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Protein families

e Members will be structurally similar

* Members may share aspects of function

* The whole set of members may reveal elements of
protein and organism evolution (phylogenies)
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Building families _
ngfa

Build MSA of
representative members

Build profile model

Use model to identity more members

QCs

Annotate
EMBO Workshop, Budapest, 2016
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Human: MGLSDGEWQLVLNVWGKVEADIPGHGQEVLIRLFKGHPETLEKFDKFKHLKSEDEMKASE 60

Human: 61 DLKKHGATVLTALGGILKKKGHHEAEIKPLAQSHATKHKIPVKYLEFISECIIQVLQSKH 120

Human: 121 PGDFGADAQGAMNKALELFRKDMASNYKELGFQG 154

EMBO Workshop, Budapest, 2016
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Family power

MGLSDGEWQLVLNVWGKVEADIPGHGQEVLIRLFKGHPETLEKFDKFKHLKSEDEMKASE
MGLSDGEWQLVLNVWGKVEAD GHGQEVLI LFK HPETL KFDKFK LKSE MK SE
MGLSDGEWQLVLNVWGKVEADLAGHGQEVLIGLFKTHPETLDKFDKFKNLKSEEDMKGSE

61 DLKKHGATVLTALGGILKKKGHHEAEIKPLAQSHATKHKIPVKYLEFISECIIQVLQSKH
DLKKHG TVLTALG ILKKKG H AEI PLAQSHATKHKIPVKYLEFISE II VL H
61 DLKKHGCTVLTALGTILKKKGQHAAEIQPLAQSHATKHKIPVKYLEFISEIIIEVLKKRH

121 PGDFGADAQGAMNKALELFRKDMASNYKELGFQG 154

GDFGADAQGAM KALELFR D A YKELGFQG
121 SGDFGADAQGAMSKALELFRNDIAAKYKELGFQG 154

EMBO Workshop, Budapest, 2016
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Family power
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DLKKHG TVLTALG ILKKKG H AEI PLAQSHATKHKIPVKYLEFISE II VL H
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BLOSUM62 matrix
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Family power

10 30 40

1 1 1 1 1 ] 1
ERTIILSLWSK-15T QADY IGTETLERLFSCYPOAKT
EKALVYWGLCGK- 154G HCDALGGEALDRLFASFGQQTRT
DEADVE | AWAK- | 5P RADEIGAEALGRMLT VY PQTET
ELHEITTTWES - | DEHS LGAKALARME IWYPWTTR
ERALVNAVINT K-T DHOAWVVAKALERLFWVYY PWT KT
ELTIINDIFSH-L DYDDIGPEALSRCL WY PWT QR
DROLINSTWGK-Y CAKT I GKEALGRLLWTY PWT QR
GUSDVSAFLAK-V DERAVGGEALARLLIVY PWTQR
EKQY IWSWFSK-| DYDHWGANT LERYL IWFPWT KR
ERAATT SWWQEK -V HVEHDGHDALGRLL WY PWTQR
ERKF WD LWAK-Y DWAQCGADALSRML I WY PWKRR
EKAAITS IWDK-Y DLEKWGGET LGRLLIWY PWTQR
BEALITGFRWS K-V KVBIWGAZALGRLLYYYPWTZR
DEVLIKEAWGL-L-H QIPNAGGEALARMFSCYPGTEKS
HEKATKNLLOQK-THS QTEVLGAEALARLFECHPQTKS
DETATKHLTGS - LRT HAEAWGAES LARMFATTRPETET
DRAELAALSKY-LAQ HAEAFGAEALARMET YWY AATKS
QR TEYKQOWAQ - WY SV - - -GESRTDFAIDYFNNFFRTNPDRS -
DRREIRHIWDD-WWSSS-FTDRRVAIVRAVFDDLFKHYPTSKA
DRHEVLDNWEKG- IWSAE-FTGRRVAIGOATIFQELFALDPNAKG
DRREVOALWRS - IWSAE-DTGRRTLIGRLLFEELFEIDGATKG
QR LEVEQOWAK - AY GV- - -GHERVELGIALWKSMFAQDNDARD
EGLKVES EWGR-AYGS - - - GHDREAFSQAIWRAT FAQVPESRS
QRFEYVKHOWAE-AFGT - - -SHHRLDFGLEKLWHS | FRDAPEIRG
QRLEYWKROWAE-AY G5 - - -GHNDREEFGHF IWTHWFKDAPSARD
QDI LLKELGPH-Y-DT---PAHIVETGLGAYHALFTAHPQY 1|
SCEVVADSWRL-WESRSSAAETSACFGLEVFQRVFSKIPMLRP
TRELCMES LEH-AKVGT - -SKEAKQDGIDLY KHMFEHY PAMEK
TRELCMES LEH-AKVDT - -SHEARQDGIDLY KHMFENYPPLRK
DWK--KHTYES -MKAVP-VORDKAQNGIDFYKFFFTHHEDLRE
DLC-VKS LEGR-MVGTE--AQN I -ENGNAFYRYFFTNFPDLRY
P1SEAQQ WOKDFYKFFFTHNHPDLREK
DVYPLGSTPEK-L ENGREFYKYFFTHNHQDLREK
EKELLRRTWSD-EFD HLYELGSAIYCY IFDHNPNCKGQ
ERILLEQSWRK-TREK TGADHIGSKITFFMYLTAQRPD KA
TEKELY IQEWPR-VLA QCPELFTEIWHKSATRETS IKL
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D-NWTSALSKLSELHAYWL---RYWDPWNFKFLSHCL
D-SMDOQALSKLSDLHAYHNL---RYWDPGHFQLLSHCI
D-DLLGGLASLSELHASKL---RYDPSNFEILANCI
G-DVKSQFTDLSKKHAEEL---HWDVESFELLAKCE
D-DWKPHFYELSKKHYEEL---HYDPENFKEKLLANCL
D-NIVDAYAELSTLHSEKL---HWDPDNFELLSDCI
D-DIKGYYAQLSKYHSETL---HWDPCHFKRFGGCL
Z-BLKAYYAKLSERHSGEL---HYDPANFYRLGNYL
G-NIKGHLANLSHLHSEKL---HWDPHNFRWLGOQCL
D-SWRSSLOQOQLSKIHATEL---FYDPENFERFOGOYL
D-NIKGHFANLSKLHCEKF---HWDPENFELLGDI I
D-NLKETFAHLSELHCDKL---HADPENFKLLGHML
BE-BLKGAFASLSZLHCEKL---HYBEPZBEFRLLGEYL
H-DLSSCLHTLSEKHAREL---MVDPCHFQYLIEAL
D-DLPHHLMKLAEKHGEGL- - - LWDPHNFELFSDCI
ANGERVEAHGOKYLNAVADATDHL D-HWAGHLDPLAYLHGTTL---CWDPHNFPLLTQCI

AAAPS IKAHGARYYTALAKACDHL D-DLKTHLHELAT FHGSEL---KEVWDPANFOQY LSYCL
¥YSPEFKAHMYVRVFAGFDILISYL---DDKPYLDOALAHY AAFHKQFG----TIP--FKAFGQTM
ESGEFKSHLYRYWANGLDLLINLL---DDTLWLQSHLGHLADOQHIQRK---GYWTKEYFRGIGEAF
PSEADWKAHY IRVINGLDLAVHNLL---EDPKALQEELKHLARQHRERS - - - GWVKAVY FDEMEKAL
HSPEEFAHYLRWYHNGLDTLIGYL--GDSD-TLNSLIDHLAEQHKARA---GFETYY FKEFGKAL
HSPAFEAHMARYFNGLDRY ISSL---TDEPYLNAQLEHLROQOQHIKLG---- ITGHMFNLMRT GL

SHPAF IAHAERYLGGLDIAISTL---DOQPATLKEELDHLOWVOHEGRK---- IPDNY FDAFKTAI
AYSAEFEAHAERYVLOGLDMT ISLL---DDOAAFDAQLAHLKSOQHAERN---- [KADYY OWFWNEL
HTPAFRAHATRYLGGLDMC IALL---DDEGYLNTOQLAHLASOQHSSRG- - - -WSAAQYDWYEHSY

