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______________ msgelanYkrlEKvGEGTYGVVYKA1D1RpGgGqrVVALKKIRLES
__________________ MEDYtKIEKIGEGTYGVVYKgRhKtT---GQVVAMKKIRLES
mdpiregevahegdsVyt1lnDftK1EKIGEGTYGVVYKgKnRRT ---namVAMKKIRLES
__________________ MdnYvKVEKIGEGTYGVVYKAKhKss---GrIVAmKKIRLEd
_______________ MvelsDfqrgEKIGEGTYGVVYKA1DtRh--nnrVVALKKIRLES
__________________ MdkYdKIEKVGEGTYGVVYKARDRhs---GEIVALKKIRLEt
________________ mS1gnYtK1EKVGEGTYGVVYKAvD1Qs---GnfVALKKIRLEa
________________ mS1dnYhK1EKVGEGTYGVVYKAKDinT---GsIVALKKIRLEa
________________ mS1dnYtK1EKVGEGTYGVVYKARD1sT---GnfVALKKIRLEa
__________________ MEnYgKIEKVGEGTYGVVYKARD1tpGanGrLVALKKIRLEa
__________________ MEnYgK1EKVGEGTYGVVYKARD1taegGGrIVALKKIRLEa
__________________ MdDfsKIEKIGEGTYGVVYKAKn1KT---GgfaALKKIRLEvV
__________________ MdkY1KIEKIGEGTYGVVYKgKnRnT---gQLVALKKIRLEn
__________________ MEDftKIEK1GEGTYGVVYKgRhKRT---GkIVALKKIRLES
__________________ MEDYiKIEKIGEGTYGVVYKgRNKKT---nQyVALKKIRLES
__________________ MEDYVKIEKIGEGTYGVVYKgRhKsST---GQVVAMKKIRLES
__________________ MdeYaKIEKIGEGTYGVVYKgvhKaT---GQIVAMKKIRLEN
__________________ MEDYtKIEKIGEGTYGVVYKgRhKtT---GQVVAMKKIRLES
__________________ MEDfeKIEKIGEGTYGVVYKgRNR1T---GQIVAMKKIRLES
__________________ MEDY tKVEKIGEGTYGVVYKgKnKKs---GQIVAMKKIRLES

*L62 L84* *L86
EDEGVPSTAIREISLLKEL-Kdd----NIVrLyDIvHsdaHKLYLVFEFLD1DLKrYMeg
EeEGVPSTAIREISLLKEL-RHP----NIVsLgDvLmQdS-rLYLiFEFLsMDLKKY1DS
EDEGVPSTAVREISLLKEL-gHP----NvVgLeavimQEn-rLfLiFEFLsfDLKrYMDg

EsEGVPSTAIREISLLKEv-ndesnrsNcVrL1DILHaES-KLYLVFEFLDMDLKKYMDr
EDEGVPSTAIREISLLKEm-Rdd----NIVrLyDIiHsdSHKLYLVFEFLD1DLKKYMel

EDEGVPSTAIREISLLKEL-KHP----NIVrL1DIvHnda-KLYLiFEFLD1DLKKYMDT
EDEGVPSTsIREISLLKELSKdd----NIVkL1DIvHQda-KLYLVFEFLD1DLKrYMDS
EDEGVPSTsIREISLLKELSKdd----NIVkL1DIvHsEa-KLYLVFEFLDMDLKKYMDS
EDEGVPSTsIREISLLKELSKdd----NIVkL1DIvHsda-KLYLVmEFLDMDLKKYMDN

EDEGVPSTAIREISLLKEL-Rde----NIVrLyeIiHQES-rLYLVFEFLD1DLKKYMDN
EDEGVPSTAIREISLLKEL-Knd----NIVrLyDIiHQES-KLYLVFEFLD1DLKKYMDN

