LEVLDIHHTDQGCYPT---------------CMVWYPPLTRELFLLICNSGYKVKLFN
X.tropicalis   LD---TNEPRLISLGMDRMLVEYDLANCVKGY-------------LQIKSTDRIEQSAVPQ---------------SLAWYPPVTKECFILVANDHYKMKLYN
S.kowalevskii  LD---SEVPRLLSVGEDRTLVEYAIFSSTTDN-------------LQLISSDRIEQSAIPQ---------------CFTMYPPITKENFLLLANDQYKFKLYN
S.purpuratus   LD---SGASRLLSLGEDRALVEYNLKTVAKDH-------------LEVMSTDRIEQSGVPQ---------------CFAWYPPVTKEQFFITANNQFKFKLFN
C.teleta       LD---SNVPRLLSLGQDRVLVEYDLQNSSRDD-------------IRLLTSDRIEQSAVPF---------------CMAWYPPVNKESFIITANDQFKLKLYN
T.adhaerens    LD---TNLPRLISIGKDRVLVEYDLNKSSKDD-------------LQMLSTDRIEQSAIPT---------------CITWYPPITKENFLLLANDQFKLKLYN
T.thermophila  KNENDKKYYRLFSIGADMKMVEYEVLEIDYSKQKEKGQQINYIDRLKLKSIYPIEQETIPT--------------ACIWYPINMYKEDVLLTVNEEFKIKLWQ
P.tetraurelia  LDEKNQVQLKVFTIGEDMKLAVYDVLDPTQDP----------YNRVKLRSVVTIEQECLPS--------------ACIWYPINLQREDVLLTTNSEFKLKLWT
O.trifallax    LDENEQTRLRLFSIGRDRRLFEYDVYASNLKE-------------LIVTSMFKIEKESHPT--------------ACIWYPKVDTKEDLLMTVNDDYKMKIWN
C.reinhardtii  P----SGQTRLLSVGGDGRVVEYDLAASSVAA------------GVQVASFYDFPPGGGAP--------TSLSFAPPLAYFQAFAADTHLLVSDDSYKIRVFN
V.carteri      P----SGQTRLLTVGADSRVVEYDLATSSVAA------------GLRPLSYYDFPPGGGVP--------TSLTFAPPLQYFRAFAAETHLLVSDDGYKIRVFN
T.brucei       -----SGLHRLLSVGEDQRLVEYDLIDSEPET------------GLLVRSAHKIAQSSTPTGFLWMDEDGIISDVSRRP-DAAHTITNGLLIANSGYKISAYF
T.cruzi        -----GGLQRLLSVGEDKRLVEYDLIDSEPES------------GLLVQTAHKITQGSSPTGFLWVRENGLVSDMRRRMQENKDAPDDLLLVATSDYKMTVFL
G.theta        KA---AGIIRLVSLAQDRVIVEYDLSSSMAAT------------GVVVRCAITIEETAVPT------ALLQLPPGCQQGEDPNKIFLVLDIIGLTGVHDNRPL
T.castaneum    EP------FGLYTIGKDRHLIRYTNIAAEYLIYLGQGPTFLSEEELDISTRDRIEQKDTPI-------------YFTPYIRKKFSKCGYFLIADDKHKYKTVN