EG-HT ENVMOQSEGIKHYART LT EAIVHMLKEl - - - SNDAEVEK | AAQY GKDHTSRK----WTKDEFMSGEPIF
SESDDYFDLPDNHPYRRHARLFTS ILHISWKNY - -DELEAQVAPTYFREY GERHYRPD ITPHMT EENYRWFCAQI
-ENYTPADYOKDPFFIKQGON I LLACHYLCATY ---DDRETFDAYYGELMARHERDHY - - K IPNDWWNHFEWEHF
-EEYTAEDYWONDPFFAKQGOK I LLACHYLCATY ---DDRETFNAYTRELLDRHARDHY - - HMPP EVWT D FWELF
-ENFOGADDYOKSERFEKQGTALLLAVHY LANYY - - -DNOAVFHOFWRELMNRHEKRGYDPE LWE | FFDDWWWPF
~ERYTADDYKKSERFDEQGOQR I LLACHLLANYY - - -THEEVFEKGYWYRET INRHR IYK----MDPALWMAFFTYEF
-ENFTADDYOKSDRFEKLGSGLLLSYHILANTF---DNEDYFRAFCRET IDRHYGRG- - - - LDPALWEAFWS Wi
~ETFTADD IAKSDRFKEKLGNGLLLSYHLAADTY ---DNEMI FRAFYRDT IDRHVDRG----LDPELWKEFWS Y
I SKYQODEWKESKEFRSQALKFWOT LAGYYEN IYHMERTES FLYMYGOKHYKFADRG----FEKHEYWD | FOQDAM
-ERIPTGRLEYDPRFROHALYWYTKTLDFYIRNL---DYPOGKLEYY FENLGKRHYAMOQG-RGFEPGYWET FAECM
AE-N--ESPMONAAFLGLSST IQAFFYKLIITYE-L-NDDOWREACEQLGARHYDFIS-RGFNSHEWD | FLWCM

@ P
SOSAQLRAHGS KWVYVAAVGDAVEKS |
POGSADVERHGGEWLS AT GEAAKHI
POGSGPYKHGEEY IMGA T GDAVTEKF
ACSYOVEEHAKKEYT GALGYAVTHL
ASDSTYWOATHAGRWYSALTWAYNHI
GHLYMAEAT I GNANYVAAHG I KYLHGLDRGLKNM
GHLHNSADAVFHNEAVAAHGERYYT S | GEATKHM
GNLGSADAISHHNSKYLAHGOQRYLDS IEEGLKEHP
GDLSSPGATKHNNKYSAHGREYLAAT ITECTRHF
GNLSHSAAVAGNARYOQAHGKEYLSAVONAITSHI
GEMCHAHD I LHNSKVQEHGKEYWLAS FOEAVKHL
GHLSSAQAIMGNPR ITKAHGERYLT S LGLAVENM
GELSSABAVMBEAKVEKAHGKEYLES FSEGLEHL

ANNERKYVEHHGKEWYDA I GQGWOHL

ANDERVEKHHGALYLKALYDTNEHL

EMBO Workshop, Budapest, 2016
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Family power

30 40

1 1 1 1
QADVIGTETLERLFS CYRQAKT
HCDALGGEALDRLFASFGQTRT
RADEIGAEALGRMLT WY RPOQTKT
DEHS LGAKALARME VY PWTTR
DHOAVYAKALERLEYYY PWT KT
DYDDIGPKALSRCL WY PWT QR
CAKT IGKEALGRLLWTYPWT QR
DERAVGGEALARLL WY PWT QR
DYDHWVGANT LERVL IV FRWT KR
NYEHDGHDALGRLL WY PWT QR
DYAQCGADALSRML I WY PWERR
DLEKVGGETLGRLL WY RPWT QR
KVBZVOAZALGRLLYYYPWT ZR
QIPNAGGEALARMESCYPGTKS
QTEVLGAEALARLFECHPQTKS
DETAITKHLTGS - LRT NAEAWGAES LARMEATTRSTKT
DRAELAALSKY- LAQ NAEAFGAEALARMET WY AATKS
QR EMEQOWAQ - WY SY- - -GESRTDFAIDVFNNFFRTHNRPDRS -
DRREIRHIWDD-VWSSS-FTDRRVAIVRAVFDDLEKHY
DRHEMLDNWKG- I'WSAE-FTGRRVAIGQAIFQELFALD
DRREVMOALWRS - IMSAE-DTGRRTLIGRLLFEELFEID
QR LEMKOQOWAK - AY GV - -GHERVELGIALWESMEAQD
EGLEMKS EWGR-AY QS ---GHDREAFSOQAIWRAT FAQY
QRFEMEKHOWAE-AFGT - - -SHHRLDFGLKLWNS | FRDA
QRLEMKROWAE-AYGS - - -GNDREEFGHF IWTHVEEDA
QDI LLKELGPH-Y-DT---PAHIVETGLGAYHALFTAH
SCEVMADSWR L-VESRSSAAETSACFGLFVFQRYESKI
TRELCMES LEH- AKVGT - - SKEAKQDGIDLY KHMEEHY PAMKE
TRELCMKS LEH-AKVDT --SNEARQDGIDLY KHMFENYPRPLRE
DVE--KHTVES -MKAVP-VGRDEKAQNGIDFYKFFFTHHEDLRE
DLC—VKSLEGR—MVGTE——AQNI—ENGNAFYRYFFTNFEDLRV
PISKAQQ VOKDFYKFFFTNHRDLRE
DVYPLGSTPEK-L ENGREFYKY FFTNHQDLRK
EKELLRRTWSD-EFD
ERITLLEQSWREK-TREK
TEELM IQEWPR-WLA

. 1° .
ERTIILSLWSK-15T
EKALMYGLCGK- 154G
DEADME | AWAK- | SP
ELHEITTTWES - |
EKALMNAVIWT K-T
ELTIINDIFSH-L
DROLINSTWGK -V
GOGSDMSAFLAK-Y
EKQY IVEVFSK- |
ERAATT SWVWQEK-Y
ERKF WD LWAK-Y
EKAAITS IWDK-Y
BEALITGFWS K-V
DEVLIKEAWGL-L-H
HEEATKNLLOQK- IHS
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SGEAQLRAHGS KVVAAVGDAVES |
POSADVERHGGEY LS AT GEAAKHI
PGSGPVEHGKEY IMGATGDAVTKF
ACSY QVEEHAKKYT GALGYAVTHL
ASDSTVOTHAGEYVSALTYAYNHI

GHLYHAEAT T GNANYVAAHG I KVLHGLDRGLENM
GHLNSADAVFHNEAVAAHGEKYYTS IGEATKHM
GNLGSADAISHNSKYLAHGQRYLDS IEEGLKHP
GDLSSPGATKHNNEYSAHGREVLAAT TECTRHF
GHLEHSAAVAGHNAKYOAHGKKY LEAVOGHNATSHI
GEMCHAHD | LHNSKYQEHGKEYLAS FGEAVEHL
GHLESAQAITMGNPR TKAHGKEYLT S LGLAVENM
GELSSABAVMEBEAKVKAHGKKYLESFSBGLEHL
ANNEKVEHHGEEWYDA I GQGYOHL
ANDKRVEHHGALYLEALVDTHEHL
ANGKRVEAHGGRY LNAVADATDHL D-NVAGHLDPLAVL
AAAPS IKAHGARKYYTALAKACDHL D-DLKTHLHEKLATF

YTSPEFKAHMVRYFAGFDILISYL---DDKPYLDOQALAHY AAF

ESGEFKSHLYRVANGLDLLINLL---DDTLVLQSHLGHLADQ
PSEADWEAHY IRV INGLDLAVNLL---EDPKALQEELKHLARD

HSPEEFAHVLRYYNGLDTLIGYL--GDSD-TLNSLIDHLAEQ

HSEPAFEAHMARY FNGLDRY IS5 L---TDEPYLNAQLEHLRQQ

SHPAFIAHAERYLGGLD IAISTL---DOQPATLKEELDHLOW
AYSAEFEAHAERYLGGLDMT ISLL---DDOQAAFDAQLAHLKSQ

HTPAFRAHATRY LGGLDMC IALL---DDEGYLNTOQLAHLASQ

EG-HT IENVMQSEGIKHY ARTLT EAIWHMLKE | ---SNDAEVKK | AAQY GKD
SESDDVFDLPDMNHPYRRHARLFTS ILHISVENY--DELEAQVAPTYFKYGER
-ENYTPADVOKDPFFIKQGON | LLACHYLCATY ---DDRETFDAYVGELMAR
-EEYTAEDWONDPFFAKOQGQK | LLACHYLCATY ---DDRETFNAYTRELLDR
-ENFGADDVOKSKRFEKQGTALLLAVHY LANYY - - -DNQAVFHGFWYRELMNR
-EEYTADDVKKSERFDKOQGQR I LLACHLLANYY - - -TNEEVFEGYVRET INR
-ENFTADDYOKSDRFEKLGSGLLLSYHILANTF---DNEDWFRAFCRETIDR
-ETFTADD IAKSDRFKKLGNQLLLSVHLAADTY ---DNEMIFRAFVRDT IDR