EDEGiPSTAVREISLLKELrhHP----NvVeLghILHQEp-KLYLVFEyLtcDLKKh1DT
EeEGiPSTAIREVSLLKEL-KHP----NIVdLievLYEES-KLYLVFEFLDMDLKrY1DT
EeEGVPSTAIREISLLKEL-yHP----NIV1LeDvLmEpn-rLYLVFEyLtMDLKKYMeS
EeEGVPSTAIREISiLKEL-gHP----NIVsL1DvVL1QES-KLYLVFEFLgMDLKKYMDS
EeEGVPSTAVREVSLLQEL-KHP----NvVrL1DvLmMQES-rLYLiFEFLsMDLKKY1DS
EeEGVPSTAIREISLLKEL-gHP----NIVcL1DvLmQdS-rLYLiFEFLsMDLKKY1DS
EeEGVPSTAIREISLLKEL-hHP----NIVcLgDvLmQda-rLYLiFEFLsMDLKKY1DT
dDEGVPSTAIREISLLKEL-KHe----NIVcLeDvImMEEn-riYLiFEFLsMDLKKYMDS
EDAGVPSTAIREItLLKEL-nHr----NIVrLgDvimQEn-KvYLVFEFLsMDLKKh1DT

IPk-d-QOpLgadIVKkfMmQ1lcKGIayCHShRiLHRDLKPONLLInKdGnl1KLgDFGLAR
IPp-G-QymDssLVKSYLYQILQGIVFCHSRRVLHRDLKPONLLIDAKGtIKLADFGLAR
Lgk-d-EyLplet1KSYt fQILQamcFCHgRRViHRDLKPONLLvDNnnGaIKLADFGLAR
IsetGAsalLDPrLVgkfaYQlvnGvnFCHSRRi iHRDLKPONLLIDKEGn1KLADFGLAR
IPg-G-agLEPsMVKr fMhQl1IKGIkhCHShRVLHRDLKPONLLIDKdGn1KLADFGLAR
gsn----gLsapLiKSYMYQ1IKGIhyCHchRiLHRDLKPONLLIDgQGm1KLADFGLAR
LPd-k-EaLpPnLVKkftYQ1IKG1fyCHVvhRVLHRDLKPONLLIDKEGn1KLADFGLAR
Lge-k-dgLgPdMVKkfsYQ1IKGIyFCHghRiLHRDLKPONLLINKgGd1KiADFGLAR
Tgd-k-dgLgPnMVKkftYQ1lvKGlyyCHAhRRiLHRDLKPONLLINnKEGn1KiADFGLAR
Vad-kpEgLgPeIVmkftYQ1lvRGIyFCHAhRRi LHRDLKPONLLIDKEGn1KLADFGLAR
Vag-tAdgLgPeIVKkft fQ1LRGIyyCHAhRRi LHRDLKPONLLIDKtGnl1KLADFGLAR
trg----mLDktLVKSYLYQItnalyFCHARRiLHRDLKPONLLIDsKG1IKLADFGLgR
LPk-G-ktiDamLmKSYLYQIL1GvvyCHShRVLHRDLKPONLLINnsKGcIKLADEGLgR
L-k-G-kgmDPaLVKSYLhQOmvdGI1FCHSRRiLHRDLKPONLLIDNnGtIKLADFGLAR
IPa-G-kymDkeLVKSYtYQILQGItFCHSRRVLHRDLKPONLLIDKnGiIKLADFGLAR
IPs-G-QymDPmLVKSYLYQILEGIyFCHrRRVLHRDLKPONLLIDnNKGVIKLADFGLAR
IPs-G-QyLEamLVKSYLYQILQGIiFCHARRVLHRDLKPONLLIDsKGvIKLADFGLAR
IPs-G-QyLDrsrVKSYLYQILQGIVFCHSRRVLHRDLKPONLLIDAKGVIKLADFGLAR
LPv-d-khmEseLVrSYLYQItsallFCHrRRVLHRDLKPONLLIDKsG1IKvADFGLgR
LPk-n-QsmDtktVKSYLkQILEGI1FCHrRRVLHRDLKPONLLIDgGKGnIKLADFGLAR
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AFGVPLRaYTHEiVTLWYRAPEVLLGgkqYSTgVDtWSIGCIFAEMcnrKPiFsGDSEID
AFGIPiRVYTHEVVTLWYRSPEVLLGSaRYSTPVDiWSIGt IFAE1ATKKPLFHGDSEID
AiGIPiRVYTHEVVTLWYRAPEiLmGagRYSmgVDMWSIGCIFAEMATKKPLFQGDSEID
sFGVPLRNYTHEiVTLWYRAPEVLLGSrhYSTgVDiWSVGCIFAEMirrt PLFpGDSEID
AFGVPLRaYTHEVVTLWYRAPEiLLGgkqYSTgVDMWSVGCIFAEMcnrKPLFpGDSEID
AFGVPLRtYTHEVVTLWYRAPEiLLGSkhYSTaVDMWSVGCIFAEMclrhPLFpGDSEID
AFGIPLRtYTHEVVTLWYRAPEVLLGSrhYSTaiDMWSVGCIFAEMAmr sPLFpGDSEID
AFGIPLRtYTHEVVTLWYRAPEVLLGSrhYSTaiDMWSVGCIVAEMATrgPLFpGDSEID
AFGIPLRtYTHEVVTLWYRAPEVLLGSrhYSTaiDMWSVGCIyAEMAmrgPLFpGDSEID
AFGIPLRtYTHEVVTLWYRAPEVLLGSrhYnTaiDMWSVGCIFAEMAmrt PLFpGDSEID
AFGIPLRtYTHEVVTLWYRAPEVLLGSrhYSTaiDMWSVGCIFAEMAMKs PLFpGDSEID
AFGIPvRaYTHEVVTLWYRAPEVLLGgQRYScPiDVWSIGt IFAEMVTKRPLFHGDSEID
AFGvPVRVYTHEVVTLWYRAPEVLLGStRYScP1DiWStGt IFAEMwlrRPLFQGDSEID
AFGIPvRVYTHEVVTLWYRAPEVLLGStRYacPiDMWS1GCIFAEMvVTKRPLFHGDSEID
AFGIPvRVYTHEVVTLWYRAPEVLLGasRYSTPVDiWSIGt IFAEMATKKPLFHGDSEID
AFGVPVRVYTHEVVTLWYRAPEVLLGSpRYSTPVDVWStGtIFAEIATKKPLFHGDSEID
AFGIPvRVYTHEVVTLWYRAPEVLLGSVRYSTPVDVWSIGt IFAEiASKKPLFHGDSEID
AFGIPvRVYTHEVVTLWYRSPEVLLGSalYSTPVDiWSIGt IFAE1ATKKPLFHGDSEID
sFGIPvVRIYTHEiVTLWYRAPEVLLGSPRYScPVDiWSIGCIFAEMATrKPLFQGDSEID
AFGIPiRVYTHEiVTLWYRAPEVLLGSpRYSTPiDiWSIaCIFvEMinKRPLFHGDSEID

