
HMPV_L   
                           1         10        20        30 

HMPV_L                                                 L                                                    V  PD      I       I ...........................MDP.LNE.STVN YL  SY KGV SFSETNA G
RSV_L                                                  L                                                    V   D      I       L ...........................MDPIING.NSAN YLT SY KGV SFSECNA G
hPIV3_L                                                  L                                                    I  PE    SPIV      L MI.INQQS.DNRQKGNIKNLGAKRARNMDTESNNGTVSD LY  CH N    KGRIAQ H
MUMPS_L                                                L                                                    I  PE    SPIV        .................................MAGLNE LL  VH N    RYKLFYYI
MEASLES_L                                                L                                                    I  PE    SPIV      I ...............................MDSLSVNQ LY  VH D    TNKIVA L
NIPAH_L                                                 L                                                    I  PE    SPIV      A ..............................MADELSISD IY  CH D    SGKLIS I
EBOLA_L                                                L                                                       PD    SPIV      V ..................................MATQHTQY  AR S    LDQCDL T
MARBURG_L                                               L                                                       PD    SPII      L ...................................MQHPTQY  AR S    LDQCDL A
VSV_L                                                  L                                                    L   D    SPLI      L .MEVHDFETDEFNDFNEDDYATREFLNPDERMT.....Y NHA YN N    SDDIDN I
RABIES_L                                               L                                                    L   D    SPLI      M MLDPGEVYDDPIDPVESD....AEPRGAPSVPN.....I RNS YN N    EDPVRL L

.                         ..... ...              ...........              HMPV_L   
        40        50                60        70            

HMPV_L       L       D          V             LK        I            .SCL KRPYLKN NTAKVAIENP IE.....H...VR  NAVNSKMK S...........
RSV_L                D          L             LK        M            .SYIFNGPYLKN YTNLISRQNP IE.....H...IN  KLNITQSL SKY.......HK
hPIV3_L        L       D          I             IR        L            TIMS PQPYDMD DSILVITRQK RLNKLDKRQRS..  ...RLKLI TEK....VSDLG
MUMPS_L      L       D          A             LK        A            LHGQ PNDLEPD LGPLANQNWK IR..SEESQVHAR  QI.RVELI RIPSLRWTRSQR
MEASLES_L      V       D          L             I         I            EYAR PHAYSLE PTLCQNIKHR KN..GFSNQMI.. NNV.EVGNV KSK....LRSYP
NIPAH_L       L       D          L             LR        I            EYAQ RHNQPSD KRLSENIRLN HG..KRKSLYI..  QS.KQGDY RNN....IKNLK
EBOLA_L      L                  L             LK        L            RACG YSSYSLNPQ......... RNCKLPKH..IYR  YDVTVTKF SD.....VPVAT
MARBURG_L     L                  L             LR        L            RSLG YSHYSHNPK......... RNCRIPHH..IYR  NSTALKTF QN.....CSILT
VSV_L                D                                  L            RKFNSLPIPSMW S.....KNWDGV...................LEM T...........
RABIES_L                        V                                    EWLKTGNRPCRMTLTDNCSRSYK L...................KDYFK...........

HMPV_L   
        80        90                      100       110     

HMPV_L          P                                           IS       .DYKVVE VNMQHEIMKNVHS...............CELTLLKQFLTRSKN  TLKLN..
RSV_L           P     L                                     IS       GEIKIEE TYFQS LMTYKSMTSL.........EQITTTNLLKKIIRRAIE  DVKVY..
hPIV3_L           P     M                                     MT       KYTFIRY EMSKE F............KLHIPGINSKVTELLLKADRTYSQ  DGLRDLW
MUMPS_L         P     L                                     IS       EIAILIW RILPI Q............AYDLRQSMQLPTVWEKLTQSTVNL  DGLERVV
MEASLES_L         P     L                                     VS       AHSHIPY NCNQD F............NIEDKESTRKIRELLKKGNSLYSK  DKVFQCL
NIPAH_L          P     L                                     IS       EFMHIAY ECNNI F............SITSQGMTSKLDNIMKKSFKAYNI  KKVIGML
EBOLA_L         P     L                                              LPIDFIV VLLKA S..GNGFCPVEPRCQQFLDEIIKYTMQDALFLKYYLKNVGAQEDC.
MARBURG_L              I                                              VPFHSIWDHILTS Q..YDAINHVDDFKYLLPSELVKYANWDNEFLKAYLNKILGLDHV.
VSV_L                                                       IS       ...........................................SCQA..NP  TSQMHK.
RABIES_L                                                    V        ...........................................KVDLDSLK GGTAAQS.

.                                                           HMPV_L   
     120                                                    

HMPV_L     I   L                                                     .M CDW QLKS.............................................TSD.
RSV_L      I   L                                                     .A LNK GLKEKDKIKSNNGQDEDN..SVITTIIKDDILLAVKDNQSHLKAVKNHSTKQK
hPIV3_L      V   L                                                     IN LSK AS......KNDGSNY....................................DL
MUMPS_L    I   L                                                     LH SNQ TGKPNLFTRSRAGQD....................................AK
MEASLES_L        L                                                     RDTNSR GL......GSEL........................................R
NIPAH_L     I   L                                                     QN TRN IT......QDRRDEI....................................IN
EBOLA_L  .............VDEHFQEK.......................................
MARBURG_L .............FSASARSQC......................................
VSV_L      M   L                                                     .W GSW MSDNHDASQGYSFLHEVDKEAEITFDVVE.TFI.........RGWGNKPI...
RABIES_L   I   L                                                     .M SLW YGAHSESNRSRRCITDLAHFYSKSSPIEK.LLN.........CTLGNRGLK..

         TT                                           .   ..HMPV_L   
    130         140                     150       160       

HMPV_L                       W                 W      L  L           D...TSI..LSFIDVEFIPS ..............VSN FSNWYN NK ILEFR.REE..
RSV_L                        W                 W  L   L  I           DTIKTTLLKKLMCSMQHPPS ..............LIH FN YTK NN LTQYR.SSE..
hPIV3_L                        W                 W  I   M  L           NEEINNISKVHTT..YKLDK YN...........PFKT FT KYD RR QKARN.EVT..
MUMPS_L                      W                 W  I   M  L           DSSIPSTRELSQI..WFNNE SG...........SVKT LM KYR RQ ITNQK.TGE..
MEASLES_L                      W                 W  V   M  V           EDIKEKVINLGVY..MHSSQ FE...........PFLF FT KTE RS IKSQT.HTC..
NIPAH_L                       W                 W  I   M  V           IHECRRLGDLGKN..MSQSK YE...........CFLF FT KTE RA IKNSQ.KPK..
EBOLA_L                      F                 W  L                  .........ILSS..IQGNE LH...........QMFF YD AILTRRGRLNRG.NSRST
MARBURG_L                     Y                    L   A  I           .........EDFS..PKENP YW...........GMLLLVH SQL RR KGQRG.SLRSN
VSV_L                        W                    L   L  V           .............EYIKKER TDSFK.ILAYLCQKFLDLHK TLI NA SEVELLNLART
RABIES_L                     Y                 F  I   M  L           ......IPPEGVLSCLEKVD DKAFGRYLANTYSSYLF HV ILY NA DRDEEKTILAL

