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Figure S1: Coordination of Ca2+ in apo aPGM5. Ca2+ and aPGM5 residues are labelled blue and 

green, respectively. Green dashed lines indicate hydrogen bonds or electrostatic interactions, with 

distances indicated. Ca2+ and sodium ion are shown as green spheres. Figure prepared using LigPlot+ 

[1]. 
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Figure S2: Coordination of Ni2+ in apo bPGM5. Ni2+ and bPGM5 residues are labelled blue and 

green, respectively. Green dashed lines indicate hydrogen bonds or electrostatic interactions, with 

distances indicated. Ni2+ and sodium ion are shown as green spheres. Figure prepared using LigPlot+ 

[1]. 
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Figure S3: Coordination of G1P in bPGM5. G1P and bPGM5 residues are labelled blue and green, 

respectively. Green dashed lines indicate hydrogen bonds or electrostatic interactions, with distances 

indicated. Residues or atoms involved in hydrophobic interactions are represented by an arc with 

spokes radiating towards the binding partners they contact. Bridging waters are shown as blue spheres, 

and sodium ion shown as green sphere. Figure prepared using LigPlot+ [1]. 
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Figure S4: Coordination of Ni2+ in the bPGM5 G1P complex. Ni2+ and bPGM5 residues are 

labelled blue and green, respectively. Green dashed lines indicate hydrogen bonds or electrostatic 

interactions, with distances indicated. Bridging water is shown as blue sphere. Figure prepared using 

LigPlot+ [1]. 
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Figure S5: CD spectroscopy measurements. CD spectroscopy measurements for aPGM5 ((a) and (b), blue) 

and bPGM5 ((c) and (d), green) in the absence of ligand (light color) and in the presence of ligand, 0.5 mM 

G16P (dark color). ((a) and (c)) Representative CD spectra for aPGM5 (a) and bPGM5 (c) at 25 °C. ((b) and 

(d)) Representative thermal denaturation curves for aPGM5 (b) and bPGM5 (d) monitored at 222 nm and the 

Tm values are 336 K (aPGM5 apo), 340 K (aPGM5 with ligand), 342 K (bPGM5 apo) and 346 K (bPGM5 with 

ligand), respectively.  

    

(a) (b)

(c) (d)



  

 

Figure S6: DSF data. DSF melting curves (a) and first derivative (b) for aPGM5 (blue) and bPGM5 (green) 

without His6-tag, measured without (light color) and in presence of (dark color) 500 µM reaction intermediate 

G16P.  
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Figure S7: Enzymatic activity data. Phosphoglucomutase activity assay of positive control rabbit muscle 

PGM1 (ocPGM1), aPGM5 and bPGM5 in presence of MgCl2 and G16P. Results are shown as average with error 

bars of +/- one standard deviation from triplicate experiments after subtraction of background activity. 

Background activity was measured without addition of substrate.  

134000 ± 14000

29 ± 21 54 ± 9



  

 Figure S8: Multiple sequence alignment of PGM5 and PGM1 from 10 fish species and 10 

mammals. The alignment was done using Clustal Omega and visualized using ESPript [2]. [3] 
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                                                            Human_PGM1              

                                                            Herring_PGM5            
             1       10        20         30        40      

Herring_PGM5                                     T    DQ P G  GLR     F     Y  N  QS                  I VVTV   PF   K   TN   KK  V     N L  YI  .............METNP P    Q T  D    .        TT  ESKK   Q     

Atlantic_salmon_PGM5                             T    DQ P G  GLR     F     Y  N  QS                  I VVTV   PF   R   TN   RK  V     N L  YI  .............METNP P    Q S  D    .        TA  EGKK   Q     

Brown_trout_PGM5                                 T    DQ P G  GLR     F     Y  N  QS                  I VVTV   PF   R   TN   RK  V     N L  YI  .............METNP P    Q S  D    .        TA  EGKK   Q     

Rainbow_trout_PGM5                               T    DQ P G  GLR     F     Y  N  QS                  I VVTV   PF   R   TN   RK  L     N L  YI  .............METNP P    Q S  D    .        TE  EGKK   Q     

Stickleback_PGM5                                 T    DQ P G  GLR     F     Y  N  QS                  I VLTV   PF   R   TN   RK  V     N L  YI  ........ALRRRMETSP P    Q A  E    .        TA  EGKK   Q     

Asian_sea_bass_PGM5                              T    DQ P G  GLR     F     Y  N  QS                  I VLTV   PF   R   TN   RK  V     N L  YI  .............METSP P    Q A  E    .        TA  EGKK   Q     

Spotted_gar_PGM5                                 T    DQ P G  GLR     F     Y  N  QS                  I VVTV   PY   R   TN   KK  V     N L  FI  .............MEVSP P    Q V  D    .        TV  ESKR   Q     

Electric_eel_PGM5                                T    DQ P G  GLR     F     Y  N  QS                  I VLTI   PF   R   TN   KK  V     N L  YI  .............METNP P    Q T  D    .        TS  ESKK   Q     

Zebrafish_PGM5                                   T    DQ P G  GLR     F     Y  N  QS                  I ILTI   PF   R   TN   KK  V     N L  YI  .............METNP P    Q T  D    .        TA  ESNN   Q     

Common_carp_PGM5                                 T    DQ P G  GLR     F     Y  N  QS                  I ILTI   PF   R   TN   KK  V     N L  YI  .............METNP P    Q T  D    .        TA  ESKK   Q     

Rabbit_PGM5                                      T    DQ P G  GLR     F     Y  N  QS                  I VLTV   PY   R        R   L     N L  FI  .............MEGSP P    P A  E    T GG    PTG  EGQR   P     

Crab-eating_Macaque_PGM5                          T    DQ P G  GLR     F     Y  N  QS                  I VLTV   PY   R        R   L     N L  FI  .............MEGSP P    P A  E    T GG    PTG  EGQR   P     

Human_PGM5                                       T    DQ P G  GLR     F     Y  N  QS                  I VLTV   PY   R        R   L     N L  FI  .............MEGSP P    P A  E    A GG    PTG  EGQR   P     

Orangutan_PGM5                                   T    DQ P G  GLR     F     Y  N  QS                  I VLTV   PY   R        R   L     N L  FI  .............MEGSP P    P A  E    A GG    PTG  EGQR   P     

Rat_PGM5                                         T    DQ P G  GLR     F     Y  N  QS                  I VLTV   PY   R        R   L     N L  FI  .............MEGSP P    P A  E    T GG    PTG  EGQR   P     

Cheetah_PGM5                                     T    DQ P G  GLR     F     Y  N  QS                  I VLTV   PY   R        R   L     N L  FI  .............MEGSP P    P V  E    A GG    PTG  EGQR   P     

Mouse_PGM5                                       T    DQ P G  GLR     F     Y  N  QS                  I VLTV   PY   R        R   L     N L  FI  .............MEGSP P    P A  E    T GG    PTG  EGQR   P     

Horse_PGM5                                       T    DQ P G  GLR     F     Y  N  QS                  I VLTV   PY   R        R   L     N L  FI  .............MEGSP P    P A  Q    A GG    PTG  EGQR   P     

Pig_PGM5                                         T    DQ P G  GLR     F     Y  N  QS                  I VLTV   PY   R        R   L     N L  FI  .............MEGSP P    P A  E    A GG    PTG  EGQR   P     

Cattle_PGM5                                      T    DQ P G  GLR     F     Y  N  QS                  I VLTV   PY   R        R   L     N L  FI  .............MEGSP P    P A  E    A GG    PTG  EGQR   P     

Atlantic_salmon_PGM1                             T    DQ P G  GLR     F     Y  N  QS                    I  V    Y   K   TS   KR  V       A  FI  .................MTK TV K KA P    .        VT  QTNAH  E     

Stickleback_PGM1                                 T    DQ P G  GLR     F     Y  N  QS                  V I  V   PY   K   TS   KR  V       A  FI  ...............KTM K TR K K  S    .        VT  QQNQH  E     

Zebrafish_PGM1                                   T    DQ P G  GLR     F     Y  N  QS                  V I  I   PY   K   TS   KR  V       A  FI  .................M K TV K K  T    .        VT  QQNQH  E     

Common_carp_PGM1                                 T    DQ P G  GLR     F     Y  N  QS                  V I  I   PY   K   TS   KR  V       A  FI  .................M K TV K K  T    .        VT  QQNQH  E     

Electric_eel_PGM1                                T    DQ P G  GLR     F     Y  N  QS                  L VLTL   PF   R   TS   KK  V     N L  FI  QQISSSCLFSPSAMEEGP R    P T  P    .        VY  QSKR   H     

Herring_PGM1                                     T    DQ P G  GLR     F     Y  N  QS                  L VVSV   PY   K   TS   KK  V       L  FI  .............MDDSL Q    P A  P    .        VY  QSNRY  Q     

Asian_sea_bass_PGM1                              T    DQ P G  GLR     F     Y  N  QS                  L VLTV   PY   R   TS   KR  V     N L  FI  .............MDNSP Q    P A  P    .        VF  QSRR   H     

Rainbow_trout_PGM1                               T    DQ P G  GLR     F     Y  N  QS                  L VLTL   PY   R   TS   KK  V     N L  FV  .............MDDSP Q    P A  P    .        VF  QSKR   Q     

Brown_trout_PGM1                                 T    DQ P G  GLR     F     Y  N  QS                  L VLTL   PY   R   TS   KK  V     N L  FV  .............MDDSP Q    P A  P    .        VF  QSKR   Q     

Spotted_gar_PGM1                                 T    DQ P G  GLR     F     Y  N  QS                  L ILTL   PY   K   TS   KK  V     N L  FV  ........MTFLMMDDSP Q    P V  S    .        TY  ETKK   Q     

Pig_PGM1                                         T    DQ P G  GLR     F     Y  N  QS                  V IVTV    Y   K   TS   KR  V     N A  FI  .................M K    K KA Q    .        VK  QSSA   E     

Cattle_PGM1                                      T    DQ P G  GLR     F     Y  N  QS                  V IVTV    Y   K   TS   KR  V     N A  FI  .................M K    K KA Q    .        VK  QSSS   E     

Horse_PGM1                                       T    DQ P G  GLR     F     Y  N  QS                  V IVTV    Y   K   TS   KR  V       A  FI  .................M K    K QA P    .        VK  QSSAH  E     

Cheetah_PGM1                                     T    DQ P G  GLR     F     Y  N  QS                  V IVTV    Y   K   TS   KR  V     N A  FI  .................M K    K QA P    .        VK  QSSA   E     

Crab-eating_Macaque_PGM1                          T    DQ P G  GLR     F     Y  N  QS                  V IVTV    Y   K   TS   KR  V     N A  FI  .................M K    K QA P    .        VK  QSSA   E     

Orangutan_PGM1                                   T    DQ P G  GLR     F     Y  N  QS                  V IVTV    Y   K   TS   KR  V     N A  FI  .................M K    K QA P    .        VK  QSSA   E     

Rabbit_PGM1                                      T    DQ P G  GLR     F     Y  N  QS                  V IVTV    Y   K   TS   KR  V     N A  FI  .................M K    K KA P    .        VK  QSST   E     

Mouse_PGM1                                       T    DQ P G  GLR     F     Y  N  QS                  V IVTV    Y   K   TS   KR  V     N A  FI  .................M K    K QA P    .        VK  QSNA   E     

Rat_PGM1                                         T    DQ P G  GLR     F     Y  N  QS                  V IVTV    Y   K   TS   KR  V     N A  FI  .................M K    K QA P    .        VK  QGNA   E     

Human_PGM1                                       T    DQ P G  GLR     F     Y  N  QS                  V IVTV    Y   K   TS   KR  V     N A  FI  .................M K    K QA Q    .        VK  QSSA   E     

                                                            Human_PGM1              

β1 β2 α1 α2 

β1 β2 α1 α2 



                                                            Herring_PGM5            
  50        60        70        80        90       100      

Herring_PGM5                     RQ     VG DGR     A       AAANG G L IG  G  STPA SC VLSSID  D    TMV      YF R    VIVQM     I R V   N IL    V  I      LR   GC     S     S T IE                 H            

Atlantic_salmon_PGM5             RQ     VG DGR     A       AAANG G L IG  G  STPA SC VLSSID  D    TMV      YF R    IIVQM     I R V   N LL    V  I      LR   GC     S     S A TE                 H            

Brown_trout_PGM5                 RQ     VG DGR     A       AAANG G L IG  G  STPA SC VLSSID  D    TMV      YF R    I VQM     I R V   N LL    V  I      LR   GC     S     S A TE T               H            

Rainbow_trout_PGM5               RQ     VG DGR     A       AAANG G L IG  G  STPA SC LLSSID  D    TMV      YF R    IIVQM     I R V   N LL    V  I      LR   GC     S     S A TE                 H            

Stickleback_PGM5                 RQ     VG DGR     A       AAANG G L IG  G  STPA SC VLSSID  D    TMV      YF R    VIVQM     I R V   N LL    V  I      LR   GC     S     S A TE                 H            

Asian_sea_bass_PGM5              RQ     VG DGR     A       AAANG G L IG  G  STPA SC VLSSID  D    TMV      YF R    VIVQM     I R V   N LL    V  I      LR   GC     S     S A IE                 H            

Spotted_gar_PGM5                 RQ     VG DGR     A       AAANG G L IG  G  STPA SC VLSSID  D    TMV      YF R    VIVQM     I R V   N IM    A  I      LR   GC     G     S T TE                 H            