P 10
D-NWTSALSKLSEL
D-SMDOQALSKLSDL
D-DLLGGLASLSEL
G-DWKSQFTDLS KE
D-DYKPHFWELSKE
D-NIVDAYAELSTL
D-DIKGYYAQLSKY
Z-BLEAYYAKLSER
G-NIKGHLANLSHL
D-SYESSLQQLSKI
D-HIKGHFANLSKL
D-NLKETFAHLSEL
E-BELKGAFASLSZL
H-DLSSCLHTLSEK
D-DLPHHLHNELAEK
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Lo o
AYNVL---RYWDPWNFKFLSHCL
AYNL---RYDPONFQLLSHCI
ASKL---RYWDPSNFKILANCI
AEEL---HYWDWESFRKLLAKCF
fEEL---HWDPENFKLLANCL
SEKL---HYDPDNFKLLSDCI
SETL---HWDPCNFEKRFGGCL
SGEL---HWDPANFYRLGHYL
SERL---HYDPHNFRWLGOQCL
ATEL---FWDPENFKRFGGWL
CEKF---HWDPENFKLLGDI I
CDKL---HADPENFKLLGNML
CBEKL---HYEPZBFRLLGEWL
AREL---MYWDPCNFOQYLIEAI
GEGL---LWDPHNFKLFSDCI
GTTL---CWDPHNFPLLTGQCI
GSEL---KWDPANFQY LSYCL
KQFG----TIP--FEKAFGQTM
IQRK---GVTEKEYFRGIGEAF
RERS - --GWEAWY FDEMEKAL
KARA---GFETWY FKEFGKAL
IKLG---- ITGHMFNLMRT GL
EGRE----IPDNYFDAFET AL
AERN---- |KADYYOGWFWNEL
SSRG----WMSAAQYDWYEHSY
TSRE----¥TKDEFMSGEPIF
TRPDITPHMT EENVRYFCAQI
ERDHY--KIPHNDVWHNHFWEHF
ARDHY - -HMPPEWWT D FWKLF
EKRGWDPELWEFFDDWWYPF
RITE----MDPALWMAFFTYF
WORG- - - - LDPALWEAFWSWW
WDRG----LDPELWKEFWS Y

ISKYQOGDEWKESKEFRSQALKFVOT LAQYYKN Y HMERTES FLYMYGOQKHVEFADRG- - - - FKHEYWD | FQDAM
-EKIPTGRLEKYDPRFROQHALYYTKTLDFY IRNL---DYPGKLEYY FENLGKRHVAMOQG-RGFEPGYWET FAECM
AE-N--ESPMONAAFLGLSST IQAFFYKLIITYE-L-NDDOVREACEQLGARHYDFIS-RGFNSHEWD | FLVCM
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Family power

30 40

1 1 1 P
QADY I GTETLERLFS CYROQAKT
HCDALGGEALDRLFASFGQTRT
RADEIGAEALGRMLT WY RPOQTKT
DEHS LGAKALARME VY PWTTR
DHOAVYAKALERLEYYY PWT KT
DYDDIGPKALSRCL WY PWT QR
CAKT IGKEALGRLLWTYPWT QR
DERAVGGEALARLL WY PWT QR
DWDHVGANT LERYL I WFPWT KR
NYEHDGHDALGRLL WY PWT QR
DYAQCGADALSRML I WY PWERR
DLEKVGGETLGRLL WY PWT QR
KVBZVOAZALGRLLYYYPWT ZR
QIPNAGGEALARMESCYPGTKS
QTEVLGAEALARLFECHPQTKS
NAEAWGAES LARMEATTRSTKT
NAEAFGAEALARMET WY AATKS

. 1° .
ERTIILSLWSK-15T
EKALMYGLCGK- 154G
DEADME | AWAK- | SP
ELHEITTTWES - |
EKALMNAVIWT K-T
ELTIINDIFSH-L
DROLINSTWGK -V
GOGSDMSAFLAK-Y
EKQY IVEVFSK- |
ERAATT SWVWQEK-Y
ERKF WD LWAK-Y
EKAAITS IWDKE-Y
BEALITGFWS K-V
DEVLIKEAWGL-L-H
HEEATKNLLOQK- IHS
DETAITKHLTGS - LRT
DRAELAALSKY- LAQ

QR T EMEQOWAQ - WY SY - - -GESRTDFAIDVFNNFFRTHPDRS - L
DRREIRHIWDD-VWSSS-FTDRRVAIVRAVFDDLFKHYRT SKAL

DRHEVMLDMNWKG- I'WSAE-FTGRRVAIGQAIFQELFALDPNAKG

DRREVMOALWRS - IMSAE-DTGRRTLIGRLLFEELFEIDGATKGE
QR LEMKOQOWAK - AY GV - - -GHERVELGIALWESMFAQDNDARD L
EGLEMKS EWGR-AY QS ---GHDREAFSQAIWRAT FAQWPRESRS L
QRFEMEHOWAE-AFGT - - -SHHRLDFGLKLWNS | FRDAPEIRGL
QRLEMKROWAE-AY GS- - -GNDREEFGHF IWTHVFEKDAPSARDL

QDI LLKELGPH-Y-DT---PAHIVETGLGAYHALFTAHPQY |1

SCEVMADSWRL-VESRSSAAETSACFGLFVFQRVESKIPMLRPL

TRELCMES LEH- AKVGT - - SKEAKQDGIDLY KHMEEHY PAMKE
TRELCMKS LEH-AKVDT --SNEARQDGIDLY KHMFENYPRPLRE
DVE--KHTVES -MKAVP-VGRDEKAQNGIDFYKFFFTHHEDLRE
DLC-MKSLEGR-MVGTE--AQN I -ENGHNAFYRYFFETHNFRDLRY
PISKAQQ VOKDFYKFFFTNHRDLRE
DVYPLGSTPEK-L ENGREFYKY FFTNHQDLRK
EKELLRRTWSD-EFD
ERITLLEQSWREK-TREK
TEELM IQEWPR-WLA

TOADHIGSKIFFMYLTAQRPD | KA
QCPELFTEIWHKSATRETS KL

NLYELGSAIYCY IFDHNPNCKQL

TET

Ealal
Ll

[ e e g S
L

= =
IT

B I I T e I I
o

seq> AWRTWEAPIFLKRYSTLPGGRAS...

60 7|0 80

1 1 1 1
SGEAQLRAHGS KVVAAVGDAVES |
POSADVERHGGEY LS AT GEAAKHI
PGSGPVEHGKEY IMGATGDAVTKF
ACSY QVEEHAKKYT GALGYAVTHL
ASDSTVOTHAGEYVSALTYAYNHI

GHLYHAEAT T GNANYVAAHG I KVLHGLDRGLENM
GHLNSADAVFHNEAVAAHGEKYYTS IGEATKHM
GNLGSADAISHNSKYLAHGQRYLDS IEEGLKHP
GDLSSPGATKHNNEYSAHGREVLAAT TECTRHF
GHLEHSAAVAGHNAKYOAHGKKY LEAVOGHNATSHI
GEMCHAHD | LHNSKYQEHGKEYLAS FGEAVEHL
GHLESAQAITMGNPR TKAHGKEYLT S LGLAVENM
GELSSABAVMEBEAKVKAHGKKYLESFSBGLEHL
ANNEKVEHHGEEWYDA I GQGYOHL
ANDKRVEHHGALYLEALVDTHEHL
ANGKRVEAHGGRY LNAVADATDHL D-NVAGHLDPLAVL
AAAPS IKAHGARKYYTALAKACDHL D-DLKTHLHEKLATF