......         ..   TT    ........                  ........HMPV_L   
         170         180                        190         

HMPV_L                L                    V                         ......VIRTGSI C..RSLGKLVFI........ .........SSYGCIVK........
RSV_L                 L                    L                         ......VKNHGFI IDNHTLNGFQFI........ .........NQYGCIVY........
hPIV3_L                                      I                         .......FNMGKDY.........NLLEDQKNLLL ........HPELVLILD........
MUMPS_L               V                    I                         .......LT..DL .........TIVDTRSTLCI ........TPELVALYS........
MEASLES_L                                    I                         .......HRRRHTP.........VFFTGSSVELL ........SRDLVAIIS........
NIPAH_L                I                    L                         .......FRSDSC .........IHMRDKSTEII ........NPNLICIFKS.......
EBOLA_L               I                    L                         ......WFVHDDL .DILGYGDYVFWKIPISMLP NTQGI...PHAAMDWYQASVFKEAV
MARBURG_L              L                                              ......WKFIGTD .ELFGIADFVIFKVPVKTIIRNAVSLQASKPGLRIWYRDQNLTPYL
VSV_L                 I                                              FKGKVRRSSHGTN .........CRIRVPSLGPTFISE..........GWAY........
RABIES_L              L                    I                         WK.DLTSVDIGKD .........VKFKDQIWGLL VTK..........DFVY........

β1 α1 

α2  α3 

 α5  α6 

α7 

β2 β3 β4 

                                                            

   

                                                            

 

α4



                                                            HMPV_L   
      200       210       220       230       240       250 

HMPV_L                           R                                             T   LL   DVM    N                  G            LYSNKSKRVSFF YNQ  TWK   LS F ANFCIWVSNSLNENQEGL LRSNLQGMLTNK  
RSV_L                            R                                             T    L    I     N                  G         L  LFHKELKRITVT YNQF TWKN SLS L VCLITWISNCLNTLNKSL LRCGFNNVI TQ  
hPIV3_L                            R                                             T   VLM  DVI    N                               LW.KQNYNGYLI PEL   YC   EG W ISACAKLDPKL......QS.....MYQKGNN  
MUMPS_L                          R                                             T   VLM  DML    N                  P         I  L .NEHKALTYL FEM   VT   EG L VSSLCTASHYL......S .....LKKR EI L
MEASLES_L                          R                                             T   VLM  DVI                                 V  MW.KESQHVYYL FEL   YC   EG LMTETAMTIDARY......TE.....LLGR RY  
NIPAH_L                           R                                             T   VLM  DVL                       P            LWDKTGKKCYYL PEM   YC   EG MMMETTVKSDIKY......Q .....LISRSNA  
EBOLA_L                          R                                             T   LIM  DLI    N                  P         V  LYQGHTHIVSVS ADV   CK   TC F TTLISKIAEIEDPVCSDY .....NFKI SM  
MARBURG_L                         R                                             S    IM  DV     N                  P         L  LYCDDEFIVSVA YECF  IK  FIE Y TWEICARAWLEDSDGADY .....PLDV GE  
VSV_L                            R                                                 LLM  DVI    Q                            L  IY..FKKLDILMDRNF   VK   IG M TVLSMVCRI........DNLFSEQDIFS LN  
RABIES_L                         R                                                  LM  DL     N                  P         L  LY..SQSSNCLFDRNYT  LK  FLS F SLMILLSPP........E LYSDDLIAQ CQ  

                                       ...                  HMPV_L   
      260       270       280           290       300       

HMPV_L      D                 E                       F                   ML L  N  F LV    G  M  I                  N L   L   L  ETV Y  S CC EG S  KEF  FI SE LRITE.HAQF...STR R T LNG TDQ TK
RSV_L       D                 E                       F                   IL L  N  F II  V G  M  I             R    N M   I   A  LYG C  K FH EG Y  KE   FI SL LNITE.EDQF... KR Y S LNN TDA NK
hPIV3_L       D                 E                       F                   L  I G   F VI  L P  L  I             RG   N V   M      EVI K FP M EKT D  LL   LA SL QTHDP.VKQL...  A L H LSE ELIFES
MUMPS_L     D                 E                       F                   LA L G   Y VV  L       L             KG     I   I   L  TLV D  L M DKV G  SS  SFVYAQ QYGDP.VVDI...  T YGF CNE LDL TE
MEASLES_L     D                 E                       F                      A GN  Y IV  L P  L  L             RG   N     I   L  KLI GFFP L  PT Q  AM   LS AY QLRDI.TVEL...  A L HCFTE HDV DQ
NIPAH_L      D                 E                       F                   L  V GN  Y IV  I P  L  L             RG         M   L  GLI P FP M  RI N  SM   LV AL QLKDE.ARIL...  A LHHCIKE HQE SE
EBOLA_L     D                 E                       F                   LL I GS  Y II  L P  L  I             KG   T M   V   L  QSG Y  S L  DG K  KF   LC AK QLCSK.YTER...  R L Q HLA NHT EE
MARBURG_L    D                 E                       F                   II M     F LI  L P  V  I             K    S M       L  NQG Q  A YLEDG K  KH   LC SC QTHGI.FTPR... YW Q Q IKSYYDE HD
VSV_L       D                 E                       F                   IV   GN  Y LI  V P     L              P   N I       V  RIG K  ERQ  FS D  KM   ICNLK MKLARESRPLVPQF H E H KT....S DE
RABIES_L    D                 E                       F                   VL M GN  Y VI  L P  V  L              G     I       V  IAG Q  S C  SG E  KI   YV NS VRRAEKFRPLIHSL D PVF KD....K SQ

              TT                   .                        HMPV_L   
310       320         330       340        350       360    

HMPV_L                                     L     L    NL    ELY  FR FLKNKNRLRVHSTVLENN..DYPMYEVVLKLLGDT .RCIK LINK  ENAA   YI  I 
RSV_L                                     FL     L    NL    ELY  FR FAQKNLLSRVCHTLLDKTVSDNIINGRWIILLSK  .KLIK AGDN  NNLS   FL  I 
hPIV3_L                                     YI     I    TI    EIF  FR FRESIKEFL......................SVD  DKILD FDKS  DEIA   SF  T 
MUMPS_L                                    L          S     EL    R WDNIFTEEE......................ANKV LDLTSQFDNL PDLTA  LCIM L 
MEASLES_L                                          I     I    EIF  FR FNGFSDEGT......................YHELTEALDY FITDD HLTG   SF  S 
NIPAH_L                                    FI     I    NI    E F  FR FCGFTDQKI......................RSM  DDLLS LNID  HLLA F SF  T 
EBOLA_L                                   F      I    T     ELF   K WITEMRALKPSQA................QKIRE HR..TL RLEM PQQLC   SIQ H 
MARBURG_L                                  FI     V    T     ELF   K WLNLKLQISDNKA................ECAQN  K..TI QAKL PQQYC   SLQ H 
VSV_L                                     FL     I    TV     IY  FR W..GAK......................IDRGIR  HD..Q MSVK  DLTLV  GS  H 
RABIES_L                                  F      L    NI     VY  YR WLEGTF......................GPSAKR F.K..V DQFD  HDLVF  GC  H 

