
 

 

Acta Cryst. (2019). F75,  doi:10.1107/S2053230X19002693        Supporting information 

 
Volume 75 (2019) 

Supporting information for article: 

Crystal structure of phosphoribulokinase from Synechococcus sp. 
strain PCC 6301  

Robert H. Wilson, Manajit Hayer-Hartl and Andreas Bracher 

 

  

http://dx.doi.org/10.1107/S2053230X19002693
http://dx.doi.org/10.1107/S2053230X19002693
http://journals.iucr.org/f


                                            jjjjjk        ii                                                            X                                             X         X   
 1 Syn_PCC6301         1                                                        c                                                 DEEEEF DF DEEEE                                                       G                                              R VLIGVAGDSGC KSTFMS.....................................KPD V                

Syn_PCC6803         1                                                        c                                                 KddddG KG Kdddd                                                       G                                              R VLIGVAGDSGC KSTFMT....................................TQLD V                
T_elongatus_BP1     1                                                        c                                                 KddddG KG Kdddd                                                       G                                              R VLIGVAGDSGC KSTFMS....................................SKPD V                
Nostoc_PCC7524      1                                                        c                                                 KddddG KG Kdddd                                                       G                                              R VLIGVAGDSGC KSTFMT....................................SKPE V                
S_oleracea          1                                                        c                                                 KddddG KG Kdddd                                                       G                                              Q IVIGLAADSGC KSTFT.....................................CSQQ T                
O_sativa            1                                                        c                                                 KddddG KG Kdddd                                                       G                                              K VVIGLAADSGC KSTFS.....................................CSVD P                
S_moellendorffii    1                                                        c                                                 KddddG KG Kdddd                                                       G                                              K IVIGLAADSGC KSTF.......................................... T                
C_reinhardtii       1                                                        c                                                 KddddG KG Kdddd                                                       G                                              K VVIGLAADSGC KSTF.......................................DKD T                
V_carteri           1                                                        c                                                 KddddG KG Kdddd                                                       G                                              K VVIGLAADSGC KSTFLV..................................VKAQKD T                
B_prasinos          1                                                        c                                                 KddddG KG Kdddd                                                       G                                              G VIIGLAADSGC KSTF.......................................KAD P                
P_umbilicalis       1                                                        c                                                 KddddG KG Kdddd                                                       G                                              K MIIGVAADSGC KSTFMA..................................S.SNIE P                
G_sulfuraria        1                                                        c                                                 KddddG KG Kdddd                                                       G                                              R VIIGVAADSGC KSTFLR..................................N.KGIE P                
B_natans            1                                                        c                                                 KddddG KG Kdddd                                                       G                                              R VIFGVAADSGC KSTFMA..................................Q.KNIQ P                
C_merolae           1                                                        c                                                 KddddG KG Kdddd                                                       G                                              R VMVGVAADSGA KSTFQR....................................KNIQ P                
G_chorda            1                                                        c                                                 KddddG KG Kdddd                                                       G                                              R VIIGVAADSGC KSTFMD..................................V.KRIT P                
P_purpureum         1                                                        c                                                 KddddG KG Kdddd                                                       G                                              R VIIGVAADSGC KSTFMK..................................Q.KGIE P                

 2 L_chlorophorum      1                                                        c                                                 KddddG KG Kdddd                                                       G                                             E  VVIGVAADSGC KSTFA...................................L.GKD PV                
E_gracilis          1                                                        c                                                 KddddG KG Kdddd                                                       G                                             K  VLIGVAADSGC KSTFMR..................................PKVDP KT                
P_tricornutum       1                                                        c                                                 KddddG KG Kdddd                                                       G                                             Q  IIIGVAADSGC KSTFMA..................................L.KEG TP                
T_pseudonana        1                                                        c                                                 KddddG KG Kdddd                                                       G                                             E  IVIGLAADSGC KSTFA...................................L.KDG VP                
G_theta             1                                                        c                                                 KddddG KG Kdddd                                                       G                                             Q  VVIGLAADSGC KSTFA......................................SG KP                
L_polyedra          1                                                        c                                                 KddddG KG Kdddd                                                       G                                             V  VVIGVAADSGC KSTFPA..................................T.KEG SP                
E_huxleyi           1                                                        c                                                 KddddG KG Kdddd                                                       G                                             S  VVIGLAADSGC KSTFM......................................DA NP                

 3 A_profundus         1                                                        c                                                 KddddG KG Kdddd                                                       G    M                                K KL I S  VFIIGIAGDSGS KTTF L............................... E  . K GK                 
H_hungatei          1                                                        c                                                 KddddG KG Kdddd                                                       G    M                                R VI R S  VYLIGVAGDSGS KSTF GLVPRGSHMSQPE.................NF E  . H PL                 
M_paulustris        1                                                        c                                                 KddddG KG Kdddd                                                       G    M                                K RI A S  VFTIGVAGDSGS KTTF M..........QTEGKTGEKPDLCPGTGGLNF D  . S PC                 
M_thermophilus      1                                                        c                                                 KddddG KG Kdddd                                                       G    M                                K VI A S  VFIIGVAGDSGT KTTF P..........PS.................DF R  . E PY                 

 4 R_sphaeroides       1                                                        c                                                 KddddG KG Kdddd                                                       G    MS                                       KKHPIISVTGSSGA TSTV  .......................................                   
R_rubrum            1                                                        c                                                 KddddG KG Kdddd                                                       G    MS                                       VKHPIIAITGSSGA TTSV  .......................................                   
P_luminescens       1                                                        c                                                 KddddG KG Kdddd                                                       G    MS                                       AKHPIIAITGSSGA TTTT  .......................................                   
Syn_WH7803          1                                                        c                                                 KddddG KG Kdddd                                                       G    MS                                       KRHPVVAVTGSSGA TSTV  .......................................                   
P_chromatophora     1                                                        c                                                 KddddG KG Kdddd                                                       G    MS                                       KRHPVVAVTGSSGA TSTV  .......................................                   
H_crunogenus        1                                                        c                                                 KddddG KG Kdddd                                                       G    MS                                       VEHPIVTVTGSSGA TSFV  .......................................                   

 5 D_swuensis          1                                                        c                                                 KddddG KG Kdddd                                                       G    MT                                           VIGVAG S S KTTV  ........................................SPF      G G      
E_coli              1                                                        c                                                 KddddG KG Kdddd                                                       G    MT                                           IIGIAG S S KSLI  ....................................DQSHQCV      A A      
H_volcanii          1                                                        c                                                 KddddG KG Kdddd                                                       G    MT                                           VIGIAG S A KTTV  ....................................I...PSF      G G      
T_thermophilus      1                                                        c                                                 JIIIIH JH JIIII                                                       G    MS                                           VIGIAG T S KTTL  ....................................A..PKPF      G A      
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i    iiiiiii                           j  jjjkllll    iii  i ....                                   ..               ..           X                                  X         X    
 1 Syn_PCC6301        24                                                c            F    DEEF DEF                          A  DEF  A DF  DF    D                                               D            L    NRLA LFG                             TVICL DYH  DR G  R ....    D   TE.......................LM..         SL  K .. 

Syn_PCC6803        25                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            L    RRLT LFG                             TVICL DYH  DR G  R ....    D   EE.......................FM..         SL  Q .. 
T_elongatus_BP1    25                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            L    RRLA LFG                             TVICL DYH  DR Q  R ....    D   ED.......................FM..         SL  K .. 
Nostoc_PCC7524     25                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            L    RRLT LFG                             TVICL DYH  DR Q  R ....    D   EE.......................LM..         CL  K .. 
S_oleracea         24                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            M    RRLT VFG                             TVICL DFH  DR G  R ....    S   GAAEP.PK.....GGNPDSNTLISDTT..         SL  N .. 
O_sativa           24                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            M    RRLT VFG                             TVICL DYH  DR G  R ....    S   GAAEP.PK.....GGNPDSNTLISDTT..         SL  T .. 
S_moellendorffii   19                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            M    RRLT VFG                             TVICL DYH  DR G  R ....    S   GAASP.PK.....GGNPDSNTLISDTT..         SL  T .. 
C_reinhardtii      22                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            M    RRMT IFG                             TVICL DYH  DR G  R ....    S   GVPKP.PA.....GGNPDSNTLISDMT..         CL  N .. 
V_carteri          27                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            M    RRMT IFG                             TVICL DYH  DR G  R ....    S   GVPKP.PA.....GGNPDSNTLISDMT..         CL  N .. 
B_prasinos         22                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            M    RRMT LFG                             TVLCL DYH  DR G  R ....    S   GKASP.PE.....GGNPDSNTLISDTT..         LN  Q .. 
P_umbilicalis      26                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            L    RRVS IFG                             TVICL DFH  DR G  R ....    G   TKVSQ.............GHTPQGDFM..         TQ  K .. 
G_sulfuraria       26                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            L    RRVN IFG                             TVICL DFH  DR G  R ....    E   TKVSQ.............SHTPQGELV..         TL  K .. 
B_natans           26                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            L    RRVN IFG                             TTICL DFH  DR G  R ....    A   TTTSK.............AHTPTGDLI..         TL  T .. 
C_merolae          25                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            L    RRVM MFG                             TVICL DWH  DR G  R ....    R   SDIPK.............GHTPQGELI..         NR  Q .. 
G_chorda           26                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            L    RRVT IFG                             TVICL DYH  DR G  R ....    S   TEVSK.............SHTPVGEFI..         TH  M .. 
P_purpureum        26                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            L    RRVL IFG                             TVICL DYH  DR G  R ....    N   AQVSK.............AHTPQGDFI..         YH  K .. 

 2 L_chlorophorum     25                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            M    RRLT  FGG                 T TLVSD T  TVICL DYHL DRQG  R ....    NV   EQVG.PLGGGFGGGGWE N     Q ..          D    .. 
E_gracilis         27                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            M    RRLT  FGG                 T TLVSD T  TVMCL DYHL DRAG  R ....    GI   GKPT.PLGGGFGTGGWE N     K ..          N    .. 
P_tricornutum      26                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            M    RRLT  FGG                 T TLVSD T  TVICL DYHL DRAG  R ....    NI   DVVG.PLGGGFDKGSWE N     L ..          N    .. 
T_pseudonana       25                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            M    RRVT  FGG                 T TLVSD A  TVICL DYHL DREG  R ....    ST   ETCG.PLGGGFGNGGWE N     M ..          N    .. 
G_theta            23                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            M    RRVT  FGG                 T TLISD T  TVICL DYHL DRQG  R ....    AC   ASKLNP.......IGRE N     M ..          N    .. 
L_polyedra         26                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            L    RRIL  LGT                 G TAIGD M  TVICL DYHT DRAG  R ....    GA   EVTP............. H     M ..          N    .. 
E_huxleyi          23                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            M    RRVT  FGG                 T TLVSD T  TVICL DYHK DRTG  R ....    GI   ECKLND.......IGRE N     M ..          W    .. 

 3 A_profundus        29                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            A    N IK MFG D                       IV  S ITL DYHVYDRE   R .... G  R   D .......................  .. H            M.. 
H_hungatei         43                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            T    R IS IFG E                       LV  S ITV DYHLYDRK   R .... A  D   E .......................  .. S            T.. 
M_paulustris       50                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            T    Q IR IFG D                       LV  T ITL DYHLYDRE   R .... S  D   E .......................  .. T            E.. 
M_thermophilus     33                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            T    R IR IFG D                       LI  S ITI DYHRYDRE   R .... A  E   K .......................  .. T            E.. 

 4 R_sphaeroides      22                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            K     TFD IF RE                        VK VSIEG AFHR  R D  M ....H   Q  R  .......................G  A          FN A .. 
R_rubrum           22                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            T     TFE IF RE                        VN AVVEG SFHR  R A  M ....R   Q  R  .......................G  A          ND K .. 
P_luminescens      22                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            S     AFR IF QL                        IS AQIEG SFHR  R E  M ....S   K  Q  .......................N  A          YT P .. 
Syn_WH7803         22                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            K     AFE IF RE                        IT AVVEG SYHR  R E  M ....R   H  A  .......................S  P          FE M .. 
P_chromatophora    22                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            K     AFE IF RE                        IQ AVVEG SYHR  R E  M ....R   Y  I  .......................G  P          YE T .. 
H_crunogenus       22                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            K     AVE IF RE                        LN AIVEG SYHK  R E  M ....R   K  D  .......................N  V          YN A .. 