Electric_eel_PGM5                RQ     VG DGR     A       AAANG G L IG  G  STPA SC VLSSID  D    TMV      YF R    VIVQM     I R V   S IL    V  I      LR   GC     S     S A IE                 H            

Zebrafish_PGM5                   RQ     VG DGR     A       AAANG G L IG  G  STPA SC VLSSID  D    TMV      YF R    VIVQM     I R V   N IL    V  I      LR   GC     S     S A TE                 H            

Common_carp_PGM5                 RQ     VG DGR     A       AAANG G L IG  G  STPA SC LLSSID  D    TMV      YF R    VIVQM     I R V   N IL    V  I      LR   GC     S     S A TE                 H            

Rabbit_PGM5                      RQ     VG DGR     A       AAANG G L IG  G  STPA SC VLSSID  D    TMV      YF R    IVVQM     I R I   N IL    V  I      LR   GC     S     S A TE                 Q            

Crab-eating_Macaque_PGM5          RQ     VG DGR     A       AAANG G L IG  G  STPA SC VLSSID  D    TMV      YF R    IVVQM     I R I   N IL    V  I      LR   GC     S     S T IE                 Q            

Human_PGM5                       RQ     VG DGR     A       AAANG G L IG  G  STPA SC VLSSID  D    TMV      YF R    IVVQM     I R I   N IL    V  I      LR   GC     S     S T IE                 Q            

Orangutan_PGM5                   RQ     VG DGR     A       AAANG G L IG  G  STPA SC VLSSID  D    TMV      YF R    IVVQM     I R I   N IL    V  I      LR   GC     S     S T IE                 Q            

Rat_PGM5                         RQ     VG DGR     A       AAANG G L IG  G  STPA SC VLSSID  D    TMV      YF R    IVVQM     I R I   N IL    V  I      LR   GC     S     S T TE                 Q            

Cheetah_PGM5                     RQ     VG DGR     A       AAANG G L IG  G  STPA SC VLSSID  D    TMV      YF R    IVVQM     I R I   N IL    V  I      LR   GC     S     S T TE                 Q            

Mouse_PGM5                       RQ     VG DGR     A       AAANG G L IG  G  STPA SC VLSSID  D    TMV      YF R    IVVQM     I R I   N IL    V  I      LR   GC     S     S T TE                 Q            

Horse_PGM5                       RQ     VG DGR     A       AAANG G L IG  G  STPA SC VLSSID  D    TMV      YF R    IVVQM     I R I   N IL    V  I      LR   GC     S     S T TE                 Q            

Pig_PGM5                         RQ     VG DGR     A       AAANG G L IG  G  STPA SC VLSSID  D    TMV      YF R    IVVQM     I R I   N IL    V  I      LR   GC     S     S T TE                 Q            

Cattle_PGM5                      RQ     VG DGR     A       AAANG G L IG  G  STPA SC VLSSID  D    TMV      YF R    IVVQM     I R I   N IL    V  I      LR   GC     S     S T TE                 Q            

Atlantic_salmon_PGM1             RQ     VG DGR     A       AAANG G L IG  G  STPA SC IIS ID  E     LV      FF K    LIIQI     I H V     IM    V  V   C  PA   PGL    G     M D IQ                 QD           

Stickleback_PGM1                 RQ     VG DGR     A       AAANG G L IG  G  STPA SC IIS IE  E    TVV      FF K    LIVQI     I H V     IM    V  V   V  PA   AA     G     M D IQ                 QD           

Zebrafish_PGM1                   RQ     VG DGR     A       AAANG G L IG  G  STPA SC IISTVD        LV      FF K    LIIQI     I R V     IM    V  V      PAQ  EGA    G     M D IQ                 QD           

Common_carp_PGM1                 RQ     VG DGR     A       AAANG G L IG  G  STPA SC IISTID       TLV      FF K    LIVQI     I R V   N IM    V  V      PAQ  EG     G     M D IQ                 Q            

Electric_eel_PGM1                RQ     VG DGR     A       AAANG G L IG  G  STPA SC V SSID  D    TVV      YF      VIVQM     V R V   N IM    V  V F    LR   GS     G     NTT VQ                 Q            

Herring_PGM1                     RQ     VG DGR     A       AAANG G L IG  G  STPA SC VL SID  D    TII      YF R    VIVQM     V R V   N IM    V  M  F   LR   GS     G     N M IE                 Q            

Asian_sea_bass_PGM1              RQ     VG DGR     A       AAANG G L IG  G  STPA SC I SSID  D    TVV      FF      VIVQM     V R I     IM    I  V F    LR   GS     G     NQT IE                 HH           

Rainbow_trout_PGM1               RQ     VG DGR     A       AAANG G L IG  G  STPA SC I SSID  D    TMV      YF      VIVQM     V R V     IM    V  V Y    LL   GS     G     NQT IE                 HH           

Brown_trout_PGM1                 RQ     VG DGR     A       AAANG G L IG  G  STPA SC I SSID  D    TMV      YF      IIVQM     V R V     IM    V  V Y    LL   GS     G     NQT IE                 HH           

Spotted_gar_PGM1                 RQ     VG DGR     A       AAANG G L IG  G  STPA SC I  SID  D    TVV      YF K     IV M     I R V   N IL    V  I FF   LR   GS     G     N M IET  R             Q            

Pig_PGM1                         RQ     VG DGR     A       AAANG G L IG  G  STPA SC IISTVE       TLV      FY K    LIV I     I R V   N IL    V  I      PAH  EA     G     M E IQ   R             Q            

Cattle_PGM1                      RQ     VG DGR     A       AAANG G L IG  G  STPA SC IISTVE       TLV      FY K    LIV I     I R V   N IL    V  I      PAQ  EA     G     M E IQ   R             Q            

Horse_PGM1                       RQ     VG DGR     A       AAANG G L IG  G  STPA SC ILSTVE       TLV      FY K    LIV I     I R V   N IL    V  I      PAQ  EA     G     M E IQ   R             Q            

Cheetah_PGM1                     RQ     VG DGR     A       AAANG G L IG  G  STPA SC IISTVE       TLV      FY K    LIV I     I R V   N IL    V  I      PAQ  EA     G     M E IQ   R             Q            

Crab-eating_Macaque_PGM1          RQ     VG DGR     A       AAANG G L IG  G  STPA SC IISTVE       TLV      FY K    LIA I     I R V   N IL    V  I      PAQ  EA     G     M E IQ   R             Q            

Orangutan_PGM1                   RQ     VG DGR     A       AAANG G L IG  G  STPA SC IISTVE       TLV      FY K    LIA I     I R V   N IL    V  I      PAQ  EA     G     M E IQ   R             Q            

Rabbit_PGM1                      RQ     VG DGR     A       AAANG G L IG  G  STPA SC IISTVE       TLV      FY K    LIV I     I R V   N IL    V  I      PAQ  EA     G     M E IQ   R             Q            

Mouse_PGM1                       RQ     VG DGR     A       AAANG G L IG  G  STPA SC IVSTVE       TLV      FY      LIV I     I R V   N IL    V  I      PAL  EA     G     MTE IQ   R             Q            

Rat_PGM1                         RQ     VG DGR     A       AAANG G L IG  G  STPA SC IVSTVE       TLV      FY      LIV I     I R V   N IL    V  I      PAL  EA     G     MTE IQ   R             Q            

Human_PGM1                       RQ     VG DGR     A       AAANG G L IG  G  STPA SC IISTVE       TLV      FY K    LIA I     I R V   N IL    V  I      PAQ  EA     G     M E IQ   R             Q            

                                                            Human_PGM1              

                                                            Herring_PGM5            
 110       120       130       140       150       160      

Herring_PGM5            IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  I   I    RN   P  D  I F V N   APD V DK  QV RTLE YAI PD                     N         A       T I   H              

Atlantic_salmon_PGM5    IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  I   I    HN   P  D  V F V N    PD V EK  QV RTLE YAI PD                     G         A    S  T M   A              

Brown_trout_PGM5        IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  I   I    HN   P  D  V F V N    PD V EK  QV RTLE YAI PD                     G         A    S  T M   A              

Rainbow_trout_PGM5      IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  I   I    HN   P  D  V F V N    PD V EK  QV RTLE Y I PD                     G         A    S  T M   A         T    

Stickleback_PGM5        IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  I   I    HN   P  D  I F V N     D V ER  QV RTLE YAI PD                     A         A    SS T M   C              

Asian_sea_bass_PGM5     IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  I   I    HN   P  D  I F V N    PD V ER  QV RTLE YAI PD                     G         A    S  T M   S              

Spotted_gar_PGM5        IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  I   I    RN   P  D  I F V N    PE VTDK YQI KTLE YAI PD                     G         A    S  S                    

Electric_eel_PGM5       IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  I   I    HS   P  D  I F I N    PD V ER YQV RTLE YAI PD                     A         A    S  T M                  

Zebrafish_PGM5          IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  I   I    HS   P  D  I F V N    PD V ER  QV RTLE YAI PD                     G         A    S  T I   H              

Common_carp_PGM5        IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  I   I    HS   P  D  I F V N    PD V ER  QV RTLE YAI  D                     G         A    S  T M   H            L 

Rabbit_PGM5             IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  A   I    H    P  E  V F V N   APD VSDK YQI KTIE YAI PD                C    G         A       V                    

Crab-eating_Macaque_PGM5 IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  A   I    H    P  E  V F V N   APD VSDK YQI KTIE YAI PD                C    G         A       V                    

Human_PGM5              IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  A   I    H    P  E  V F V N   APD VSDK YQI KTIE YAI PD                C    G         A       V                    

Orangutan_PGM5          IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  A   I    H    P  E  V F V N   APD VSDK YQI KTIE YAI PD                C    G         A       V                    

Rat_PGM5                IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  A   I    H    P  E  V F V N   APD VSDK YQI KTIE Y I PD                C    G         A       V               T    

Cheetah_PGM5            IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  A   I    H    P  E  V F V N   APD VSDK YQI KTIE YAI PD                C    A         A       V                    

Mouse_PGM5              IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  A   I    H    P  E  V F V N   APD VSDK YQI KTIE YAI PD                C    G         A       V                    

Horse_PGM5              IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  A   I    H    P  E  V F V N   APD VSDK YQI KTIE YAI PD                C    G         A       V                    

Pig_PGM5                IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  A   I    H    P  E  V F V N   APD VSDK YQI KTIE YAI PD                C    G         A       V                    

Cattle_PGM5             IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  A   I    H    P  E  V F V N   APD VSDK YQI KTIE Y I PD                C    G         A       V               T    

Atlantic_salmon_PGM1    IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     L  V   I    HN   P  D  I Y I S   APE ITDK FQI KSI  Y I PD                     N         A       G            T  H    

Stickleback_PGM1        IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  V   I    HN   P  D  I Y I S   APE IT K F I KTL  Y I PE                     N         S       G  N   E     Q  Q    

Zebrafish_PGM1          IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  I   I    HN   P  D  I F I S   APE ITDK FQI KSL  Y I PE                     N         S       G            Q  H    

Common_carp_PGM1        IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  I   I    HN   P  D  I F I S   APE ITDK FQI KSL  Y I PE                     S         S       G            Q  H    

Electric_eel_PGM1       IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C        I   L    HN   P  D  I F I N   APE VTE  FQI RTLE YAI PE   Y                 D         A       T   Q                

Herring_PGM1            IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     M  I   L    HN   P  D  I F I N   APE IT K FQL RTIE YAI PD                     N         S       A  N                 

Asian_sea_bass_PGM1     IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C        I   I    HN   P  D  I F   N   A E VT K FQI RTIE FAI P    Y                 D        TA     K A  N                G

Rainbow_trout_PGM1      IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C        I   V    HN      D  I F   N   A D VT R FQI RTIE YAI PE   Y                RE        TA     Q A  N                 

Brown_trout_PGM1        IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C        I   V    HN      D  I F   N   A D VT R FQI RTIE YAI PE   Y                RE        TA     Q A  N                 

Spotted_gar_PGM1        IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  I   I    HN   P  D  I F I N   APE VTDK FQI KTIE YAI PD                     N         S       A                    

Pig_PGM1                IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  I   I    HN   P  D  I F I N   APE ITDK FQI KTIE YAI PD                     N         S       A                    

Cattle_PGM1             IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  I   I    HN   P  D  I F I N   APE ITDK FQI KTIE YAI PD                     N         S       A                    

Horse_PGM1              IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  I   I    HN   P  D  I F I N   APE ITDK FQI KTIE YAI PD                     N         S       A                    

Cheetah_PGM1            IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  I   I    HN   P  D  I F I N   APE VTDK FQI KTIE YAI PD                     N         S       A                    

Crab-eating_Macaque_PGM1 IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  I   I    HN   P  D  I F I N   APE ITDK FQI KTIE YAI PD                     N         S       A                    

Orangutan_PGM1          IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  I   I    HN   P  D  I F I N   APE ITDK FQI KTIE YAV PD                     N         S       A                    

Rabbit_PGM1             IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  I   I    HN   P  D  I F I N   APE ITDK FQI KTIE YAI PD                     N         S       A                    

Mouse_PGM1              IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  I   I    HN   P  D  I F I N   APE ITDK FQI KTIE YAI PD                     N         S       A                    

Rat_PGM1                IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  I   I    HN   P  D  I F I N   APE ITDK FQI KTIE YAI PD                     N         S       A                    

Human_PGM1              IRK KA GGI LTAS  PGG  G FG K N   GGP        I   S    E   C     I  I   I    HN   P  D  I F I N   APE ITDK FQI KTIE YAV PD                     N         S       A                    