                                                         TT HMPV_L   
   370       380       390       400       410        420   

HMPV_L   G P                  K                             W         H  VD   AMD VK    I  IL    L     AF   II  F                   M  ERD   A  LNNE T   RLES TELRG  ILR  KG VDNN.KR PKIKNLKV
RSV_L    G P                  K                             W         H  VD   AMD VK             L     AF   II  F                   M  ERQ   A  VNCNET FYLLSS SMLRG  IYR  KG VNNY.NR PTLRNAIV
hPIV3_L    G P                  K                             W         H  LE   AAEKVR  M I   L    I     IF   II  Y                   P  ASI      KY Y E Q KFDT NKCHA  CTI  NG RERHGGQ PPVTLPDH
MUMPS_L  G P                  K                             W            L    AA KVR  M A  VL    I      F   LI  Y                 L T TASQ  S   ES C P   DFQT MKTLAF HAI  NG RRSHNGI PPTTLHGN
MEASLES_L  G P                  K                             W         H  LE   AAE VR  M    VI    L     IF   II  Y                   R  AVT   N  KY NQP   VYET MKGHA  CGI  NG RDRHGGS PPLTLPLH
NIPAH_L   G P                  K                             W         H  LE   AAEKVR  M A  VL    I     IF   II  Y                   I  AKV      EH L D   EYAP MKAHA  CGT  NG RDRHGGA PPLYLPAH
EBOLA_L  G P                  K                             W         H  L    AI KVK  A V  AL    I     VF   IA  Y                   V HSET  Q   KH T L   RPIV FETYC  KYS  KH FDSQ.GS YSVTSDRN
MARBURG_L G P                  K                             W         H  L    ALDKVK  A    IL    M     VF   VA                      V YNDV      KH QST   KPKV FETFC  KFI  KNHYHSQ.GS YKTTHDLH
VSV_L    G P                  K                             W         H  ID    LEKLH  V M   I    A          VL                      F  YYTG     SQ T K D DVSY KALASDLARI  FQQFNDH.KK FVNGDLLP
RABIES_L G P                  K                             W         H  ID    L KL   V M  VI               IL                      Y  YRKG S  YDQ H K   DKSYQECLASDLARR  RWGFDKY.SK YLDSRFLA

HMPV_L   
    430       440       450       460       470       480   

HMPV_L                                                     D         L           N  S              I     F V     L M L  KA S  K   SKRWTMYFKAK YP QLELSEQDFLELAA QFEQE S PEKTN E V N   I PP RL
RSV_L                                                      D         L          NT  S              L     F L    DL M I  KA S  K   PLRWLTYYKL  YP LLELTERDLIVLSG RFYRE R PKKV  E I N   I PP NL
hPIV3_L                                                      D         A   I      NS  S           F  I            DLTI M  KA S  K   HEF INAYGS  AI YEN.AVDYYQS IG KFNKFIEPQLDE    Y K   L PK SN
MUMPS_L                                                    D         A   L      NS                 L     F A    DLSI M  KA S  K   PKS IEMRHD  ELKYEY.VLKNWKSISM RIHKC D SPDE    F K   I CP QD
MEASLES_L                                                    D         A   I          T           F  V       L    DLTM L  KA        ADT RNAQASGEGL HEQ.CVDNWKS AG KFGCFMP SLDS    Y K   LAALQRE
NIPAH_L                                                     D         A   I          T           F  I       L    DLSM M  KA S  K   SKH IRLKNSGESL IDD.CVKNWES CG QFDCFME KLDS    Y K   L PI DE
EBOLA_L                                                    D         L   L      NQ              F  L     F      DLSI I  RA    R   TPG NSYIKR  FPPLPM.IKELLWE YH DHPPL STKIIS    F K   TAVE TC
MARBURG_L                                                   D         L   L      NS  S           W  V     F      DLSI I  RA        TPY RQHIVS  FP QAE.IYQHLWE YF EHEPL STKIIS    F K   TAVNQEC
VSV_L                                                      D                    NT  T           W  L     F I    D SI    K  S  R  HDHPFKSHVKE  WP AAQ.VQDFGDK HE PLIKC E PDLL P  IYS  SH MN SE
RABIES_L                                                   D             L      QT              W  L     F I    D S  L  K  S  R  QDHP TPYVKT  WPPRHI.ADLVGDT HK PITQI E PESM P EI D  SH LT TR

      TT                                                  TTHMPV_L   
    490       500       510       520       530       540   

HMPV_L                                                             L   SVY  N L                    TRRVLE YL    F    L  YV    Y  IW   PK Y PETIKNRYLEETFNASDSLK      Y  KDNK DQKE KS  VRQE  N
RSV_L                                                              L   T F  N M                    SRRVLE YL    F    L   V    Y  IW S PR Y PSHIQNYIEHEKLKFSESDK      Y  RDNK NECD YNC VNQS  N
hPIV3_L                                                              L   TVY  S L                    SRRLVE FI    F    IL YV    W  WD   PA N LYRT...........NASNE      V  ADSK DPHQ  D  ESGD  D
MUMPS_L                                                            L    VF  S I                    NRRLL  FL    F     L YV    Y  WMG  RR L KQRYR.....DANRPLPQPF     LN  EDDR DPIKE E  TSGE  R
MEASLES_L                                                            L   SVY    L                    SRRLVD FL    F    VI YV    Y  WD   PKEF RYDP...........PKGTG      V  NDSS DPYD  M  VSGA  H
NIPAH_L                                                             L   SVY    L                     RRLVD FV    F    ML YV    Y  WD   PREV SYTP...........PKSTEP     V  NDEN DPYN  E  LSGA  E
EBOLA_L                                                            L    VF  N L                    TKRV E FL    F    VL YA    Y  WDA  EP V GYNP...........PHKFS    P Q  EQEN SIEN  S  QKLE  L
MARBURG_L                                                           L   SVF  S L                    SKRV E FL    F    IL FA    Y  WD   DR V GYNP...........PVRFQ    P Q  GQAD SLNQ  E  EKLE  A
VSV_L                                                              L        N                      SKKVL   L          L  I       VLKHVRM .....P...........NTPIP     QTM DTKATNWKEF KE D.EKG D
RABIES_L                                                           L   S    N                      S KVI   L          L  I       LA WLSE .....R...........GGPVP E   ITA SKPPINPREF KS D.LGG P

β5 α8  

α9 α10  α11 

α12 α13   

α14  α15 

α16 α18 α19

α20 α21  α22 α23 
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 β6 

α17

 