 5 D_swuensis         21                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            T    R V ETVG Q                        V   VL    YYR Q  I  E .... R M    A .......................G ..A  AQ N   S DE PF 
E_coli             25                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            A    R L EQVG E                        I   VI    YYK Q  L  E STLY E R    D .......................H ..G  PE C   D SH SM 
H_volcanii         22                                                c            G    KddG KdG                          B  KdG  B KG  KG    K                                               D            A    R I ENVG S                        V   RI    YYK Q  L  A .... L T    E ........................ ..T  PI N   D SH DM 
T_thermophilus     23                                                c            H    JIIH JIH                          C  JIH  C JH  JH    J                                               D            A    Q L RTLG R                        V   LL    YYK L  L  E .... A A    E ........................ ..A  PM H   D GH PL 
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ii     i                lll  iiiiiiiiiiii    jjjjjjk          .....                                                                           X         X         X         X       
 1 Syn_PCC6301        53                                                   c         EF                 DF    DEF   DF A A DF DF  A DEEEEF                                                         Y         KE                 VTAL  RANNF LM EQVKALKNGETI KPI NH         .....A..........G    DP     D  Y            M      .......

Syn_PCC6803        54                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y         KA                 VTAL  RANNF LM EQIKTLKSGQSI KPI NH         .....A..........G    DP     D  Y            M      .......
T_elongatus_BP1    54                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y         KE                 ITAL  RANNF LM EQIKALKNGESI KPI NH         .....M..........G    DP     D  Y            M      .......
Nostoc_PCC7524     54                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y         KE                 ITAL  RANNF LM EQIKALKEGQAI KPI NH         .....T..........G    DP     D  Y            N      .......
S_oleracea         70                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y         KV                 VTAL  KANDF LM EQVKALKEGKAV KPI NH         .....E..........K    DP     D  Y            D      .......
O_sativa           70                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y         KE                 VTAL  RANDF LM EQVKAIKEGKAI KPI NH         .....K..........G    DP     D  Y            E      .......
S_moellendorffii   65                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y         KE                 VTAL  KANNF LM EQVKALKEGKAV KPI NH         .....K..........G    DP     D  Y            Q      .......
C_reinhardtii      68                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y         KV                 VTAL  EAQNF LM NQVKALKEGKSV KPI NH         .....K..........G    AP     D  Y            D      .......
V_carteri          73                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y         KV                 VTAL  EAQNF LM NQVKALKEGKAV KPI NH         .....K..........G    AP     D  Y            D      .......
B_prasinos         68                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y         KE                 LTAL  KEQNF LM EQVKALKEGKTV KPI NH         .....S..........G    NL     D  H            Q      .......
P_umbilicalis      65                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y         AA                 VTAL  VANNF LM QMCKALKEGKSV KPI NH         .....A..........K    DP     E  Y            M      .......
G_sulfuraria       65                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y         AE                 VTAL  EANNF LM QQIAALKEGYDI KPI NH         .....K..........K    NP     E  Y            M      .......
B_natans           65                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y         AD                 ISAL  RANNF LM DQLKALKQGRAI KPI NH         .....T..........G    DV     A  A            K      .......
C_merolae          64                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y         KE                 ITAL  NCQNF LM EQLEALKNGFDI KPI NH         .....D..........N    DE     D  A            M      .......
G_chorda           65                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y         RE                 VTAL  RANNF LM SQIQALKEGKSI KPI NH         .....A..........K    DE     D  A            M      .......
P_purpureum        65                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y         KV                 VTAL  KANNF LM AQVKALKEGKAI KPI NH         .....A..........N    DE     T  A            Y      .......

 2 L_chlorophorum     76                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y         KV     S           RTAL  A Q  DLM E IAALK GETI KPI NH         ..... ..........K    DT E KF   Y Q     R    K      .......
E_gracilis         78                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y         KV     T           LTAL  R N  DLM E MSSLK GETI KPI NH         ..... ..........G    DQ E NF   F Q     R    A      .......
P_tricornutum      77                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y         KV     T           RTAL  E N  DLM E VKALK GKTV KPI NH         ..... ..........M    DP E NF   Y Q     D    E      .......
T_pseudonana       76                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y         KV     S           LTAL  A Q  DLM E VKALK GKTI KPI NH         ..... ..........G    NT E KF   F H     E    M      .......
G_theta            68                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y         KK     T           LTAL  R N  DLM E VKALK GKKI KPI NH         ..... ..........G    DP E NF   Y Q     E    M      .......
L_polyedra         65                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y         KA     T           LTAL  K N  ALM V IEALK GKAV KPI NH         ..... ..........G    DA E DF   G Q     Q    Y      .......
E_huxleyi          68                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y         KS     D           ITAL  A Q  DKM A VTDLK GKAV KPI NH         NPEWP ..........G    HE C NW   A D     A    E      .......

 3 A_profundus        58                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y         ER     L           ITPL  SAN L LVE  L  LKKGEKI KPT  H         ..... ..........G    HP   N K   TH YL       K    N .......
H_hungatei         72                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y         SE     M           ITPL  TAN L LLE  L  LKAGRTI KPV  H         ..... ..........G    LH   N K   EN MD       Q    L .......
M_paulustris       79                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y         KV     R           ITPL  EAN L QLE  L  LTEGRTI KPV  H         ..... ..........H    NP   R D   HD VE       D    N .......
M_thermophilus     62                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y         RK     L           ITPL  EAN F LLE  L  LKEGKTI KPV  H         ..... ..........G    AP   R D   EH AA       Q    N .......

 4 R_sphaeroides      53                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y          A     EL RR A G   FS F  EAN L  LERV R Y ETG GRTR  VH   EAA K .....  D  Y A DAT  H SY   E KE    F E G   Q    T   DDA   R
R_rubrum           53                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y          I     AM EA K G   FS F  EAN F  LETL R Y ETG GRRR  LH   EAA K .....  A  Q A NAN  H GP   L EE    F T G   G    L   NDE   P
P_luminescens      53                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y          A     AI KA E G   IS F  EAN F  LEKT I Y ETG GRRR  LH   DAV D .....  R  K Q .RH  Y GP   D GM    M D G   E    K   TYD   P
Syn_WH7803         53                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y          K     AM EA S G   FS F  EAN F  LEEL R Y ETG GQKR  LH   EAA K .....  A  L K .EN  H GP   L DK    F V G   G    Y   SPE   E
P_chromatophora    53                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y          Q     AM KA S G   FS F  EAN F  LEEL K Y ETG GEKR  LH   EAA K .....  E  L I .NN  H GP   L DK    F V G   G    Y   SLD   D
H_crunogenus       53                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y          E     KV AS A G   LT F  KAN F  LEAL K Y ENG GKQR  IH   EAA K .....  A  K N GPV  H SE   E GE    F E K   T    Y   SDE   E

 5 D_swuensis         52                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y         TR     L          KTNYDHP A D  L  A L AL AGV I MPE  F         ..... ..........       A F WE LR H D  L   P D    D .......
E_coli             60                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y         ER     V          KTNYDHP A D  L  E L AL RGL I LPV  Y         ..... ..........       S M HS LL H Q  K   A D    S .......
H_volcanii         52                                                   c         dG                 KG    KdG   KG B B KG KG  B KddddG                                                         Y         ER     E          QVNYDHP A E  L  E L EL EGR V MPQ  F         ..... ..........       S F WD LY Q S  M   A E    D .......
T_thermophilus     53                                                   c         IH                 JH    JIH   JH C C JH JH  C JIIIIH                                                         Y         ER     L          RVNYDHP A D  L  E A AL RGL V MPV  F         ..... ..........       D F LA YL H Q  L   P E    D .......
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 1 Syn_PCC6301        91                               cc                                        A     A A     DEEEEEF                 DF  DEF DE                              EG                                     ETG  IDP E I     IIVI  LHP YD           RVRELLDFSVY.........   L.   P K .EPNR         L  E..........           

Syn_PCC6803        92                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                     ETG  LDP E V     VVVI  LHP YD           RVRELVDFGVY.........   L.   P K .EPNK         L  E..........           
T_elongatus_BP1    92                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                     ETG  IDP E V     VIVI  LHP YD           RVRSLIDFSVY.........   T.   P K .DPNH         L  E..........           
Nostoc_PCC7524     92                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                     ETG  IDP E V     IIVV  LHP YD           RVRSLLDFSVY.........   M.   P I .EPNH         L  E..........           
S_oleracea        108                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                     VSG  LDP E I     ILVI  LHP YD           RVRELLDFSIY.........   L.   P L .QPPK         M  A..........           
O_sativa          108                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                     VTG  LDP E I     IFVI  LHP FD           RVRDLLDFSIY.........   L.   P L .QPPK         M  E..........           
S_moellendorffii  103                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                     VSG  LDP E I     ILVI  LHP FD           RVRELLDFSIY.........   L.   P L .QPPK         M  S..........           
C_reinhardtii     106                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                     VSG  IDA E I     ILVI  LHP YD           RVAELLDFKIY.........   L.   P K .ESPP         F  K..........           
V_carteri         111                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                     VTG  IDA E I     ILVI  LHP FD           RVADLLDFKIY.........   L.   P K .DSPN         F  K..........           
B_prasinos        106                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                     VTG  FDP E I     VLIL  LHP AD           RVRNFYDFKIY.........   V.   A E .VSPK         F  D..........           
P_umbilicalis     103                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                     ETG  IDP E I     VIVV  LHP YD           RMKELLDFTVY.........   K.   P L .NPNH         M  A..........           
G_sulfuraria      103                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                     QTG  IDP E I     IIVI  LHP YD           RMKQLLDFTVY.........   L.   P L .QPNH         W  A..........           
B_natans          103                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                     DTG  IDP E I     IIIV  LHP LD           DVIESLDFTFY.........   A.   V T .HPNH         M  K..........           
C_merolae         102                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                     ETG  IDP E V     IVVV  LHP YD           RVRKLLDFSVY.........   R.   P L .SPNH         M  E..........           
G_chorda          103                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                     ETG  IDP E V     LVVI  LHP YD           RVRDVLDFTVY.........   E.   P L .EPNH         M  E..........           
P_purpureum       103                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                     DTG  HDP E I     LVVI  LHP YD           RVAELLDLSVY.........   E.   S L .EPNH         M  P..........           

 2 L_chlorophorum    114                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                     VNGT LD  E I KPT IVI   LHP  D           RV  LIDF IY.........    .  EP T .   P   I     FV E..........  RK    S  
E_gracilis        116                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                     VNGT LD  E I APA IMI   LHP  D           RV  LLDF IY.........    .  TP E .   S   I     LL D..........  AG    S  
P_tricornutum     115                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                     VNGT LD  E I EPT III   LHP  D           RV  LLDF LY.........    .  TP T .   P   F     MH K..........  LD    S  
T_pseudonana      114                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                     VNGT LD  E I EPT VII   LHP  D           RV  LIDF LY.........    .  TP E .   P   I     FV E..........  RE    S  
G_theta           106                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                     VNGT LD  E I TPT III   LHP  D           RV  LMDF IY.........    .  EP E .   P   F     FY K..........  EE    K  
L_polyedra        103                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                     DTGN KD  E I EPN VMV   LHP  D           KA  QLDL IY.........    .  PP L .   K   F     IY K..........  RD    G  
E_huxleyi         111                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                     ITGE LD  E V QPT IVI   LHP  D           RV  ALDL IY.........    .  PD P .   P   F     MH E..........  NE    T  

 3 A_profundus        96                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                       GT F   E F E   IVIV  LH                IR   DF IF.........KT  . GEW D . STP        TLYD...........G  DYI  K  
H_hungatei        110                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                       GT F   E F S   FIII  LH                LR   DY IF.........DH  . GEP L . PTK        PYATK..........S  ALY  T  
M_paulustris      117                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                       GR F   I F T   ILIL  LH                LR   DF LF.........AN  . APP R . PGK        TFFTP..........A  EHL  T  
M_thermophilus    100                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                       GR F   V F S   ILIL  LH                LR   DF LY.........NT  . DPP P . PTK        PFITP..........R  GLI  K  

 4 R_sphaeroides     108                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                       GN FT WR F   S LLFY  LHG VV            IA  ADL IG......TGVAP  .  D  D DSD H         A  NS.......EVN  GL   K  
R_rubrum          108                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                       GT FT WE L   S LLFY  LHG VV            VA  ADL IG......FAQEP  .  P  D .PE D         A  TD.......TVD  QH   K  
P_luminescens     107                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                       GT FT WE L   T VLFY  LHG VV            VA  VDL VG......YNQLP  .  P  S PKQ D         G  TP.......QHN  SH   L  
Syn_WH7803        107                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                       GQ FT WE I   T LLFY  LHG VQ            VA  ADL VGHNARLGVELDP  .  P  D PSG D         G  GE.......SYD  AL   L  
P_chromatophora   107                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                       GQ FT WE I   T LLFY  LHG VE            VS  VDL VGHNARLSTNLKP  .  P  A SKN D         G  SK.......NHD  NY   L  
H_crunogenus      108                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                       GE FT WE I   T VLFY  LHG VK            VA  VDL IGHNARLGTNFSS  .  P  P PEG D         M  RMDHGPKEGMHN  QY   G  