                                                            Human_PGM1              

β3 α3 β4 α4 

β5 β6 α5 β7 
η1 β3 α3 β4 α4 

β5 β6 α5 β7 



                                                            Herring_PGM5            
 170       180       190       200       210       220      

Herring_PGM5               D        F     F P  VEI D V  Y   LR IF F   K    G        MRI L  LGRQ  DLENK K F    V S EV LNL     D  AI  LLT P  LKMRV     SR    D          R               G    N   G     DQ     

Atlantic_salmon_PGM5       D        F     F P  VEI D V  Y   LR IF F   K    G        LRI L  LGR   DLENK K F    V S EL LNL  T  D  AI  LLT P  LKIRI     AR   HD          R                    N   S     EQ     

Brown_trout_PGM5           D        F     F P  VEI D V  Y   LR IF F   K    G        LRI L  LGR   DLENK K F    V S EL LNL  T  D  AI  LLT P  LKIRI     AR   HD          R                    N   S     EQ     

Rainbow_trout_PGM5         D        F     F P  VEI D V  Y   LR IF F   K    G        LHI L  LGR   DLENK K F    V S EV LNL  T  D  AI  LLT P  LKIRV     AR   HD          R                    S   T     EQ     

Stickleback_PGM5           D        F     F P  VEI D V  Y   LR IF F   K    G        LRI L  LGRQ  DLENK K F    V S EL LQL  N  D  AI  L S P  LKIHI     SR    E          R                    N   S F   DQ     

Asian_sea_bass_PGM5        D        F     F P  VEI D V  Y   LR IF F   K    G        LRI L  LGRQ  DLENK K F    V S EV LQL  N  D  AI  LLT  N LKIHI     SR    E          R                    N   S    S Q     

Spotted_gar_PGM5           D        F     F P  VEI D V  Y   LR IF F   K    G        LRI L  LGRQ  DLENK K F    V S EI LNM  S  D  AI  LLT P  LKIRI     AR    D          R                    S   G     DQ     

Electric_eel_PGM5          D        F     F P  VEI D V  Y   LR IF F   K    G        LHI L  LGRQ  DLENK K F    V S EI LNM     D  AI  LLT P  LKIRI     SR    D          R               G    G   S     EQ     

Zebrafish_PGM5             D        F     F P  VEI D V  Y   LR IF F   K    G        LHI L  LGRQ  DLENK K F    V S EI  NL     D   I  LLT PN LKIRI     SR    D          R          F    G    SG  S      Q     

Common_carp_PGM5           D        F     F P  VEI D V  Y   LR IF F   K    G        LHI L  LGR   DLENK K F    V S EI LNM     D  AI  LLT P  LKIRI     SR   HD          R               G    G   S     KQ     

Rabbit_PGM5                D        F     F P  VEI D V  Y   LR IF F   K    G        LRI L  LGRQ  DLENK K F    V   DI LNL  T  D  AI  LLT PS LKIRV     SR    E          R     P              N   S      Q     

Crab-eating_Macaque_PGM5    D        F     F P  VEI D V  Y   LR IF F   K    G        LRI L  LGRQ  DLENK K F    V   DI LNL  T  D  AI  LLT PS LKIRV     SR    E          R     P              H   S      Q     

Human_PGM5                 D        F     F P  VEI D V  Y   LR IF F   K    G        LRI L  LGRQ  DLENK K F    V   DI LNL  T  D  AI  LLT PS LKIRI     SR    E          R     P              H   G      Q     

Orangutan_PGM5             D        F     F P  VEI D V  Y   LR IF F   K    G        LRI L  LGRQ  DLENK K F    V   DI LNL  T  D  AI  LLT PS LKIRI     SR    E          R     P              H   S      Q     

Rat_PGM5                   D        F     F P  VEI D V  Y   LR IF F   K    G        LRI L  LGRQ  DLENK K F    V   DI LNL  T  D  AI  LLT PS LKIRV     SR    E          R     P              N   S      Q     

Cheetah_PGM5               D        F     F P  VEI D V  Y   LR IF F   K    G        LRI L  LGRQ  DLENK K F    V   DI LNL  T  D  AI  LLT P  LKIRV     SR    E          R     P              N   S     GQ     

Mouse_PGM5                 D        F     F P  VEI D V  Y   LR IF F   K    G        LRI L  LGRQ  DLENK K F    V   DI LNL  N  D  AI  LLT PS LKIRV     SR    E          R     P              N   S      Q     

Horse_PGM5                 D        F     F P  VEI D V  Y   LR IF F   K    G        LRI L  LGRQ  DLENK K F    V   DI LNL  T  D  AI  LLT P  LKIRV     SR    E          R     P              N   S     GQ     

Pig_PGM5                   D        F     F P  VEI D V  Y   LR IF F   K    G        LRI L  LGRQ  DLENK K F    V   DI LNL  T  D  AI  LLT P  LKIRV     SR    E          R     P              N   S     GQ     

Cattle_PGM5                D        F     F P  VEI D V  Y   LR IF F   K    G        LRI L  LGRQ  DLENK K F    V   DI LNL  T  D  AI  LLT P  LKIRV     SR    E          R     P              N   S     GQ     

Atlantic_salmon_PGM1       D        F     F P  VEI D V  Y   LR IF F   K    G        LKV I  IGKQ   VD   K      V S EA A M     D  AL  LVS  N IKVRL     SK    T N  .T   MT           E   G    H   G    S H     

Stickleback_PGM1           D        F     F P  VEI D V  Y   LR IF F   K    G        LKI L  IGKQ  EVD   K F    V S EA A M  S      L  LLS  N I VRL     SK    T    .T    T           E      N AE  E    A H N   

Zebrafish_PGM1             D        F     F P  VEI D V  Y   LR IF F   K    G        LKV L  IGKQ  EVD   K F    V S E  A M     D  AL  LLS PN I VRL     ST    T    .T    T        S  E   D    A   E      H N   

Common_carp_PGM1           D        F     F P  VEI D V  Y   LR IF F   K    G        LKV L   GKQ  EVD   K F    V S E  A M     D  AL  LLS PN I VRL     SAT   I    .T    T        S  E   D    A   E      H N   

Electric_eel_PGM1          D        F     F P  VEI D V  Y   LR IF F   K    G        L V L  LGKQ  DLENK K F    V S E  ANM  N  D  AL  LLS  N IRIRL T   VT    T          T        S           A   E    E H     

Herring_PGM1               D        F     F P  VEI D V  Y   LR IF F   K    G        LRV L  LGKQ  DLENK K F    V   EA ANM  N  D  AL  MLS  N IKIRL     AT    T          T     P              A   E    H Y     

Asian_sea_bass_PGM1        D        F     F P  VEI D V  Y   LR IF F   K    G        LRV L  LGKQ  DLENK K F    V S E  ANM  N  D  AL  LLS  N IKIRI     LT    T          T        S           A   E    E H     

Rainbow_trout_PGM1         D        F     F P  VEI D V  Y   LR IF F   K    G        IRV L  L KQ  DLENK K F    V S E  ANM  N  D  AL  LLS  N IKI L     AT S  T          T        S           A   E    E H   Q 

Brown_trout_PGM1           D        F     F P  VEI D V  Y   LR IF F   K    G        LRV L  L KQ  DLENK K F    V S E  ANM  N  D  AL  LLS  N IKI L     AT S  K          T        S           A   E    E H   Q 

Spotted_gar_PGM1           D        F     F P  VEI D V  Y   LR IF F   K    G        LKV L  IGKQ  DLENK K F    I S E  ANM  N  D  AL  LLS  N LKIRI     TT    Q          T        S           A   E    Q Q     

Pig_PGM1                   D        F     F P  VEI D V  Y   LR IF F   K    G        LKV L  LGKQ  DLENK K F    V S EA ATM  N  D  AL  LLS PN LKIRI     GV    Q          T                    N   E      R     

Cattle_PGM1                D        F     F P  VEI D V  Y   LR IF F   K    G        LHV L  LGKQ  DLENK K F    V S EA ATM  N  D  AL  LLS PN LKIRI     GV    Q          T                    N   E      R     

Horse_PGM1                 D        F     F P  VEI D V  Y   LR IF F   K    G        LKV L  LGKQ  DLENK K F    V S EA ATM  N  D  AL  LLS PN LKIRI     GV    Q          T                    N   E      R     

Cheetah_PGM1               D        F     F P  VEI D V  Y   LR IF F   K    G        LKI L  LGKQ  DLENK K F    V S EA ASM  N  D  AL  LLS PN LKIRI     GV    Q          T                    N   E      R     

Crab-eating_Macaque_PGM1    D        F     F P  VEI D V  Y   LR IF F   K    G        LKV L  LGKQ  DLENK   F    V S EA ATM  N  D  AL  LLS PN LKIRI     GV    Q       E  T                    S   E      R     

Orangutan_PGM1             D        F     F P  VEI D V  Y   LR IF F   K    G        LKV L  LGKQ  DLENK K F    V S EA ATM  S  D  AL  LLS PN LKIRI     GV    Q          T                    S   E      R     

Rabbit_PGM1                D        F     F P  VEI D V  Y   LR IF F   K    G        LKV L  LGKQ  DLENK K F    V S EA ATM  N  D  AL  LLS PN LKIRI     GV    Q          T                    N   E      R     

Mouse_PGM1                 D        F     F P  VEI D V  Y   LR IF F   K    G        LKV L  LGKQ  DLENK K F    V S EA ATM  N  D  AL  LLS PN LKIRI     GV    Q          T                    N   E      R     

Rat_PGM1                   D        F     F P  VEI D V  Y   LR IF F   K    G        LKV L  LGKQ  DLENK K F    V S EA ATM  N  D  AL  LLS PN LKIRI     GV    Q          T                    N   E      R     

Human_PGM1                 D        F     F P  VEI D V  Y   LR IF F   K    G        LKV L  LGKQ  DLENK K F    V S EA ATM  S  D  AL  LLS PN LKIRI     GV    Q          T                    S   E      R     

                                                            Human_PGM1              

                                                            Herring_PGM5            
 230       240       250       260       270       280      

Herring_PGM5            DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G        VM P VRRIL D   APANSAVN V LE       D NLTY    VD  K  EF    S                                 HY        TG   A  G   G

Atlantic_salmon_PGM5    DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G        VM   VRRIM D   APAN AVN V ME       E NLTY    VD  K  D     N    L               A            RP        AP   A  G  IG

Brown_trout_PGM5        DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G        VM   VRRIM D   APAN AVN V ME       E NLTY    VD  K  D     N    L               A            RP        AP   A  G  IG

Rainbow_trout_PGM5      DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G        VM P VRRIL D   APAN AVN V LE       E SLTY    VD  K  DF    N                    A            RP        AP   A  G   G

Stickleback_PGM5        DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G        VM P VRRIL D   APANSAVN V LE       E NLTY    VD  K  DF    N                                 RP        TS   G  G   G

Asian_sea_bass_PGM5     DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G        VM P VRRIL D   APANSAVN V LE       E NLTY    VD  K  DF    N                                 RP        TS   A  G   G

Spotted_gar_PGM5        DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G        VM P VRRIL D   APANSAVS V LE       D SL Y    VE  K  EF    N                                 QY     P  AS   A  G   G

Electric_eel_PGM5       DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G        VM P VRRIL D   APANSAVN V LE     H   N TF    VE  K  EF    N                                 Q  N  P   VS   S  G   G

Zebrafish_PGM5          DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G        VM P VRRIL D   APANSAVN V LE     H   N  F    VD  K  EF    N                                 Q  N  PA  GP   S  G   G

Common_carp_PGM5        DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G        VM P VRRIL D   APANSAVN V LE     H   N  F    VD  K  EF    N                                 Q  N  PA  AA   S  X   G

Rabbit_PGM5             DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G      H VM P VRKVL D   APANSAIN V LE     H D NLTY    LE  K  EY                                      Q         TT   A  G   G

Crab-eating_Macaque_PGM5 DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G      H VM P VRKVL D   APANSAIN V LE     H D NLTY    LE  K  EY                                      Q         TT   A  G   G

Human_PGM5              DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G      H VM P VRKVL D   APANSAIN V LE     H D NLTY    LE  K  EY                                      Q         TT   A  G   G

Orangutan_PGM5          DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G      H VM P VRKVL D   APANSAIN V LE     H D NLTY    LE  K  EY                                      Q         TT   A  G   G

Rat_PGM5                DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G      H VM P VRKVL D   APANSAIN V LE     H D NLTY    LE  K  EY                                      Q         TT   A  G   G

Cheetah_PGM5            DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G      H VM P VRKVL D   APANSAIN V LE     H D NLTY    LE  K  EY                                      Q         TT   A  G   G

Mouse_PGM5              DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G      H VM P VRKVL D   APANSAIN V LE     H D NLTY    LE  K  EY                                      Q         TT   A  G   G

Horse_PGM5              DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G      H VM P VRKVL D   APANSAIN V LE     H D NLTY    LE  K  EY                                      Q         TT   A  G   G

Pig_PGM5                DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G      H VM P VRKVL D   APANSAIN V LE     H D NLTY    LE  K  EY                                      Q         TT   A  G   G

Cattle_PGM5             DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G      H VM P VRKVL D   APANSAIN V LE     H D NLTY    LE  K  EY                                      Q         TT   A  G   G

Atlantic_salmon_PGM1    DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G      H VV P VKKIV E   A A  A N V  E     H D NLTY    V   K  EY                      A DG F    K     H         SD  NA  G   D