                                                                                                                        HMPV_L   
    550        560       570       580       590       600  

HMPV_L             KE E    GR F       R      E                       D    VS T   R L       A    K    QIL   LLA  I   F  T     D DL KEHI  L G     S.V  M  MQPG Q QI   A K   DN VPF PE LTKYG L  
RSV_L              KE E    GR F       R      E                            VS T   R L       A         QIL   MIA  I   F  S     D ELNPNHV  L G     S.V  M  MQPGMF QV   A K   EN LQF PE LTRYG L  
hPIV3_L              KE E    GR F       R      E                       D    IS S   K I       A M YKM   QVL   LLA  I   F  N MV  E EL PEFN  Y L     KQE  L  K T    AT   S T   NN GKF QE G  KG I  
MUMPS_L            KE E    GR F       R      E                       D    AS S   K I       A M  RM   QVI   LLA  A      N VV     L PEFC  Y L     KAT  I  K TK   SC   A S   NH GKLMRE G  LDQLK 
MEASLES_L            KE E    GR F       R      E                       D    LS S   K I       A M YKM   QVI   LI   I   F  N MA  E DL PEFN  Y L     KET  L  K T    AC   A N  SNG GKY KD G  KD H  
NIPAH_L             KE E    GR F       R      E                       D    VS S   K         A M YKM   QVI   LIA  V   F  N MV  E EL EQFN  Y L    TKQA  L  K T    AC   A A   SG GKY KE G  KD H  
EBOLA_L            KE E    GR F       R      E                             S S   K L         L Y     Q L   LLA  L   F  N MV  E E PQYRNF F L     N.V  T GK P PT NV T C A   DG AKA PS M  VT R Q
MARBURG_L           KE E    GR F       R      E                             S S   K L         L YRV   Q L   LLA  L   F  N MV  E E PSYRNF F L     N.I  T GK P    NV T A A   DG AKA PS M  VT R Q
VSV_L              KE E    GR F       R      E                       D    I      R L         M WKL    VI   LI       F    MA     V DDLI GLKG     KLA  F SL S    EYF  T Y  KTHFVPM KGLT  DDLTA 
RABIES_L           KE E    GR F       R      E                       D    I      R L       A M W L    VI   LLA  I   F    M      V EDLI GLKP     KIE  F  L S N  LYF  T K   NY LPL DALT TDNLNK 

                                                            HMPV_L   
     610                                                    

HMPV_L    R M                                                        Q I EIKSELS.................................................
RSV_L     K L                                                        Q I ELKAGIS.................................................
hPIV3_L     K L                                                        L R TTISISGVPRYNEVYNNSKSHTDDLKTYNKISN.......................
MUMPS_L   K L                                                        T S LTMNQIGIISEHSRRSTADNMT..................................
MEASLES_L   K L                                                        T A HTLAVSGVPKDLKESHRGGPVLKT...Y...S.....................RSP
NIPAH_L    K L                                                        L T FQLSISSVPRGNSQGNDPQSINNIERDFQYFKGVTTNVKDKKNNSFNKVKSALNNP
EBOLA_L     L                                                        KES LHQASW........HHTSD.....................................
MARBURG_L    L                                                        KEA LHQASW........HHNSA.....................................
VSV_L     K M                                                        I K LDSSSG..................................................
RABIES_L  K L                                                        F K IDRVTG..................................................

                                                            HMPV_L   
                                                   620      

HMPV_L   ............SIKT...................................RRNDS..YN
RSV_L    ............NKSN...................................RYNDN..YN
hPIV3_L    .......LNLSSNQ........KSKKF.....EF.................KSTDIYNDG
MUMPS_L  .......LAHSGSNKHRINNS...........QFKKN............KDNKHEMPDDG
MEASLES_L  V.....H....TST....RNVRAAKGFIGFPQVIRQDQ....D........TDHPENMEA
NIPAH_L   CQADGVHHNMSPNTRNRYKCSNTSKSFLDYHTEFNPHNHYKSDNTEAAVLSRYEDNTGTK
EBOLA_L  .......................................................DFGEH
MARBURG_L .......................................................SIGEN
VSV_L    .......................................................QGLKS
RABIES_L .......................................................QGLLD

HMPV_L   
   630       640       650       660       670       680    

HMPV_L             D  K     R               G        H                 IA     T L  F   F YETT      A  L     LF WL   V  T M       NY  RASIV   S  NQA      AICADV DE H TQS  C   LI PM T ICAYRHA
RSV_L              D  K     R               G        H                 I      T L  F   F YETS      L  L  V  LF WL   I    I       NY SKCSII   S  NQA      CICSDV DE H  QS  F   LA PHVT ICTYRHA
hPIV3_L              D  K     R               G        H                 IV     T L  Y   W YEST         IF L  LF WL   L  S I   D   YE  SCFLT   K  CLN      ALFGETCNQ    NK  N   PR EG T YVG PYC
MUMPS_L            D  K     R               G        H                 IA     T    Y   W Y         L  MY I  LF WI   L  S L   D   FE  ACFLT  HT  CLN   QVIIPFART NS    PH  E   LR MR T YVG PFN
MEASLES_L            D  K     R               G        H                  V     T L  Y   W YET       L  IY L   F WL   L  S L   D   YET SAFIT   K  CLN     ISLFAQR NE    PSF Q   KR ET V YVS PHC
NIPAH_L             D  K     R               G        H                  V     T L  F   W YES       L  IY L   F WM   L  S I   D   FDT SAFLT   K  CLN     MAIFAER DE    PGF N   KR ER V YVA PNC
EBOLA_L            D  K     R               G        H                 V      T L  Y   F YE T          Y V  VF WM   I    M   D   AT RGSSFV   E  NLA    F APFIEYCNRC   KN  N   YT PQCY HVS YYN
MARBURG_L           D  K     R               G        H                 V      T L  Y   F YE T          Y V  LF WM   I    M   D   AI RGASFV   E  NLA    F RHFIDYCNRC   KN  D   FL PLCY HVS FYS
VSV_L              D  K     R               G        H                 AI          W       SN      M        L          S I       YE  CIANHI YE  NNHQ KL  GPVFRV GQFL YPS IERT EFFEK L YYNGRPD
RABIES_L           D  K     R               G        H                  V          W      EST      L  VF L  VF         S I   D   YSR TYAFHL YE  NNHQ L   EDVFSV DQ    KR  SRT EFFQK W YYS RSD