 5 D_swuensis         90                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                     TQ TR  RTT V  P  VVVL  FFAL  E           LR  M LKVF.........  H  SA   T .L GS          YD ..........E  AR H    
E_coli             98                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                     VE TR  ETV V  P  VIIL  ILLL  A           LR  L FSIF.........  H  MK   T .E KK          TD ..........R  DE N    
H_volcanii         90                               cc                                        B     B B     KdddddG                 KG  KdG Kd                              EG                                     EI NR  ERE V  P  VIIL  ILAL  E           VN  L LRLY.........  H  KS   T .E TD          YD ..........D  EM D    
T_thermophilus     91                               cc                                        C     C C     JIIIIIH                 JH  JIH JI                              EG                                     RA TR  RRT V  P  VVIL  ILVL  K           LR  M LKVF.........  Y  SP   P .R AP          YP ..........E  DL D    
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 1 Syn_PCC6301       130               cc   c                                        EF    DF   DF DF  DEF A A A  DF A DF A   DF DF A DEEEF A  DF              RD   R                                        LDIDD VK AWKIQ  MAE GHS E V ASI EARRPDF AYI PQRG ADIVIRVMPTQ     E  I              Y D L   .       K   E    H           

Syn_PCC6803       131               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        LDISE VK NWKIQ  MAE GHT E I ASI NARKPDF AYI PQKQ ADVVIQVLPTR     E  I              Y D L   .       T   E    Y           
T_elongatus_BP1   131               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        LDISD VK AWKIK  MAE GHS E V ASI NARRPDF AYI PQKQ ADVVLQILPSQ     D  I              Y D I   .       M   D    Y           
Nostoc_PCC7524    131               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        FDISD VK AWKIQ  MAE GHR E V AAI NSRKPDF KYI PQRE ADVVLQVLPTN     E  I              Y D L   .       Q   E    F           
S_oleracea        147               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        LDISN VK AWKIQ  MKE GHS E I ASI ESRKPDF AYI PQKQ ADVVIEVLPTE     E  F              L S K   .       D   D    H           
O_sativa          147               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        LDISD VK AWKIQ  MAE GHS E I ASI EARKPDF AFI PQKQ ADAVIEVLPTQ     E  F              L S K   .       D   D    Y           
S_moellendorffii  142               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        LDISD VK AWKIQ  MAE GHS E I ASI AARKPDF AYI TQKQ ADVVIQVLPTQ     A  F              L S K   .       D   D    Y           
C_reinhardtii     145               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        LDISD IK AWKIQ  MAE GHS E I SSI AARKPDF AYI PQKK ADMIIQVLPTQ     D  F              L S K   .       D   D    D           
V_carteri         150               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        LDISD IK AWKIQ  MAE GHS Q I SSI EARKPDF AYI PQKK ADMIIQVLPTQ     D  F              L A K   .       D   D    D           
B_prasinos        145               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        LDISD VK AWKIQ  MAE GHS E I ASI EARKPDF AFV PQKK ADVVIQVLPTQ     D  F              L S K   .       D   D    F           
P_umbilicalis     142               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        LDLSD VK AWKIQ  MAE GHT D I ASI ESRRPDF AYV PQKR VDMVMQILPTN     E  I              L N L   .       E   D    D           
G_sulfuraria      142               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        LDISD VK AWKIQ  MAE GHK E I ASI ESRKPDF QYI PQKK AVAVIQVLPTR     E  V              L N L   .       Q   D    D           
B_natans          142               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        IDVSD VK AWKIE  MVE GHK E I ASI ESRKPDF KFV PQKA ADVIISIEPTK     P  K              K D I   .       E   E    N           
C_merolae         141               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        LDLDD VK AWKIQ  MAE GHT E I ASI EARKPDF RFI PQRQ ADAVIQVKPTE     E  I              L A L   .       E   L    Y           
G_chorda          142               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        LDLAD VK AWKIQ  MAE GHT D I ASI ESRKPDF KFV PQKK CDVVMEILPTE     E  V              L N L   .       E   D    N           
P_purpureum       142               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        MDVSD VK SWKVQ  MAE GHT E I ASI ESRKPDF QFV PQKK ADIVLNILPTQ     E  L              L N L   .       A   D    K           

 2 L_chlorophorum    153               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        LDIT  VKFAWKIR   QE G S ESI A I E RKPDF AYV PQRA SD VIQVLPT     DD          M    H L   K S . A     D   A    N  L       E
E_gracilis        155               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        LDIS  VKFAWKIQ   AE G A EDI K I E RKPDF KYV PQRA AD VIEVLPS     DR          M    W L   K D . K     D   A    K  M       R
P_tricornutum     154               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        LDIS  VKLNWKVQ   EE G S ESI A I E RKPDF AYI PQKQ AD IIEVLPT     DD          M    H M   L S . A     D   D    L  L       R
T_pseudonana      153               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        LDIS  VKLNWKIQ   EE G S ESI A I E RKPDF AFI PQKK AD VIEVLPT     PD          M    H L   M S . A     D   E    F  Y       D
G_theta           145               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        VDIT  VKFNWKVQ   EE G S ESI Q I E RKPDF AYI PQKN AD VIQVLPT     PE          H    H I   K Q . A     D   D    K  C       Q
L_polyedra        142               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        IDIV  VKFAWKVQ   AE G T EQV E I E RLPDF AYV PQKA AD ILRYEPS     ND          V    W E   R D . K     S   D    D  V       D
E_huxleyi         150               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        LDIT  VKFAWKAQ   AE G T EEV A I D RKPDF AYV PQKA AD IIQVLPS     DD          I    A P   Q A . G     A   E    K  I       D

 3 A_profundus       134               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        VDP   IK  WKIK       Y   KVIREI   RE DY RYI  Q   ADVVIKIL SS   ARY  RL      VEE G DRD      .IR  P  K   DF KIY        P  
H_hungatei        149               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        VDP   VK  WKIR       Y   EVLREI   RE DY QYV  Q   ADAVIQIS SS   ERD  YD      MKK N DKN      .LQ  P  F   FP REV        Y  
M_paulustris      156               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        VEP   VK  WKMR       Y   QVMAEL   RE DY RFI  Q   ADVVVRVR SK   DPE  IE      INN G TRE      .EP  R  Q   AP QKY        F  
M_thermophilus    139               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        VDP   VK  WKIK       Y   AVVQEM   RK DY AYV  Q   ADAVIKIA SK   DPD  RA      VER G TPD      .AE  R  E   AP CQF        F  

 4 R_sphaeroides     154               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        VVPVINLEWIQKI   RAT   TTEAV DVI LRRM  YV  I PQF QT INF RVPVV             H      GY     T   .    HA  HC V   S  D   Q     
R_rubrum          153               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        VVPVINVEWIQKL   RAA   STEAV DTI LRRM  YV  I PQF RT VNF RVPLV             H      GY     T   .    PD  HY C   T  D   Q     
P_luminescens     153               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        VVPIVNLEWIQKL   TGE   SQEAV DSV VRSM  YI  I PQF RT INF RVPTV             I      GH     M   .    DD  NY T   S  H   Q     
Syn_WH7803        159               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        VVPITNLEWIQKI   NAE   SAEAI DTI LRRM  YI  I PQF RT INF RVPTV             H      GY     V   .    PD  NH C   S  D   Q     
P_chromatophora   159               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        VVPITNLEWIQKI   NAE   SAEAI DTI LRRM  YI  I PQF RT INF RVPTV             Q      GY     V   .    PD  NY C   S  D   Q     
H_crunogenus      167               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        VAPSINIEWMQKI   TSE   SVEQV DVI LERM  YI  I PQF RT INF RVPLI             Y      PY     R   .    PD  ET V   H  H   H     

 5 D_swuensis        130               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        VDA ADV  IRRL   T E GR    V  QYLE VRPM L FVEPTKR ADVIIP G  N   D   RF    L   G    TPES IS    F    H S       Y      H GM 
E_coli            138               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        VDT LDI  MRRI   V E GR    V  QYQK VRPM L FIEPSKQ ADIIVP G  N   P   CL    K   N    SMDS MA    T    F Q       Y      R GK 
H_volcanii        130               cc   c                                        dG    KG   KG KG  KdG B B B  KG B KG B   KG KG B KdddG B  KG              RD   R                                        VET ADV  LRRI   A D GR    V  QYLS VKPM E FIEPTKK ADLIIP G  N   D   RI    Q   I    DLQG ID    T    H Q       H      E .A 
T_thermophilus    131               cc   c                                        IH    JH   JH JH  JIH C C C  JH C JH C   JH JH C JIIIH C  JH              RD   R                                        VDA ADE  IRRL   V E GR    V  QYLE VKPM L FVEPTKR ADVIVP G  N   D   RF    K   L    SLEG VA    Q    H H       Y      R GQ 




                           jjjjjjjk                      jjk                                                             X                          X             X          X      
 1 Syn_PCC6301       189                            DEF  A                           LI                       K LRVQLIQR    E    F  AYLFD EGSTI W  PN.DT.............ER... V        .... GRDG EP     .     Q 

Syn_PCC6803       190                            KdG  B                           LI                       K LRVRLVQK    E    F  AYLFD EGSTI W  ED..K.............ES... L        .... GVKF EP     .     D 
T_elongatus_BP1   190                            KdG  B                           LA                       N LRVRMLQR    E    F  VYLFD EGSTI W  KE.EK.............VG... I        .... GIPG EP     .     T 
Nostoc_PCC7524    190                            KdG  B                           LI                       K LRVRMLQR    E    F  AYLFD EGSTI W  KN.DT.............DR... V        .... GKEG EP     .     Q 
S_oleracea        206                            KdG  B                           LI                       K LRVRMIQK    E    F  VYLFD EGSTI W  PD.DD.............EG... V        .... GVKF NP     .     S 
O_sativa          206                            KdG  B                           LI                       K LRVKLIMK    E    F  VYLFD EGSSI W  PD.DN.............EG... V        .... GVKN NP     .     T 
S_moellendorffii  201                            KdG  B                           LI                       K LRVRMIMK    E    F  VYLFD EGSTI W  PD.DN.............EG... V        .... GVDN EP     .     S 
C_reinhardtii     204                            KdG  B                           LV                       Q LRVRLIMK    E    F  VYLFD EGSTI W  PD.DK..............G... Y        .... GSKM DP     .     S 
V_carteri         209                            KdG  B                           LV                       Q LRVRLIQK    E    F  VYLFD EGSTI W  PD.DK..............G... Y        .... GSKM DP     .     S 
B_prasinos        204                            KdG  B                           LI                       K LRVRMIMK    E    F  PYLFD EGSTI W  PD.DN.............EG... I        .... GVKF DT     .     S 
P_umbilicalis     201                            KdG  B                           LI                       K LRVRLLQK    E    V  VYLYD EGSTI W  PD.DT.............EK... V        .... DT.D DA     .     D 
G_sulfuraria      201                            KdG  B                           LI                       K LRVRLIQR    E    F  VYLYD EGSTI W  PD.DT.............EK... V        .... GIQG QS     .     D 
B_natans          201                            KdG  B                           LD                       K LNTRLIQR    E    I  VYMFE EGSTV W  VAPGE.............ET... Y        .... NQHG RP     E     D 
C_merolae         200                            KdG  B                           LI                       K LKVRLLQR    E    F  AYLFD EGSTI W  PE.DK.............ER... I        .... GVQG KT     .     E 
G_chorda          201                            KdG  B                           LI                       K LRVRLLQD    E    L  VFLYD EGSTI W  PD.DT.............EK... V        .... NCTH EP     .     D 
P_purpureum       201                            KdG  B                           LV                       K LRVQMIQR    E    F  VSIFD EGSTI W  PD.DK.............EN... Y        .... AATN AK     .     D 

 2 L_chlorophorum    212                            KdG  B                           L                          LKVR IE     A    Y   YL   E       TND.D..............TG...KL    L  A.... GKEK SPS  FD. GSTISW
E_gracilis        214                            KdG  B                           L                          LRVR IQ     T    F   YL   K       APP.KD.............ETAPLEY    L  K.... TTKH DPV  IE. GSSVTW
P_tricornutum     213                            KdG  B                           L                          LRVR IQ     E    F   FL   E       DQD.D...............K...KT    C  K.... GVEN DPC  FD. GSSIEW
T_pseudonana      212                            KdG  B                           L                          LKVR IQ     K    F   YL   E       DKE.D...............K...KT    A  K.... GVAD TPT  FD. GSEIEW
G_theta           204                            KdG  B                           L                          LNVK IQ     K    F   YL   E       AAN.D...............K...TH    L  C.... DVDH APT  WD. GSDIEW
L_polyedra        201                            KdG  B                           Q                          LKVK IQ     K    F   SL   D       G...................L...PY    L  K.... GG.A PPI  KK. ......
E_huxleyi         209                            KdG  B                           L                          LKVK IQ     K    A   YL   E       IED.P..............TG...KF    Y  K.... SVTC ETP  FD. GSELTW

 3 A_profundus       193                            KdG  B                             ST E            S RE    VY V L       K    LE V LN      IDIIQ  . RIKY.....LVD .  ...E  K R ILK.... TDIP  S S  ......   
H_hungatei        208                            KdG  B                             KE E            E KR    VY V L       A    FE I LN      IDLYG  . G........... .  ...N  R M SMP.... QEYC  D E  ......   
M_paulustris      215                            KdG  B                             RE R            I RE    IY V L       R    IE V LS      IDLYG  . G........... .  ...K  Q S SQN.... ITKS  D D  ......   
M_thermophilus    198                            KdG  B                             RE I            E ER    VY V L       K    IR V LS      IDLYG  . S........... .  ...N  H T CQS.... LERS  D D  ......   