            1134
H.sapiens      ---ATTKMCRKTLLGPAYG----SPIEQTQVLP-VRSMAELQKR-YLVFINRDKV-GLQILPVDGNPHKTSAIVCHPNGVAGMAVSYDGCYAFTAGGHDRSVV
X.tropicalis   ---ATTKMCRKTLLGPTFG----SPVRRMEVLP--TYSEEICKG-YMTYITDDKV-GLQILPLDGNPHKSMSLICHPDGVSNLACSYDGCFVFTAGGDDCTVL
S.kowalevskii  ---STTKMCRKTLLAPTYG----SPLQRMEVLP--TEGAVDSKR-YLAYITNDKV-GLHSMPLDGNPHNAMALIAHPGKVVNLACSYDGKHVFTAGGTDSSVH
S.purpuratus   ---TTTKMCRRTVLAPTYG----SPIQQIAVLP--SEDPVNDPR-YMAYVTKDKV-GLHKIPPDGNPHNAMALIAHPSGVTNLACSYDGKHVFTAGGTDYSVH
C.teleta       ---STTKMCRKTLLGPAFG----SPVQKIAILP-NNSDDASAKR-YMAFVTTDKV-GLHSLPLDGNPHNAVAFISHPLGVGNLCCSYDSKYLLTAGGSDATVL
T.adhaerens    ---STTKMCRKTLLGPTYG----SPLQKMEILL---QENPNGNR-YLAFITNDKV-GLQILPIDGNPHRTMALMAHPGRVTNMACSYDGQHIFTSGGSDSTVF
T.thermophila  FMKDNFKFCKKTCLGPIYG----GAINKLLILNQNDAQNDYQDK-YLAYSTKEKVVGIIKLPLEGNPNQTMGLIAHPDKITSISCSNDGKHFFSSGSDDYCVN
P.tetraurelia  VLKDLRIICKKTCLGPTFG----GHIKRLLLLNPSDMKNEYQDK-YLAYSTGEKVVGIIKLPLDGNPNKTMGLIAHPEKIVDLSSTQDGKLFFTSGGDDFAIN
O.trifallax    ---VSTKNSRRTCLGPTYG----GEIVKLKKLD----IDNNPDK-FLIYSTKKKVIGLIKMPLDGNPNKTMGLIAHPSEVADICATSDGRYIFTCGGEDLAVN
C.reinhardtii  ---PDCPAVEATFLGPTFG----GPISQLVMFK---SPSAASDGAFLAYRTSERVVGLIAWPLDGDPARTMGLIAHPGEVRSIAISYDGRKLLTAG-ADGTVA
V.carteri      ---PDRPAVEATFLGPTFG----GPISQLVMFK-----SPASDSAFLAYRTAEKVVGLIAWPLDGDPARTMGLIAHPGEVRAITISYDGRKLLTVG-ADGTLA
T.brucei       --SDWSRQCVKTVLAPTFG----GPVTEMFTVP----THPGSDKSSLFYATKEKVIGFIQLPLEGDPCLSMGLLAHAGPITSVAKSYDGAYVFTAGGLDQSVM
T.cruzi        --SDWSRQCIKSVLSPTFG----GPVSEMFTVP----LLPGSEKRCLFYATREKVIGLVKLPLLGDPCMSTGVVAHPGNITSVARSYDGAFVFTAGGDDQSVM
G.theta        --EEQDSHCLQTLLGPTFG----PPPHRLLTLP-----PDEQGKQYVVYATPHKVVGLIKLPLDGNPNCSMGLIAHAGEVAEMCASHDGKLVLTTGGSDCGIF
T.castaneum    ---AKTMMCTAVYLGPAYGCFKDSPVCKMEFLP-------KSNRKYLIFMTKKQI-GIQLMSIDGNPFKFVGSLGHPDELLDFQMCKDGKYVFTIGKNDRSVF



            1237
H.sapiens      QWKIT--------LSVLEAAVSLGGEDLTPFYGLL---SGGREGKFYRELEDYFYYSQLRSQGIDTMETRKVSEHICLSELPFVMRAIGFYPSEEKIDDIFNE
X.tropicalis   MWKTN--------LQALESVSSLGGDGLTPFYGLL---QGGREGLLFKELENYFYYAQLRHQGIDTMETRQVSTHIPLKEVPFIMRALGYYPSEQEVENMLNE
S.kowalevskii  MWNVN--------LMVLEAGSKLGGEDLIPFYGLL---EGGREGELFAELEDYFYYAQIRSQGVDTMDSREISTKIPLTEVPFVMRALGFYPSEQEIEDMLNE
S.purpuratus   MWDTH--------FNALEAAVKLGGDDLIPFYGLM---EGGREGELFKELENYFYYAQVRSQGVDTTDTRQVSTLIPLSEIPFVMRAMGHYPSEQEVEDMLNE
C.teleta       MWAIN--------PAALEAQAKLGGEDLVPFYGLL---DGGREGDLYKELEDYFYYAQIRSQGVDTMETRKVASSIPVTEIPYVMRAMGFYPSEQEIEDMLNE
T.adhaerens    MWKTN--------IEALEAAVHLGGEDMVPFYNLM---DGGREGELFAELENYFYYAQIRTQGIDTMESRKVSTKVALRQIPYIMRALGFYPTEQEIDDMVNE
T.thermophila  VWSVN--------VQALEQIFATNPNE-DPYPKLL---EGGEDGQTHQDLKNFFYYSQIRSKDEHTTKARKLDGKVPLIAIPDMMRSMGYYPTNKEIENMQNE
P.tetraurelia  IWSVD--------FAALEDNFQTQETEYEIFSNLL---DGGPEGQTLRDLKDFFYYSQIRSKDEHTTKARKLDGLVPLTAIADMMRSMGYFPTNQEIENMINE
O.trifallax    MWSVD--------VNPIDQAIIMGGEGIEPFINLI---EGGRDGQTFQDMKDFFYYAMIRAKDENTTKTRKLNGTVPLDELPNLMRAMGYYPTEQEVTNMKDE
C.reinhardtii  SWDIN------TAPLERSATAAEGAGGEARWAAVL------GDPDLLREMRDYFVYAQIKTQGEDALEPRDVPGTVPVDLVPDLMRSAGFYPSESDIDNLLHH
V.carteri      SWDIN------TSPLERSAAAVASEGDEARWSEVL------GDPELLREMRDYFVYAQIKTQGEESLQPRAVPGLVPVEIVPDLLRAAGFYPSEADIDHLTNH
T.brucei       QWRVNGNKIVPEEASKISASVAAEGNGEVPLDHLIAVVEGGREGEFMREIVDYFYYAQIRLQGEETTAKRELLGAVPFSQVPNLFRALGYYPTEMELGRLTYE
T.cruzi        QWRVNGEGIAPPDEIALGESAFIEGGDEVPLDHLIAAVEGGREGQFMREIVDYFYYAQIRLQGEETTAKRELLGAVPFSQLPNLFRALGYYPSELEIGRLTYE
G.theta        LWEVD--------PSALEASAALGGSGIEPFEALI---PGGKGGELYDEMLDYFYLAQLRAQGEDTTEERKVTGLAPVEAVPELMQAFGYYPSKFEIRDMVHE
T.castaneum    MWRVK--------TASVETMHILGGVELQPYYCLI---EGGRAGFLYQEMRDLFYYMQILQQGEQICAPRVVSNCINLGELPDLMRACGYYPSEYEIENLLTD

