
Figure S3. Amino acid sequence alignments (Clustal X) of various hapavirus PMIPs that illustrate 

homologies between proteins from different viruses, providing evidence that duplicated genes share a 

common ancestor. Identical amino acids are shaded. 
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MOSV_U3   TWILESP--LFSLAGKIIKVCFAGRITYPGGSGGQTPWETWYTSVRSKIPKELRREIED-AAHSYNFEYLLEP 

          .*   .   * .::*.:::  :    : *.   *:.  * * *.  *: * : : :::* :..*.*::**.  

R 

MANV_U2   MD----------------------------LNVGCYIDFTFPNNLFDLKTLELIEGACIRWCQRHINLNKDLIAIIINLAFSQVEFRPAQ 

ORV_U2    MATSENFDSKLAWVVESLEFHPNPRDDPVNFVLSVKIDVDFP-SDMDEINLLIHIRQELKKNKMWTQR-GTFMGLCAGIGLSHSMFVPSD 

PCV_U2    MATNENFDSKLAWVVESLEFHPNPRDDPVNFVISARIDVEFP-SNFDEVELLMHILQNLKRNKMWPQK-GSFLGICAGLSLSHSSFVPSD 

WONV_U2   MATDENFDAKLAWVVESLDFSPSPRDDPVNFVISTKIDVDFP-SSFDEVELLMHIRQEMKKNKEWTKS-GSFMGLCAGIALSHSMLVPTE 

LJV_U2    MD-----------------FNLDQEEKSHPLFFNVEIHIGYRGPYFDSNDLLTQIDKMIESRPSSSNH-TDLIRLAIGLGLAHCVHSQIT 

          *                             : ..  *.. :    :*   *       :.      :    :: :  .:.:::        

 

MANV_U2   NQKVYGRSEVNNYLELQNFLRGSKDYFIDWAKHDFTMKLTSAEIPIHINFYILPYRGGLLRTLDQAWGRNYKSTMLRIPEWQLEYKAHLY 

ORV_U2    PLRRRLMGEFNGVLNIPLVPSVGDDYIILNTTSYNLDLESWSNIKLSYTFFICRGNGKVTKRIDTSWYSG-QPARKEEYTFDLLTISVLY 

PCV_U2    PLKKRLIGDFMGVVNIPLVPSVGNDYIILNTTSYNLDLESWSEIKLTYNFFICRGNGNVTKRIDTAWYGG-QPKRGEDFTFDLLTVAVLY 

WONV_U2   GLRKRLVGDFMGVLNIPLVPDQGTDYIILNTTSYNLDLNMWSEIKLSYTFFVCRGNGNVTKRIDTTWYAN-QPDRPEYLTFDLLTVSVLY 

LJV_U2    PTLWNLNGSFMGVLKLPDYPVNPTVHTVVGQEITDGCGLLYPDISVYSKIYIMLGNESKVQDIITHWYTG-EGGVCYEYDFSLPTVAGAL 

                 ... . :::         : :             .:* :  .:::   .    : :   *  . :        :.*   :    

 

S 



LJAV_U2   MNLDVNCVIRFELPKQLFTQSNLLCIEGAYVRYAQRNYRLNHDLSAIVINTAFSWLDMWPKNDELVQCYAVLFTDFLIPRRLRGSRDYEI 

MOSV_U3   MNLAINLSMSFKLQENWYTKEVIDRLEWEIISWMRDNHHLSTEVAAIVTTFLISQVSPLYLDNGEYYMTSELRVNVSFMKRSRHVQYPGT 

KAMV_U3   MNLAINLSMSFKLQENWYTKEVIDRLEWEIVSWMRDNHRLSTEVAAIVTTFLISQMSPLYLDGGEYYMTSELRVNLSFMRKSRHTQYPGT 

HPV_U3    MNCTFNLSTFFYLPEYLYKKSVIDRLEWEIISWMRDNYNISTELCALTTTFLMSQVYPLTKDQDVLYLCGELRANVSFFKRSKHIQHPGI 

FLAV_U3   MDCTFNLSAFFYLPDYLYKKPVIDRLEWEIISWMRENYNMSTELCALTTTFLMSQVYPLAKDQDVLYLCGELRANVSFFKRSKHNQYPGI 

MANV_U3   MNISAGVSLSFNLPKELYKKEVLDRLEWNLVLWFKDTYHVSVEIASIIITLLFARLYPQYTEDNMVHLVSEIHDIISFDHRSRREQYPGT 

MQOV_U3   MILQIQLSIHVDVPAGKYDARYARRLAFYLVNRVAQENNIPRDIAGIAVSFLMSQVSLIHTSTDFDYLCGSIDVNLDIPSNARAQVPCLR 

          *         . :    :       :    :       .:  ::..:  .  :: :     .       . :   . :  . :        