 4 R_sphaeroides     213                            KdG  B                           DTSN PFI R       PT DE   S VV  FR           IDF  L              .   A .....WI  A  ... V  IR  NP....RG...   PY ..........
R_rubrum          212                            KdG  B                           DTSN PFV R       PS DE   S VV  FR           IDF  L              .   A .....HV  A  ... F  IR  DP....KG...   PY ..........
P_luminescens     212                            KdG  B                           DTSN PFS K       PS DE   S IV  FR           IDF  L              .   A .....AI  L  ... F  IR  DL....TQ...   PY ..........
Syn_WH7803        218                            KdG  B                           DTSN PFI R       PT DE   S VI  FR           IDF  L              .   C .....NI  P  ... F  IH  KGAREKWG...   SY ..........
P_chromatophora   218                            KdG  B                           DTSN PFI R       PT DE   S II  FR           IDF  L              .   C .....NI  P  ... F  VH  KGAREKWG...   PY ..........
H_crunogenus      226                            KdG  B                           DTSD PFS M       PA ED   S II  VR           IDL  V              .   T SPDAPMG  P  ... L  CH  H.....QD...   EA ..........

 5 D_swuensis        190                            KdG  B                                                       AL MLAA    RIRT                 ..........................EP  D    ....    .................
E_coli            198                            KdG  B                                                       AI ILKA    KISQ                 ..........................RI  D    ....    .................
H_volcanii        189                            KdG  B                                                       AV LLEE    KVQA                 ..........................SV  T    ....    EVE..............
T_thermophilus    191                            JIH  C                                                       AL MLAA    KALA                 ..........................PV  E    ....    RL...............




α5 α6 η3 βG

βH βI



               jj  jjjjjjjk  jjjjjjjjjk          ii iiiiiiii                 ..                                .           X           X           X         X                X     
 1 Syn_PCC6301       227 TPCGR  KLTCSYPGIR    YG DT Y   VSVLE DG  F      NLE EMIYVEG      ..          ..LA  P  Y GHE     V  .Q E.....   .       H

Syn_PCC6803       227 RPCGR  KLTCTYPGIK    YG DN M   VSLLE DG  F      NLE EMVYVEN      ..          ..MY  P  F GNE     V  .R E.....   .       H
T_elongatus_BP1   228 IPCGR  KLTCSYPGIR    YG DE Y   VSVLE DG  F      KLD ELIYIES      ..          ..LS  P  Y GHP     V  .R E.....   .       H
Nostoc_PCC7524    228 TPCGR  KLTCSYPGMQ    YG DV Y   VSVLE DG  F      NLE EVIYIET      ..          ..MY  S  Y GRY     V  .Q D.....   .       H
S_oleracea        244 IPCGR  KLTCSYPGIK    YG DT Y   VTVVE DG  F      RLD ELIYVES      ..          ..FS  P  F GNE     M  .M D.....   .       H
O_sativa          244 VPCGR  KLTCSYPGIK    YG DT F   VSVLE DG  F      RLD ELIYVES      ..          ..FA  P  Y GHE     M  .Q D.....   .       H
S_moellendorffii  239 IPCGR  KLTCSYPGIK    YG DT Y   VSVLE DG  F      KLD ELIYVES      ..          ..FF  P  Y DNE     M  .Q D.....   .       H
C_reinhardtii     241 IPCGR  KLTCSFPGIK    YG DT Y   VSVLE DG  F      KLE ELIYVES      ..          ..MF  P  W GQE     M  .Q D.....   .       H
V_carteri         246 IPCGR  KLTCSFPGIK    YG DT Y   VSVLE DG  F      KLE ELIYVES      ..          ..MF  P  W GQE     M  .Q D.....   .       H
B_prasinos        242 IPCGR  KLTCSYPGIK    YG DT Y   VSVLE DG  F      KLE ELIYVES      ..          ..FF  P  F GEE     M  .Q D.....   .       L
P_umbilicalis     238 VPCGK  KLTCGYPGIK    YG DT F   VSVLE DG  F      KLE EMIYVET      ..          ..FH  P  Y DNE     V  .N A.....   .       H
G_sulfuraria      239 IPCGR  KLTCSYPGIK    YG DN Y   VSVLE DG  F      KLE ELIYIES      ..          ..FH  P  W NHD     V  .N E.....   .       H
B_natans          241 DPCAG  AMACPYPGTR    YY EM G   AHVLE DG  F      ETE ELFFIEE      PG          ..VR  N  S EKH     V  .V G.....   .       R
C_merolae         238 IPCGR  RLTCSYPGIK    YG ES Y   FSTIE DG  F      KLE ELVYIES      ..          ..FH  P  F GAD     V  .E A.....   .       H
G_chorda          239 VPCGR  KLTCSYPGIK    YG DT Y   VSVFE DG  F      KLE EMVYVET      ..          ..FH  P  Y DKP     V  .G E.....   .       H
P_purpureum       239 VPCGR  KLSCSYPGIK    YG DS F   VTVLE DG  V      KLD EMIYVES      ..          ..FH  P  Y GED     M  .V E.....   .       H

 2 L_chlorophorum    249        KLT   PGV   L    EE  G  VSVIEMDG                     IPCGT..   CSY   K.. GYGT  MF KE        .EF..................
E_gracilis        255        NLQ   PGL   L    EE  G  AEVLEMDG                     KPCGD..   CEY   Q.. AYYT  YM HP        .VIH.....NLK.EGLYVEKF
P_tricornutum     249        KLS   PGI   L    EE  G  AQVLEMDG                     TPAPT..   SPA   K.. AYYP  FF KD        .NFD.....NIQ.ELVYVESA
T_pseudonana      248        KLS   PGI   L    EQ  G  VAVVEMDG                     APSAD..   SPA   K.. SYKQ  YF AD        .TFD.....NIQ.ELVYVESN
G_theta           240        KLA   PGV   I    EK  G  AAVIGMDG                     VPPRS..   SSA   GMK YQKN  WA KD        .KYD.....KID.EMMYVEKQ
L_polyedra        227        TLT   PGA   L    DD  G  VTVVEMDG                     ....L..   GSK   T.. KMYD  WF NA        .EIDMD...NMEAQLKEIEDN
E_huxleyi         246        KLT   PGV   I    DE  G  VSVLEMDG                     VPNGD..   TSP   V.. KSYD  WF AP        .KVD.....VLD.ELVYVESA

 3 A_profundus       233        L K S   F   I         E    I  DG  L      SL   SLR EI SD..... V A ERD S.. GFFSDYYYA KASF DI  .F NVDIFK  F.D   K  G
H_hungatei        242        L K S   F   L         R    L  DG  L      KI   QIE QT CD..... F K SHD S.. SCISHTPDS NMRA VV  .E MPDTIH  E.R   F  G
M_paulustris      249        L S S   F   I         E    L  DG  L      RL   SIE QT FS..... L L DRN L.. EFSHEQRND RTGE IL  .E STRMVK  E.T   E  Q
M_thermophilus    232        L S S   F   V         R    L  DG  L      RL   NIE QT FP..... L L ERN M.. EFTIEEIGG AMGA TF  .E NYAVVR  E.K   I  Q

 4 R_sphaeroides     247                     SMI  S MSR  SIV  G   L       AM QLI     ...................T   HG W   AN   VP N.K D.....L  .   .....
R_rubrum          246                     NML  S MSR  TIV  G   M       SM QLI     ...................L   ND F   PN   VP G.K E.....L  .   .....
P_luminescens     246                     AML  S VSS  TIV  G   M       AM ELI     ...................L   QG F   LN   VP G.K G.....L  .   .....
Syn_WH7803        256                     SMI  S MSS  SIV  G   M       AM ELI     ...................L   HD F   PT   VN G.K G.....F  .   .....
P_chromatophora   256                     EMI  S MSS  SIV  G   M       AM ELI     ...................L   HD F   PT   IN G.K G.....F  .   .....
H_crunogenus      264                     AKI  A LQN  TLV  G   M       AM DLM     ...................K   PG F   EE   CG E.H V.....E  .   .....

 5 D_swuensis      ............................................................
E_coli          ............................................................
H_volcanii        205 ......................................GDETRTWERDAIE.........
T_thermophilus  ............................................................

  2       2


          iiiiii           iiiiiiiiiiiiiiii   i    ii     i                                            ... ....  ..... .    X         X         X         X                X        
 1 Syn_PCC6301       276 LSKT TQYYGELT LLLQ    PGS NGTGL QVLT LK R A   Y    ER     L     D        H    HKDY   N     F    G  M A ... ....  ..... .

Syn_PCC6803       276 LSKT TKYYGEMT LLLK    PGT NGTGL QVLV LK R V   Y    EQ     L     G        E    HKDY   D     F    G  M E ... ....  ..... .
T_elongatus_BP1   277 LSNT TKHYGEVT LLLK    PGS NGSGL QVLT LK R T   Y    ER     L     S        E    HRDY   D     F    G  M A ... ....  ..... .
Nostoc_PCC7524    277 LSNT TKYQGEMT LLLQ    PGS NGTGL QVLT LK R T   Y    ER     L     S        H    HREY   N     F    G  M A ... ....  ..... .
S_oleracea        293 LSNL TKFYGEVT QMLK    PGS NGTGF QTII LK R L   F    EQ     L     S        Q    HQNF   N     F    G  I D ... ....  ..... .
O_sativa          293 LSNL TKFYGEVT QMLK    PGS NGTGL QTIV LK R L   Y    EQ     I     S        Q    HADF   N     F    G  I D ... ....  ..... .
S_moellendorffii  288 LSNI TRFYGEIT QMLK    PGS NGTGL QTIV LK R V   F    ER     I     S        Q    HADF   N     F    G  I D ... ....  ..... .
C_reinhardtii     290 LSNT AKFYGEIT QMLK    PGS NGTGL QTIV LK R V   Y    ER     I     S        Q    NSGF   N     F    G  V E ... ....  ..... .
V_carteri         295 LSNT AKFYGEIT QMLK    PGS NGTGL QTIV LK R V   Y    ER     I     S        Q    NSGF   N     F    G  V E ... ....  ..... .
B_prasinos        291 LSNT TKFYGELT QMLK    PGS NGTGF QTLV LK R L   Y    EK     I     S        Q    YQNG   N     F    G  V E ... ....  ..... .
P_umbilicalis     287 LNNT TKFYGEMT QLLK    PGS NGTGL QVLI LK R M   Y    EK     I     S        Q    NPNA   S     C    A  M E ... ....  ..... .
G_sulfuraria      288 LNNT TKFYGEIT QLLR    PGS NGTGL QVLT LK R L   Y    EE     L     S        Q    NSSA   N     F    A  M Q ... ....  ..... .
B_natans          292 LSNT TKYFGELT QMLK    PGS DGSGL QALV LK R S   Y    ER     F     N        K    NKAA   G     I    A  M E ... ....  ..... .
C_merolae         287 LSNT TKYYGELT LMLA    PGA NGTAL QTII LK R I   Y    EQ     L     G        Q    AQNT   Y     F    A  I E ... ....  ..... .
G_chorda          288 IERS TKFFGEIT SLLR    PGS NGTGL QVLM MM R V   Y    EK     V     G        Q    NPTA   K     V    A  M N ... ....  ..... .
P_purpureum       288 LNNT TKFYGEMT QLLK    PGT NGTGL QVLI LK R V   Y    EK     C     E        Q    NPTA   F     F    A  M E ... ....  ..... .