YTSPEFKAHMVRYFAGFDILISYL---DDKPYLDOQALAHY AAF

ESGEFKSHLYRVANGLDLLINLL---DDTLVLQSHLGHLADQ
PSEADWEAHY IRV INGLDLAVNLL---EDPKALQEELKHLARD

HSPEEFAHVLRYYNGLDTLIGYL--GDSD-TLNSLIDHLAEQ

HSEPAFEAHMARY FNGLDRY IS5 L---TDEPYLNAQLEHLRQQ

SHPAFIAHAERYLGGLD IAISTL---DOQPATLKEELDHLOW
AYSAEFEAHAERYLGGLDMT ISLL---DDOQAAFDAQLAHLKSQ

HTPAFRAHATRY LGGLDMC IALL---DDEGYLNTOQLAHLASQ

EG-HT IENVMQSEGIKHY ARTLT EAIWHMLKE | ---SNDAEVKK | AAQY GKD
SESDDVFDLPDMNHPYRRHARLFTS ILHISVENY--DELEAQVAPTYFKYGER
-ENYTPADVOKDPFFIKQGON | LLACHYLCATY ---DDRETFDAYVGELMAR
-EEYTAEDWONDPFFAKOQGQK | LLACHYLCATY ---DDRETFNAYTRELLDR
-ENFGADDVOKSKRFEKQGTALLLAVHY LANYY - - -DNQAVFHGFWYRELMNR
-EEYTADDVKKSERFDKOQGQR I LLACHLLANYY - - -TNEEVFEGYVRET INR
-ENFTADDYOKSDRFEKLGSGLLLSYHILANTF---DNEDWFRAFCRETIDR
-ETFTADD IAKSDRFKKLGNQLLLSVHLAADTY ---DNEMIFRAFVRDT IDR

P 10
D-NWTSALSKLSEL
D-SMDOQALSKLSDL
D-DLLGGLASLSEL
G-DWKSQFTDLS KE
D-DYKPHFWELSKE
D-NIVDAYAELSTL
D-DIKGYYAQLSKY
Z-BLEAYYAKLSER
G-NIKGHLANLSHL
D-SYESSLQQLSKI
D-HIKGHFANLSKL
D-NLKETFAHLSEL
E-BELKGAFASLSZL
H-DLSSCLHTLSEK
D-DLPHHLHNELAEK

H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H

Marco Punta

Lo o
AYNVL---RYWDPWNFKFLSHCL
AYNL---RYDPONFQLLSHCI
ASKL---RYWDPSNFKILANCI
AEEL---HYWDWESFRKLLAKCF
fEEL---HWDPENFKLLANCL
SEKL---HYDPDNFKLLSDCI
SETL---HWDPCNFEKRFGGCL
SGEL---HWDPANFYRLGHYL
SERL---HYDPHNFRWLGOQCL
ATEL---FWDPENFKRFGGWL
CEKF---HWDPENFKLLGDI I
CDKL---HADPENFKLLGNML
CBEKL---HYEPZBFRLLGEWL
AREL---MYWDPCNFOQYLIEAI
GEGL---LWDPHNFKLFSDCI
GTTL---CWDPHNFPLLTGQCI
GSEL---KWDPANFQY LSYCL
KQFG----TIP--FEKAFGQTM
IQRK---GVTEKEYFRGIGEAF
RERS - --GWEAWY FDEMEKAL
KARA---GFETWY FKEFGKAL
IKLG---- ITGHMFNLMRT GL
EGRE----IPDNYFDAFET AL
AERN---- |KADYYOGWFWNEL
SSRG----WMSAAQYDWYEHSY
TSRE----¥TKDEFMSGEPIF
TRPDITPHMT EENVRYFCAQI
ERDHY--KIPHNDVWHNHFWEHF
ARDHY - -HMPPEWWT D FWKLF
EKRGWDPELWEFFDDWWYPF
RITE----MDPALWMAFFTYF
WORG- - - - LDPALWEAFWSWW
WDRG----LDPELWKEFWS Y

ISKYQOGDEWKESKEFRSQALKFVOT LAQYYKN Y HMERTES FLYMYGOQKHVEFADRG- - - - FKHEYWD | FQDAM
-EKIPTGRLEKYDPRFROQHALYYTKTLDFY IRNL---DYPGKLEYY FENLGKRHVAMOQG-RGFEPGYWET FAECM
AE-N--ESPMONAAFLGLSST IQAFFYKLIITYE-L-NDDOVREACEQLGARHYDFIS-RGFNSHEWD | FLVCM

EMBO Workshop, Budapest, 2016




HEAZ CAPRI/7-107
HEAZ_PLEWA/7-107
HEA_CATCL/F-107
HBE_HETPO/7-106
HEB_SQUAC/7-107
HEB1_CYGMA/F-112
HEB1_XENRQ/7-111
HEE_LITCT/1-105%
HEB_LEPPA/7-111
HEBZ XENLA/§-112
HEE_ALLMI/7-111
HEBD MOUSE/F-112
HEEN_AMMLE/2-106
HEA_LEPPA/7-103
HEAL_TORMA/F-107
HEA SQUAC/e-107
HEA_RETP(/13-114
GLE]_TYLRE/7-1110
GLE4 LUMTE/11-120
GLE3_TYIHE/R-117
GLE4 TYLRE/R-117
GLEZ TYLHE/A-115
GLEZ_LUMTE/8-114
GLE_TUBTU/6-112
GLE3 LAMSP/7-113
GLE_PAREP/3-117

Q21878 _CAEEL/165-283

GLE_PSEDC/21-134
GLE_ASCHL21-134
GLEC_MIPBR/21-135%
GLER_CAEEL/10-1189
GLEZ_NIPRR/16-114
GLEH_TRICQ/30-132
QZ0638_CAEEL/74-154

Q18601 _CAEEL/105-21%F

QI§311_CAEEL/32-1410

Family power

30 40

1 1 1 P
QADY I GTETLERLFS CYROQAKT
HCDALGGEALDRLFASFGQTRT
RADEIGAEALGRMLT WY RPOQTKT
DEHS LGAKALARME VY PWTTR
DHOAVYAKALERLEYYY PWT KT
DYDDIGPKALSRCL WY PWT QR
CAKT IGKEALGRLLWTYPWT QR
DERAVGGEALARLL WY PWT QR
DWDHVGANT LERYL I WFPWT KR
NYEHDGHDALGRLL WY PWT QR
DYAQCGADALSRML I WY PWERR
DLEKVGGETLGRLL WY PWT QR
KVBZVOAZALGRLLYYYPWT ZR
QIPNAGGEALARMESCYPGTKS
QTEVLGAEALARLFECHPQTKS
NAEAWGAES LARMEATTRSTKT
NAEAFGAEALARMET WY AATKS

. 1° .
ERTIILSLWSK-15T
EKALMYGLCGK- 154G
DEADME | AWAK- | SP
ELHEITTTWES - |
EKALMNAVIWT K-T
ELTIINDIFSH-L
DROLINSTWGK -V
GOGSDMSAFLAK-Y
EKQY IVEVFSK- |
ERAATT SWVWQEK-Y
ERKF WD LWAK-Y
EKAAITS IWDKE-Y
BEALITGFWS K-V
DEVLIKEAWGL-L-H
HEEATKNLLOQK- IHS
DETAITKHLTGS - LRT
DRAELAALSKY- LAQ

QR T EMEQOWAQ - WY SY - - -GESRTDFAIDVFNNFFRTHPDRS - L
DRREIRHIWDD-VWSSS-FTDRRVAIVRAVFDDLFKHYRT SKAL

DRHEVMLDMNWKG- I'WSAE-FTGRRVAIGQAIFQELFALDPNAKG

DRREVMOALWRS - IMSAE-DTGRRTLIGRLLFEELFEIDGATKGE
QR LEMKOQOWAK - AY GV - - -GHERVELGIALWESMFAQDNDARD L
EGLEMKS EWGR-AY QS ---GHDREAFSQAIWRAT FAQWPRESRS L
QRFEMEHOWAE-AFGT - - -SHHRLDFGLKLWNS | FRDAPEIRGL
QRLEMKROWAE-AY GS- - -GNDREEFGHF IWTHVFEKDAPSARDL

QDI LLKELGPH-Y-DT---PAHIVETGLGAYHALFTAHPQY |1

SCEVMADSWRL-VESRSSAAETSACFGLFVFQRVESKIPMLRPL

TRELCMES LEH- AKVGT - - SKEAKQDGIDLY KHMEEHY PAMKE
TRELCMKS LEH-AKVDT --SNEARQDGIDLY KHMFENYPRPLRE
DVE--KHTVES -MKAVP-VGRDEKAQNGIDFYKFFFTHHEDLRE
DLC-MKSLEGR-MVGTE--AQN I -ENGHNAFYRYFFETHNFRDLRY
PISKAQQ VOKDFYKFFFTNHRDLRE
DVYPLGSTPEK-L ENGREFYKY FFTNHQDLRK
EKELLRRTWSD-EFD
ERITLLEQSWREK-TREK
TEELM IQEWPR-WLA

TOADHIGSKIFFMYLTAQRPD | KA
QCPELFTEIWHKSATRETS KL

NLYELGSAIYCY IFDHNPNCKQL

TET

Ealal
Ll

[ e e g S
L

= =
IT

B I I T e I I
o

|

seq> AWRTWEAPIFLKRYSTLPGGRAS...