Stickleback_PGM1        DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G      H VV P VRKIV E    PA SAVN V  E     H D NLTY    V   K  EY                     S  H       K     H         AD  NT  G   D

Zebrafish_PGM1          DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G      H VV P VKKIV E    PANSAVN V  E     H D NLTY    V   K  EY                     S          S     H         AD  NT  G   D

Common_carp_PGM1        DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G      H VM P VRKIV E    PANSAVN V  E     H D NLTY    V   K  EY                     S          S     H         AD  SA  G   D

Electric_eel_PGM1       DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G      H VV P VKKIL E    PANSAIN I LE     H D NLT     VE  K   Y                     S                Q       H AD   T  S Q D

Herring_PGM1            DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G      H VM P LKRIM E    PVNSVIN V LE     H D NLTY    VE  R   F                     C                K         AE   A  S Q D

Asian_sea_bass_PGM1     DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G      H AV P VKRIL E    PANSAIN V VE     H D NLTY    VD  K   Y                     C                Q         AD   S  D Q D

Rainbow_trout_PGM1      DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G      H VM P VKRIL E    PANSAIN V L      H D NLTY    VE  R   Y                     S           Q    Q         AD   T  G Q D

Brown_trout_PGM1        DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G      H VM P VKRIL E    PANSAIN V L      H D NLTY    VE  R   Y                     S           Q    Q         AD   T  G Q D

Spotted_gar_PGM1        DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G      H VV P VKKIL E    PANSAVN V LE     H D NLTY    VE  K  EY                     S                H         AD   T  G   D

Pig_PGM1                DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G      H VV P VKKIL E   APANSAVN V LE     H D NLTY    VE  K  E                                       H         AD   T  T  HD

Cattle_PGM1             DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G      H VV P VKKIL E   APANSAVN V LE     H D NLTY    VE  K  E                                       H         AD   T  T  HD

Horse_PGM1              DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G      H VV P VKKIL E   APANSAVN V LE     H D NLTY    VE  K  E                                       H         AD   T  T  HD

Cheetah_PGM1            DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G      H VV P VKKIL E   APANSAVN V LE     H D NLTY    VE  K  E                                       H         AD   T  T  HD

Crab-eating_Macaque_PGM1 DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G      H VV P VKKIL E   APANSAVN V LE     H D NLTY    VE  K  E                                       H         AD   T  S  HD

Orangutan_PGM1          DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G      H VV P VKKIL E   APANSAVN V LE     H D NLTY    VE  K  E                                       H         AD   T  S  HD

Rabbit_PGM1             DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G      H VV P VKKIL E   APANSAVN V LE     H D NLTY    VE  K  E                                       H         AD   T  S  HD

Mouse_PGM1              DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G      H VV P VKKIL E   APANSAVN V LE     H D NLTY    VE  K  E                                       H         AD   T  S  HD

Rat_PGM1                DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G      H VV P VKKIL E   APANSAVN V LE     H D NLTY    VE  K  E                                       H         AD   T  S  HD

Human_PGM1              DAM G  G Y     C ELG        C P  DFGG  P P    A  L   M  G      H VV P VKKIL E   APANSAVN V LE     H D NLTY    VE  K  E                                       H         AD   T  S  HD

                                                            Human_PGM1              

β8 β9 α6 α7 β10 

α8 η1 β11 η2 α9 
β8 β9 α6 α7 β10 

α8 η2 β11 η3 α9 



                                                            Herring_PGM5            
 290       300       310       320       330       340      

Herring_PGM5             GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IL       N S  L VVAA L  I    Q  VR FA  MP    I       A    C    QNA                SC    R V            T   

Atlantic_salmon_PGM5     GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IL   G   N S  L VMAA L  I    Q  LK FA  M     L       A    Y    EN                 SC    R L         A  T   

Brown_trout_PGM5         GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IL   G   N S  L VMAA L  I    Q  LK FA  M     L       A    Y    EN                 SC    R L         A  T   

Rainbow_trout_PGM5       GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF            IL   G   N S  L VMAA L  I       LK FA  M     L     L A    Y    EN                 SC    RHL         A  T   

Stickleback_PGM5         GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IL   G   N S  V IMAA L  V    Q  VK FA  V     L       A    Y    EK                 SS    R L         A  T   

Asian_sea_bass_PGM5      GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IL   G   N    V IMAA L  I    Q  VK FA  M     L       A    Y    EN      A          SA    R H         A  T   

Spotted_gar_PGM5         GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A D             IL   G   N S  V VIAA L  I    Q  VR FA  MP    L L   L G    Y    QN                 SC    R M            T   

Electric_eel_PGM5        GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IL   G   N S  L VMAA L  I    Q  IR  A  MP    L       A    C    QN                 SC    R A    L       M   

Zebrafish_PGM5           GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IM   G   S S  L VMAA L  I    Q  IR FA  MP    I       A    Y    EN                 SC    S R            T   

Common_carp_PGM5         GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IM   G   S S  L VMAA L  I    Q  IR FA  MP    I       A    Y    EN                 SC    S R            T   

Rabbit_PGM5              GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IL   G   S S  L VIAA L  I    Q  VR F   MP    L       A    Y    QN                 SC    R I     G      T   

Crab-eating_Macaque_PGM5  GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IL   G   S S  L IIAA L  I    Q  VR F   MP    L       A    Y    QN                 PC    R M     G      M   

Human_PGM5               GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IL   G   S S  L IIAA L  I    Q  VR F   MP    L       A    Y    QN                 SC    R M     G      M   

Orangutan_PGM5           GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IL   G   S S  L IIAA L  I    Q  VR F   MP    L       A    Y    QN                 SC    R M     G      M   

Rat_PGM5                 GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IL   G   S S  L IIAA L  I    Q  VR F   MP    L       A    Y    QN                 SC    R M     G      M   

Cheetah_PGM5             GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IL   G   S S  L IIAA L  I    Q  VR F   MP    L       A    Y    QN                 SC    R M     G      T   

Mouse_PGM5               GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IL   G   S S  L IIAA L  I    Q  VR F   MP    L       A    Y    QN                 SC    R M     G      T   

Horse_PGM5               GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IL   G   S S  L IIAA L  I    Q  VR F   MP    L       A    Y    QN                 PC    R M     G      T   

Pig_PGM5                 GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IL   G   S S  L IIAA L  I    Q  VR F   MP    L       A    Y    QN                 SC    R M     G      T   

Cattle_PGM5              GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IL   G   S S  L IIAA L  I    Q  VR F   MP    L       A    Y    QN                 SC    R M     G      T   

Atlantic_salmon_PGM1     GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A D    F        VL   G   N S  V VIAA I  I       VK  A  MP    L L     G    N    KH                 TC    QKT    L       G   

Stickleback_PGM1         GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A D    F        VL   G   N S  V VIAA I  I       VR  A  MP    L L     G    N    RN                 NT    QKT    L       G   

Zebrafish_PGM1           GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        VL   G   N S  V VI A I  I       VK  A  MP    L       G    N    KH             G   TS    QKT    L       G   

Common_carp_PGM1         GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        VL   G   N S  V VI A I  I       VK  A  MP    L       G    N    KH             G   TS    QKT    L       G   

Electric_eel_PGM1        GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IL   G   N S  V VIAA M  I       VR FA  MP    L       G    N    KH                 FC    QHM            G   

Herring_PGM1             GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IL   G   N S  V VIAA I  I       VR  A  MP    L       G    N    KH                 FC    QRT    L       G   

Asian_sea_bass_PGM1      GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IL   G   T S  V VIA  I  I       VR FA  MP    L       G    N    KH              D  FC    QHT            A   

Rainbow_trout_PGM1       GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IL   G   N S  V VIAA V  I       VR YA  MP    L       G    S    KH                 FS    QHT            A   

Brown_trout_PGM1         GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IL   G   N S  V VIAA V  I       VR YA  MP    L       G    N    KH                 FS    QHT            A   

Spotted_gar_PGM1         GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        VL   G   N S  V VIAA I  I       VR FA  MP    L       G    N    KH                 FS    QHT            G   

Pig_PGM1                 GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IL   G   N S  V VIAA I  I    Q  VR FA  MP    L       G    N    KH                 FS    Q T            G   

Cattle_PGM1              GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IL   G   N S  V VIAA I  I    Q  VR FA  MP    L       G    N    KH                 FS    Q T            G   

Horse_PGM1               GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IL   G   N S  V VIAA I  I    Q  VR FA  MP    L       G    N    KH                 FS    Q T            G   

Cheetah_PGM1             GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IL   G   N S  V VIAA I  I    Q  VR FA  MP    L       G    N    KH                 FS    Q T            G   

Crab-eating_Macaque_PGM1  GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IL   G   N S  V VIAA I  I    Q  VR FA  MP    L       G    N    KH                 FS    Q T            G   

Orangutan_PGM1           GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IL   G   N S  V VIAA I  I    Q  VR FA  MP    L       G    N    KH                 FS    Q T            G   

Rabbit_PGM1              GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IL   G   N S  V VIAA I  I    Q  VR FA  MP    L       G    N    KH                 FS    Q T            G   

Mouse_PGM1               GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IL   G   N S  V VIAA I  I    Q  VR FA  MP    L       G    N    KH                 FS    Q T            G   

Rat_PGM1                 GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IL   G   N S  V VIAA I  I    Q  VR FA  MP    L       G    N    KH                 FS    Q T            G   

Human_PGM1               GAA D DGDR M  G   FFV P DS A    N    PYF   G  G  RS  TS A DF   F        IL   G   N S  V VIAA I  I    Q  VR FA  MP    L       G    N    KH                 FS    Q T            G   

                                                            Human_PGM1              

                                                            Herring_PGM5            
 350       360       370       380       390       400      

Herring_PGM5             VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S  R  KA KV VY      RF GN M  GR S C       GS  I E        V L IM     M  A     A          S  C F       M            T        

Atlantic_salmon_PGM5     VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S  R  KA KV LY   T  RF GN M  GR SLC      T S  I E        V L MM     L  A                S  C          S           S        

Brown_trout_PGM5         VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S  R  KA KV LY   T  RF GN M  GR SLC      T S  I E        V L MM     L  A                S  C          S           S        

Rainbow_trout_PGM5       VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S  R  KA KV LY   T  RF GN M  GR SLC      T S  I E        V L IM     L  T                S  C          S           S        

Stickleback_PGM5         VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S  R  KA KL LY   T  RY GN M  GR SLC      TGS  I E        V L IM     M  A                S  C                      S        

Asian_sea_bass_PGM5      VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S  R  KA KL LY   T  RY GN M  GR SLC      TGS  I E        V L IM     M  A                S  C                      S        

Spotted_gar_PGM5         VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S  R  KA KV LY   T  KF GN M  GR SL       TGS  I E     A  A L IV     M  A                S  C  G                            

Electric_eel_PGM5        VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S  R  KA KV LY      RF GN M  GR S C      TGS  I E     A  V L VI     M  A     A          S  C F                             

Zebrafish_PGM5           VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S  R  KA KV LY   T  RF GN L  GR S C      TGS  I D        V L IM     M  A                S  C F                    S        

Common_carp_PGM5         VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S  R  KA KV LY   T  RF GS M  GR S C      TGS  I D        V L IL     M  A                S  C F                    S        

Rabbit_PGM5              VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S  R  K  KV VY      RF  N M  GR SLC      TGS  L E     A  V L II    SM  P     A     S    S  C                               

Crab-eating_Macaque_PGM5  VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S  R  K  KV VY      RF  N M  GR NLC      TGS  L E     A  V L II    SM  P     A     S    S  C                               

Human_PGM5               VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S  R  K  KV VY      RF  N M  GR NLC      TGS  L E     A  V L II    SM  P     A     S    S  C                               

Orangutan_PGM5           VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S  R  K  KV VY      RF  N M  GR NLC      TGS  L E     A  V L II    SM  P     A     S    S  C                               

Rat_PGM5                 VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S  R  K  KV VY      RF  N M  GR SLC      TGS  L E     A  V L II    SM  P     A     S    S  C                               

Cheetah_PGM5             VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S  R  K  KV VY      RF  N M  GR SLC      TGS  L E     A  V L IL    SM  P     A     S    S  C                               

Mouse_PGM5               VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S  R  K  KV VY      RF  N M  GR SLC      TGS  L E     A  V L II    SM  P     A     S    S  C                               

Horse_PGM5               VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S  R  K  KV VY      RF  N M  GR SLC      TGS  L E     A  V L II    SM  P     A     S    S  C                               

Pig_PGM5                 VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S  R  K  KV VY      RF  N M  GR SLC      TGS  L E     A  V L II    SM  P     A     S    S  C                               

Cattle_PGM5              VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S  R  K  KV VY      RF  N M  GR SLC      TGS  L E     A  V L II    SM  P     A     S    S  C                               

Atlantic_salmon_PGM1     VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S     KA KM LY   T  KF GN M  GK SLC      TGS  I E     A  A M ILN    L  N                A  L                               

Stickleback_PGM1         VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S     KA  M LY   T  KF GN M  GK SLC      TGS  I E     A  A L ILN    LQ P                A  L                               

Zebrafish_PGM1           VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S     KA KM LY   T  KF GN M  GK SLC      TGS  I E     A  A L ILN    L  P                A  L                               

Common_carp_PGM1         VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S     KA KM LF   T  KF GN M  GK SLC      TGS  I E     A  A L ILN    L  P                A  L                               