 2 L_chlorophorum  ............................................................
E_gracilis        304 LHNTGAKEFGELTQELLKGQNSPGGDNGTGFMQTLAALKIREI...Y....ER.....A.
P_tricornutum     298 LSNTKTKFYGEMTQAMLALATAPGSNNGTGLMQTLAAFAIRDI...Y....EK.....K.
T_pseudonana      297 LGNTNSKFYGEVTQAMLSLADSPGSNNGTGLMQTLAAFAIREL...Y....NK.....K.
G_theta           291 FASTGSKFVGEVTKKMLEYEGQPGSNDGTGFLQTITALKVREI...Y....EG.....I.
L_polyedra        275 LEGLPSKTPGELTEAMVKLKSSPGSQNGTGMLQTVIAMKFREV...Y....EK.....L.
E_huxleyi         295 ISATGTKFYGELTEQMIKMKDAPGSENGTGLFQSICAFKIREA...Y....ES.....L.

 3 A_profundus       284    I                     VN    SKLLV WKLV     L    K        DGE K............V...ESEY  AIEF     C    EV... .... H.....S.
H_hungatei        293    I                     IT    VRLIL WQII     L    S        ISP NI..........FR...GQEH  GTDL     S    NGRIA .... N.....H.
M_paulustris      300    I                     MT    VQLIL WRII     L    E        VRP SD..........FH...DHDY  ATEV     A    HQRVF .... R.....CL
M_thermophilus    283    I                     LT    AQLIL WRII     I    E        VQP DL..........VQ...SGGY  AGDV     A    NRRIF .... S.....SP

 4 R_sphaeroides     276                                    TPLI R V                 ..................................L    D V ...R....E......S.
R_rubrum          275                                    TPFI R M                 ..................................F    W F ...D....KRAR...A.
P_luminescens     275                                    TPLV R L                 ..................................M    Q L ...E....G......G.
Syn_WH7803        285                                    TPII R I                 ..................................L    H M ...E....EK.....K.
P_chromatophora   285                                    APII R I                 ..................................L    H M ...E....EK.....K.
H_crunogenus      293                                    TPII N I                 ..................................M    Q L ...A....KKRDAMAK.

 5 D_swuensis      ............................................................
E_coli          ............................................................
H_volcanii        218 ........................................REV...QERASSR.....G.
T_thermophilus    206 ...................................................AR.....M.




βJ βK α7

α8 α9



  i                                                         ..                                                                                  X                                   
 1 Syn_PCC6301       323   T Q                     A V                               .. S .A.....A.P........VA. S                                

Syn_PCC6803       323   T E                     A V                               .. A .A.....K..........VP. S                                
T_elongatus_BP1   324   T R                     T R                               .. S .D.....A.A........TV. N                                
Nostoc_PCC7524    324   T K                     V V                               .. A .E.....A.K........LA. Q                                
S_oleracea        340   V S                     A A                               .. A .R...........STATATA. K                                
O_sativa          340   I E                     A V                               .. A .R...........AGAPTEA. K                                
S_moellendorffii  335   T K                     S V                               .. S .Q.....GSP...VGAAAAT. K                                
C_reinhardtii     337   V K                     V V                               .. K .D.................V. P                                
V_carteri         342   V K                     V A                               .. K .D.................V. P                                
B_prasinos        338   S T                     V K                               .. E .E.................V. A                                
P_umbilicalis     334   T R                     R A                               .. G .K.....V.L.........P. A                                
G_sulfuraria      335   T K                     V V                               .. G .S.....I.A.........P. L                                
B_natans          339   T R                     D Y                               .. G .T.....I.Q...IPKWGLFL D                                
C_merolae         334   T R                     V S                               .. G .K.....V.D.........PV R                                
G_chorda          335   T K                     S S                               .. G .K.....V.S.........V. S                                
P_purpureum       335   T R                     S N                               .. G .K.....L............. V                                

 2 L_chlorophorum  .............................                               
E_gracilis        351 ..TG......................EKA                               
P_tricornutum     345 ..TAA.AKAKAGV..........SA.AAA                               
T_pseudonana      344 ..SAAAKLAATKE..........TA.ASA                               
G_theta           338 ..AKV.K.....V..........PA.QAN                               
L_polyedra        322 ..TG.......................GK                               
E_huxleyi         342 ...........................RK                               

 3 A_profundus       316 ..........................LRL                               
H_hungatei        330 ..........................LDQ                               
M_paulustris      338 HQ......................D.HNK                               
M_thermophilus    321 ESTGR.K.....V.TAAASGGCGCG.DRR                               

 4 R_sphaeroides     288 ..........................KVA                               
R_rubrum          290 ..........................LGR                               
P_luminescens     287 ..........................KIS                               
Syn_WH7803        298 ..........................KLG                               
P_chromatophora   298 ..........................RQF                               
H_crunogenus      311 ..........................LNG                               

 5 D_swuensis        203 ...........................TI                               
E_coli            211 ..........................FFE                               
H_volcanii        229 ..........................SGN                               
T_thermophilus    209 ..........................GAA                               
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Figure S1 Sequence alignment for the classification of PRK sequences. The amino acid alignment of 

PRK and uridine kinases from Fig. 1 was rendered using ESPript (Gouet et al., 1999).  Similar residues 

are shown in red and identical residues in white on a red background.  Blue frames indicate homologous 

regions.  Species abbreviations and NCBI sequence identifier information are as follows: abbreviation, 

species genus (NCBI code). Uridine kinase: E. coli, Escherichia coli (WP_097516444.1); H. volcanii, 

Haloferax volcanii (WP_004043040.1); T. thermophilus, Thermus thermophilus (WP_011172663.1); D. 

swuensis, Deinococcus swuensis (WP_039685329.1). Phosphoribulokinase: H. crunogenus, 

Hydrogenovibrio crunogenus (WP_011369436.1); P. chromatophora, Paulinella chromatophora 

(YP_002048771.1); Syn sp. WH 7803, Synechococcus sp. WH 7803 (WP_011933059.1); P. luminescens,  

Photorhabdus luminescens (WP_036780244.1); R. rubrum, Rhodospirillum rubrum (WP_011390157.1); 

R. sphaeroides, Rhodobacter sphaeroides (P12033.2); M. thermophilus, Methanoculleus thermophilus 

(WP_066956607.1); M. palustris, Methanosphaerula palustris (WP_012617646.1); M. hungatei, 

Methanospirillum hungatei (WP_011447825.1); A. profundus, Archaeoglobus profundus 

(WP_012940929.1); L. polyedra, Lingulodinium polyedra (AAX13961.1); E. huxleyi, Emiliania huxleyi 

CCMP1516 (XP_005767208.1); G. theta, Guillardia theta CCMP2712 (XP_005827680.1); T. 

pseudonana, Thalassiosira pseudonana CCMP1335 (XP_002289281.1); P. tricornutum, Phaeodactylum 

tricornutum CCAP 1055/1 (XP_002186456.1); E. gracilis, Euglena gracilis (AAX13964.1); L. 

chlorophorum, Lepidodinium chlorophorum (CCC15103.1); S. oleracea, Spinacia oleracea 

(XP_021851648.1); O. sativa, Oryza sativa Japonica Group (XP_015625719.1); S. moellendorffii, 

Selaginella moellendorffii (XP_002986864.1); V. carteri, Volvox carteri f. nagariensis 

(XP_002949322.1); C. reinhardtii, Chlamydomonas reinhardtii (XP_001694038.1); B. prasinos, 

Bathycoccus prasinos (XP_007512393.1); Syn sp. PCC 6301, Synechococcus elongatus sp. PCC 6301 

(WP_011242879.1); Syn sp. PCC 6803, Synechocystis sp. PCC 6803 (WP_010873078.1); T. elongatus 

BP-1, Thermosynechococcus elongatus BP-1 (WP_011057751.1); Nostoc sp. PCC 7524 

(WP_015137356.1); P. umbilicalis, Porphyra umbilicalis (OSX70232.1); G. sulphuraria, Galdieria 

sulphuraria (XP_005707300.1); B. natans, Bigelowiella natans (AAP79209.1); C. merolae, 

Cyanidioschyzon merolae strain 10D (XP_005535773.1); G. chorda, Gracilariopsis chorda 

(PXF44800.1); P. purpureum, Porphyridium purpureum (extracted from genome). 

 

 

 



                                                                                                                                                                     
Synechococcus_PCC6301         .......................................................
Nostoc_PCC7120                .......................................................
Thermosynechococcus_elongatus .......................................................
Zea_mays                          1 MMAICSAH.......TTTISLRSPCTTTVS.NA....AAGLV........QKQV.
Arabidopsis_thaliana              1 .MAVSTIY.......ST.QALNSTHFLT..........SSSS........SKQ..
Selaginella_moellendorffii        1 .MAAACSS.......SGS....SSRIGWFQ.ASSSSSNIGILQHHPWRGSHASS.
Physcomitrella_patens             1 ...MACTT.......AAASTVSTPRLGAVS.GVKTSAA.......AARSVQLTS.
Tetraselmis_GSL018                1 ...................................................MSA.
Auxenochlorella_protothecoides .......................................................
Volvox_carteri                    1 .....................................................M.
Chlamydomonas_reinhardtii         1 .....................................................M.
Micromonas_pusilla            .......................................................
Ostreococcus_tauri                1 ...................................................MSA.
Ostreococcus_lucimarinus          1 ...................................................MAS.
Ectocarpus_siliculosus            1 MMKTCAFL.......AV....................AAGVATGSPWAGQASKSA
Galdieria_sulphuraria             1 .MGFVLPSTTSYVVYKSSSTIKSKKYNKRNYSSVSRVQVGGSKISSWLSNRL...




                                                                                                                                                                     
Synechococcus_PCC6301         .......................................................
Nostoc_PCC7120                .......................................................
Thermosynechococcus_elongatus .......................................................
Zea_mays                         35 IF..............LTSINRRSGSR............RR..GGGVSRTLLQVS
Arabidopsis_thaliana             27 VF..............LY........R............RQ..PQTNRRFNTLIT
Selaginella_moellendorffii       42 LFSF..........PK...LGARIGSS...SGGSGSS..GT..SSSNRVRVLVCC
Physcomitrella_patens            37 AFHG..........QSVSSVSHVAALK...AA.V.....TS..KRSGRRAVVV..
Tetraselmis_GSL018                4 SLKM..........NTSQLASRNSGFS...AAGRIQARAPR..ATCAARRVVV..
Auxenochlorella_protothecoides    1 .................................................MLVI..
Volvox_carteri                    2 AFTM..........RAP.........A...PRATAQSR.VT..ASRASRRVLV..
Chlamydomonas_reinhardtii         2 AFTM..........RAP.........A...PRATAQSR.VT..ANRAR.RSLV..
Micromonas_pusilla                1 ...M..........ATM........TM...SATCAQPLAAR..KVRAAKRNVV..
Ostreococcus_tauri                4 SLGF..........STS........VR...AAPVRATRDAV..KPRATRARVV..
Ostreococcus_lucimarinus          4 ALGF..........ATA........VR...ARPVAAQKRAT..APKARSARVV..
Ectocarpus_siliculosus           29 AFVGAPVGR.....SAPWGLGTRWASS...TPTSTKARPGTMSRSARARLEALSM
Galdieria_sulphuraria            52 LFQGKEINTTRKTTTKYWIITVSSQTALEEFVNCSGSK.GVHESAGISRSKSKVL