60 7|0 80

1 1 1 1
SGEAQLRAHGS KVVAAVGDAVES |
POSADVERHGGEY LS AT GEAAKHI
PGSGPVEHGKEY IMGATGDAVTKF
ACSY QVEEHAKKYT GALGYAVTHL
ASDSTVOTHAGEYVSALTYAYNHI

GHLYHAEAT T GNANYVAAHG I KVLHGLDRGLENM
GHLNSADAVFHNEAVAAHGEKYYTS IGEATKHM
GNLGSADAISHNSKYLAHGQRYLDS IEEGLKHP
GDLSSPGATKHNNEYSAHGREVLAAT TECTRHF
GHLEHSAAVAGHNAKYOAHGKKY LEAVOGHNATSHI
GEMCHAHD | LHNSKYQEHGKEYLAS FGEAVEHL
GHLESAQAITMGNPR TKAHGKEYLT S LGLAVENM
GELSSABAVMEBEAKVKAHGKKYLESFSBGLEHL
ANNEKVEHHGEEWYDA I GQGYOHL
ANDKRVEHHGALYLEALVDTHEHL
ANGKRVEAHGGRY LNAVADATDHL D-NVAGHLDPLAVL
AAAPS IKAHGARKYYTALAKACDHL D-DLKTHLHEKLATF

YTSPEFKAHMVRYFAGFDILISYL---DDKPYLDOQALAHY AAF

ESGEFKSHLYRVANGLDLLINLL---DDTLVLQSHLGHLADQ
PSEADWEAHY IRV INGLDLAVNLL---EDPKALQEELKHLARD

HSPEEFAHVLRYYNGLDTLIGYL--GDSD-TLNSLIDHLAEQ

HSEPAFEAHMARY FNGLDRY IS5 L---TDEPYLNAQLEHLRQQ

SHPAFIAHAERYLGGLD IAISTL---DOQPATLKEELDHLOW
AYSAEFEAHAERYLGGLDMT ISLL---DDOQAAFDAQLAHLKSQ

HTPAFRAHATRY LGGLDMC IALL---DDEGYLNTOQLAHLASQ

EG-HT IENVMQSEGIKHY ARTLT EAIWHMLKE | ---SNDAEVKK | AAQY GKD
SESDDVFDLPDMNHPYRRHARLFTS ILHISVENY--DELEAQVAPTYFKYGER
-ENYTPADVOKDPFFIKQGON | LLACHYLCATY ---DDRETFDAYVGELMAR
-EEYTAEDWONDPFFAKOQGQK | LLACHYLCATY ---DDRETFNAYTRELLDR
-ENFGADDVOKSKRFEKQGTALLLAVHY LANYY - - -DNQAVFHGFWYRELMNR
-EEYTADDVKKSERFDKOQGQR I LLACHLLANYY - - -TNEEVFEGYVRET INR
-ENFTADDYOKSDRFEKLGSGLLLSYHILANTF---DNEDWFRAFCRETIDR
-ETFTADD IAKSDRFKKLGNQLLLSVHLAADTY ---DNEMIFRAFVRDT IDR

P 10
D-NWTSALSKLSEL
D-SMDOQALSKLSDL
D-DLLGGLASLSEL
G-DWKSQFTDLS KE
D-DYKPHFWELSKE
D-NIVDAYAELSTL
D-DIKGYYAQLSKY
Z-BLEAYYAKLSER
G-NIKGHLANLSHL
D-SYESSLQQLSKI
D-HIKGHFANLSKL
D-NLKETFAHLSEL
E-BELKGAFASLSZL
H-DLSSCLHTLSEK
D-DLPHHLHNELAEK

H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H

Marco Punta

Lo o
AYNVL---RYWDPWNFKFLSHCL
AYNL---RYDPONFQLLSHCI
ASKL---RYWDPSNFKILANCI
AEEL---HYWDWESFRKLLAKCF
fEEL---HWDPENFKLLANCL
SEKL---HYDPDNFKLLSDCI
SETL---HWDPCNFEKRFGGCL
SGEL---HWDPANFYRLGHYL
SERL---HYDPHNFRWLGOQCL
ATEL---FWDPENFKRFGGWL
CEKF---HWDPENFKLLGDI I
CDKL---HADPENFKLLGNML
CBEKL---HYEPZBFRLLGEWL
AREL---MYWDPCNFOQYLIEAI
GEGL---LWDPHNFKLFSDCI
GTTL---CWDPHNFPLLTGQCI
GSEL---KWDPANFQY LSYCL
KQFG----TIP--FEKAFGQTM
IQRK---GVTEKEYFRGIGEAF
RERS - --GWEAWY FDEMEKAL
KARA---GFETWY FKEFGKAL
IKLG---- ITGHMFNLMRT GL
EGRE----IPDNYFDAFET AL
AERN---- |KADYYOGWFWNEL
SSRG----WMSAAQYDWYEHSY
TSRE----¥TKDEFMSGEPIF
TRPDITPHMT EENVRYFCAQI
ERDHY--KIPHNDVWHNHFWEHF
ARDHY - -HMPPEWWT D FWKLF
EKRGWDPELWEFFDDWWYPF
RITE----MDPALWMAFFTYF
WORG- - - - LDPALWEAFWSWW
WDRG----LDPELWKEFWS Y

ISKYQOGDEWKESKEFRSQALKFVOT LAQYYKN Y HMERTES FLYMYGOQKHVEFADRG- - - - FKHEYWD | FQDAM
-EKIPTGRLEKYDPRFROQHALYYTKTLDFY IRNL---DYPGKLEYY FENLGKRHVAMOQG-RGFEPGYWET FAECM
AE-N--ESPMONAAFLGLSST IQAFFYKLIITYE-L-NDDOVREACEQLGARHYDFIS-RGFNSHEWD | FLVCM

EMBO Workshop, Budapest, 2016




HEAZ CAPRI/7-107
HEAZ_PLEWA/7-107
HEA_CATCL/F-107
HBE_HETPO/7-106
HEB_SQUAC/7-107
HEB1_CYGMA/F-112
HEB1_XENRQ/7-111
HEE_LITCT/1-105%
HEB_LEPPA/7-111
HEBZ XENLA/§-112
HEE_ALLMI/7-111
HEBD MOUSE/F-112
HEEN_AMMLE/2-106
HEA_LEPPA/7-103
HEAL_TORMA/F-107
HEA SQUAC/e-107
HEA_RETP(/13-114
GLE]_TYLRE/7-1110
GLE4 LUMTE/11-120
GLE3_TYIHE/R-117
GLE4 TYLRE/R-117
GLEZ TYLHE/A-115
GLEZ_LUMTE/8-114
GLE_TUBTU/6-112
GLE3 LAMSP/7-113
GLE_PAREP/3-117

Q21878 _CAEEL/165-283

GLE_PSEDC/21-134
GLE_ASCHL21-134
GLEC_MIPBR/21-135%
GLER_CAEEL/10-1189
GLEZ_NIPRR/16-114
GLEH_TRICQ/30-132
QZ0638_CAEEL/74-154

Q18601 _CAEEL/105-21%F

QI§311_CAEEL/32-1410

Family power

30 40

1 1 1 P
QADY I GTETLERLFS CYROQAKT
HCDALGGEALDRLFASFGQTRT
RADEIGAEALGRMLT WY RPOQTKT
DEHS LGAKALARME VY PWTTR
DHOAVYAKALERLEYYY PWT KT
DYDDIGPKALSRCL WY PWT QR
CAKT IGKEALGRLLWTYPWT QR
DERAVGGEALARLL WY PWT QR
DWDHVGANT LERYL I WFPWT KR
NYEHDGHDALGRLL WY PWT QR
DYAQCGADALSRML I WY PWERR
DLEKVGGETLGRLL WY PWT QR
KVBZVOAZALGRLLYYYPWT ZR
QIPNAGGEALARMESCYPGTKS
QTEVLGAEALARLFECHPQTKS
NAEAWGAES LARMEATTRSTKT
NAEAFGAEALARMET WY AATKS