*I239
gqiFkIFRVLGTPNEaIWPdivyLPDfKpsFPgWRrkdLsqvVps———-——-- LDprGIDLL
gLFRIFRaLGTPNnEVWPeVeSLgDYKNTFPKWKpgsLashVKN----—--- LDENGLDLL
ELFRIFRVLGTPtEleWnGVeSLPDYKaTFPKWRenfLrdkfydkktgkhlLDDtafsLL
EiFkIFqvLGTPNEEVWPGVT1LgDYKSTFPRWKrvdLhrvIpN-—-—---~- geEaalelL
EiFRIFRiLGTPNEEVWPAVIyLPDfKt TwPKWErsdLgphIps-—------ LDrdGvDLL
EiFRIFRTLGTPNEEIWPnVItLPDYKenFPiWtagqnLakvlpN-—------ LeseGvDLL
EiFRIFRILGTPJEEsWPGirSLPDYKSsFPqWhgaeLggaVsg-—-—--~- LDaNGLDLL
EiFRIFRVLGTPAEJVWPGVrSLPDYKpTFPqWspinLgdvVKg-—-—---~- LDadGMDLv
EiFRIFRVLGTPAEAVWPGVraLPDYKpTFPgWnaveLksaVKg-—-—---~- LDENGsDLL
EiFRIFRTLGTPNJEVWPGVgSLPDYKtTFPKWngvpLksaVsg-—----- LDDtGLDLL
EiFRIFRTLGTPtdaVWPGVktLPDYKasFPqWsgmpLakaVpN-—------ LDaNGIDLL
gLFRIFRiLGTPtEEtWkGVISLPDYKpTFPKWagdgLkkaVpg-——-—-—-- LDsdGLDLL
ELFRIFRiLGTPdddIWPGVSSLPe fKSsFPKWskqgsydt fVpN------- msEsGIDLL
gLFRIFRTLGTPtdEIWPGVTIqLgDYKSTFPmWt kpnikgaVKg-—------ mDEeGLDLL
gLFRIFRVLGTatEddWPGVTSLkDYKrTFPKWKkgmvvesVKN-——-—-—-- LnEeGIDLL
gLFRIFRTLGTPNNdVWPdVeSLPDYKNTFPKWKggsLssmVKN-——-—-—-- LDKNGLDLL
gLFRIselwGTPNnEVWPeVeSLgDYKNTFPKWKggsLaanVKN--—-—-——— 1DKeGLDLL
gLFRIFRaLGTPNndVWPdVeSLgDYKNTFPKWKpgsLgthVgN--—----- LDEdJGLDLL
gLFRMFRiLkTPtEJIWPGVISLPDYKNTFPcWstngLtnglKN--—---- LDaNGIDLi
gqLFRIFRTLGTPtEdtWPGVIkKLPDYKSsFPnWseniLrsl11KN------- mDDAGIDLL