        jjjjjk        iiiiiiiiii                                                                               X        X         X         X                        
Synechococcus_PCC6301             1           cc c ccccccccc  c    cc                              DEEEEEEEEEEEEEEEEEEEF DEF                                IG A DSGCGKSTF  R    FG                              VL  V G         LN LA L                        .MSKPDRV                     D   T.....................
Nostoc_PCC7120                    1           cc c ccccccccc  c    cc                              KdddddddddddddddddddG KdG                                IG A DSGCGKSTF  R    FG                              VL  V G         LR LI L                        MTTKPERV                     D   E.....................
Thermosynechococcus_elongatus     1           cc c ccccccccc  c    cc                              KdddddddddddddddddddG KdG                                IG A DSGCGKSTF  R    FG                              VL  V G         LR LA L                        MSSKPDRV                     D   E.....................
Zea_mays                         62           cc c ccccccccc  c    cc                              KdddddddddddddddddddG KdG                                IG A DSGCGKSTF  R    FG                              VV  L A         MR LT V                        CSADGNKP                     S   GAAEPPRGGNP.....DSNTLI
Arabidopsis_thaliana             46           cc c ccccccccc  c    cc                              KdddddddddddddddddddG KdG                                IG A DSGCGKSTF  R    FG                              IV  L A         MR LT V                        C...AQET                     S   GAAKPPKGGNP.....DSNTLI
Selaginella_moellendorffii       77           cc c ccccccccc  c    cc                              KdddddddddddddddddddG KdG                                IG A DSGCGKSTF  R    FG                              IV  L A         MR LT V                        AAGGDGKT                     S   GAASPPKGGNP.....DSNTLI
Physcomitrella_patens            69           cc c ccccccccc  c    cc                              KdddddddddddddddddddG KdG                                IG A DSGCGKSTF  R    FG                              VV  L A         MR LT V                        CKAADGQT                     S   GAATPPKGGNP.....DSNTLI
Tetraselmis_GSL018               42           cc c ccccccccc  c    cc                              KdddddddddddddddddddG KdG                                IG A DSGCGKSTF  R    FG                              VV  L A         MR MT V                        VRAADQKT                     S   GSPKPPAGGNP.....DSNTLL
Auxenochlorella_protothecoides    5           cc c ccccccccc  c    cc                              KdddddddddddddddddddG KdG                                IG A DSGCGKSTF  R    FG                              VV  L A         MR VT V                        RAAGPGQT                     G   GVPKPPSGGNP.....DSNTLI
Volvox_carteri                   30           cc c ccccccccc  c    cc                              KdddddddddddddddddddG KdG                                IG A DSGCGKSTF  R    FG                              VV  L A         MR MT I                        VKAQKDKT                     S   GVPKPPAGGNP.....DSNTLI
Chlamydomonas_reinhardtii        29           cc c ccccccccc  c    cc                              KdddddddddddddddddddG KdG                                IG A DSGCGKSTF  R    FG                              VV  L A         MR MT I                        VRADKDKT                     S   GVPKPPAGGNP.....DSNTLI
Micromonas_pusilla               28           cc c ccccccccc  c    cc                              KdddddddddddddddddddG KdG                                IG A DSGCGKSTF  R    FG                              VI  L A         MR MT L                        TRAARDGP                     S   GKATPPEGGNP.....DSNTLI
Ostreococcus_tauri               34           cc c ccccccccc  c    cc                              KdddddddddddddddddddG KdG                                IG A DSGCGKSTF  R    FG                              VI  L A         MR MT L                        TTAKRDGP                     S   GKATPPEGGNP.....DSNTLI
Ostreococcus_lucimarinus         34           cc c ccccccccc  c    cc                              KdddddddddddddddddddG KdG                                IG A DSGCGKSTF  R    FG                              VI  L A         MR MT L                        TQAKRDGP                     S   GKATPPEGGNP.....DSNTLI
Ectocarpus_siliculosus           76           cc c ccccccccc  c    cc                              KdddddddddddddddddddG KdG                                IG A DSGCGKSTF  R    FG                              VL  V A         MR LT I                        KLGEDEKV                     S   GDTVGPLGGGFDNGGWETNSLV
Galdieria_sulphuraria           106           cc c ccccccccc  c    cc                              JIIIIIIIIIIIIIIIIIIIH JIH                                IG A DSGCGKSTF  R    FG                              VI  V A         LR VN I                        RNKGIERP                     E   TKVSQ............SHTPQ
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   jjjjkllll    iiiiiii      lll  iiiiiiiiiiii    jjjjj                                                              X         X         X         X         X       
Synechococcus_PCC6301            34     cc cccc c  cc  c     ccc      c ccc c    c c    ccc A DEEEEEEEEF DEF DEEEF DEEF  DEEEEEEEEEEEEEEEEEEEF DEE    TV CLDD H  DR  R     TAL      F LMY Q    K G    KPI E M  I    Y  L   G KEA V     RANN D   E VKAL N ETI    . L          S   K     G    DP                     M   
Nostoc_PCC7120                   35     cc cccc c  cc  c     ccc      c ccc c    c c    ccc B KddddddddG KdG KdddG KddG  KdddddddddddddddddddG Kdd    TV CLDD H  DR  R     TAL      F LMY Q    K G    KPI E M  I    Y  L   Q KET I     RANN D   E IKAL E QTI    . F          S   K     G    DP                     N   
Thermosynechococcus_elongatus    35     cc cccc c  cc  c     ccc      c ccc c    c c    ccc B KddddddddG KdG KdddG KddG  KdddddddddddddddddddG Kdd    TV CLDD H  DR  R     TAL      F LMY Q    K G    KPI D M  I    Y  L   Q KEM I     RANN D   E IKAL N ESI    . F          S   K     G    DP                     M   
Zea_mays                        112     cc cccc c  cc  c     ccc      c ccc c    c c    ccc B KddddddddG KdG KdddG KddG  KdddddddddddddddddddG Kdd    TV CLDD H  DR  R     TAL      F LMY Q    K G    KPI D T  I    Y  L   G KEK V     RANN D   E VKAI Q QAV    S T          S   T     G    DP                     Q   
Arabidopsis_thaliana             93     cc cccc c  cc  c     ccc      c ccc c    c c    ccc B KddddddddG KdG KdddG KddG  KdddddddddddddddddddG Kdd    TV CLDD H  DR  R     TAL      F LMY Q    K G    KPI D T  I    Y  L   G KEQ V     RAND D   E VKAL N IAV    S T          S   Y     K    DP                     E   
Selaginella_moellendorffii      127     cc cccc c  cc  c     ccc      c ccc c    c c    ccc B KddddddddG KdG KdddG KddG  KdddddddddddddddddddG Kdd    TV CLDD H  DR  R     TAL      F LMY Q    K G    KPI D T  I    Y  L   G KEK V     KANN D   E VKAL E KAV    S T          S   T     G    DP                     Q   
Physcomitrella_patens           119     cc cccc c  cc  c     ccc      c ccc c    c c    ccc B KddddddddG KdG KdddG KddG  KdddddddddddddddddddG Kdd    TV CLDD H  DR  R     TAL      F LMY Q    K G    KPI D T  I    Y  L   G KEK V     RANN D   E VKAL E KSV    S T          S   Y     A    DP                     E   
Tetraselmis_GSL018               92     cc cccc c  cc  c     ccc      c ccc c    c c    ccc B KddddddddG KdG KdddG KddG  KdddddddddddddddddddG Kdd    TV CLDD H  DR  R     TAL      F LMY Q    K G    KPI D T  I    Y  L   G KEK V     EAQD D   E VKAL E KPV    S M          C   Y     G    AP                     Q   
Auxenochlorella_protothecoides   55     cc cccc c  cc  c     ccc      c ccc c    c c    ccc B KddddddddG KdG KdddG KddG  KdddddddddddddddddddG Kdd    TV CLDD H  DR  R     TAL      F LMY Q    K G    KPI D T  I    Y  L   G KVE V     RAQN D   E VKAL N QSV    S M          S   N     K    HP                     Q   
Volvox_carteri                   80     cc cccc c  cc  c     ccc      c ccc c    c c    ccc B KddddddddG KdG KdddG KddG  KdddddddddddddddddddG Kdd    TV CLDD H  DR  R     TAL      F LMY Q    K G    KPI D T  I    Y  L   G KVK V     EAQN D   N VKAL E KAV    S M          C   N     G    AP                     D   
Chlamydomonas_reinhardtii        79     cc cccc c  cc  c     ccc      c ccc c    c c    ccc B KddddddddG KdG KdddG KddG  KdddddddddddddddddddG Kdd    TV CLDD H  DR  R     TAL      F LMY Q    K G    KPI D T  I    Y  L   G KVK V     EAQN D   N VKAL E KSV    S M          C   N     G    AP                     D   
Micromonas_pusilla               78     cc cccc c  cc  c     ccc      c ccc c    c c    ccc B KddddddddG KdG KdddG KddG  KdddddddddddddddddddG Kdd    TV CLDD H  DR  R     TAL      F LMY Q    K G    KPI D T  L    Y  N   G KES L     KEQN D   D VKAL E KAV    S T          L   N     G    NL                     E   
Ostreococcus_tauri               84     cc cccc c  cc  c     ccc      c ccc c    c c    ccc B KddddddddG KdG KdddG KddG  KdddddddddddddddddddG Kdd    TV CLDD H  DR  R     TAL      F LMY Q    K G    KPI E T  L    Y  N   G KTS L     KEQN D   D VKAL E KSV    S T          L   A     G    NL                     D   
Ostreococcus_lucimarinus         84     cc cccc c  cc  c     ccc      c ccc c    c c    ccc B KddddddddG KdG KdddG KddG  KdddddddddddddddddddG Kdd    TV CLDD H  DR  R     TAL      F LMY Q    K G    KPI D T  L    Y  N   G KDS L     KEQN D   E VKAL E KSV    S T          L   Q     G    NL                     D   
Ectocarpus_siliculosus          131     cc cccc c  cc  c     ccc      c ccc c    c c    ccc B KddddddddG KdG KdddG KddG  KdddddddddddddddddddG Kdd    TV CLDD H  DR  R     TAL      F LMY Q    K G    KPI D T  L    Y  N   G KVS R     EEQK D   E LNDL N KSV    S L          L   G     G    HT                     M   
Galdieria_sulphuraria           149     cc cccc c  cc  c     ccc      c ccc c    c c    ccc C JIIIIIIIIH JIH JIIIH JIIH  JIIIIIIIIIIIIIIIIIIIH JII    TV CLDD H  DR  R     TAL      F LMY Q    K G    KPI E V  I    F  L   G AEK V     EANN E   Q IAAL E YDI    G L          T   K     K    NP                     M   
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jk    jjjjjjjk    jjjjjk      iiiiii  jjjjjjk iiiiiiiii                                                         X         X         X         X         X         X  
Synechococcus_PCC6301            88 ccc  c  c  c          ccccc  c c     cc  c cc    c ccccEEEEEEEEF  A A    DEEEEEEEF  DEEEF DEEEEEEEEEEF DEEEEEEYNH  G  D  E          EGLHP  D R     DF  Y DI    K AWKI   ET LI     I    IIVI        E VR LL  SV L  DD V I             PP K EPNR         LY     E            E       
Nostoc_PCC7120                   89 ccc  c  c  c          ccccc  c c     cc  c cc    c ccccddddddddG  B B    KdddddddG  KdddG KddddddddddG KddddddYNH  G  D  E          EGLHP  D R     DF  Y DI    K AWKI   ET LI     V    IVVV        E VR LL  SV F  SD V I             PP I KPNH         LY     S            E       
Thermosynechococcus_elongatus    89 ccc  c  c  c          ccccc  c c     cc  c cc    c ccccddddddddG  B B    KdddddddG  KdddG KddddddddddG KddddddYNH  G  D  E          EGLHP  D R     DF  Y DI    K AWKI   ET TI     V    VIVI        E VR LI  SV L  SD V I             PP K DPNH         LY     S            D       
Zea_mays                        167 ccc  c  c  c          ccccc  c c     cc  c cc    c ccccddddddddG  B B    KdddddddG  KdddG KddddddddddG KddddddYNH  G  D  E          EGLHP  D R     DF  Y DI    K AWKI   VT LL     I    IFVI        E VR LL  SI L  SD V F             PP L TPPK         MF     D            E       
Arabidopsis_thaliana            148 ccc  c  c  c          ccccc  c c     cc  c cc    c ccccddddddddG  B B    KdddddddG  KdddG KddddddddddG KddddddYNH  G  D  E          EGLHP  D R     DF  Y DI    K AWKI   VT LL     I    ILVI        E VR LL  SI L  SN V F             PP L QPPK         MF     D            E       
Selaginella_moellendorffii      182 ccc  c  c  c          ccccc  c c     cc  c cc    c ccccddddddddG  B B    KdddddddG  KdddG KddddddddddG KddddddYNH  G  D  E          EGLHP  D R     DF  Y DI    K AWKI   VS LL     I    ILVI        S VR LL  SI L  SD V F             PP L QPPK         MF     E            A       
Physcomitrella_patens           174 ccc  c  c  c          ccccc  c c     cc  c cc    c ccccddddddddG  B B    KdddddddG  KdddG KddddddddddG KddddddYNH  G  D  E          EGLHP  D R     DF  Y DI    K AWKI   VT LL     I    ILVI        E VR LL  SI L  SD V F             AP T HPPK         MY     E            D       
Tetraselmis_GSL018              147 ccc  c  c  c          ccccc  c c     cc  c cc    c ccccddddddddG  B B    KdddddddG  KdddG KddddddddddG KddddddYNH  G  D  E          EGLHP  D R     DF  Y DI    K AWKI   VS LL     I    VLVI        E VR LV  SI L  SD V F             PP E KAPP         FY     D            D       
Auxenochlorella_protothecoides  110 ccc  c  c  c          ccccc  c c     cc  c cc    c ccccddddddddG  B B    KdddddddG  KdddG KddddddddddG KddddddYNH  G  D  E          EGLHP  D R     DF  Y DI    K AWKI   VT AL     I    ILIV        D VN LI  RI L  SD T F             PP E TPPK         FF     D            A       
Volvox_carteri                  135 ccc  c  c  c          ccccc  c c     cc  c cc    c ccccddddddddG  B B    KdddddddG  KdddG KddddddddddG KddddddYNH  G  D  E          EGLHP  D R     DF  Y DI    K AWKI   VT LI     I    ILVI        K VA LL  KI L  SD I F             AP K DSPN         FF     D            D       
Chlamydomonas_reinhardtii       134 ccc  c  c  c          ccccc  c c     cc  c cc    c ccccddddddddG  B B    KdddddddG  KdddG KddddddddddG KddddddYNH  G  D  E          EGLHP  D R     DF  Y DI    K AWKI   VS LI     I    ILVI        K VA LL  KI L  SD I F             AP K ESPP         FY     E            D       
Micromonas_pusilla              133 ccc  c  c  c          ccccc  c c     cc  c cc    c ccccddddddddG  B B    KdddddddG  KdddG KddddddddddG KddddddYNH  G  D  E          EGLHP  D R     DF  Y DI    K AWKI   VT VF     I    ILIL        E VR MF  KI L  SD V F             PA K ESPD         FA     D            D       
Ostreococcus_tauri              139 ccc  c  c  c          ccccc  c c     cc  c cc    c ccccddddddddG  B B    KdddddddG  KdddG KddddddddddG KddddddYNH  G  D  E          EGLHP  D R     DF  Y DI    K AWKI   VT VF     I    VLIL        T VR MF  KI L  SD V F             PA K ESPE         FA     D            D       
Ostreococcus_lucimarinus        139 ccc  c  c  c          ccccc  c c     cc  c cc    c ccccddddddddG  B B    KdddddddG  KdddG KddddddddddG KddddddYNH  G  D  E          EGLHP  D R     DF  Y DI    K AWKI   VT VF     I    VLIL        T VR MF  KI L  SD V F             PA K ESPE         FA     D            E       
Ectocarpus_siliculosus          186 ccc  c  c  c          ccccc  c c     cc  c cc    c ccccddddddddG  B B    KdddddddG  KdddG KddddddddddG KddddddYNH  G  D  E          EGLHP  D R     DF  Y DI    K AWKI   VN TL     I    IVII        K VR LL  TI L  SD I F             TP E KPTP         FV     D            E       
Galdieria_sulphuraria           204 ccc  c  c  c          ccccc  c c     cc  c cc    c ccccIIIIIIIIH  C C    JIIIIIIIH  JIIIH JIIIIIIIIIIH JIIIIIIYNH  G  D  E          EGLHP  D R     DF  Y DI    K AWKI   QT LI     I    IIVI        A MK LL  TV L  SD V V             PP L QPNH         WY     Q            E       