. 1° .
ERTIILSLWSK-15T
EKALMYGLCGK- 154G
DEADME | AWAK- | SP
ELHEITTTWES - |
EKALMNAVIWT K-T
ELTIINDIFSH-L
DROLINSTWGK -V
GOGSDMSAFLAK-Y
EKQY IVEVFSK- |
ERAATT SWVWQEK-Y
ERKF WD LWAK-Y
EKAAITS IWDKE-Y
BEALITGFWS K-V
DEVLIKEAWGL-L-H
HEEATKNLLOQK- IHS
DETAITKHLTGS - LRT
DRAELAALSKY- LAQ

QR T EMEQOWAQ - WY SY - - -GESRTDFAIDVFNNFFRTHPDRS - L
DRREIRHIWDD-VWSSS-FTDRRVAIVRAVFDDLFKHYRT SKAL

DRHEVMLDMNWKG- I'WSAE-FTGRRVAIGQAIFQELFALDPNAKG

DRREVMOALWRS - IMSAE-DTGRRTLIGRLLFEELFEIDGATKGE
QR LEMKOQOWAK - AY GV - - -GHERVELGIALWESMFAQDNDARD L
EGLEMKS EWGR-AY QS ---GHDREAFSQAIWRAT FAQWPRESRS L
QRFEMEHOWAE-AFGT - - -SHHRLDFGLKLWNS | FRDAPEIRGL
QRLEMKROWAE-AY GS- - -GNDREEFGHF IWTHVFEKDAPSARDL

QDI LLKELGPH-Y-DT---PAHIVETGLGAYHALFTAHPQY |1

SCEVMADSWRL-VESRSSAAETSACFGLFVFQRVESKIPMLRPL

TRELCMES LEH- AKVGT - - SKEAKQDGIDLY KHMEEHY PAMKE
TRELCMKS LEH-AKVDT --SNEARQDGIDLY KHMFENYPRPLRE
DVE--KHTVES -MKAVP-VGRDEKAQNGIDFYKFFFTHHEDLRE
DLC-MKSLEGR-MVGTE--AQN I -ENGHNAFYRYFFETHNFRDLRY
PISKAQQ VOKDFYKFFFTNHRDLRE
DVYPLGSTPEK-L ENGREFYKY FFTNHQDLRK
EKELLRRTWSD-EFD
ERITLLEQSWREK-TREK
TEELM IQEWPR-WLA

TOADHIGSKIFFMYLTAQRPD | KA
QCPELFTEIWHKSATRETS KL

NLYELGSAIYCY IFDHNPNCKQL

score|(i, aa)

F 4
F
iy
L

Ealal
Ll

[ e e g S
L

= =
IT

B I I T e I I
o

|

seq> AWRTWEAPIFLKRYSTLPGGRAS...

60 7|0 80

1 1 1 1
SGEAQLRAHGS KVVAAVGDAVES |
POSADVERHGGEY LS AT GEAAKHI
PGSGPVEHGKEY IMGATGDAVTKF
ACSY QVEEHAKKYT GALGYAVTHL
ASDSTVOTHAGEYVSALTYAYNHI

GHLYHAEAT T GNANYVAAHG I KVLHGLDRGLENM
GHLNSADAVFHNEAVAAHGEKYYTS IGEATKHM
GNLGSADAISHNSKYLAHGQRYLDS IEEGLKHP
GDLSSPGATKHNNEYSAHGREVLAAT TECTRHF
GHLEHSAAVAGHNAKYOAHGKKY LEAVOGHNATSHI
GEMCHAHD | LHNSKYQEHGKEYLAS FGEAVEHL
GHLESAQAITMGNPR TKAHGKEYLT S LGLAVENM
GELSSABAVMEBEAKVKAHGKKYLESFSBGLEHL
ANNEKVEHHGEEWYDA I GQGYOHL
ANDKRVEHHGALYLEALVDTHEHL
ANGKRVEAHGGRY LNAVADATDHL D-NVAGHLDPLAVL
AAAPS IKAHGARKYYTALAKACDHL D-DLKTHLHEKLATF

YTSPEFKAHMVRYFAGFDILISYL---DDKPYLDOQALAHY AAF

ESGEFKSHLYRVANGLDLLINLL---DDTLVLQSHLGHLADQ
PSEADWEAHY IRV INGLDLAVNLL---EDPKALQEELKHLARD

HSPEEFAHVLRYYNGLDTLIGYL--GDSD-TLNSLIDHLAEQ

HSEPAFEAHMARY FNGLDRY IS5 L---TDEPYLNAQLEHLRQQ

SHPAFIAHAERYLGGLD IAISTL---DOQPATLKEELDHLOW
AYSAEFEAHAERYLGGLDMT ISLL---DDOQAAFDAQLAHLKSQ

HTPAFRAHATRY LGGLDMC IALL---DDEGYLNTOQLAHLASQ

EG-HT IENVMQSEGIKHY ARTLT EAIWHMLKE | ---SNDAEVKK | AAQY GKD
SESDDVFDLPDMNHPYRRHARLFTS ILHISVENY--DELEAQVAPTYFKYGER
-ENYTPADVOKDPFFIKQGON | LLACHYLCATY ---DDRETFDAYVGELMAR
-EEYTAEDWONDPFFAKOQGQK | LLACHYLCATY ---DDRETFNAYTRELLDR
-ENFGADDVOKSKRFEKQGTALLLAVHY LANYY - - -DNQAVFHGFWYRELMNR
-EEYTADDVKKSERFDKOQGQR I LLACHLLANYY - - -TNEEVFEGYVRET INR
-ENFTADDYOKSDRFEKLGSGLLLSYHILANTF---DNEDWFRAFCRETIDR
-ETFTADD IAKSDRFKKLGNQLLLSVHLAADTY ---DNEMIFRAFVRDT IDR

% |
D-NVTSALSKLSEL
D-SMDOQALSKLSDL
D-DLLGGLASLSEL
G-DVKSQFTDLSKE]
D-DYKPHFWELSKE
D-NIVDAYAELSTL
D-DIKGYYAQLSKY
Z-BLEAYYAKLSER
G-NIKGHLANLSHL
D-SVESSLQQLIKI
D-NIKGHFANLSKL
D-NLKETFAHLSEL
E-BLEGAFASLSZL
H-DLSSCLHTLS EK
D-DLPHHLNKLAEE

]I.00

H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H

Marco Punta

Lo o
AYNVL---RYWDPWNFKFLSHCL
AYNL---RYDPONFQLLSHCI
ASKL---RYWDPSNFKILANCI
AEEL---HYWDWESFRKLLAKCF
fEEL---HWDPENFKLLANCL
SEKL---HYDPDNFKLLSDCI
SETL---HWDPCNFEKRFGGCL
SGEL---HWDPANFYRLGHYL
SERL---HYDPHNFRWLGOQCL
ATEL---FWDPENFKRFGGWL
CEKF---HWDPENFKLLGDI I
CDKL---HADPENFKLLGNML
CBEKL---HYEPZBFRLLGEWL
AREL---MYWDPCNFOQYLIEAI
GEGL---LWDPHNFKLFSDCI
GTTL---CWDPHNFPLLTGQCI
GSEL---KWDPANFQY LSYCL
KQFG----TIP--FEKAFGQTM
IQRK---GVTEKEYFRGIGEAF
RERS - --GWEAWY FDEMEKAL
KARA---GFETWY FKEFGKAL
IKLG---- ITGHMFNLMRT GL
EGRE----IPDNYFDAFET AL
AERN---- |KADYYOGWFWNEL
SSRG----WMSAAQYDWYEHSY
TSRE----¥TKDEFMSGEPIF
TRPDITPHMT EENVRYFCAQI
ERDHY--KIPHNDVWHNHFWEHF
ARDHY - -HMPPEWWT D FWKLF
EKRGWDPELWEFFDDWWYPF
RITE----MDPALWMAFFTYF
WORG- - - - LDPALWEAFWSWW
WDRG----LDPELWKEFWS Y