Electric_eel_PGM1        VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S     KA KI LY   T  KF GS M  GH SLC      TG   I E     A  A L ILN    T  Q                A  L           A                   

Herring_PGM1             VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S     KA KI LY   T   F GN M  GK SLC      TGS  I E     A  A L VLN    R  Q        T       D  L                               

Asian_sea_bass_PGM1      VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S  R  KA KI LY   T  KF GN M  GR SLC      TG   I E     A  A L IL     T  E                A  L           G                   

Rainbow_trout_PGM1       VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S     RA KI LY   T  KF GN M  GK SLC      TG   I E     A  A L ILN    T  E                A  L           A                   

Brown_trout_PGM1         VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S     RA KI LY   T  KF GN M  GK SLC      TG   I E     A  A L ILN    T  E                A  L           A                   

Spotted_gar_PGM1         VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S     KA KI LY   T  KF GN M   K SLC      TGS  I E     A  A L IIN    T  T                AN L                               

Pig_PGM1                 VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S  R   A KI LY   T  KF GN M   K SLC      TGS  I E     A  A L IL   N T  A                AS L                               

Cattle_PGM1              VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S  R   A KI LY   T  KF GN M   K SLC      TGS  I E     A  A L IL   N T  A                AS L                               

Horse_PGM1               VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S  R   A KI LY   T  KF GN M   K SLC      TGS  I E     A  A L IL   N T  A                AS L                               

Cheetah_PGM1             VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S  R   A KI LY   T  KF GN M   K SLC      TGS  I E     A  A L IL   N T  A                AS L                               

Crab-eating_Macaque_PGM1  VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S  R   A KI LY   T  KF GN M   K SLC      TGS  I E     A  A L IL   N T  A                AS L                               

Orangutan_PGM1           VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S  R   A KI LY   T  KF GN M   K SLC      TGS  I E     A  A L IL   N T  A                AS L                               

Rabbit_PGM1              VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S  R   A KI LY   T  KF GN M   K SLC      TGS  I E     A  A L IL   N T  A                AS L                               

Mouse_PGM1               VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S  R   A KI LY   T  KF GN M   K SLC      TGS  I E     A  A L IL   N T  A                AS L                               

Rat_PGM1                 VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S  R   A KI  Y   T  KF GN M   K SLC      TGS  I E     A  A L IL   N T  AS               AS L                               

Human_PGM1               VA        ETP GW  F  L D       GEESFG   DH R KDGLW VL W S  R   A KI LY   T  KF GN M   K SLC      TGS  I E     A  A L IL   S T  A                AS L                               

                                                            Human_PGM1              

β12 β13 η3 α10 η4 α11 β14 

α12 β15 α13 β16 β17 α14 
β12 β13 η4 β14 α10 η5 α11 β15 

α12 β16 α13 β17 β18 α14 



                                                            Herring_PGM5            
 410       420       430       440       450       460      

Herring_PGM5                         HW   GR       Y              L             F   A RKQ VEDIVRD   K   NYF RFD E ID   A  LMKD EAVI DK F  Q   VG A   G         T L     C     A  PRA FY         S  A CS K A  

Atlantic_salmon_PGM5                 HW   GR       Y              L             F   A RKQ VDEIVKD   K   NYF RFD E VD   A  LMKD E VI DK F  Q   VG A   G         A L     C     G  PRA FY      R  T  A PS K A  

Brown_trout_PGM5                     HW   GR       Y              L             F   A RKQ VDEIVKD   K   NYF RFD E VD   A  LMKD E VI DK F  Q   VG A   G         A L     C     G  PRA FY      G  T  A PS K A  

Rainbow_trout_PGM5                   HW   GR       Y              L             F   A RKQ VEEIVKD   K   NYF RFD E VD   A  LMRD E VI DK FL Q   VG V   G         A L     C     G  PRA FY      G  T  A  T K A  

Stickleback_PGM5                     HW   GR       Y              L             F   A  K  VE IVRE    F  NYF RFD E LD   A  LMRD D          Q   VG SG KA  Q      AM      C     G  PRA FY      .......... K A  

Asian_sea_bass_PGM5                  HW   GR       Y              L             F   A RKQ VE IVRE   KF  NYF RFD E LD   A  LMRD EAVI DK F  Q   VG A   G  Q      A       C     G  PRA FY         S  A TS K A  

Spotted_gar_PGM5                     HW   GR       Y              L             F   A RKQSVEEIVRE   K   NY  RFD E VD   A  MIRD EAVI DK FA Q   VG A             T L    IC     G  PRA HY         T  A  S K A  

Electric_eel_PGM5                    HW   GR       Y              L             F     RKQ VEEIVKD   KF  NYY RFD E VD   A  LMRD EAVI DK FI Q   VGSV   G         V       C     G  PRA YY         T  A  S K A  

Zebrafish_PGM5                       HW   GR       Y              L             F   A RKQ VEEIVRD   K   NYF RFD E VD   A  LMRD EAVI DK F  Q   VG V   G         A L     C     G  GKA FY         T  A TT K S  

Common_carp_PGM5                     HW   GR       Y              L             F   A RKQ VEEIVRD   K   NYF RFD E VD   A  LMRD EAVL DK F  Q   VG V   G         A M     C     G  SRA YY         T  A TT K S  

Rabbit_PGM5                          HW   GR       Y              L             F   A RKQ VEEIVRD   KY   YF RFD E LE      IMRD EALV DK FIGQ   VG A   G         A    H  C     G  PKTTYY         T  S    Q A  

Crab-eating_Macaque_PGM5              HW   GR       Y              L             F   A RKQSVEEIVRD   KF   YY RFD E LD      IMRD EALV DK FIGQ   VG A             A    H  C     G  PKTTYY         T  S    Q A  

Human_PGM5                           HW   GR       Y              L             F   A RKQSVEEIVRD   KF   YY RFD E LD      IMRD EALV DK FIGQ   VG A             A    H  C     G  PKTTYY         T  S    Q A  

Orangutan_PGM5                       HW   GR       Y              L             F   A RKQSVEEIVRD   KF   YY RFD E LD      IMRD EALV DK FIGQ   VG A             A    H  C     G  PKTTYY         T  S    Q A  

Rat_PGM5                             HW   GR       Y              L             F   A RKQSVEEIVRD   KY   YY R   E         IMRD EALV DK FIGQ   VG A             A    H  C VL  AKSPKATYY         T  S    Q A  

Cheetah_PGM5                         HW   GR       Y              L             F   A RKQSVEEIVRD   KF   YY RFD E LE      IMRD EALV DK FIGQ   VG A             A    H  C     G  PKATYY         T  S    Q A  

Mouse_PGM5                           HW   GR       Y              L             F   A RKQSVEEIVRD   KY   YY RFD E LE      IMRD EALV DK FIGQ   VG A             A    H  C     G  PKATYY         T  S    Q A  

Horse_PGM5                           HW   GR       Y              L             F   A RKQSVEEIVRD   KF   YY RFD E LE      IMRD EALV DK FIGQ   VG A             A    H  C     G  PKTTYY         T  S    Q A  

Pig_PGM5                             HW   GR       Y              L             F   A RKQSVEEIVRD   KF   YY RFD E LE      IMRD EALV DK FIGQ   VG A             A    H  C     G  PKTTYY         T  S    Q A  

Cattle_PGM5                          HW   GR       Y              L             F   A RKQSVEEIVRD   KF   YY RFD E LE      IMRD EALL DK FIGQ   VG A             A    H  C     G  PKTTYY         T  S    Q A  

Atlantic_salmon_PGM1                 HW   GR       Y              L             F   A RKQSVEEIMKD   KF  NFF RYD E VD   A  MIKE EA M DK FVGQ    G H             N       T     E  SDK NT       K F  S    K SS 

Stickleback_PGM1                     HW   GR       Y              L             F   A RKQSVEEIMKD   KF  NFF RYD E VD   A  MI D E AM D  FIG     G T             Q       T     E  SDA NK  T   T  F PS   KK SS 

Zebrafish_PGM1                       HW   GR       Y              L             F   A RKQSVEDIMKD   KF  NFF RYD E VD   A  MI      M DK FVGQ    G T             Q       T     E  SDA NK  DH QTT F  A    T TS 

Common_carp_PGM1                     HW   GR       Y              L             F   A RKQSVEDIMKD   KF  NFF RYD E VD   A  MI      M DK FLGQ    G T             Q       T     E  SDA NK  DH QTT S  A    K SS 

Electric_eel_PGM1                    HW   GR       Y              L             F   A RKQSIEEVM E    Y  NYY RYD D VD   A  LM   EVII DK FIGQ    G A         T   KT      T     N  IDA VE  LN     S  E    K TE 

Herring_PGM1                         HW   GR       Y              L             F   A R QSVEEVM E    Y  NFF RYD E VD   A  MM D EAMM DK FIGQ   MG T Q       T   QT      T     E  VLA FE  E      S  A    S S  

Asian_sea_bass_PGM1                  HW   GR       Y              L             F   A RRQSVEDILKD   KY  NYF RYD E VD   A  MM D ELMI DK FV Q   V  T             L       T     N  IDA CE  E      A  A  K R A E

Rainbow_trout_PGM1                   HW   GR       Y              L             F   A RKQSVEDIIKD    F  NFF KYD E VD   A  MM D EL I  K FMGQ   VG T             QT      T     E  LDA IQ  E    R LG A    R A  

Brown_trout_PGM1                     HW   GR       Y              L             F   A RKQSVEDIIKD    F  NFF KYD E VD   A  MM D ELMI EK FMGQ   VG T             QT      T     E  LDA IQ  E      L  A    R A  

Spotted_gar_PGM1                     HW   GR       Y              L             F   A RKQSVEDILKE   KY  NFF RYD E VD   A  MMKD EAMM DR FIGQ   VG A             Q       T     E  SDS SK         L  A    K S  

Pig_PGM1                             HW   GR       Y              L             F   A RKQSVEDILKD   KY  NFF RYD E VE   A  MMKE EALI DR FVG    VG T             Q       T     E  AEG NK         S  S   KQ P  

Cattle_PGM1                          HW   GR       Y              L             F   A RKQSVEDILKD   KY  NFF RYD E VE   A  MMKE EALI DR FVG    VG T             Q       T     E  AEG NK         S  S   KQ P  

Horse_PGM1                           HW   GR       Y              L             F   A RKQSVEDILKD   KY  NFF RYD E V    A  MMKD EALI DR FVG     G T             Q       T     E AAEG NK         T  S   KQ SE 

Cheetah_PGM1                         HW   GR       Y              L             F   A RKQSVEDILKD   KY  NFF RYD E VE   A  MMKD EALI DR FVG    VG T             Q       T     E  AEG NK         S  S   KQ P  

Crab-eating_Macaque_PGM1              HW   GR       Y              L             F   A RKQSVEDILKD   KY  NFF RYD E VE   A  MMKD EALM DR FVG    A  T             Q       T     E  AEG NK         F  S   KQ S N

Orangutan_PGM1                       HW   GR       Y              L             F   A RKQSVEDILKD   KY  NFF RYD E VE   A  MMKD EALM DR FVG    A  T             Q       T     E  AEG NK         F  S   KQ S N

Rabbit_PGM1                          HW   GR       Y              L             F   A RKQSVEDILKD   KF  NFF RYD E VE   A  MMKD EALM DR FVG    A  T             H       T     E  AEG TK         F  S   KQ S N

Mouse_PGM1                           HW   GR       Y              L             F   A RKQSVEDILKD   KF  NFF RYD E VE   A  MMKD EALM DR FVG    A  T             Q       T     E  AEG NK         L  S   KQ S N

Rat_PGM1                             HW   GR       Y              L             F   A RKQ VEDILKD   KF  NFF RYD E VE   A  MMKD EALM DR FVG    A  T   R         Q       T     E  AEG NK         L  S   KQ S N

Human_PGM1                           HW   GR       Y              L             F   A RKQSVEDILKD   KY  NFF RYD E VE   A  MMKD EALM DR FVG    A  T             Q       T     E  AEG NK         F  S   KQ S N

                                                            Human_PGM1              

                                                            Herring_PGM5            
 470       480       490       500       510       520      

Herring_PGM5               Y     D F Y D         QGL   F   SR   R         AT   Y  S   V SVEK  N E   PVDGTV R    RII SE   LIF LSGTG  VG  IRI AE FNS      A     I       A N         S           VG            

Atlantic_salmon_PGM5       Y     D F Y D         QGL   F   SR   R         AT   Y  S   V SVER  N E   PVDGTV R    RIV TD   LVF LSGSG  AG  VRI AE  NT      A     V       V N         A           GG           L

Brown_trout_PGM5           Y     D F Y D         QGL   F   SR   R         AT   Y  S   V SVER  N E   PVDGTV R    RIV TD   LVF LSGSG  AG  VRI AE  NT      A     V       V N         A           GG           L

Rainbow_trout_PGM5         Y     D F Y D         QGL   F   SR   R         AT   Y  S   V SVER  N E   PVDGTV R    RIV TD   LVF LSGSG  AG  VRI AE FTN      A     I       V N         E           GG            

Stickleback_PGM5           Y     D F Y D         QGL   F   SR   R         AT   Y  S  HV SVER  N E   PVDGTV R    RIV TD   LVF MSGSG   G  IRI AE FD       A     I       A N         A           GGT           

Asian_sea_bass_PGM5        Y     D F Y D         QGL   F   SR   R         AT   Y  S  HI SVEK  N E   PVDGTV R    RII ND   LVF MSGSG  MG  IRI AE FD       A     I       A N         A           GG            