 

LJAV_U2   DWRIDNFNIKLKETNVPLHLHLGIRTPMMPSATMISEVWGKRGRNPMPLKKEWSLAFKAEVYRWDYIFNVLQDPIILN 

MOSV_U3   TWILESPLFSLAGKIIKVCFAGRITYPGGSGGQTPWETWYTSVRSKIPKELRREIEDAAHSYNFEYLLEP-------- 

KAMV_U3   TWILENPLFSLAGKIIKVCFAGRITYPGGPGGQTPWETWYTSVRSKIPRELRREIEDAAHSYNFEYLLEY-------- 

HPV_U3    KWISESPSFVLGDHVCKVSICGRVSFPGRPGGQTPWEIWYSTIRSKIPKEMRREIEDAAHSYNFEYLLDY-------- 

FLAV_U3   KWISENPSFVLGDYVCKVSICGRVSFPGRPGGQTPWEIWYSSTRSKIPKEMRREIEDAAHSYHFEYLLDY-------- 

MANV_U3   ALIGEKAMFKLDFYWCTINMGGFVTYPSPISGKKIWELWYGDHRRHIKPALRREIEDASEKYNYVYLIEYW------- 

MQOV_U3   ELITINSPVFIGDETIHPTLWGSISYPALGTGVRPWEAWYTDRRCFIPSNLRLEIEDLAYDFKFEYILD--------- 

               .  . :        :   :  *    .    * *    *  :    . .:   :  :.: *:::          

T 
LJAV_U1   MDYFLHGGISIHKVPGSVTKEDIHYIMMKVINDLIHDLSMPHDLAGAAIALILSNVGYRDMSDGSVEGEGYIQEGVSFTKPSQHPELCNR 

MQOV_U3   MILQIQLSIHVDVPAGKYDARYARRLAFYLVNRVAQENNIPRDIAGIAVSFLMSQVSLIHTSTDFDYLCGSIDVNLDIPSNARAQVPCLR 

          *   :: .* :.  .*.   .  : : : ::* : :: .:*:*:** *:::::*:*.  . * .     * *: .:.:.. ::    * * 

 

LJAV_U1   NWEHYGH-HYINREDGS-FFEYFIFMSRPLIFIGKPYIELWSCITFPHNYHKMTLSPDLLALEYDFAHMICHM- 

MQOV_U3   ELITINSPVFI-GDETIHPTLWGSISYPALGTGVRPW-EAWYTDRRCFIPSNLRLEIEDLAYDFKFEYILD--- 

          :    .   :* .::      :  :   .*    :*: * *          :: *. : ** ::.* ::: 

U 
LJAV_U1   MDYFLHGGISIHKVPGSV-TKEDIHYIMMKVINDLIHDLSMPHDLAGAAIALILSNVGYRDMSDGSVEGEGYIQEGVSFTKPSQHPELCN 

HPV_U2    MNLQIHGYLSFI-LPRSIFTRRNLWCIQKGTVNELRRIAGITQDVSGLVCSMLFSRLDFDLTEDDKILSEVNLIENYMFPQRFNNVINLH 

          *:  :** :*:  :* *: *:.::  *    :*:* :  .:.:*::* . ::::*.:.:.  .*..: .*  : *.  *.:  ::    : 

 

LJAV_U1   RNWEHYGHHYINREDGSF-FEYFIFMSRPLIFIGKPYIELWSCITFPHNYHKMTLSPDLLALEYDFAHMICHM------- 

HPV_U2    INVPS-LKYTMVVEGKAVGIHLILRIDTINQIGRTLYTAMWGKRRM-KN--SMGRTLEEDGKRFGFQYLFEMVYIAPPLN 

           *     :  :  *. :. :. :: :.    :  . *  :*.   : :*  .*  : :  . .:.* :::  :        

V 
LJAV_U1   MDYFLHGGISIHKVPGSVTKEDIHYIMMKVINDLIHDLSMPHDLAGAAIALILSNVGYRDMSDGSV-EGEGYIQEGVSFTKPSQHPELCN 

HPV_U3    MNCTFNLSTFFYLPEYLYKKSVIDRLEWEIISWMRDNYNISTELCALTTTFLMSQV-YPLTKDQDVLYLCGELRANVSFFKRSKHIQHPG 

          *:  :: .  ::      .*. *. :  ::*. : .: .:. :*.. : ::::*:* *   .* .*:   * :: .*** * *:* :  .   