ISKYQOGDEWKESKEFRSQALKFVOT LAQYYKN Y HMERTES FLYMYGOQKHVEFADRG- - - - FKHEYWD | FQDAM
-EKIPTGRLEKYDPRFROQHALYYTKTLDFY IRNL---DYPGKLEYY FENLGKRHVAMOQG-RGFEPGYWET FAECM
AE-N--ESPMONAAFLGLSST IQAFFYKLIITYE-L-NDDOVREACEQLGARHYDFIS-RGFNSHEWD | FLVCM

EMBO Workshop, Budapest, 2016




Marco Punta

Sequence-profile alignments

» Position specific substitution matrices

« profile-hidden Markov models

EMBO Workshop, Budapest, 2016
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Functions, organisms, structures

Prokaryotes Signalling, extracellular and
chromatin-associated proteins

TIGRFAMs

~4400 families ~1000 domains

Superfamily .. 3% Gene3D
HMM library and genome assignments server o ; ' Stru ctu ral domains from CATH
Structural domains from SCOP

EMBO Workshop, Budapest, 2016
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No limits, domains

Pfam FroDom

~14000 families

EMBO Workshop, Budapest, 2016
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No limits, full-length proteins

PANTHER

Classification System

>7000 families, >50000 subfamilies HAM%P

~2000 families

EMBO Workshop, Budapest, 2016
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Integration

Uses RPS-BLAST

EMBO Workshop, Budapest, 2016
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Integration

' o ' . _— | -

Protein sequence analysis & classification

EMBO Workshop, Budapest, 2016



Building a new protein family
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Building families _
ngfa

Build MSA of
representative members

Build profile model

Use model to identity more members

QCs

Annotate
EMBO Workshop, Budapest, 2016
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s Pfam a database of globular
domain families?

http://pfam.xfam.org EMBO Workshop, Budapest, 2016
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s Pfam a database of globular
domain families?

Pfam entries are classified in one of six ways:

Family:
A collection of related protein regions
Domain:
A structural unit
Repeat:
A short unit which is unstable in isolation but forms a stable structure when multiple copies are present
Motifs:
A short unit found outside globular domains
Coiled-Coil:
Regions that predominantly contain coiled-coil motifs, regions that typically contain alpha-helices that are coiled together in bundles of
2-7.
Disordered:
Regions that are conserved, yet are either shown or predicted to contain bias sequence composition and/or are intrinsically disordered
(non-globular).

http://pfam.xfam.org EMBO Workshop, Budapest, 2016
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Team Exercise

Building a new Pfam family

EMBO Workshop, Budapest, 2016
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. (HMMER) search team
Il. Annotation team

EMBO Workshop, Budapest, 2016
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HMMER

Profile-HMMs [Eddy Bioinformatics 1998]

Eddy PLOS CB 2011

EMBO Workshop, Budapest, 2016



i i

i A

DO NN QO NI
O O2 HHO9OYW H

= 232232 K==

Marco Punta

EMBO Workshop, Budapest, 2016



Marco Punta

== EEEEE
B AR ZAA
O nNnUOUnn o
K | A€ A

EMBO Workshop, Budapest, 2016



Marco Punta

S = EEEER
N MAORRKBKZAA
U NN n oL

AAA.LALAIv@

EMBO Workshop, Budapest, 2016



Marco Punta

== EEEEE
B AR ZAA
O nNnUOUnn o
K | A€ A

EMBO Workshop, Budapest, 2016



—
=
\"/
<

—

152
A G
A A
A S
- G
L S
A S
L G
A A

OO0 2H0HHUOWH
S 22T KE =

Marco Punta

EMBO Workshop, Budapest, 2016



_l

<
V
O
—]
O
v
<

I A RN
:vmmmmm:vmwz
DO ZHEHUWH o ,
S ==K =s 35 -

i A

Marco Punta

EMBO Workshop, Budapest, 2016



Marco Punta

== EEEEE
B AR ZAA
O nNnUOUnn o
K | A€ A

EMBO Workshop, Budapest, 2016



>

=
v
<

> N NN QO NnY Qv
O O2Z2 HHOYWH
= = = 5 5 <K 35 5 0+

Marco Punta

EMBO Workshop, Budapest, 2016



Marco Punta

HMMER

Profile-HMMs [Eddy Bioinformatics 1998]

Eddy PLOS CB 2011

EMBO Workshop, Budapest, 2016



EMBL-EBI Services @ Research | Training @ About us

& HMMER
n

Home Search Results Software Help About

phmmer hmmscan hmmsearch jackhmmer

protein sequence vs protein sequence database

Paste a Sequence | Upload a File | Accession Search

Paste in your sequence or use the example @

¥ Sequence Database @

Frequently used databases Representative Sets (UniProt) Other databases

@® Reference Proteomes (O UniProtKkB O SwissProt Ormp75 o©OrmpS5 oOrmp35 O rpls O Ensembl (Plants) 0O QfO

P Restrict by Taxonomy @

http://www.ebi.ac.uk/Tools/hmmer/search/phmmer
Finn et al. NAR 2015




P Restrict by Taxonomy @

¥ Cut-Offs @

® E-value | O Bit score

Significance E-values: Sequence 0.01

Report E-values: Sequence |1

Comments or questions on the site? Send a mail to hmmer-help@ebi.ac.uk
European Bioinformatics Institute

W' Follow Ghmmar

http://www.ebi.ac.uk/Tools/hmmer/search/phmmer
Finn et al. NAR 2015




¥ Customize Results @

Select Visible Columns @ Rows Per Page @

O Row Count 0 Identical Segs 050
O Secondary Accessions and Ids o Number of Hits ® 100
« Description oNumber of Significant Hits 0250
@ Species O Bit Score 01000
o Kingdom O Hit Positions 02500
@ Known Structure OAll

¥ Gap Penalties @

open 0.02 extend 0.4

Substitution scoring matrix: | BLOSUM62 + !

¥ Filters @

O Turn off bias composition filter

http://www.ebi.ac.uk/Tools/hmmer/search/phmmer
Finn et al. NAR 2015
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EMBL-EBI

& HMMER
u

Home Search Results Software Help About
phmmer hmmscan hmmsearch jackhmmer

protein sequence vs protein sequence database

Paste a Sequence | Upload a File | Accession Search

Paste in your sequence or use the example @

>sp|POA334|KCSA_STRLI pH-gated potassium channel KcsA OS=Streptomyces lividans GN=kcsA PE=1 SV=1

MPPMLSGLLARLVKLLLGRHGSALHWRAAGAATVLLVIVLLAGSYLAVLAERGAPGAQLI
TYPRALWWSVETATTVGYGDLYPVTLWGRLVAVVVMVAGITSFGLVTAALATWFVGREQE

RRGHFVRHSEKAAEEAYTRTTRALHERFDRLERMLDDNRR

¥ Sequence Database @

Other databases

Representative Sets (UniProt)
0O Ensembl (Plants) 0 QfO

Frequently used databases
orp75 oOrmpS5 o0 rmp35 O rpls

@® Reference Proteomes (O UniProtKB O SwissProt

» Restrict by Taxonomy @

http://www.ebi.ac.uk/Tools/hmmer/search/phmmer
Finn et al. NAR 2015
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EMBL-EBI

& HMMER
n

Home Search Results Software Help About
phmmer hmmscan hmmsearch jackhmmer

protein sequence vs profile-HMM database

Paste a Sequence | Upload a File | Accession Search

Paste in your sequence or use the example @

>sp|POA334|KCSA_STRLI pH-gated potassium channel KcsA OS=Streptomyces lividans GN=kcsA PE=1 SV=1
MPPMLSGLLARLVKLLLGRHGSALHWRAAGAATVLLVIVLLAGSYLAVLAERGAPGAQLI
TYPRALWWSVETATTVGYGDLYPVTLWGRLVAVVVMVAGITSFGLVTAALATWFVGREQE
RRGHFVRHSEKAAEEAYTRTTRALHERFDRLERMLDDNRR

¥ HMM Database @

Protein Families

@ Pfam o TIGRFAM [ Gene3D [ Superfamily - PIRSF
(select all)(clear all)