dK1LaYDPinRISArRAaiHPYFgES-————————————————————
SKMLIYDPAKkRISgKmALNHPYFND1Dngikkm--—-------—-—-—
eglLIYDPs1R1InAKKALVHPYFDnmDtS---kLPagnyrGelLelf
SaMLVYDPAhRISAKRALQQPYlrEygelfv--—--—--—-—-—-——-—-—-
egqMLnYDPsnRISAKRALVHPYFgEdNdeaydsyPrsvnmG——--—
SR1LVYDPAQR1SAKRALsHPYFaDvDtSksl-—----—-—-—-—--—--—-
AgtLIYDPAQRISAKRALgHPYFatsvaAaangta--———————----
AgqtLVEfDPAhRISAKRALrHPYFDtvNlAaa-—-—-—-—-—-—-—-—-=-
AgtLIfDPAhRISAKRALQHPYFtsStypA-—————————————-—-
hhMLIYDPAiRISAKRALgHPYFasvsaA-———-——————————-———
kgMLVYDPAgRVSAKRgLnHaYFgslpgSamas——-—--—-———-—-—-—---—
kKMLIYDPA1RISAKtsLkHPYFlndpkfdinsLPktpevdsVm--
SKMLIYDPANRISgKRALsHPYFDD1DkS---tLPtdrws——-----—
eKMLIYDPAkKkRItAKasmrHPYFDnipdlsdrlgPirs—-------
gKcLVYDPAKkRISAKaALmMHPYFNnlDkklclvLtsalfhe-----
AKMLIYNPpkRISAreAmtHPYFDD1DkS---tLPaacinGv---—
AKMLVYDPAKRISArKAL1HPYFDD1DkS---sLPangirn-----
SKMLIYDPAKkRISgKmALNHPYFDD1DkS---tLPanlikkf----
gKMLIYDPVhRISAKdiLeHPYFNgfgsglvrn-——--—-——-—------—
eKMLVYDPvrRISAKACLAHPYIND--—-————————————————~—

Supplementary Figure 11. Multiple alignment of CMGC/CDK/CDC2 protein kinase
orthologs. Blue capital letters stand for highly conserved positions, as suggested by the EBI web

server (https://www.ebi.ac.uk/Tools/msa/muscle/). Asterisks show positions of amino acid changed

in cdc28 mutants found in our work (labeled either on the right of left to the asterisk). Protein
identifiers: NP_001307847.1 (Homo sapiens), NP_009718.3 (Saccharomyces cerevisiae),



XP_016605543.1 (Spizellomyces punctatus), XP_017992564.1 (Malassezia pachydermatis),
XP_028477809.1 (Apiotrichum porosum), XP_025347166.1 (Pseudomicrostroma glucosiphilum),
XP_019012246.1 (Kwoniella pini), XP_018995495.1 (Cryptococcus amylolentus),
XP_024712237.1 (Candida pseudohaemulonis), XP_013017915.1 (Schizosaccharomyces
octosporus), P13863 (Gallus gallus), P34556 (Caenorhabditis elegans), P23572 (Drosophila
melanogaster), BAC98412.1 (Halocynthia roretzi), QIDGI8 (Oryzias luzonensis), QIW739 (Rana
dybowskii), BAA23218.1 (Hemicentrotus pulcherrimus), XP_001635734.1 (Nematostella
vectensis), XP_002111844.1 (Trichoplax adhaerens), XP_002415172.1 (Ixodes scapularis).