 

LJAV_U1   RNWEHYGHHYINREDGSFFEYFIFMSRPLIFIGKPYIELW-SCITFPHNYHKMTLSPDLLALEYDFAHMICHM 

HPV_U3    IKWISESPSFVLGDHVCKVSICGRVSFPGRPGGQTPWEIWYSTIR-SKIPKEMRREIEDAAHSYNFEYLLDY- 

           :*   .  ::  :. . ..    :* *    *:.  *:* * *  .:  ::*  . :  * .*:* ::: :   

W 
PCV_U3    M-----------------------ATTNKNRRLTRRVYFRLDWYGDNIRDVDVIKLFKLTIESEDLLEIVKDMMIEDLIKTCRKS--FYD 

LJAV_U2   MNLDVNCVIRFELPKQLFTQSNLLCIEGAYVRYAQRN-YRLNHDLSAIVINTAFSWLDMWPKNDELVQCYAVLFTDFLIPRRLRGSRDYE 

          *                      :.  .   * ::*  :**:   . *    .:. :.:  :.::*::    :: : **    :.   *: 

 

PCV_U3    FVWPTHHRLVGGSAFFGPCPEHL--IDLLSDNISIKLDETGMFHKSPFTLIMEIDYNLDEDANECESQSPNNNRPSHLQF 

LJAV_U2   IDWRIDNFNIKLKETNVPLHLHLGIRTPMMPSATMISEVWGKRGRNPMPLKKEWSLAFKAEVYRWDYIFNVLQDPIILN- 

          : *  .:  :  .    *   **     :  . ::  :  *   :.*:.*  * .  :. :. . :      : *  *:  

X 
LJV_U1    MGSNIYLKS---------------------MVFVIGPKPLTFDLLKFIIRKIPKISQDYQVNCLGKLAIGLAYQRSEFDVS---KNSIQD 

WONV_U1   MEYQFLKKSSFGPQLDTVYVRDNHMLFEGNLALIWEDEISERDLLLMLKEEISKFPNYQKYSSIYKIGVGILLSKSKYDFVWPDKSYLIS 

ORV_U1    MEYQFLKKISRGPQLDTVYVRDNHMLFEGNLAFIWEDDLSERELLLLLKSEISKLPNYQKYSSIYKVGIGLLLSKSKYDFVWPDKNYLIS 

PCV_U1    MEYQFLKKTSRGPQLDTVYVRDNHMLFEGNLVLIWEDDLTEREVLLLLKNEIVKFPNFKKYSNIYKLGVGLLLSKSKYDFVWPDKNYLIS 

          *  ::  *                      :.::   .    ::* ::  :* *:.:  : . : *:.:*:  .:*::*.    *. : . 

 

LJV_U1    GMFEGIIYFPWRSFPNLNSLDYSYKLRLTN-YCD-IYHIHIKIKASKSTER-GFTIWETWDRCQNNFLPDP--SLEYSSDHLGFSDLIH- 

WONV_U1   GITD-IINFPNIQRCPWDPQEDRIKIDTCGIWQGKRYNLSLNLYFSQADPRLGRPIWESWYSSFNSRPPFMRFEIETVSDYLGFGELVHG 

ORV_U1    GTSD-IVNFPNIQYCPWDPQEDRVRVDKCGLWQEKRYNLSLNLYFSYADPRLGRTIWESWYSELNSRPPFMRFEIETVSDYLGFGELVHH 

PCV_U1    GMTD-IVNFPNVQFCPWDPQEDRVKVDTCGTWQDKRFNLSLNLYFTYADPSLGRTIWESWYSELNGRPINMRFELETVSDYIGFGELVHM 

          *  : *: **  .    :. :   ::   . :    ::: :::  : :    * .***:*    *.       .:*  **::**.:*:*  