            1340
H.sapiens      IKFGEYVDTGKLIDKIN------LPDFLKVYLNHKPPFGNTMSGIHKSFEVLGYTNSK----------------------GKKAIRREDFLRLLVTKGEHMTE
X.tropicalis   VKFSEYVDTGKQVTCIS------LEELIKLYINHRPAFGLFMEEIQWAFQVLGFTNGD----------------------GKQTINRGDFLQILQSRGEHLTE
S.kowalevskii  VKFSQYVETGKYVTDID------LGEFIKLYVNHRPAFGLSISQLQRAFEVLGLDDGT----------------------GVPAIDRGELLDLLQSKGEHMTE
S.purpuratus   IKFSEYVDTGEYVTEIE------LGTFIKLYVNHRPAFGISEQQLNWAFDILGYAEDET---------------------MEPEIERGELLELLQTKGEHMTE
C.teleta       IKFSDYVETGKYKTSVD------MGEFIQLYINHRPAFGLQPDKLAWAFETLGVTMD-----------------------GLPFLDRSELLHLLQNRGEHMTE
T.adhaerens    IKFSEYIETEKFVEEID------LESLIKLYINHRPAFGIPPGRLNEVFKILGIEQN-----------------------GQYTIDRGDLLKVLQSKGEHITE
T.thermophila  IRFSKYLDPGEQVEELD------LNMFLKLFVNHRPVQGIGKSKIAESLNTLTKSLSDSAKEIAEQAKGQSVQPKTYNIDGIGEISLQDLKKILTTEGERMTN
P.tetraurelia  IKFSKYLETGEQISELE------INTFLKLYVNHKPVNGVTKGQIYDALKTLAT--------------------------DTGVIPWDQFTELLKTKGEKLDE
O.trifallax    VKFSNFAETGQHVNAVD------LNTFIRLFVNHRPVYGIGKNNIQEAFQELFSNNVDK---------------------MNGTISKEYLLKMLQQDGEPMSV
C.reinhardtii  VQYMAHSRNMESLEVVT------LADLLCLYINHRPLFNVTHADIVAAFRELGGRGDPGS--------------------CVPKLSREQLLSLLQSTGEPMSG
V.carteri      IQYMAHGRDLDAMPGVS------FADLLYLYVNHRPLFNVTHADIVQAFRDLQGAGSP----------------------DNPRLTREQLLTLLRTAGEQMGA
T.brucei       VANLYGPVEESVDECDVSSIPLKFSQFMRLYVNYRPIFGISRQAIEQAFLVLGADA------------------------VTGQISRDVLFKKLTTHGEPLQQ
T.cruzi        VANIYGPLEELVEECDVGKIPLKFSQFMRLYVNYRPIYGITRQDIESAFWALGADA------------------------ETGQIARDVLFKLLATHGEPLQQ
G.theta        VRRKGKDSVT-------------FSDLIKLFVNHKPVNDVSLEEIQQAFHHLGAEP------------------------VTGILKWEQLRMMLMRMGESLSE
T.castaneum    MRYKEYDENGMLKDKVT------FCEFVKLFINHKPAYGYTIESLEESFETITTFSDEY---------------------GASDMSREDFIEAITTTGEQVSN