                                                            HMPV_L   
   690        700       710       720       730       740   

HMPV_L                            GG EG  QK W                        PP                   R     I      L TM  I  L V        M  LLN  ETKGE.YDIDKIEEQSGLY YHM     WC      EA SL D VSVKTRCQ TS   
RSV_L                             GG EG  QK W                        PP      V            R     I      L TI  I  L L        I  LIN  YIRDHI DLNNVDEQSGLY YHM     WC      EA SL D ISLKGKFS TA   
hPIV3_L                             GG EG  QK W                        PP      I            H     I      L TLISI  I L       RV  MVQ  SDKEH. SLEDHPDSGFYV NPR     FC         SA H AAVRIGV  TA   
MUMPS_L                           GG EG  QK W                        PP      L                  I      L TMISI  I L       RV  MVQ  SDPTQ. DLDTALNDDIFIVSPR     LC         ST I SATEANT  MS   
MEASLES_L                           GG EG  QK W                        PP      I            K     I      L TI TI  L L       RI  LVQ  DLDAH. PLYKVPNDQIFI YPM     YC      S  PY Y AAYESGV  AS   
NIPAH_L                            GG EG  QK W                        PP      M            H     I        TIATI  L L       RI  IVQ  NIDKH. ELEKTPEDDIFI YPK     YS  T      PF F SAYETNT  AA   
EBOLA_L                           GG EG  QK W                        PP                   R     I      L T IS   I L       KL  AV   HNLTL.ENRDNPPEGPSSY GHM     LQ     S  CAQ S VEIKTGF  RS  M
MARBURG_L                          GG EG  QK W                        PP                   H     I      L T IS   I L       KL   V   HCVTE.DNRNNPPDCANAY YHL     LQ     C  CAQ T VELKTKL  KSS M
VSV_L                             GG EG  QK W                                L                  L        TILNL  I          V  LAQLMRVHNNT ..INSTSQRVCWQGQE     LR  G      LV QREAKIRNTA KV   
RABIES_L                          GG EG  QK W                                I                  L        SLVSL  I         R   LAQLIGLWEDQ YCLDISNGPTCWNGQD     LR  G      LM DRESQTRNT TKI   

HMPV_L   
    750          760        770       780       790         

HMPV_L   GDN                                           G      ET        Q I VS  V                   A      I      I   LK     IS      S D  KP KLSE...GLDEV.KADYRL VKMLKE RDAYRN  HK  EG  Y  RD
RSV_L    GDN                                           G      ET        Q I IS  V                   A      L      I   LK     IS      S D  KP RLME...GQTHA.QADYLL LNSLKL YKEYAG  HK  GT  Y  RD
hPIV3_L    GDN                                           G      ET        Q I VT  V               V   V      L      L   LK     IS      A A  TR PNNY...DYRVKKEI YKD VRFFDS REVMDD  HE  LN  I  SK
MUMPS_L  GDN                                           G      ET        Q I IT  V               A          L      I   LK     LS      A A  TR VRSL...SHSEKKEQ YKASKLFFER RANNHG  HH  EQ  I  SD
MEASLES_L  GDN                                           G      ET        Q I VT  V               A          L      I   LK     VS      T A  KR PSTW...PYNLKKRE ARVTRDYFVI RQRLHD  HH  AN  I  SH
NIPAH_L   GDN                                           G      ET          I IT  V                   A      L      L   LK     IS     ES A  QK HPNL...PYKVKKEICAKQ QLYFER RMNLRA  HN  AT  I  TH
EBOLA_L  GDN                                           G      ET        Q I V                   A   A      L          LK     V       C T LSVFPLET...DADEQEQS EDN ARVAAS AKVTSAC IF  PD  F HSG
MARBURG_L GDN                                           G      ET        Q I                     A   A      L          LK     V       C TTLSLFPIDA...PNDYQENE ELN ARVAVE AITTGYS IF  PE  F HSG
VSV_L    GDN                                           G      ET        Q I  Q                  M          I      L   I       S      V CT YKTKKSRNVVELQGALNQ VSNNEKIMTA KIGTGK  LL NDD  MQ AD
RABIES_L GDN                                           G      ET        Q L  T  L               I   A      I      L   IK      S      V CP YM SPGLSLEGLLYELES SRN LSIYRA EEGASK  LI  KE  MC YD

α24 α25 α26 

β9 α27 α28 

α29 β12 

β13 α30 β14 

   
                                                            

β10 

                                                            
β11  

α31

β7 

                                                                                                                        

β8 
                                                                                                                        

                                                            

Motif F

Motif A

Motif B

Motif C Motif D



          TT                                      ....      HMPV_L   
800       810       820       830       840           850     

HMPV_L        K     G       K                                                    VM  T I  V R       I DD   S  SI S               LQFIS VIQSE   HP P  K L VGPWINT L  IKT AE  G LCQEL....EFRGES
RSV_L         K     G       K                                                    V     I  V R       I DD   S  SI S               MQFMS TIQHN  YYPAS  K L VGPWINT L  FKV LE  G LTQEL....EYRGES
hPIV3_L         K     G       K                                           Y         IL Q L  L R    S  V DE      NL TS              MFI S RIYYD R  P A  A S CVFW ET I  TRSASS  A  FAKA....IENGYS
MUMPS_L       K     G       K                                           Y         IL Q L  V K       L D    S  NL TT              FFI S RVFYK R  T A  N S MCLTADI G CSQA CS  A  VMRL....TENGVE
MEASLES_L       K     G       K                                           Y        LLV Q L  I R    S  I DE      NI TT              FFV S GIYYD    S S  S A CVFW ET V  TRAACS  A  MAKS....IERGYD
NIPAH_L        K     G       K                                           Y        AVL Q L  M R    S  L DE      NI TT              LFI S KIHYD    S A  S S CCFW ET V  TRSACS  S  IAKA....IENGLS
EBOLA_L       K     G       K                                           F        V L Q L  A R    S  I DD   T  SI T               FIY G KQYLN  Q P S  T T MAPL DA F  LQG LA  G AFERS....ISETRH
MARBURG_L      K     G       K                                           F        V L Q L  M R    S  I DD   S  SI TS              FIY G KQYLN  Q P S  T A CGPL DS F  LQG LA  G  FERG....TSETRH
VSV_L         K     G       K                                           Y        VI         R    T         T  NI SS              YLN G IPIFR   RGLET RWS VTCV ND....QIP CA  M  VSTNALTVAHFAEN
RABIES_L      K     G       K                                           Y         IL        R    S         N  NI ST              FLI G TPLFR N  VPES RWA VSCI ND....QIV LA  M  VSTNALTVAQHSQS

                                                            
HMPV_L   

  860       870       880       890       900       910     

HMPV_L                                    L   L               V   M IIIVSLILRNFWLYNLYMHESKQHPLAGKQLFKQ NKT TSVQRFFEIKRENEV DLW N 
RSV_L                       L             I   L               L   M LLLCSLIFRNVWLYNQIALQ KNHALCNNKLYLD LKV KHLKTFFNLDNIDTA TLY N 
hPIV3_L                       L             I   I               M  A  IPVLGYACSIFKNIQ....Q YIALG......MN NPT TQNIRD.QYFRNPNW QY SL 
MUMPS_L                     L                 L               I  L  LKDLCYFLNAFMTIR....Q CYDLV......FPQTKS SQDITN.AYLNHPIL SR CL 
MEASLES_L                     I             I   M               L  MA LRYLAYSLNVLKVIQ....Q LISLG......FT NST TRDVVI.PLLTNNDL IR  L 
NIPAH_L                      L             I   L               L  AA IRNVGYCINILKVIQ....Q LISTE......FS NET TLDVTS.PISNNLDW IT  L 
EBOLA_L                                       L               I  AL VIFPCRITAAFHTFFSVRILQYHHLG......FNKGFD GQLTLG.KPLDF.GT SL  A 
MARBURG_L                                  L   I                  AL  IFPSRWIASFHSMLAINLLNQNHLG......FP GFN DISCFK.KPLTF.SEKLI  IT
VSV_L                       M                                    ML LPINAMIQYNYFGTFARLLL MHDPALRQSLYEVQDK........IPGLHSSTFKYA  Y 
RABIES_L                    L             L                   M  II LLIKPMRDFLLMSVQAVFHY LFSPILKGRVYKI SA........E.GESFLLA SR  Y 