Spotted_gar_PGM5           Y     D F Y D         QGL   F   SR   R         AT   Y  S  HV SVEK  S E   PVDGTV R    RII TD   IIF L GTGS  G  IRI AE YS       A     T       A N         G       G    .S           

Electric_eel_PGM5          Y     D F Y D         QGL   F   SR   R         AT   Y  S   V SVEK  N E   PVDGSVSR    RIV TD   IIF LSGSG  VG  IRI AE YNN      T     I         N         S           VG            

Zebrafish_PGM5             Y     D F Y D         QGL   F   SR   R         AT   Y  S   V SVEK  N E   PVDGSVSR    RII TD   IIF LSGSGS  G  VRI AE YNT      A     I         K         S            GT           

Common_carp_PGM5           Y     D F Y D         QGL   F   SR   R         AT   Y  S   I SVEK  N E   PVDGSVSR    RII TD   IIF LSGTGT  G  LRI AE YNS      A     T         K         S            GT           

Rabbit_PGM5                Y     D F Y D         QGL   F   SR   R         AT   Y  S   V SV K  S E   PVDGTVTK    RII SD   LVF LS S S V   IRL AE YSQ    A T     V         K         A        S . G R          

Crab-eating_Macaque_PGM5    Y     D F Y D         QGL   F   SR   R         AT   Y  S  HV SV K  S E   PVDGTVTK    RII SD   LIF LS S S V   LRL AE YS     A T     V         K         A        S . G R          

Human_PGM5                 Y     D F Y D         QGL   F   SR   R         AT   Y  S  HV SV K  S E   PVDGTVTK    RII SD   LIF LS S S V   LRL AE YS     A T     V         K         A        S . G R          

Orangutan_PGM5             Y     D F Y D         QGL   F   SR   R         AT   Y  S  HV SV K  S E   PVDGTVTK    RII SD   LIF LS S S V   LRL AE YS     A T     V         K         A        S . G R          

Rat_PGM5                   Y     D F Y D         QGL   F   SR   R         AT   Y  S  HI SI K  S E   PVDGTVTK    RII SD   LIF LS S S V   IRL AE YS     A T     V         K         A        S . G R          

Cheetah_PGM5               Y     D F Y D         QGL   F   SR   R         AT   Y  S  HV SV K    E   PVDGTVTK    RII SD   LIF LS S S M   IRL AE YN     A T C   V         K         A        S . G R          

Mouse_PGM5                 Y     D F Y D         QGL   F   SR   R         AT   Y  S  HI SI K  S E   PVDGTVTK    RII SD   LIF LS S S V   IRL AE YS     A T     V         K         A        S . G R          

Horse_PGM5                 Y     D F Y D         QGL   F   SR   R         AT   Y  S  HV SV K  S E   PVDGTVTK    RIV SD   LIF LS S S V   IRL AE YS     A T     V         K         A        S . G R          

Pig_PGM5                   Y     D F Y D         QGL   F   SR   R         AT   Y  S  HV SV K  S E   PVDGTVTK    RII SD   LIF LS S S V   IRL AE YS     A T     V         K         A        S . G R          

Cattle_PGM5                Y     D F Y D         QGL   F   SR   R         AT   Y  S  HV SV K  S E   PVDGTVTK    RII SD   LIF LS S S V   IRL AE YS     A T     V         K         A        S . G R          

Atlantic_salmon_PGM1       Y     D F Y D         QGL   F   SR   R         AT   Y  S  K   V    N     PVDGSVSK    RIV SD   IIF LSGTGS AG  VRL ID YD S E PVS   A T         N         G            .            

Stickleback_PGM1           Y     D F Y D         QGL   F   SR   R         AT   Y  S  K   V    N     PVDGSVSK    RMI SD   VIF LSGTGS AG  IRL ID YD T E AVS   A T         N         G            .            

Zebrafish_PGM1             Y     D F Y D         QGL   F   SR   R         AT   Y  S  K  QVEK  N E   PVDGSVSK    RII SD   IIF LSGTGS AG  IRL ID YD T     A     T         G         G            .            

Common_carp_PGM1           Y     D F Y D         QGL   F   SR   R         AT   Y  S  K  QVEK  N E   PVDGSVSK    RII SD   IIF LSGTGS AG  IRL ID YD T     A     T         G         G            .            

Electric_eel_PGM1          Y     D F Y D         QGL   F   SR   R         AT   Y  S  K  QVER  N E        VS     RII  D   IIF LSGTGS  G  IRL ID YE T     A     S XK.HI  SP       K G            .S           

Herring_PGM1               Y     D F Y D         QGL   F   SR   R         AT   Y  S  K   VEK  N E   PVDGSISR    RII SD   VIF LSGTGS  G  IHL VD YE T K   A     S         H         G            .S           

Asian_sea_bass_PGM1        Y     D F Y D         QGL   F   SR   R         AT   Y  S  KI QVEK  N E   PVD TISR    RII SD   IIY LSGTGS  G  VRI ID YD       A     T    S    N         G            .D           

Rainbow_trout_PGM1         Y     D F Y D         QGL   F   SR   R         AT   Y  S  KL QVEK  N E   PVDG I R    RII TD   IIY LSGTGS MG  VRV ID YE       A     T     R C N         G            .            

Brown_trout_PGM1           Y     D F Y D         QGL   F   SR   R         AT   Y  S  KL QVEK  N E   PVDG I R    RII TD   IIY LSGTGS MG  VRV ID YE       A     T     R C N         G            .            

Spotted_gar_PGM1           Y     D F Y D         QGL   F   SR   R         AT   Y  S  K  TVER  N E    VDGSISR    RII SD   VIF LSGTGS AG  VRL ID YD T     A     S S       N         G            .            

Pig_PGM1                   Y     D F Y D         QGL   F   SR   R         AT   Y  S  KV TVEK  N E   PVDGSISR     VI  D   IIF LSGTGS AG  IRL ID YD       I     S         N   A   A G            .            

Cattle_PGM1                Y     D F Y D         QGL   F   SR   R         AT   Y  S  KV TVEK  N E   PVDGSISR    RLL  D   IIF LSGTGS AG  IRL ID YD       I     S         N       A G            .            

Horse_PGM1                 Y     D F Y D         QGL   F   SR   R         AT   Y  S  KV TVEK  N E   PVDGSISR    RLI  D   IIF LSGTGS AG  IRL ID YD       I     S         N       A G            .            

Cheetah_PGM1               Y     D F Y D         QGL   F   SR   R         AT   Y  S  KV TVEK  N E   PVDGSISR    RLI  D   VIF LSGTGS AG  VRL ID YD       I     S         N       A G            .            

Crab-eating_Macaque_PGM1    Y     D F Y D         QGL   F   SR   R         AT   Y  S  KV TVEK  N E   PVDGSISR    RLI TD   IIF LSGTGS AG  IRL ID YD       A     S         N         G            .            

Orangutan_PGM1             Y     D F Y D         QGL   F   SR   R         AT   Y  S  KV TVEK  N E   PVDGSISR    RLI TD   IIF LSGTGS AG  IRL ID YD       A     S         N         G            .            

Rabbit_PGM1                Y     D F Y D         QGL   F   SR   R         AT   Y  S  KV TVEK  N E   PVDGSVSK    RLI  D   IIF LSGTGS AG  IRL ID YD       A     H         N       A G            .            

Mouse_PGM1                 Y     D F Y D         QGL   F   SR   R         AT   Y  S  KV TVEK  N E   PVDGSISK    RLI  D   IIF LSGTGS AG  IRL ID YD       A     S         N       A G            .            

Rat_PGM1                   Y     D F Y D         QGL   F   SR   R         AT   Y  S  KV TVEK  N E   PVDGSISK    RLI  D   IIF LSGTGS AG  IRL ID YD       A     S         N       A G            .            

Human_PGM1                 Y     D F Y D         QGL   F   SR   R         AT   Y  S  KV TVEK  N E   PVDGSISR    RLI TD   IVF LSGTGS AG  IRL ID YD       A     S         N         G            .            

                                                            Human_PGM1              

α15 β18 α16 η5 β19 

β20 β21 β22 β23 β24 β25 
α15 β19 α16 β20 

β21 β22 β23 β24 β25 β26 



                                                            Herring_PGM5            
 530       540       550       560                          

Herring_PGM5            E          Q  L  L   A   S     T    P  IT                    RD  R   EP VV  P I I LKI  I ER GR   TV                        PE HNR      G   A      D H     RG                        

Atlantic_salmon_PGM5    E          Q  L  L   A   S     T    P  IT                    RD  R   E  AV  P I I LKI  I ER GR   TV                        PE QNR T    G   A      D H     RS                        

Brown_trout_PGM5        E          Q  L  L   A   S     T    P  IT                    RD  R   E  AV  P I I LKI  I ER GR   TV                        PE QNR T    G   A      D H     RS                        

Rainbow_trout_PGM5      E          Q  L  L   A   S     T    P  IT                    RD      E  AV  P I I LKI  I ER GH   TV                        PESHNR T    G   A      D H     RG                        

Stickleback_PGM5        E          Q  L  L   A   S     T    P  IT                    RD  R   E  VV  P I I LKI NV ER GR   NV                        PE HSR T    G   A        H     RG                        

Asian_sea_bass_PGM5     E          Q  L  L   A   S     T    P  IT                    RD  R   E  VV  P I I LKL NI ER GR   NV                        PE HNR T    G   A        H     RG                        

Spotted_gar_PGM5        E          Q  L  L   A   S     T    P  IT                     D  K   E  AV  P I I LKI  I ER GR   TV                      Q PE HNR T    G   A      D H     RG                        

Electric_eel_PGM5       E          Q  L  L   A   S     T    P  IT                    RD  R   E  VV  P I I LKI  I ER  R   TV                        PE HSR T    G   A      D H   S RG                        

Zebrafish_PGM5          E          Q  L  L   A   S     T    P  IT                    RD  R   E  VV  P I I LKI NI ER GR   NI                        PE HNR T    G   A        H     RG                        

Common_carp_PGM5        E          Q  L  L   A   S     T    P  IT                    RD  R   E  VV  P I I LKI NI ER GR   SV                        PE HNR T    G   A        H     KG                        

Rabbit_PGM5             E          Q  L  L   A   S     T    P  IT                    RD      EP AV  P I I LKI QI ER GR   TV                        PSGHDQ      S   A        H     RG                        

Crab-eating_Macaque_PGM5 E          Q  L  L   A   S     T    P  IT                    RD      EP AV  P I I LKI QI ER GR   TV                        PSGHDQ      S   A        H     RG                        

Human_PGM5              E          Q  L  L   A   S     T    P  IT                    RD      EP AV  P I I LKI QI ER GR   TV                        PSGHDQ      S   A        H     RG                        

Orangutan_PGM5          E          Q  L  L   A   S     T    P  IT                    RD      EP AV  P I I LKI QI ER GR   TV                        PSGHDQ      S   A        H     RG                        

Rat_PGM5                E          Q  L  L   A   S     T    P  IT                    RD      EP AV  P I I LKI QI ER GR   TV                        PSGHDQ      S   A        H     RG                        

Cheetah_PGM5            E          Q  L  L   A   S     T    P  IT                    RD      EP AV  P I I LKI QI ER GR   TV                        PGGHDQ      S   A        H     RG                        

Mouse_PGM5              E          Q  L  L   A   S     T    P  IT                    RD      EP AV  P I I LKI QI ER GR   TV                        PSGHDQ      S   A        H     RG                        

Horse_PGM5              E          Q  L  L   A   S     T    P  IT                    RD      EP AV  P I I LKI QI ER GR   TV                        PSGHDQ      S   A        H     RG                        

Pig_PGM5                E          Q  L  L   A   S     T    P  IT                    RD      EP AV  P I I LKI QI ER GR   TV                        PSGHDQ      S   A        H     RG                        

Cattle_PGM5             E          Q  L  L   A   S     T    P  IT                    RD      EP AV  P I I LKI QI ER GR   TV                        PSGHDQ      S   A        H     RG                        

Atlantic_salmon_PGM1    E          Q  L  L   A   S     T    P  IT                    KD  K   D  VM  P V I LKI  L EK GR   TV                        PA IYG A    K   E      G H     TG                        

Stickleback_PGM1        E          Q  L  L   A   S     T    P  IT                    KD  K   DP VM  P V I LKV QL EK GR   TV                        PE IYQ      A   D        Q     TG                        

Zebrafish_PGM1          E          Q  L  L   A   S     T    P  IT                    KD  K   DP VM  P V I LKI QL EK GR   TV                        PQ IYQ      A   D        Q     AA                        

Common_carp_PGM1        E          Q  L  L   A   S     T    P  IT                    KD  K   DP VM  P V I LRI QL E  GR   TV                        PQ IYQ      A   D        Q M   TA                        

Electric_eel_PGM1       E          Q  L  L   A   S     T    P  IT                    KD  K   DP V     V I V L QL ER GR   TV                        VN IFQ    K AE  T   Q    Q     SS                        

Herring_PGM1            E          Q  L  L   A   S     T    P  IT                     D  K   D  VM  P V L LKM  L ER GR   TI                      N TG IFQ V    A   N      M Q     SG                        

Asian_sea_bass_PGM1     E          Q  L  L   A   S     T    P  IT                    KE      D  VM  P A I LKI QL  R GR   SV                        ..QIFE T    A   T        HH    SG                        