Y 
LJV_U2    M-----------------DFNLDQEEKSHPLFFNVEIHIGYRGPYFDSNDLLTQIDKMIESRPSSSNHTDLIRLAIGLGLAHCVHSQITP 

WONV_U2   MATDENFDAKLAWVVESLDFSPSPRDDPVNFVISTKIDVDFP-SSFDEVELLMHIRQEMKKNKEWTKSGSFMGLCAGIALSHSMLVPTEG 

ORV_U2    MATSENFDSKLAWVVESLEFHPNPRDDPVNFVLSVKIDVDFP-SDMDEINLLIHIRQELKKNKMWTQRGTFMGLCAGIGLSHSMFVPSDP 

PCV_U2    MATNENFDSKLAWVVESLEFHPNPRDDPVNFVISARIDVEFP-SNFDEVELLMHILQNLKRNKMWPQKGSFLGICAGLSLSHSSFVPSDP 

          *                 :*  . .:..  :.:...*.: :  . :*. :** :* : :: .   .:   :: :. *:.*:*.        

 

LJV_U2    TLWNLNGSFMGVLKLPDYPVNPTVHTVVGQEITDGCGLLYPDISVYSKIYIMLGNESKVQDIITHWYTGEGGVCYEYDFSLPTVAGALKF 

WONV_U2   LRKRLVGDFMGVLNIPLVPDQGTDYIILNTTSYNLDLNMWSEIKLSYTFFVCRGNGNVTKRIDTTWYANQPDRPEYLTFDLLTVSVLYGF 

ORV_U2    LRRRLMGEFNGVLNIPLVPSVGDDYIILNTTSYNLDLESWSNIKLSYTFFICRGNGKVTKRIDTSWYSGQPARKEEYTFDLLTISVLYGF 

PCV_U2    LKKRLIGDFMGVVNIPLVPSVGNDYIILNTTSYNLDLESWSEIKLTYNFFICRGNGNVTKRIDTAWYGGQPKRGEDFTFDLLTVAVLYGF 

             .* *.* **:::*  *     : ::.    :     :.:*.:  .:::  ** . .: * * ** .:        *.* *::    * 

 

LJV_U2    EHLFL---------- 

WONV_U2   DDWFVSPLVNYND-- 

ORV_U2    DDWFVSPLVNYVEDP 

PCV_U2    DDWFASPLIDRDD-- 



          :. *            

Z 
LJV_U3    MSTQKAYAFVSGHFEYKSFHFDKTEFCKALIDLIKTFTQDPVKVQWICLLSTIAALKGKILFKGDNTWGVRIYLECNLDLKGKWNLPRVE 

WONV_U3   MATSD-NPRLTRRVYFRLDWYGDNLKDVDVVKLFKLTIESEEILDPIKEMIIEDLIKTCRKSFYDFVWPTHHRLVGGSAFFGPCPSELVD 

ORV_U3    MATTNLNKRLTRRVYFRLDWYGDNLKDVDVIKLFKLTIESEDVLELVKDMMVEDLIRTCRKSFYDFVWPTHHRLVGGSAFFGPCPENLIE 

PCV_U3    MATTNKNRRLTRRVYFRLDWYGDNIRDVDVIKLFKLTIESEDLLEIVKDMMIEDLIKTCRKSFYDFVWPTHHRLVGGSAFFGPCPEHLID 

          *:* .    :: :. ::   :...     ::.*:*   :.   :: :  :     ::       * .* .:  *  .  : *      :: 

 

LJV_U3    VIKEDYCSTGSPFMSQVCGWLAVNIKNGSRPFLRKKHYSPDYREDHHSDISLGEFLRQAGLGGMIP---- 

WONV_U3   LLTDD-----------------VSIKLDETGMYNKSPFTLVMEVDYNLDEEANNCESQNPNNNRPSHLQF 

ORV_U3    LLKDD-----------------ISIKLDETGMFRKSPFTLTMEIDYNLDEDTKECESQSPNNSRPPHLQF 

PCV_U3    LLSDN-----------------ISIKLDETGMFHKSPFTLIMEIDYNLDEDANECESQSPNNNRPSHLQF 

          ::.::                 :.** ..  : .*. ::   . *:: * .  :   *   ..  .     

 