HMPV_L   
  920       930       940       950                960      

HMPV_L       GG           R   D                                      P        V   R F    P  LT  I  V  LL                          MQF  GDP VFY S Y RT  F  EA SH DI  KISAN.........IKNETKVSFFK
RSV_L        GG           R   D                                      P            R F    P  LT  I     IL                          MLF  GDPNLLY S Y RT  F  EA VHSVF  SYYTNHDLKDKLQDLSDDRLNKFLT
hPIV3_L        GG           R   D                                      P  V   N M   R F  N G P    L  IK  I                      V   AS   F Y AMS C V  I   SVAA AD  RF KANQLD..............RS L.
MUMPS_L      GG           R   D                                      P  L   N LS  R F  N G PL   I  VK LI                      V   SQ   L F  CS L N  I    VSA AD  R  KAGCLD..............IW L.
MEASLES_L      GG           R   D                                      P  I   N LN  R F  N G PVT  I  LK MI                          AP   M Y  MS L V  I     SS AD  R  LASLMP..............EETL.
NIPAH_L       GG           R   D                                      P  I   N LN  R F  N G PVT  L  LK MI                      V   AP   F Y  LS I V  I     AS AD  R  DHSIMT..............ES L.
EBOLA_L      GG           R   D                                      P  L   S LN  K F  N G PVT  L  LK  L                      L   QV   L F  PE C Y  L     SG FQ  TY RMIEMD...............D F.
MARBURG_L     GG           R   D                                      P  L   S LN  K F  N   PLT  L  LK AL                      L   QV   L F  PE L Y  IS    SG FQ  N  EFLEKE...............E F.
VSV_L        GG           R   D                                         I   S MS  R      P PVT  L   R I                       L  DPS   V G  LS FLI AF     ES SFW F HVHARSE...............H KE
RABIES_L     GG           R   D                                         L   S MS  R    Q   PVS  L   R I                       I  DPS   V G  LG FHI  FS    EG SFW E WLSSHES...............W HA

                             TT                             HMPV_L   
 970            980       990      1000      1010      1020 

HMPV_L                           P                                     L                  M D   V       VTS I   A   IL  S N L S  AL SIEKN.....ERATLTTL R  QA GSERQAK   D NRT VTS  SL P Q F DS
RSV_L                            P                                     I          P       M D   L       ITS I   A   VL    N I S  CI TFDKN..... NAEFVTL R  QA GSERQAK   E NRL VTE  STAP K F KS
hPIV3_L                            P                                     IM   P     G       A D    NL     ITT IK      VL  S N L S LYR  NQE ..... ESSFLDW S  YSC  PQSQN   M  NITARN  QD P P L G 
MUMPS_L                          P                                     IL   P     G       A D   LNI      TT LK  A   LM  S N M   VYN  GRR ..... KGKWSTL A  YT   DYLVPS  F  KH QYT  ER V P LRG 
MEASLES_L                          P                                     VM   P     G       A D   ANL     IT  LK      VL  S N M   LHQ  TQQ ..... DSSFLDW S  YS   VCVQS  RL  NITARF  IH P P LKG 
NIPAH_L                           P                                     VM   P     G       A D    NL     IT  IK      IL  S N M   LQK  NQE ..... DASFLDW S  YSG  PDSQS  KT  NITART  RN P P LKG 
EBOLA_L                          P                                     LI   P     G       V     LNV     LTS LR  V   I     N L N LLP  AKN ..... NCTAIDF LN SG   PGSQD   F  QI RRT TLSAK K I T 
MARBURG_L                         P                                     LI   P     G       V     LNV     I T LR  V   I   S N I N LYI  SKK ..... LADASDF MN LG   PGSKE I F  QT REN TIT Q R I S 
VSV_L                            P                                     AV   P             V D   LNI       N LK  V    L  S Q I N VMS  FGN EIAKFRITHIDKL E  TS   AMGMSPA L  TE K.KC IE R T R Q 
RABIES_L                         P                                          P             L D   LNI      T  LK  I   AL      V N  LCHEAGN DLGERTLESFTRL E  TT   KGGASP IL  DA R.K  YDEVDK E SE

        .                                                TT HMPV_L   
         1030      1040      1050      1060      1070       

HMPV_L              EE V   A     V PH L  L           VV MI  TKSI     AI...HYS.RN  E GII ENITP Y  G RV YESLPFHKAEK  N  SG    TNLLQ
RSV_L               E  L   M       PH L  V           IV LI  TKSI     AQ...HYT.TT ID NDI QNIEPTY  G RV YESLPFYKAEK  N  SG    TNILE
hPIV3_L    F         EDE L  FL     I PR A DI   S  G    IAGML  TKSL      T...NTMIE   E AE  MDRKV L  V H  LDN LT IRNA     DT    IRVGI
MUMPS_L  F         EEE L  YL     V PR A  I   S  G    I G L  TRTI      S...ENAAE   E AQ  LDREV M  V HV LAQ SC RRKQ Q Y DS    IRYSL
MEASLES_L  F         EDE L  FL     I PR A EI   S  G    IAGML  TK L      H...DDSKE   G AA  MDRHI V  A H  LDH VT ARES     DT  G IRASM
NIPAH_L   F         ED  L  FL     I PR A EI   S  G    IAGLL  TK L      H...DKSFD  LE AS  MDRRV L  A H  LDN LT AREE     DT  G IRSGL
EBOLA_L  F         EDE V  WL     V  R A DI   T  G    ILG L  TRTL      H...ASADF   M CK  LSSTP MS F A  FSR PS KRLQ   Y EG    LASKI
MARBURG_L F         ED  V  WL     V  R A DI   T  G    VLG L  TRTL      H...IGSDL  QR CE  LSSNP MS F A  FSR PS KRLQ   Y EG    LASRT
VSV_L              EED L  FL     L PR L E    T  G    LI L   SRTI     IKDATIYLYH   R RS  WSINP F  F S FKSG FL VADG  S FQN    RNSFK
RABIES_L F           D    FL     L PR L EL   S  G    IIGLI  SRTI      REAILLSKTHR NFIL  KSVEP F  F S  FSS FL IPES     QN    RRQFR

TT                                                          HMPV_L   
1080      1090      1100       1110      1120      1130      