iiiiii     iiiiiiiiiiiiiiiii llllll  jjjjjjk                                                                         X         X         X         X         X       
Synechococcus_PCC6301           143  ccc cccc        c  c ccc      c           c  c        EEEEEEEEEEEEEEEEEEEEEEEEF DEEEEEEF DF DEEEEEEEEF  A A D RDM ERGH        I  R PDF      Q           P  L        Q   A    SYEDVLAS EA R    AYIEP RG AD VIRVM TQ I  D E K                         K        H  I          PN T R 
Nostoc_PCC7120                  144  ccc cccc        c  c ccc      c           c  c        ddddddddddddddddddddddddG KddddddG KG KddddddddG  B B K RDM ERGH        I  R PDF      Q           P  L        Q   A    RYEDVLAA NS K    KYIEP RE AD VLQVL TN I  D E K                         Q        F  V          KD T R 
Thermosynechococcus_elongatus   144  ccc cccc        c  c ccc      c           c  c        ddddddddddddddddddddddddG KddddddG KG KddddddddG  B B K RDM ERGH        I  R PDF      Q           P  L        K   A    SYEDVIAS NA R    AYIDP KQ AD VLQIL SQ A  E V N                         M        Y  V          KE K G 
Zea_mays                        222  ccc cccc        c  c ccc      c           c  c        ddddddddddddddddddddddddG KddddddG KG KddddddddG  B B K RDM ERGH        I  R PDF      Q           P  L        Q   A    SLESIKAS EA K    AYIDP KQ AD VIEVL TQ I  D E K                         D        Y  A          PN D G 
Arabidopsis_thaliana            203  ccc cccc        c  c ccc      c           c  c        ddddddddddddddddddddddddG KddddddG KG KddddddddG  B B K RDM ERGH        I  R PDF      Q           P  L        Q   A    SLESIKAS EA K    AFIDP KQ AD VIEVL TT I  D E K                         D        Y  A          PD N G 
Selaginella_moellendorffii      237  ccc cccc        c  c ccc      c           c  c        ddddddddddddddddddddddddG KddddddG KG KddddddddG  B B K RDM ERGH        I  R PDF      Q           P  L        Q   A    SLESIKAS AA K    AYIDT KQ AD VIQVL TQ I  D E K                         D        Y  V          PD N G 
Physcomitrella_patens           229  ccc cccc        c  c ccc      c           c  c        ddddddddddddddddddddddddG KddddddG KG KddddddddG  B B K RDM ERGH        I  R PDF      Q           P  L        Q   A    SLESIKAS AS K    AYIDP KQ AD VIQVL TQ I  D E K                         D        Y  V          PD N G 
Tetraselmis_GSL018              202  ccc cccc        c  c ccc      c           c  c        ddddddddddddddddddddddddG KddddddG KG KddddddddG  B B K RDM ERGH        I  R PDF      Q           P  L        Q   A    SLESIKAS EA K    AYIDP KK AD VIEVL TQ I  D E K                         D        H  C          PD N G 
Auxenochlorella_protothecoides  165  ccc cccc        c  c ccc      c           c  c        ddddddddddddddddddddddddG KddddddG KG KddddddddG  B B K RDM ERGH        I  R PDF      Q           P  L        Q   E    SLESIKAS ES K    AYIDP KA AD IIQVL TD V  E E K                         D        K  V          PD K G 
Volvox_carteri                  190  ccc cccc        c  c ccc      c           c  c        ddddddddddddddddddddddddG KddddddG KG KddddddddG  B B K RDM ERGH        I  R PDF      Q           P  L        Q   A    SLQAIKSS EA K    AYIDP KK AD IIQVL TQ V  D K Q                         D        D  M          PD . G 
Chlamydomonas_reinhardtii       189  ccc cccc        c  c ccc      c           c  c        ddddddddddddddddddddddddG KddddddG KG KddddddddG  B B K RDM ERGH        I  R PDF      Q           P  L        Q   A    SLESIKSS AA K    AYIDP KK AD IIQVL TQ V  D K Q                         D        D  M          PD . G 
Micromonas_pusilla              188  ccc cccc        c  c ccc      c           c  c        ddddddddddddddddddddddddG KddddddG KG KddddddddG  B B K RDM ERGH        I  R PDF      Q           P  L        Q   A    SLESIKAS EA K    EFVDP KQ SD IIQVL TQ I  D E K                         D        Y  V          PD N G 
Ostreococcus_tauri              194  ccc cccc        c  c ccc      c           c  c        ddddddddddddddddddddddddG KddddddG KG KddddddddG  B B K RDM ERGH        I  R PDF      Q           P  L        Q   A    SLESIKAS EA K    AFVDP KE AD VIEVL TQ I  D E K                         D        H  V          PD N G 
Ostreococcus_lucimarinus        194  ccc cccc        c  c ccc      c           c  c        ddddddddddddddddddddddddG KddddddG KG KddddddddG  B B K RDM ERGH        I  R PDF      Q           P  L        Q   A    SLESIKAS EA K    AFVDP KE SD IIQVL TQ I  D E K                         D        F  V          PD N G 
Ectocarpus_siliculosus          241  ccc cccc        c  c ccc      c           c  c        ddddddddddddddddddddddddG KddddddG KG KddddddddG  B B K RDM ERGH        I  R PDF      Q           P  L        Q   M    SLESIQAS EA K    AFIAP RS AD VIQVL TQ I  D E K                         D        E  V          PG T G 
Galdieria_sulphuraria           259  ccc cccc        c  c ccc      c           c  c        IIIIIIIIIIIIIIIIIIIIIIIIH JIIIIIIH JH JIIIIIIIIH  C C J RDM ERGH        I  R PDF      Q           P  L        Q   A    KLENILAS ES K    QYIDP KK AV VIQVL TR I  D E K                         Q        D  A          PD T K 




 jjjjjjjk         jk      jjk             jjjjjjjjjk  j                                                         X         X         X         X         X         X  
Synechococcus_PCC6301           198  cc      c    c    c cccccc c ccccccccc cc    c  c     EEEEEEEEEEEF  A   DEEEEEEEEEEEEEEEEEEEEEEEEF  DEEEF A   LR      E    F    L DEGSTI W PCGRKLTCS PG    Y  D     V  VQLIQR GR      Y F      Q T         Y  IR   GP T Y              DG EPA                          LA     Y GH
Nostoc_PCC7120                  199  cc      c    c    c cccccc c ccccccccc cc    c  c     dddddddddddG  B   KddddddddddddddddddddddddG  KdddG B   LR      E    F    L DEGSTI W PCGRKLTCS PG    Y  D     V  VRMLQR GK      Y F      N T         Y  MQ   GS V Y              EG EPA                          LY     Y GR
Thermosynechococcus_elongatus   199  cc      c    c    c cccccc c ccccccccc cc    c  c     dddddddddddG  B   KddddddddddddddddddddddddG  KdddG B   LR      E    F    L DEGSTI W PCGRKLTCS PG    Y  D     I  VRMLQR GI      Y F      T I         Y  IR   GP E Y              PG EPV                          LS     Y GH
Zea_mays                        277  cc      c    c    c cccccc c ccccccccc cc    c  c     dddddddddddG  B   KddddddddddddddddddddddddG  KdddG B   LR      E    F    L DEGSTI W PCGRKLTCS PG    Y  D     V  VKLIMK GV      Y F      S V         Y  IK   GP I F              DN NPV                          FA     Y GN
Arabidopsis_thaliana            258  cc      c    c    c cccccc c ccccccccc cc    c  c     dddddddddddG  B   KddddddddddddddddddddddddG  KdddG B   LR      E    F    L DEGSTI W PCGRKLTCS PG    Y  D     V  VRLIMK GV      Y F      S I         Y  IK   EP S F              KY SPV                          FN     Y DH
Selaginella_moellendorffii      292  cc      c    c    c cccccc c ccccccccc cc    c  c     dddddddddddG  B   KddddddddddddddddddddddddG  KdddG B   LR      E    F    L DEGSTI W PCGRKLTCS PG    Y  D     V  VRMIMK GV      Y F      S I         Y  IK   GP T Y              DN EPV                          FF     Y DN
Physcomitrella_patens           284  cc      c    c    c cccccc c ccccccccc cc    c  c     dddddddddddG  B   KddddddddddddddddddddddddG  KdddG B   LR      E    F    L DEGSTI W PCGRKLTCS PG    Y  D     V  VRMVMK GV      Y F      S I         Y  IK   GP T Y              PF EPV                          FF     Y GN
Tetraselmis_GSL018              257  cc      c    c    c cccccc c ccccccccc cc    c  c     dddddddddddG  B   KddddddddddddddddddddddddG  KdddG B   LR      E    F    L DEGSTI W PCGRKLTCS PG    Y  D     V  VRLIQR GK      Y F      S I         F  IK   GP T Y              EL DPV                          FF     Y GE
Auxenochlorella_protothecoides  220  cc      c    c    c cccccc c ccccccccc cc    c  c     dddddddddddG  B   KddddddddddddddddddddddddG  KdddG B   LR      E    F    L DEGSTI W PCGRKLTCS PG    Y  D     I  VRLIQK GR      Y F      S V         F  IK   GP T Y              EL SPS                          LF     Y GE
Volvox_carteri                  244  cc      c    c    c cccccc c ccccccccc cc    c  c     dddddddddddG  B   KddddddddddddddddddddddddG  KdddG B   LR      E    F    L DEGSTI W PCGRKLTCS PG    Y  D     Y  VRLIQK GS      Y F      S I         F  IK   GP T Y              KM DPV                          MF     W GQ
Chlamydomonas_reinhardtii       243  cc      c    c    c cccccc c ccccccccc cc    c  c     dddddddddddG  B   KddddddddddddddddddddddddG  KdddG B   LR      E    F    L DEGSTI W PCGRKLTCS PG    Y  D     Y  VRLIMK GS      Y F      S I         F  IK   GP T Y              KM DPV                          MF     W GQ
Micromonas_pusilla              243  cc      c    c    c cccccc c ccccccccc cc    c  c     dddddddddddG  B   KddddddddddddddddddddddddG  KdddG B   LR      E    F    L DEGSTI W PCGRKLTCS PG    Y  D     I  VRMIMK GV      Y F      S I         Y  IK   GP T F              EN DAP                          FF     F GE
Ostreococcus_tauri              249  cc      c    c    c cccccc c ccccccccc cc    c  c     dddddddddddG  B   KddddddddddddddddddddddddG  KdddG B   LR      E    F    L DEGSTI W PCGRKLTCS PG    Y  D     I  VRMIMK NV      Y F      S I         Y  IK   GP T Y              EN DAP                          FF     Y GK
Ostreococcus_lucimarinus        249  cc      c    c    c cccccc c ccccccccc cc    c  c     dddddddddddG  B   KddddddddddddddddddddddddG  KdddG B   LR      E    F    L DEGSTI W PCGRKLTCS PG    Y  D     I  VRMIMK GL      F F      S I         Y  IK   GP T Y              EN DAP                          FF     F GK
Ectocarpus_siliculosus          296  cc      c    c    c cccccc c ccccccccc cc    c  c     dddddddddddG  B   KddddddddddddddddddddddddG  KdddG B   LR      E    F    L DEGSTI W PCGRKLTCS PG    Y  D     I  TRMVQK GL      F F      S V         F  IK   GP T Y              DF DPA                          FA     Y DN
Galdieria_sulphuraria           314  cc      c    c    c cccccc c ccccccccc cc    c  c     IIIIIIIIIIIH  C   JIIIIIIIIIIIIIIIIIIIIIIIIH  JIIIH C   LR      E    F    L DEGSTI W PCGRKLTCS PG    Y  D     V  VRLIQR GI      Y Y      D I         Y  IK   GP N Y              QG QSV                          FH     W NH