Rainbow_trout_PGM1      E          Q  L  L   A   S     T    P  IT                    KD  K   DP VM  P V V LKV QL ER GR   SV                        PD IFR      E   T        H     SG                        

Brown_trout_PGM1        E          Q  L  L   A   S     T    P  IT                    KD  K   DP VM  P V I LKV QL ER GR   SV                        PD IFR      A   T        H     SG                        

Spotted_gar_PGM1        E          Q  L  L   A   S     T    P  IT                    KD  K   DP VM  P V I LKI QL EK GR   TV                        PQ IYQ      A   T        H     TG                        

Pig_PGM1                E          Q  L  L   A   S     T    P  IT                    KD  K   DP VM  P I I LKM QL ER GR   TV                        LA IYQ      A   S        Q     TA                        

Cattle_PGM1             E          Q  L  L   A   S     T    P  IT                    KD  K   DP VM  P I I LKV QL EK GR   TV                        LA IYQ      A   S        Q     TA                        

Horse_PGM1              E          Q  L  L   A   S     T    P  IT                    KD  K   DP VM  P I I LKV  L ER GR   TV                        LA IYQ      A   S      K Q     TA                        

Cheetah_PGM1            E          Q  L  L   A   S     T    P  IT                    KD  K   DP VM  P I I LKV QL ER GR   TV                        IA IYQ      A   S        Q     TA                        

Crab-eating_Macaque_PGM1 E          Q  L  L   A   S     T    P  IT                    KD  K   DP VM  P I I LKV QL ER GR   TV                        VA INQ      A   S        Q     SA                        

Orangutan_PGM1          E          Q  L  L   A   S     T    P  IT                    KD  K   DP VM  P I I LKV QL ER GR   TV                        IA INQ      A   S        Q     TA                        

Rabbit_PGM1             E          Q  L  L   A   S     T    P  IT                    KD  K   DP VM  P I I LKV QL ER GR   TV                        NA INQ      A   S        Q     TA                        

Mouse_PGM1              E          Q  L  L   A   S     T    P  IT                    KD  K   DP VM  P I I LKV QL ER GR   TV                        VA INQ      A   S        Q     TA                        

Rat_PGM1                E          Q  L  L   A   S     T    P  IT                    KD  K   DP VM  P I I LKV QL ER GR   TV                        AA INQ      A   S        Q     TA                        

Human_PGM1              E          Q  L  L   A   S     T    P  IT                    KD  K   DP VM  P I I LKV QL ER GR   TV                        VA INQ      A   S        Q     TA                        

                                                            Human_PGM1              

η6 α17 α18 α19 β26 

α17 α18 β27 
 



The data are based on the previous study by Han et al. (https://www.biorxiv.org/content/10.1101/2020.07.15.204214v1) [3].

Identifier Sample Location
Spawning 

season lat lon
Salinity 

(ppt) rs5164711 rs5178679 rs5178707 rs5181659 rs5181660 rs5199622 rs5218152
1 A_Kalix_Baltic_Spring Kalix Spring 65,52 22,43 3 0,75 0,94 0,92 1,00 1,00 1 1
2 HGS1_Riga_Baltic_Spring Gulf of Riga Spring 58,34 24,62 5,5 0,84 0,91 0,93 1,00 1,00 1 0,98
3 HGS2_Riga_Baltic_Spring Gulf of Riga Spring 58,34 24,62 5,5 0,83 0,95 0,96 1,00 1,00 1 1
4 HGS3_Riga_Baltic_Autumn Gulf of Riga Autumn 58,1 23,92 5,5 0,65 0,73 0,75 1,00 0,97 0,75 0,84
5 HGS4_Riga_Baltic_Autumn Gulf of Riga Autumn 58,1 23,92 5,5 0,68 0,61 0,71 0,98 1,00 0,84 0,81
7 B_Vaxholm_Baltic_Spring Vaxholm Spring 59,26 18,18 6 0,71 0,84 0,92 1,00 1,00 1 1
8 PB1_Hästskär_Baltic_Spring Hästskär Spring 60,35 17,48 6 0,89 0,96 0,94 1,00 1,00 1 1
9 PB4_Hudiksvall_Baltic_Spring Hudiksvall Spring 61,45 17,3 6 0,87 0,98 1,00 1,00 1,00 0,97 1

10 PB5_Gävle_Baltic_Spring Gävle Spring 60,43 17,18 6 0,87 0,83 0,96 1,00 1,00 1 1
6 PB6_Gävle_Baltic_Summer Gävle Summer 60,43 17,18 6 0,90 0,95 0,95 1,00 1,00 1 1

11 PB7_Gävle_Baltic_Autumn Gävle Autumn 60,44 17,35 6 0,74 0,67 0,81 1,00 1,00 0,85 0,87
12 G_Gamleby_Baltic_Spring Gamleby Spring 57,5 16,27 7 0,82 0,94 0,95 1,00 1,00 1 1
13 PB11_Kalmar_Baltic_Spring Kalmar Spring 57,39 17,07 7 0,78 0,90 0,91 1,00 1,00 1 1
14 PB12_Karlskrona_Baltic_Spring Karlskrona Spring 56,1 15,33 7 0,87 0,92 0,92 1,00 1,00 1 0,97
19 HGS12_BornholmBasin_Baltic_Autumn Bornholm Basin Autumn 55,3 15,22 8 0,68 0,71 0,77 1,00 1,00 0,64 0,86
15 HGS71_Rugen_Baltic_Spring Rügen Spring 54,14 13,47 8 0,68 0,92 1,00 1,00 1,00 1 1
16 HGS72_Rugen_Baltic_Spring Rügen Spring 54,14 13,47 8 0,80 0,84 0,90 1,00 1,00 1 0,96
17 PN3_CentralBaltic_Baltic_Spring Central Baltic Spring 55,24 15,51 8 0,88 0,84 0,96 1,00 1,00 0,97 1
18 TysklandS18_Germany_Baltic Ariadnegrund Spring 54,22 13,58 8 0,76 0,97 0,98 1,00 1,00 1 1
21 HGS5_Schlei_Baltic_Autumn Schlei Autumn 54,6 9,76 9 0,69 1,00 1,00 1,00 0,96 1 1
20 HGS6_Schlei_Baltic_Spring Schlei Spring 54,6 9,76 9 0,67 0,74 0,80 1,00 0,97 0,93 0,89
23 HGS11_RingkobingFjord_NorthSea_Spring Ringkobing Fjord Spring 56,02 8,19 12 0,83 0,81 0,83 1,00 1,00 0,96 0,95
22 H_Fehmarn_Baltic_Autumn Fehmarn Autumn 54,5 11,3 12 0,62 0,77 0,80 0,98 0,98 0,66 0,79
24 HGS24_Landvik_Atlantic_Spring Landvik Spring 58,32 8,5 15 0,39 0,32 0,53 0,96 0,98 0,58 0,57
25 LandvikS17_Atlantic_Spring Landvik Spring 58,32 8,5 15 0,26 0,22 0,37 1,00 0,84 0,43 0,52
26 J_Traslovslage_Baltic_Spring Träslövsläge Spring 57,03 12,11 20 0,70 0,77 0,78 1,00 0,97 0,66 0,92
27 PB9_Kattegat_Atlantic_Spring Kattegat, Björköfjorden Spring 57,43 11,42 23 0,62 0,57 0,64 0,94 0,98 0,5 0,51
29 HGS8_KattegatNorth_Atlantic_Spring Kattegat North Spring 57,4 11,4 25 0,23 0,13 0,26 1,00 0,90 0,11 0,07

Frequency of of PGM5 SNP
Frequency of non-PGM5 

SNP

Table S1: List of localities for herring samples included in this study. Spawning season, latitude (lat), longitude (lon), salinity and allele frequecy differences at SNPs in the vicinity of 
the PGM Ala330Val mutation  (rs5164711).



28 O_Hamburgsund_Atlantic_Spring Hamburgsund Spring 58,3 11,13 25 0,34 0,16 0,33 0,96 0,98 0,14 0,09
30 PB10_Skagerrak_Atlantic_Spring Skagerrak, Brofjorden Spring 58,19 11,21 25 0,23 0,12 0,35 1,00 1,00 0,15 0,26
31 HGS25_Lindas_Atlantic_Spring Lindås Spring 60,73 5,13 28 0,12 0,02 0,27 1,00 0,98 0,03 0,04
32 HGS26_Lusterfjorden_Atlantic_Spring Lusterfjorden Spring 61,48 7,58 32 0,15 0,00 0,33 1,00 0,97 0 0
34 HGS17_IsleOfMan_IrishSea_Autumn Douglas Bank, Isle of Man Autumn 54,06 -4,37 33 0,07 0,00 0,30 0,98 1,00 0 0,03
33 HGS23_Clyde_Atlantic_Spring Ballantrae, Clyde Spring 55,14 -5,04 33 0,03 0,02 0,24 1,00 0,97 0 0,04
35 HGS19_TeelinBay_Atlantic_Winter Teelin Bay Winter 54,63 -8,63 34 0,04 0,00 0,32 0,98 0,98 0 0
48 DalBoB_Atlantic_Autumn Bonavista Bay Autumn 48,49 -53,2 35 0,15 0,00 0,30 0,95 1,00 0 0
38 DalFB_Atlantic_Spring Fortune Bay Mixed 47,17 -55,38 35 0,11 0,00 0,34 0,71 0,98 0 NA
49 DalGeB_Atlantic_Autumn German Banks Autumn 43,16 -66,18 35 0,07 0,04 0,20 0,98 0,93 0 0
39 DalInB_Atlantic_Spring Inner Baie Des Chaleurs Spring 48 -65,51 35 0,13 0,00 0,43 0,96 1,00 0 0
50 DalNsF_Atlantic_Autumn Northumberland Strait Autumn 45,44 -62,36 35 0,16 0,00 0,29 1,00 1,00 0 0
40 DalNsS_Atlantic_Spring Northumberland Strait Spring 46,19 -64,09 35 0,07 0,00 0,26 0,93 0,98 0 0
36 HGS10_Downs_EnglishChannel_Winter Downs Winter 51,34 1,9 35 0,15 0,02 0,26 0,96 0,98 0 0,03
41 HGS15_NSSH_Atlantic_Spring Norway Spring 67,46 9,47 35 0,10 0,00 0,31 0,92 1,00 0 0
51 HGS16_Orkney_NorthSea_Autumn Orkney Autumn 59 -2 35 0,07 0,00 0,16 1,00 0,97 0 0
47 HGS18_CelticSea_Atlantic_AutumnWinter Celtic Sea Winter 51,59 -6,51 35 0,08 0,07 0,17 0,98 1,00 0 0
42 HGS20_CapeWrath_Atlantic_Spring Isle of Skye Spring 57,41 -6,13 35 0,08 0,00 0,23 0,98 0,98 0 0
46 HGS21_Hebrides_Atlantic_Mixed West of Hebrides Mixed 58,17 -7,23 35 0,10 0,00 0,18 1,00 0,95 0 0
52 HGS22_CapeWrath_Atlantic_Autumn Cape Wrath Autumn 58,61 -4,37 35 0,08 0,00 0,25 0,87 0,91 0 0
43 HGS27_Gloppen_Atlantic_Spring Gloppen Spring 61,77 6,16 35 0,13 0,03 0,27 1,00 1,00 0 0
37 HGS9_Greenland_Atlantic_Spring Greenland Summer 60,78 -47,15 35 0,13 0,00 0,03 0,93 0,98 0 0
53 N_NorthSea_Atlantic_Autumn North Sea Autumn 58,06 6,1 35 0,03 0,00 0,25 0,98 1,00 0 0
45 PB2_Iceland_Atlantic_Spring Iceland, Höfn Spring 65,49 -12,58 35 0,11 0,00 0,42 0,89 0,93 0 0

P PB8_Pacific_Pacific_Spring Vancouver, Strait of Georgia Spring NA NA 35 0,00 0,00 0,00 1,00 0,96 0 0
44 Q_Norway_Atlantic_Atlantic_Spring Norway Spring 64,52 10,15 35 0,16 0,00 0,24 0,95 0,98 0 0



  