            1443
H.sapiens      EEMLDCFASLFGLNPEGWKSEPATC-SVKGSEICLEEELPDEITAEIFATEILGLTISEDSGQDGQ-----------------
X.tropicalis   EEIAEYLSTLLGLNPEGGSSEMGSY-DSTGAADLLEQGIPEEITTDMFAADILGLPFQVNGNYEEHTVTKETAS---------
S.kowalevskii  HDLAEFLTTLLGYNPEGGSSELGLY-DPANAGDIIEDNLPESINSDMFASQVLGFGYDESAEQRARQESPTDVKSPAEVMMIH
S.purpuratus   VEVAEYLTTLLGVNPEGGSSELGGY-DHAGAQDILEEALPEEVTASMFAVELLGFGG--AAEPSEGTVSPT------------
C.teleta       YQLAEYLTTLLGFNAEGGSSELQDF-DTEKAGQLIDENLPYEITADMFANELLGFGMYSSDVLQVEGESQSPPSAQVN-----
T.adhaerens    SELAECFGTLLGYSDIGGSLETASYYPTDNSETLLEEQLSENISANTFAEQVLGFPISVDQTETQNEANSN------------
T.thermophila  EEFDECLKILCGENED--QIPQQINVNNLCEDILGFEDLEGEERDDNIEDQYEDEENEEYDQD--------------------
P.tetraurelia  QEIEYYLESLLPNK----NYPQQLNLNNLCDELLGFEDMDGTQEQQEQQEEVQDVGSEDEQQ---------------------
O.trifallax    QELEEALHLLVGDSNFKTALTSEVTADYFAEEVLGFEEVEELEEEDGGAGGYDAQTAMMMGGSYSQNMGMGGLANDVIPEEDL
C.reinhardtii  EELTAALAALTGAHTPEKSMPVSVAAEQFSADVLGFDTTEAGAEAAT------------------------------------
V.carteri      DELAAALAALTGAPTPEKAVPPVVTAAQFSSDLLGFELEQGGEGAAAVAAEAAQ-----------------------------
T.brucei       TEITAALRSLLGEDVKLDDIQDTITARLFAENLLGFEDYDAMAQGDDGGEEEMSLQ---------------------------
T.cruzi        EEISAALRSLLGEGVRLDMLEDTITARAFAENLLGFEDYETVGAEAKVPEESQGNNDDELFLDE-------------------
G.theta        SEIQTAIARLTGSSLSGREDFMASTFAENVESMC-------------------------------------------------
T.castaneum    EQIFRCLITLLHETETPDQFGERDFSFMPDTIDFDYLTEDILGIDMDQIERLEKDDDNDDDDRGGYYDFFYRS----------



 

FIGURE S2:  A multiple alignment of FAP251 homolog sequences. Capitella teleta (ELU04166.1), 

Chlamydomonas reinhardtii (XP_001691834.1), Guillardia theta (EKX39032.1), Homo sapiens 

(NP_653269.3), Oxytricha trifallax (EJY70697.1), Paramecium tetraurelia (XP_001457947.1), 

Saccoglossus kowalevskii (XP_002741792.1), Strongylocentrotus purpuratus (XP_785437.2), 

Tetrahymena thermophila (XP_001026044.1), Tribolium castaneum (XP_967922.1), Trichoplax 

adhaerens (XP_002113637.1), Trypanosoma brucei (CBH09811.1), Trypanosoma cruzi 

(XP_816807.1), Volvox carteri (XP_002946746.1), Xenopus (Silurana) tropicalis 

(XP_002937749.2). Two of the predicted protein sequences were manually corrected to include 

the most probable coding sequence based on the homologies to the predicted ORFs; 

Chlamydomonas reinhardtii FAP251 (XP_001691834.1) was corrected based on the analysis of 

the data from http://genome.jgi‐psf.org/Chlre4/Chlre4.home.html. Corrections in the translation 

of the predicted coding region (chromosome3:4483344‐4484109) resulted in identification of 

highly conserved fragment between D594 and A688, see alignment. Trichoplax adhaerens 

FAP251 (XP_002113637.1) was corrected based on the analysis of the strain Grell‐BS‐1999 

TRIADscaffold_6, whole genome shotgun sequence (http://genome.jgi‐psf.org). Corrections in 

the translation of the predicted coding region (scaffold 6:1632061‐1632488) resulted in 

identification of highly conserved region between W307 – T328, see alignment). 