                               2     2


jjjjjjjjk    iiiiiiiiiijk        iiiiii           iiiii                                                              X         X         X         X         X       
Synechococcus_PCC6301           253  c c c cc c  c c cc c cc        cc c   c     ccc cc c   DEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEF A  DEEEEEEEEE V V E DG F  L E IY E HL        GE T   L     PGS NG G    S L V  Q EN E M  V G  SKTDTQYY  L HLL Q K     N  T LFE                                        H DY          
Nostoc_PCC7120                  254  c c c cc c  c c cc c cc        cc c   c     ccc cc c   KddddddddddddddddddddddddddddddddddddddG B  Kddddddddd V V E DG F  L E IY E HL        GE T   L     PGS NG G    S L V  Q DN E V  I T  SNTSTKYQ  L QLL Q R     N  T FFY                                        H EY          
Thermosynechococcus_elongatus   254  c c c cc c  c c cc c cc        cc c   c     ccc cc c   KddddddddddddddddddddddddddddddddddddddG B  Kddddddddd V V E DG F  L E IY E HL        GE T   L     PGS NG G    S L V  R EK D L  I S  SNTSTKHY  V ELL K R     D  S LFP                                        H DY          
Zea_mays                        332  c c c cc c  c c cc c cc        cc c   c     ccc cc c   KddddddddddddddddddddddddddddddddddddddG B  Kddddddddd V V E DG F  L E IY E HL        GE T   L     PGS NG G    S L M  Q DR D L  V S  SNLSTKFY  V QQM K A     N  T LFE                                        H DF          
Arabidopsis_thaliana            313  c c c cc c  c c cc c cc        cc c   c     ccc cc c   KddddddddddddddddddddddddddddddddddddddG B  Kddddddddd V V E DG F  L E IY E HL        GE T   L     PGS NG G    S L M  Q DR D L  V S  SNLSTKFY  V QQM K A     N  T LFE                                        H DF          
Selaginella_moellendorffii      347  c c c cc c  c c cc c cc        cc c   c     ccc cc c   KddddddddddddddddddddddddddddddddddddddG B  Kddddddddd V V E DG F  L E IY E HL        GE T   L     PGS NG G    S L M  Q DK D L  V S  SNISTRFY  I QQM K A     N  T LFE                                        H DF          
Physcomitrella_patens           339  c c c cc c  c c cc c cc        cc c   c     ccc cc c   KddddddddddddddddddddddddddddddddddddddG B  Kddddddddd V V E DG F  L E IY E HL        GE T   L     PGS NG G    S L M  Q DK D L  V S  SNISTKFY  I QQM K A     N  T LFE                                        H DF          
Tetraselmis_GSL018              312  c c c cc c  c c cc c cc        cc c   c     ccc cc c   KddddddddddddddddddddddddddddddddddddddG B  Kddddddddd V V E DG F  L E IY E HL        GE T   L     PGS NG G    S L M  A DK E L  V S  SNTSAKFY  I QQI K K     S  T LFN                                        M DF          
Auxenochlorella_protothecoides  275  c c c cc c  c c cc c cc        cc c   c     ccc cc c   KddddddddddddddddddddddddddddddddddddddG B  Kddddddddd V V E DG F  L E IY E HL        GE T   L     PGS NG G    S L M  Q EK E L  V S  SNTSTKFY  I QQM K S     K  T LFD                                        N NF          
Volvox_carteri                  299  c c c cc c  c c cc c cc        cc c   c     ccc cc c   KddddddddddddddddddddddddddddddddddddddG B  Kddddddddd V V E DG F  L E IY E HL        GE T   L     PGS NG G    S L M  Q DK E L  V S  SNTSAKFY  I QQM K S     N  T LFE                                        N GF          
Chlamydomonas_reinhardtii       298  c c c cc c  c c cc c cc        cc c   c     ccc cc c   KddddddddddddddddddddddddddddddddddddddG B  Kddddddddd V V E DG F  L E IY E HL        GE T   L     PGS NG G    S L M  Q DK E L  V S  SNTSAKFY  I QQM K S     N  T LFE                                        N GF          
Micromonas_pusilla              298  c c c cc c  c c cc c cc        cc c   c     ccc cc c   KddddddddddddddddddddddddddddddddddddddG B  Kddddddddd V V E DG F  L E IY E HL        GE T   L     PGS NG G    S L M  Q DK E L  V S  SNTSTKFY  I QQM K Q     N  T LFE                                        Y NG          
Ostreococcus_tauri              304  c c c cc c  c c cc c cc        cc c   c     ccc cc c   KddddddddddddddddddddddddddddddddddddddG B  Kddddddddd V V E DG F  L E IY E HL        GE T   L     PGS NG G    T L M  Q DK E L  V S  SNTSSKFY  I QQM K Q     N  T FFE                                        Y NG          
Ostreococcus_lucimarinus        304  c c c cc c  c c cc c cc        cc c   c     ccc cc c   KddddddddddddddddddddddddddddddddddddddG B  Kddddddddd V V E DG F  L E IY E HL        GE T   L     PGS NG G    T L M  Q DK E L  V S  SNTSTKFY  I QQM K Q     N  T FFE                                        Y NG          
Ectocarpus_siliculosus          351  c c c cc c  c c cc c cc        cc c   c     ccc cc c   KddddddddddddddddddddddddddddddddddddddG B  Kddddddddd V V E DG F  L E IY E HL        GE T   L     PGS NG G    S I M  Q DN Q L  V S  SNIGTKFY  L QNI K A     N  T FLE                                        Q DS          
Galdieria_sulphuraria           369  c c c cc c  c c cc c cc        cc c   c     ccc cc c   JIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIH C  JIIIIIIIII V V E DG F  L E IY E HL        GE T   L     PGS NG G    S L V  N EK E L  I S  NNTSTKFY  I QQL R S     N  T LFD                                        N SA          
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iiiiiiiiiiiiiiii                                                                                                X         X         X                                
Synechococcus_PCC6301           308 c    cc c   c                                          EEF DEEEEEEEEEEF A A                                   Q    LK R   E                                           VL G  M AAY RLT Q A                                      T            S A PVAASV......                       
Nostoc_PCC7120                  309 c    cc c   c                                          ddG KddddddddddG B B                                   Q    LK R   E                                           VL G  M AAY RLT K A                                      T            T E KLAVQV......                       
Thermosynechococcus_elongatus   309 c    cc c   c                                          ddG KddddddddddG B B                                   Q    LK R   E                                           VL G  M ATY RLT R A                                      T            S D ATVTNR......                       
Zea_mays                        387 c    cc c   c                                          ddG KddddddddddG B B                                   Q    LK R   E                                           TI G  I DLY QIV E A                                      V            A R GAPAEAAKV...                       
Arabidopsis_thaliana            368 c    cc c   c                                          ddG KddddddddddG B B                                   Q    LK R   E                                           TI G  I DLY QLI N A                                      V            A K TARAEAKA....                       
Selaginella_moellendorffii      402 c    cc c   c                                          ddG KddddddddddG B B                                   Q    LK R   E                                           TI G  I DVF RIT K G                                      V            S Q SPVGAAAATSKV                       
Physcomitrella_patens           394 c    cc c   c                                          ddG KddddddddddG B B                                   Q    LK R   E                                           TI G  I EVY RIL K K                                      C            E Q NAVSLEGAKS..                       
Tetraselmis_GSL018              367 c    cc c   c                                          ddG KddddddddddG B B                                   Q    LK R   E                                           TI G  I EVY RLT K V                                      V            A E AKTA........                       
Auxenochlorella_protothecoides  330 c    cc c   c                                          ddG KddddddddddG B B                                   Q    LK R   E                                           VI G  V EVY QLT R V                                      T            Q E ARV.........                       
Volvox_carteri                  354 c    cc c   c                                          ddG KddddddddddG B B                                   Q    LK R   E                                           TI G  V EVY RIV K V                                      V            K D VPA.........                       
Chlamydomonas_reinhardtii       353 c    cc c   c                                          ddG KddddddddddG B B                                   Q    LK R   E                                           TI G  V EVY RIV K V                                      V            K D VPV.........                       
Micromonas_pusilla              353 c    cc c   c                                          ddG KddddddddddG B B                                   Q    LK R   E                                           TL G  V ELY RIS K V                                      C            E E VAAA........                       
Ostreococcus_tauri              359 c    cc c   c                                          ddG KddddddddddG B B                                   Q    LK R   E                                           TI G  V EVY RIS K V                                      V            G E VAKA........                       
Ostreococcus_lucimarinus        359 c    cc c   c                                          ddG KddddddddddG B B                                   Q    LK R   E                                           TI G  V EVY RIA K V                                      V            E E VVK.........                       
Ectocarpus_siliculosus          406 c    cc c   c                                          ddG KddddddddddG B B                                   Q    LK R   E                                           TL A  L EVY RIT K V                                      V            K T SVKLPESVAQ..                       
Galdieria_sulphuraria           424 c    cc c   c                                          IIH JIIIIIIIIIIH C C                                   Q    LK R   E                                           VL A  M QLY ELT K I                                      T            G S APVLV.......                       
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Figure S2 Alignment of group IA PRK sequences for calculation of similarity scores. Amino acid 

sequences of a representative set of group IA PRK homologs were aligned using the EBI Clustal-O server 

(https://www.ebi.ac.uk/Tools/msa/clustalo/).  The similarity scores were calculated with ESPript (Gouet 

et al., 1999). Secondary structure elements for PRK from Synechococcus sp. PCC6301 are indicated 

above the sequences.  Similar residues are shown in red and identical residues in white on a red 

background.  Blue frames indicate homologous regions.  The Uniprot accession codes for the sequences 

are:  A0A0H3K6J7, Synechococcus sp. PCC6301; Q8YPR9, Nostoc sp. PCC7120; Q8DHN2, 

Thermosynechococcus elongatus BP-1; B6TYM1, Zea mays; P25697, Arabidopsis thaliana; D8SU48, 

Selaginella moellendorffii; A9RPJ4, Physcomitrella patens; A0A061S214, Tetraselmis GSL018; 

A0A087SM57, Auxenochlorella protothecoides, ; D8TRR7, Volvox carteri; A8IYP4, Chlamydomonas 

reinhardtii; C1MQ62, Micromonas pusilla; A0A090N369, Ostreococcus tauri; A4RW43, Ostreococcus 

lucimarinus; D8LBI0, Ectocarpus siliculosus; Q8GUE1, Galdieria sulphuraria. 
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