HMPV_L                                                          R   W         I RA             I            I          I   L   S RTSAINGED D  VSMMLENLGLLSR LSV.VVDSIEIP KSNGRLICCQ SRT  ET  
RSV_L                                                           R   W         I RA             I            IL        EL   V   S KTSAIDLTD D  TEMMRKNITLLIR FPL.DCNRDKRE  SMENLSIT  SKY  ER  
hPIV3_L                                                           R   W         L KI                          I      CSVDLA  L     NRGGLTYSL R  SNYDLAQYETLSRT....LRLIVSDK R.YEDM      IA  QKM 
MUMPS_L                                                         R   W         L  V             I            AI     CSIDIA  L   S EVRPLSAKK NT IEYNLLYLSYNLE IEKPNIVQPFLN  .NVDT      RS  KL  
MEASLES_L                                                         R   W         I RL             L            LI     CSV LA  L     RKGGLTSRV T  SNYDYEQFRAGMV ....LTGRKRNV  .DKES   Q  RA  SHM 
NIPAH_L                                                          R   W         V RL             L            LI     CSVDLA  L     RKSGLQPKL S  SHHDYNQFLILNK ....LSNRRQND  .SSNT      RA  SHM 
EBOLA_L                                                         R   W         L RL                          AL     CTVDLA  L   S INNNTETPV D  RKITLQRWSLWFSYLDH..CDNILAE  .TQIT      QI  EY  
MARBURG_L                                                        R   W         L KL                           L     CTVDVA  L   S ISLTTEGTM M  RELTRNRWKSWFSYIDA..LDDDLSES .EKFT      NF  AY  
VSV_L                                                           R   W         L                L                   CSA  A  L   S KKYHRELDD IVRSEV.....SSLTH .....GKLHLRRGSCKMWT   TH DT  YK  
RABIES_L                                                        R   W                          M             V     CS E A  L   S KSLSRTLEESFYNSEI.....HGINR .....TQTPQR.. GRVWP  S R DL  EI  

β15 β16  α33  

α34 α35 α36  

α38 α39 

α40 α41  

α42  α43 α44 

β17 α45  α46 

α32

                                                                                                                        

α37   

     

 

Motif E



                                   .........................HMPV_L   
    1140      1150      1160                                

HMPV_L             G   P                                               M     I  V        M    A  S                               NN ....E V  TS SITTC DVIY TS HLKGII.........................
RSV_L              G   P                                                     I  V     M  M       T                               SLS....N V  TS SI YT DIKYTTS IASGII.........................
hPIV3_L              G   P                                               L  GR I  L     LE L    I  S  C                            IH SG  M S  ET DP  L SGVV TG EH KICYSSDGTNPYTWMYLPGNIKIGSAE.
MUMPS_L            G   P                                               L  GR I  L     IE V    I  S  C                            AT LN  P E  ET DP  L HGCL IG DE EHCSS..GDDKFTWFFLPKGIRLDNDP.
MEASLES_L            G   P                                               L  GR I  L     LE M    I     C                            AR AR  P Y  EV DV  S RGHL RRHET VICEC..GSVNYGWFFVPSGCQLDDID.
NIPAH_L             G   P                                               L  GR I  L     LE M    I  S  C                            RE AL  V Y  EV DA  A VGRY TG LE QICEQ..GNTMYGWFFVPRDSQLDQVD.
EBOLA_L            G   P                                               I  GR L  A     IE      L     C                            AH LE  P I  TL CM  QFKVFW KPYEQ PQ..................CSNA....
MARBURG_L           G   P                                               V  GK L  A     LE      I  S                               SD LK  R I  TL CL  QFEVKW NL EDLREQFNLSSDSKSTINLLPYDCKELRLEG
VSV_L              G   P                                                  GR V        LE L          C                            .....  T I TTV HP  M .GPQHRKETP APC.........................
RABIES_L           G   P                                                  GR V         E L       S  C                            .....  K V TTV HPS M .GLLPKS IS TCG.........................

.................                                           HMPV_L   
                1170      1180      1190      1200          

HMPV_L                                         GS T                                               Q G   PWV     EK  V V       S  .................IEKFSTDRTTRG R PKS     S Q  KL P YNRQIL. KQ
RSV_L                                          GS T                                                 G   PWV     EK  M V       T  .................IEKYNVNSLTRGER PTK     S Q  KT P YNRQVL. KK
hPIV3_L                                          GS T                                                     PY      ER  A L   K   S  ...........................TGISSLRV  F  V D  SK Q GYI NL. KP
MUMPS_L                                        GS T                                               N P   PYI     ER  A M   K   S  ...........................AS P IRV     K D  RV S AYI GA. VS
MEASLES_L                                        GS T                                               T     PYI     ER  M L   R   S  ...........................KE SSLRV     T D  TD K AFV AP. RS
NIPAH_L                                         GS T                                                     PYV     ER  I L   K   T  ...........................REHSSIRV     S D  SD K GNV RP. KA
EBOLA_L                                        GS T                                               T G   PYI     DK    A   K   S  KQPGGKPFVSVAVKKHIVSAWPNASRISW I DGI     R E  IGQP IKP CP. AA
MARBURG_L                                       GS T                                               T G   PYI     DK            S  SNDTELNYVSCALDRKVVQKHPSVNRLAW I NRA     R E  IGYPPLRVNCP. AA
VSV_L                                          GS T                                               S G    YL     E   I     R      NTS.GFNYVSVHCPDGIHDV.......FS R PLPA    K S STS LQPWE ESKVPL
RABIES_L                                       GS T                                               S G   GYL         L     K      ATGGGNPRVSVSVLPSFDQS.......FS R PLK     S SMSTQ FHAWE VTNVHV

HMPV_L   
1210      1220      1230      1240      1250        1260       

HMPV_L               W                                          HR    R  L AI     V          L  I    L IS   V  L  P    S N L     Q EQ E  GKMR  YKGTPGLRRL NK CLGS G  YKC KP .L .RFM V F   LSV
RSV_L                W                                          HR    R  I LL     V          M  L    L LT   A  L  P    S N L     Q DQ D  AKLD  YASIDNKDEF EE SIGI G  YEK KK .F .QYL V Y   LTV
hPIV3_L                W                                          HR   AK AI IA     A          A  IA T AN T   L  L  P    S NL        A  R  MIYT  FGNDEISWME SQ  Q R  F LDS KI .T .VAT T  S  LKD
MUMPS_L              W                                          HR   LK AL LA     A          A  LA T VNLT   L  L  P    S NLV       S  R  GVYI  FGDTEESWQD YE  S R    LEQ QS .T .LPT A     LDD
MEASLES_L              W                                          HR   LR AV IA     A          A  LA Q ANVS   L  I  P    S NLA       S  R  TVYS  YGDDDSSWNE WL  R R    LEE RV .T .IST T     LRD
NIPAH_L               W                                          HR   LR AI IA     A          A  LA Q VNI    L  I  P    S NL        S  R  TVYT  YGDNEECWYE WY  S R   DLDV KA .T .VST N  S  LRD
EBOLA_L              W                                          HR   LR AI LA     V          I   L   VNLS   I  M  P    S NIV       E  E  SRLT  TQGSSNSDLL KPF EAR    VQE LQ .T .SHY G     YND
MARBURG_L             W                                          HR   LK AI MV     V          L  LL S VNL    V     P    S NIV       E  E  SRLL  TQGTADREKL IP  N R   DYQT LNF.L .THY G     YND
VSV_L                W                                          HR   IK A  L                    IL N  SLT              T SAL       R TR RDAIS FVEPDSKLAMT...  S IH   GEEWTKR.QHGFKR G     FST
RABIES_L             W                                          HR   VK AL L                    LI N ISLT         P    T SAL       R  S KESIN FITRNSNLAQT...  R I    GPDFSIEEA VFKR G     FKS