Table S2: Sequences of transcripts for PGM5 predicted from ENSEMBL-provided 

annotation of the herring genome 

>ENSCHAT00000060054 MCKRYSAFDEYDYRHPLRGTSFHQLTTTPFDDQKPGTNGLRKKTTVFESKKN

YLQNYIQSVLSSIDLRDRQGCTMVVGSDGRYFSRTAIEVIVQMAAANGIGRL

VIGHNGILSTPAVSCIIRKIKAIGGIILTASRNPGGPNGDFGIKFNVANGGP

APDTVIDKIHQVSRTLEEYAICPDMRIDLSRLGRQDFDLENKFKPFRVEIVD

SVEVYLNLLRGIFDFNAIKGLLTGPDQLKMRVDAMSGVMGPYVRRILCDELG

APANSAVNCVPLEDFGGHYPDPNLTYATGLVDAMKGGEFGFGAAFDADGDRC

MILGQNAFFVNPSDSLAVVAANLSCIPYFRQVGVRGFARSMPTSTAIDRVAK

AMKVAVYETPAGWRFFGNLMDSGRCSFCGEESFGMGSDHIREKDGLWTVLVW

LSIMAARKQGVEDIVRDHWTKLGRNYFCRFDYEAIDPRAAFYLMKDLEAVIS

DKAFCSQKFAVGNSVYSVEKADNFEYIDPVDGTVARNQGLRIIFSESSRLIF

RLSGTGVGVGATIRIYAESFERDPERHNREPQVVLGPLIAIALKISDIHERT

GRRGPTVIT 

>ENSCHAT00000060060 YEVYREFLSATIAKTNPIPVVTVQTTPFDDQKPGTNGLRKKTTVFESKKNYL

QNYIQSVLSSIDLRDRQGCTMVVGSDGRYFSRTAIEVIVQMAAANGIGRLVI

GHNGILSTPAVSCIIRKIKAIGGIILTASRNPGGPNGDFGIKFNVANGGPAP

DTVIDKIHQVSRTLEEYAICPDMRIDLSRLGRQDFDLENKFKPFRVEIVDSV

EVYLNLLRGIFDFNAIKGLLTGPDQLKMRVDAMSGVMGPYVRRILCDELGAP

ANSAVNCVPLEDFGGHYPDPNLTYATGLVDAMKGGEFGFGAAFDADGDRCMI

LGQNAFFVNPSDSLAVVAANLSCIPYFRQVGVRGFARSMPTSTAIDRVAKAM

KVAVYETPAGWRFFGNLMDSGRCSFCGEESFGMGSDHIREKDGLWTVLVWLS

IMAARKQGVEDIVRDHWTKLGRNYFCRFDYEAIDPRAAFYLMKDLEAVISDK

AFCSQKFAVGNSVYSVEKADNFEYIDPVDGTVARNQGLRIIFSESSRLIFRL

SGTGVGVGATIRIYAESFERDPERHNREPQVVLGPLIAIALKISDIHERTGR

RGPTVIT 

>ENSCHAT00000060079 METNPIPVVTVQTTPFDDQKPGTNGLRKKTTVFESKKNYLQNYIQSVLSSID

LRDRQGCTMVVGSDGRYFSRTAIEVIVQMAAANGIGRLVIGHNGILSTPAVS

CIIRKIKAIGGIILTASRNPGGPNGDFGIKFNVANGGPAPDTVIDKIHQVSR

TLEEYAICPDMRIDLSRLGRQDFDLENKFKPFRVEIVDSVEVYLNLLRGIFD

FNAIKGLLTGPDQLKMRVDAMSGVMGPYVRRILCDELGAPANSAVNCVPLED

FGGHYPDPNLTYATGLVDAMKGGEFGFGAAFDADGDRCMILGQNAFFVNPSD

SLAVVAANLSCIPYFRQVGVRGFARSMPTSTAIDRVAKAMKVAVYETPAGWR

FFGNLMDSGRCSFCGEESFGMGSDHIREKDGLWTVLVWLSIMAARKQGVEDI

VRDHWTKLGRNYFCRFDYEAIDPRAAFYLMKDLEAVISDKAFCSQKFAVGNS

VYSVEKADNFEYIDPVDGTVARNQGLRIIFSESSRLIFRLSGTGVGVGATIR

IYAESFERDPERHNREPQVVLGPLIAIALKISDIHERTGRRGPTRRAFTKCR

VLFFSFFYYYCYYFNISRHH 

>ENSCHAT00000060097 METNPIPVVTVQTTPFDDQKPGTNGLRKKTTVFESKKNYLQNYIQSVLSSID

LRDRQGCTMVVGSDGRYFSRTAIEVIVQMAAANGIGRLVIGHNGILSTPAVS



  

CIIRKIKAIGGIILTASRNPGGPNGDFGIKFNVANGGPAPDTVIDKIHQVSR

TLEEYAICPDMRIDLSRLGRQDFDLENKFKPFRVEIVDSVEVYLNLLRGIFD

FNAIKGLLTGPDQLKMRVDAMSGVMGPYVRRILCDELGAPANSAVNCVPLED

FGGHYPDPNLTYATGLVDAMKGGEFGFGAAFDADGDRCMILGQNAFFVNPSD

SLAVVAANLSCIPYFRQVGVRGFARSMPTSTAIDRVAKAMKVAVYETPAGWR

FFGNLMDSGRCSFCGEESFGMGSDHIREKDGLWTVLVWLSIMAARKQGVEDI

VRDHWTKLGRNYFCRFDYEAIDPRAAFYLMKDLEAVISDKAFCSQKFAVGNS

VYSVEKADNFEYIDPVDGTVARNQGLRIIFSESSRLIFRLSGTGVGVGATIR

IYAESFERDPERHNREPQVQDTTLTLGLSSSFSSSSSASFSSSFVHTASPDY

FAQMSESKTTQFMN 

 

 

 

 

 



  

Table S3: Sequences of aPGM5 and bPGM5 used in this manuscript 
>pNIC28-Bsa4_aPGM5_Ala330_Atlantic_aa >pNIC28-Bsa4_bPGM5_Val330_Baltic_aa 

MHHHHHHSSGVDLGTENLYFQâS 

METNPIPVVTVQTTPFDDQKPGTNGLRKKTTVFES

KKNYLQNYIQSVLSSIDLRDRQGCTMVVGSDGRYF

SRTAIEVIVQMAAANGIGRLVIGHNGILSTPAVSC

IIRKIKAIGGIILTASRNPGGPNGDFGIKFNVANG

GPAPDTVIDKIHQVSRTLEEYAICPDMRIDLSRLG

RQDFDLENKFKPFRVEIVDSVEVYLNLLRGIFDFN

AIKGLLTGPDQLKMRVDAMSGVMGPYVRRILCDEL

GAPANSAVNCVPLEDFGGHYPDPNLTYATGLVDAM

KGGEFGFGAAFDADGDRCMILGQNAFFVNPSDSLA

VVAANLSCIPYFRQAGVRGFARSMPTSTAIDRVAK
AMKVAVYETPAGWRFFGNLMDSGRCSFCGEESFGM

GSDHIREKDGLWTVLVWLSIMAARKQGVEDIVRDH

WTKLGRNYFCRFDYEAIDPRAAFYLMKDLEAVISD

KAFCSQKFAVGNSVYSVEKADNFEYIDPVDGTVAR

NQGLRIIFSESSRLIFRLSGTGVGVGATIRIYAES

FERDPERHNREPQVVLGPLIAIALKISDIHERTGR

RGPTVIT* 
 

MHHHHHHSSGVDLGTENLYFQâS 

METNPIPVVTVQTTPFDDQKPGTNGLRKKTTVFES

KKNYLQNYIQSVLSSIDLRDRQGCTMVVGSDGRYF

SRTAIEVIVQMAAANGIGRLVIGHNGILSTPAVSC

IIRKIKAIGGIILTASRNPGGPNGDFGIKFNVANG

GPAPDTVIDKIHQVSRTLEEYAICPDMRIDLSRLG

RQDFDLENKFKPFRVEIVDSVEVYLNLLRGIFDFN

AIKGLLTGPDQLKMRVDAMSGVMGPYVRRILCDEL

GAPANSAVNCVPLEDFGGHYPDPNLTYATGLVDAM

KGGEFGFGAAFDADGDRCMILGQNAFFVNPSDSLA

VVAANLSCIPYFRQVGVRGFARSMPTSTAIDRVAK
AMKVAVYETPAGWRFFGNLMDSGRCSFCGEESFGM

GSDHIREKDGLWTVLVWLSIMAARKQGVEDIVRDH

WTKLGRNYFCRFDYEAIDPRAAFYLMKDLEAVISD

KAFCSQKFAVGNSVYSVEKADNFEYIDPVDGTVAR

NQGLRIIFSESSRLIFRLSGTGVGVGATIRIYAES

FERDPERHNREPQVVLGPLIAIALKISDIHERTGR

RGPTVIT* 

 

 

 



  

Table S4: RMSD values from pairwise structure comparison using PDBeFOLD [4]. hsPGM1-2 = 

human PGM1 isoform 2. 

Structure PDB 

code 

Chain aPGM5 apo 

6Y8X, Chain A 

RMSD (Å) (aligned 

Ca atoms) 

bPGM5 apo 

6Y8Z, Chain A 

RMSD (Å) (aligned 

Ca atoms) 

bPGM5 + G-1-P 

6Y8Y, Chain A 

RMSD (Å) (aligned 

Ca atoms) 

aPGM5 apo 6Y8X A 0 0.641 (545) 0.610 (547) 

bPGM5 apo 6Y8Z A 0.641 (545) 0 0.267 (567) 

bPGM5 + G-1-P 6Y8Y A 0.610 (547) 0.267 (567) 0 

hsPGM1 apo 5EPC A 1.872 (532) 1.538 (540) 1.656 (540) 

hsPGM1 apo 5EPC B 1.663 (529) 1.362 (539) 1.473 (536) 

hsPGM1 + G-6-P 6BJ0 A 1.789 (533) 1.464 (540) 1.591 (542) 

hsPGM1 + G-6-P 6BJ0 B 1.721 (534) 1.378 (540) 1.508 (544) 

ocPGM1 apo 3PMG A 1.582 (481) 1.893 (527) 1.654 (505)  

ocPGM1 apo 3PMG B 1.899 (538) 1.514 (543) 1.645 (545) 

ptPGM + sulfate 1KFI A 1.187 (522) 1.169 (531) 1.181 (534) 

ptPGM + sulfate 1KFI B 1.748 (520) 1.493 (525) 1.634 (530) 

ptPGM apo  1KFQ A 1.845 (467) 1.911 (493) 1.891 (484) 

ptPGM apo  1KFQ B 1.716 (477) 1.831 (503) 1.872 (499) 

hsPGM1-2 apo 6SNP A 1.304 (530) 1.064 (539) 1.139 (537) 

hsPGM1-2 + G-1-P 6SNO A 1.307 (534) 1.000 (540) 1.074 (544) 

hsPGM1-2 + G-6-P 6SNQ A 1.366 (523) 1.109 (539) 1.188 (539) 

ocPGM1  

+ G-1-P-6-V * 

1C4G A 1.100 (465) 1.285 (491) 1.284 (487) 

ocPGM1  

+ G-1-P-6-V * 

1C4G B 1.960 (517) 1.664 (534) 1.802 (536) 

ocPGM1  

+ G-1,6-BP * 

1C47 A 1.542 (495) 1.733 (530) 1.550 (511) 

ocPGM1  

+ G-1,6-BP * 

1C47 B 1.932 (529) 1.593 (533) 1.706 (533) 

* Structures have serious errors in placement of domain 4. 



  

Table S5: Details of sequences included in Figure S8. The query coverage was 98-100%.  

Species 

common 

name 

Species latin 

name  

PGM1 from species PGM5 from species 

  Accession 

code 

UniProt 

or 

GenBank 

Sequence 

identity 

to 

bPGM5 

(%) 

Sequence 

identity 

to 

hsPGM1 

(%) 

Accession 

code 

UniProt 

or 

GenBank 

Sequence 

identity 

to 

bPGM5 

(%) 

Sequence 

identity 

to 

hsPGM1 

(%) 

Herring 

(baltic) 

Clupea 

harengus 

(membras) 

XP_01267

3001.1 

67.7 76.3 XP_01267

6095.1 

100 67.6 

Zebrafish Danio rerio F1QF00 64.1 82.0 B0R0B3 86.2 66.4 

Stickleback Gasterosteus 

aculeatus 

G3NVH9 63.0 79.9 G3NVP3 82.7 63.4 

Spotted gar Lepisosteus 

oculatus 

XP_00663

4913.2 

70.7 83.8 W5MSS7 85.4 70.4 

Common 

carp 

Cyprinus 

carpio 

XP_01895

0613.1 

65.1 81.1 XP_01897

7408.1 

85.4 65.8 

Atlantic 

salmon 

Salmo salar B5DG72 62.9 77.9 A0A1S3P

FY1 

85.71 64.8 

Rainbow 

trout 

Oncorhynchus 

mykiss 

XP_02146

8451.1 

68.3 75.2 XP_02147

7693.1 

85.2 64.2 

Electric eel Electrophorus 

electricus 

XP_02685

4191.1 

66.8 74.2 XP_02687

0188.1 

87.3 66.7 

Brown 

trout 

Salmo trutta XP_02955

9985.1 

68.3 75.9 XP_02957

2366.1 

85.5 65.6 

Asian sea 

bass / 

barramundi 

Lates 

calcarifer 

XP_01853

2842.1 

68.8 76.3 XP_01852

5124.1 

86.8 65.1 

Human Homo sapiens P36871 67.6 100 Q15124 78.7 65.1 

Rabbit Oryctolagus 

cuniculus 

P00949 68.3 97.0 G1T6S2 79.23 65.8 

Mouse Mus musculus Q9D0F9 68.2 97.3 Q8BZF8 78.9 65.1 



  

Sumatran 

Orangutan 

Pongo abelii K7EU15 67.8 99.3 A0A2J8X

HD5 

78.5 65.1 

Crab-eating 

Macaque 

Macaca 

fascicularis 

Q4R5E4 67.8 98.8 A0A2K5V

RN8 

78.5 65.0 

Horse Equus caballus F6X8Q2 68.3 96.4 F7DQ57 78.7 65.3 

Cheetah Acinonyx 

jubatus 

XP_02691

4801.1 

68.9 96.1 XP_02689

6886.1 

79.2 65.5 

Pig Sus scrofa F1S814 68.3 96.1 F1SJE6 79.1 65.3 

Cattle Bos taurus Q08DP0 68.2 96.1 A6QNJ7 78.9 65.1 

Rat Rates 

norvegicus 

P38652 68.0 96.6 D3ZVR9 78.4 64.6 

Ciliate 

PGM 

Paramecium 

tetraurelia 

P47244 47.0 50.5    

Human 

(isoform 2) 

Homo sapiens P36871-2  69.7 93.1    
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