 



 
 

FIGURE S3:  Domain analysis of FAP61 and FAP251. (A and B) Localization of overexpressed GFP‐

tagged truncations of FAP61; FAP61 that lacks either N‐ (A) or C‐terminal (B) fragment 

accumulates in the cell body and is not targeted to cilia. (C) Schematic representation of the 

domains of Tetrahymena FAP61 and its truncated variants. Red rectangle represents coiled‐coil 

region as predicted by the SMART program. (D‐G) Localization of GFP‐tagged truncations of 

FAP251. FAP251 truncations that lack WD40 domain(s) are not targeted to cilia (D‐F) whereas the 

deletion of a C‐terminal fragment that contains the putative calcium binding region, does not 

affect ciliary localization (G). (H) Schematic representation of the domains of Tetrahymena 

FAP251 and its truncated variants. Black rectangle represents WD‐40 motif and grey rectangle 

marks position of the putative calcium‐binding domain as predicted by SMART and WDSP 

programs. Bar, 10 μm. 



 
FIGURE S4:  PCR analysis of the FAP61 and FAP251 loci in wild type, FAP61‐KO and FA251‐KO 

cells. (A and A’) Analysis of the germ line FAP61‐KO cells. (A) Scheme of FAP61 locus in wild type 

and knockout cells. (A’) PCR analysis of FAP61 locus with primers indicated in (A) showing that 

part of FAP61 coding region is removed in FAP61‐KO cells. (B and B’) Analysis of germ line 

FAP251‐KO cells. (B)  Scheme of FAP251 locus in wild type and knockout cells. (B’) PCR analysis of 

FAP251 locus with primers indicated in (B) showing that part of FAP251 coding region is removed 

in FAP251‐KO cells. Amplification from FAP208 locus was used as a control of the quality of the 

obtained genomic DNA. 



 

FIGURE  S5:    RS3  is  lost  in  a  subset  of  FAP61‐KO  repeats  based  on  both  classical  electron 

microscopy  (EM)  and  cryo‐electron  tomography  (cryo‐ET).  Longitudinal  sections  of  chemically 

fixed  cilia  (left  column)  and  longitudinal  tomographic  slices  of  rapidly  frozen  axonemes  (right 

column)  from  wild  type  and  the  two  CSC‐knockouts,  FAP61‐KO  and  FAP251‐KO  show  the 

presence  (orange  bars)  and  absence  (orange dots)  of RS3. Radial  spoke  triplets  have  a  highly 

conserved  spacing  (between  RS1‐RS2:  32nm,  RS2‐RS3:  24nm,  RS3‐RS1:  40  nm),  allowing  RS1 

(black bars), RS2 (blue bars) and RS3 (orange bars) to be easily identified. Both classical EM data 

and cryo‐ET show  that RS3  is missing  from many axonemal  repeats  from FAP61‐KO, but  rarely 

from FAP251‐KO repeats. Bar, 100 nm.  



 
FIGURE S6:  Classification analysis of the arch‐like structure at the RS3 base. Cross‐sectional (A, D, 

F, H, K, N, Q and T), longitudinal tomographic slices (B, E, G, I, L, O, R and U), and isosurface 

renderings (C, J, M, P, S and V) of the averaged 96‐nm repeats show the defects of the arch‐like 

structure at the RS3 base in FAP251‐KO (F‐V). Subtomogram averages of all 96‐nm repeats from 

WT (A‐C), FAP61‐KO (D and E) and FAP251‐KO (F and G) showed that the arch‐like structure at 

the RS3 base is missing only from the FAP251‐KO axonemes (F and G). A classification analysis 

focused on the RS3 base region in the 96‐nm repeats from FAP251‐KO, revealed that the arch is 

missing from only half of all repeats (49%, T‐V; white arrows), whereas small parts of the arch‐



like structure remained visible in a total of 51% of FAP251‐KO repeats; these small remaining 

densities are found in different positions (light red arrows or red structures in classes 1‐4; H‐S). 

Bar, 20 nm. 

 
Figure S7: GFP‐FAP251p co‐immunoprecipitates with numerous proteins. Silver‐stained gel 

showing cilia isolated from FAP251‐KO cells rescued with GFP‐FAP251 (line 1), proteins that were 

washed out from the resin (unbound proteins) in the experimental (FAP251‐KO cells rescued 

with GFP‐FAP251) and control (wild type expressing GFP) samples (lines 2 and 3, respectively) 

and proteins that co‐immunoprecipitated with GFP‐FAP251 or GFP using GFP‐Trap resin in the 

experimental and control samples (lines 4 and 5, respectively). The precipitates were resolved on 

a 8% acrylamide gel. Indicated are proteins that were identified by ten or more peptides. 
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