TT                                                          HMPV_L   
1270      1280      1290      1300      1310      1320       

HMPV_L                                              Q                      F  S      T     T  I           D NLVF N I  GI I      LSSRPME PA VPAYRT NYHFD SP NQALSERFGNE I      A SC  S MSVVEQ 
RSV_L                                               Q                      F  S      T     T  I           D  IVF N I  GL L       SSRPCE PA IPAYRT NYHFD SP NRILTEKYGDE ID     C SF  S MSVVEQF
hPIV3_L                                               Q                   Q  F  T        I MSN NM           D NLIY Q M  GL V      LTAT MK SS SLIRVSRF T   D  S.IKE.ANETK T      I LT  S FEYLFR 
MUMPS_L                                             Q                   Q  F         S V ISN              D NLIY Q M  GL L       GTT LK TPASSYAFS F H   DCQV.LEI.DDQVT S      V IT  A IETWNNP
MEASLES_L                                             Q                   Q  Y  T          ISN NL           D N IY Q M  GL V      LRST VK SG SLVRVARYTT   D  S.FVI.SDKKV T F    G LL  G LETLFR 
NIPAH_L                                              Q                   Q  F  S        V ISN NL           D NLIY Q M  GL V      LKST FK AG VLNRVSRY N   D  D.FRI.EGEKV T      A LL  S LEGKFR 
EBOLA_L                                             Q                      F  N      T L VST TL           D NIIF N I   V L       QYSPHS MA RMSNSA R I   N  GEFSGGGQSAR S      V NYA A FDIKFRN
MARBURG_L                                            Q                   Q  F  N      T A IST TL           D NIIF N I  GV V      LQYG HS MA RMSNTS R I   N  GKYAGGGQAAI S      T NL  A LDIALS 
VSV_L                                               Q                   S     S      T L ATT TM               LF   L            VSRM HGGFA QSTAAL R M   D  RDLG.....DQNFDF   AT LYAQITT....T 
RABIES_L                                            Q                   S     S      S I VST TM               MF   M            VARY EGGYS VCPNLL H S   D  SDLT...QDGKNYDF   PL LYAQTWTS..EL 

                                                TT          HMPV_L   
  1330      1340        1350       1360      1370      1380 

HMPV_L               L          I    V                   IF    I     T...GRSPKQLV IPQLE..EID MPPP .FQGKFNYKLVDKITSDQH  SPDK DMLTL
RSV_L                L          L    I       I           MF    I     T...NVCPNRII IPKLN..EIH MKPP .FTGDVD HKLKQVIQKQH  LPDK SLTQY
hPIV3_L               HLHI    C K              L           IYD   L     KETTGHNPIVM    EDEC I ESFNDEH.INPEST ELIRYPESNEF   KDP KDVDL
MUMPS_L             HLH     C R V    V       V           VYD   L     PINFSVYETTL   TGSSC I P ESCV .NPPLLP PFINVPQMNKF   PEP SLLEM
MEASLES_L             HLHV    C   M            L           IYD   L     EKDTGSSNTVL    ETDC VIP IDHPR.IPSSRK ELRAELCTNPL   NAP IDRDA
NIPAH_L              HLHV    C K V            I           IYD   V     RLETDDYNGIY    KDNC V E ADVGQ.VDAELP PEYTEVDNNHL   PDP SEIDC
EBOLA_L             HLHL    C R V    L       L           IYD   L     TEATDIQYNRA    T.KC T E PAQY TYTSTLD DL.TRYRENEL   SNP KGGLN
MARBURG_L            RL L    C R V    L       V           VYD   L     AKLSSASNVTF  M N.KC T H PSEY YFDKPLD DL.NKYMDNEL   NDP CSGIK
VSV_L               H HI    C R I    L                    Y    V     ARDGWITSCTD Y  ACKS L P EEIT D..S.............SMD TPPD SHVLK
RABIES_L            H HL    C R I    L                   IFE   V     QRDTRLRDSTF W  RCNR V P DDIT E..T.............SQ   FPD SKRIS

                                                            HMPV_L   
     1390            1400      1410       1420              

HMPV_L     M                          F        L     A      L        GK LMPTIKGQ......KTDQFLNKRENY HGNNLIES SA.AL CHWCGI T.......
RSV_L      L                          F        L     A   I  I        VE FLSNKTLKSGSHVNSNLILAHKISDY HNTYI... ST.NL GHW LI Q.......
hPIV3_L      L                          W        I     A  IA  M        SR MVIKDHSYTIDMN............Y DDTDIIHA SI.CT IT  DT SQLD....
MUMPS_L    I                                   L     A  MV  I        EK EDIAYQTRIGGLD............QIPLLEKIPL AH.LT KQ  NS TGLD....
MEASLES_L    L                          W        L     A  MI  V        TR YTQSHRRHLVEFV............T STPQLYHI AK.ST LS  DL TKFE....
NIPAH_L     L                          W        L     A  VL  I        SR SNQESKSRELDFP............L STEELHDV AK.TV QT  EI TKAD....
EBOLA_L    I                                         A  IM  I        CN SFDNPFFQGKRLNI..........IEDDLIRLPHLSGW.EL KT  QS IS......
MARBURG_L   L                                   A        IV  I        GR GRVSRSTLTLSLNV..........SDIGSYDFPTI AW.TLGET  GS FS......
VSV_L                                 W                  L           TWRNGEGSWGQEIKQI.......YPLEGN KNLAPAEQSYQVGRCIGF YGDLAYRKSTH
RABIES_L   V                          F              A  LL  I        RM SGAVPHFRKLPDI.......RLRPGD ESLNGIEKSRHIGS QG  YS LVAIHDSG
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Supplementary �gure 2 -Structure-based alignment of L from HMPV, RSV, human parain�uenza virus 3 (hPIV3), Mumps virus, Measles virus, Nipah 
virus, Ebola virus, Marburg virus, VSV and Rabies Virus. Accession codes for the sequences included in the alignment are: HMPV_L: Q6WB93.1; RSV_L: 
NP_044598.1; hPIV3: ACJ70091.1; MUMPS_L ACH78356.1; MEASLES_L: AAF85706.1; NIPAH_L: NP_112028.1; EBOLA_L: Q05318.2; MARBURG_L: 
ABA87130.1; VSV-L: Q98776.1 and Rabies_virus L: BAA24082.1. Secondary structures of HMPV-L (this work) are displayed above the alignment. The 
domains of L are indicated by a colored bar below the alignment (NTD, grey; RdRp, aquamarine and capping domain, green). Evolutionary conserved 
motifs of the RdRp and capping domains are boxed. Polymerase motifs A-G were de�ned according to previous work40-43. In particular, we made use 
of the structure-based sequence alignment of HMPV-L (this work) with the poliovirus polymerase (PDB code: 1RA6). The �ve capping motifs are 
labeled A’-E’. The r.m.s.d. between the structure of HMPV_L and RSV_L16 is 1.21 Å over 1282 residues.