¥ Cut-Offs @

http://www.ebi.ac.uk/Tools/hmmer/search/phmmer
Finn et al. NAR 2015
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& HMMER
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Home Search Results Software Help About

phmmer hmmscan hmmsearch jackhmmer

protein alignment/profile-HMM vs protein sequence database

Paste a Sequence | Upload a File | Accession Search

Paste in your alignment/hmm or use the example @

>L5MIQ2_MYODS/799-861 [subseq from] L5SMIQ2_MYODS
S--AA-PNNWADFSSTWRWGGG-GR----NGVG STS-H-QAGTPRVRSAFPPAT
A-TG-SSPSPVLGQGEKVEGL

>M7B574_CHEMY/761-834 [subseq from] M7B574_CHEMY
S--TAtTNNWADFSSTWPTS-T-SEKPETDNWDAWAA-----~ Q------ PSLTVP-SAGQVRQRSAFTPAT
V-TG-SSPSPVLGQGEKVEGL

>G3PBG4_GASAC/811-890 [subseq from] G3PBG4_GASAC

A MR AL A P P L A L AL A e . B L T L T

¥ Sequence Database @

Frequently used databases Representative Sets (UniProt) Other databases

® Reference Proteomes (O UniProtKB (O SwissProt O PDB orp75 ©OrmpS55 ©Ormp35 O rpls O Ensembl (Plants) © QfO

http://www.ebi.ac.uk/Tools/hmmer/search/phmmer
Finn et al. NAR 2015
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Home Search Results Software Help About

phmmer hmmscan hmmsearch jackhmmer

iterative search vs protein sequence database

Paste a Sequence | Upload a File | Accession Search

Paste in your sequence (example), HMM (example) or multiple sequence alignment (example)@

¥ Sequence Database @

Frequently used databases Representative Sets (UniProt) Other databases

@® Reference Proteomes (O UniProtKB O SwissProt 0O ormp75 oOrmpS5 orp35 O rpls O Ensembl (Plants) © QfO

» Restrict bv Taxonomv @

http://www.ebi.ac.uk/Tools/hmmer/search/phmmer
Finn et al. NAR 2015




http://www.jalview.org/Web Installers/install.htm

= _

i ) @ www.jalview.org/Web_Installers/install.htm EJ ¢ Q jalview download > A wBe O

%] Most Visited ~ Q ebi-mail Latest Headlines ~ i HMMER Ei’ Google Maps (] News ~ (] Popular ~ (] Paris ~ Interactive map of ... at Translate G pubmed & People

JaIV|ew

A workbench for multiple
sequence alignment and analysis

Jalview

Activate Java.

Available Installers

Platform includes Java VM  without Java VM Instructions
> X MacOSX Download (92.3M) Download (34.3M) View
# Windows Download (67.5M) Download (34.4M) View
Download (36.9M) View
ﬂ HPUX Download (102.1M) Download (36.9M) View
£ Linux Download (82.2M) Download (36.9M) View
Solaris Download (86.4M) Download (36.9M) View

Marco Punta EMBO Workshop, Budapest, 2016
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Building families _
ngfa

Build MSA of
representative members

Build profile model

Use model to identity more members

QCs

Annotate
EMBO Workshop, Budapest, 2016
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http://www.ebi.ac.uk/Tools/hmmer/

EMBO Workshop, Budapest, 2016
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Home Search [lesults Software Help About

The HMMER web server: fast
QUICK SEARCH This site has been designed to provide

coupled with intuitive and

Paste in your sequence or use the example @
Quick

search against
O Reference Proteomes O UniProtKB < SwissProt ©) Pfam

Alternative Search Options

© Blog News August, 2015 4y pownload HMMER

hmmer.org is updating

Get the latest version

hmmer.org is moving off of Janelia tonight, into the great

cloud. You may see some flakiness as DNS nameservers
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Home Search Results Software Help About

phmmer hmmscan hmmsearch jackhmmer

protein sequence vs profile-HMM database

Paste a Sequence | Upload a File | Accession Search

Paste in your sequence or use the example @
HEAIGSGDLDLRSAFRRTSLAGAGRRTSDSHEDAGTLDFSSLLKKRD,

v HMM Database @

Protein Families

Pfam TIGRFAM Gene3D Superfamily PIRSF
(select all)
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http://www.ebi.ac.uk/interpro/

EMBO Workshop, Budapest, 2016



EMBL-EBI Services @ Research | Training | About us

= I- (22 Search InterPro...

Lt Protein sequence analysis & classification Examples: IPR02040!

Home | Search | Release notes | Download | About InterPro | Help | Contact

InterPro: protein sequence analysis & classification InterPro 54.0

15th October 2015
InterPro provides functional analysis of proteins by classifying them into families and predicting domains and important sites. We r

combine protein signatures from a number of member databases into a single searchable resource, capitalising on their individual

strengths to produce a powerful integrated database and diagnostic tool. Read more about InterPro Features include:

e An update to PANTHER (10.0).

Analyse your protein sequence o Integration of 2138 new methods from the
CATH-Gene3D (2), Pfam (1319),
SUPERFAMLILY (5), ProDom (7) and
PANTHER (805) databases.

pJe)V[glle[cl | Read more

Search | Clear Example protein sequence »
IDA mommy,

Domain architecture search g, 1 55

Documentation Protein focus Publications

About InterPro: core concepts, update @ The sweetest thing Nocleic Adid The InterPro protein families E ; CON '~
frequency, how to cite, team and Q 7, Oursugar SEm database: the classification ln erl’"

consortium members. R %4 consumption has
reached to such a level

Learn more >>
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Search InterPro...

Protein sequence analysis & classification
Home | Search | Release notes | Download | About InterPro | Help | Contact

InterPro: protein sequence analysis & classification

InterPro provides functional analysis of proteins by classifying them into families and predicting domains and important
sites. We combine protein signatures from a number of member databases into a single searchable resource, capitalising
on their individual strengths to produce a powerful integrated database and diagnostic tool. Read more about InterPro

Analyse your protein sequence

HEAIGSGDLDLRSAFRRTSLAGAGRRTSDSHEDAGTLDFSSLLKKRDSFRRDSKLEAPA
EEDVWEILRQAPPSEYERIAFQHGVTDLRGMLKRLKGMKQDEKK

I Clear Example protein sequence

Documentation Protein focus Publications

Nucleic Acids
Research

About InterPro: core concepts,

@ The sweetest The InterPro protein

Services Research | Training | About us

4% 10th December 2015

Features include:
* An update to HAMAP (201511.02).

« Integration of 399 new methods from
the Pfam (273), SUPERFAMILY (23),
PANTHER (48), CATH-Gene3D (11),
HAMAP (43) and ProDom (1)
databases.

PIIGELRY | Read more

IDA = Y

Domain architecture search

Search >>

...




Marco Punta

EMBL-EBI Services ' Research | Training | About

Q
& HMMER
1

Home Search Results Software Help About L 4

phmmer hmmscan hmmsearch jackhmmer
protein sequence vs profile-HMM database

Paste a Sequence | Upload a File | Accession Search

Paste in your sequence or use the example @

¥ HMM Database @

Protein Families

Pfam @ TIGRFAM g Gene3D g Superfamily g PIRSF
(select all)(clear all)

¥ Cut-Offs @

EMBO Workshop, Budapest, 2016
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EMBL-EBI Services | Research  Training | About us

H
& HMMER
n

Home Search Results Software Help About Yy =

phmmer hmmscan hmmsearch jackhmmer

protein sequence vs protein sequence database

Paste a Sequence | Upload a File | Accession Search
Paste in your sequence or use the example @

>protein region
HEAIGSGDLDLRSAFRRTSLAGAGRRTSDSHEDAGTLDFSSLLKKRDSFRRDSKLEAPAEEDVWEILRQAPPSEYERIAFQHGVTDLRGMLKRLKGMKQDEKK

¥ Sequence Database @

Frequently used databases Representative Sets (UniProt) Other databases

@ Reference Proteomes (O UniProtKB O SwissProt (O PDB orp75 oOrmpS55 oOrp35 O rpls O Ensembl (Plants) 0O QfO

EMBO Workshop, Budapest, 2016
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EMBL-EBI Services Research | Training | About us

zHMMER

Home Search Results Software Help About Yy =

Score Taxonomy Domain Download .
PHMMER Results

Sequence Matches and Features

Pfam 103

disorder #4444 103
hit coverage -
nitsimiiarity ([N o
v disorder v coiled-coil « tm & signal peptide

Show hit details

Distribution of Significant Hits @

more

significant
W Bacteria Eukaryota ™ Archaea M Viruses M Unclassified Sequences B Other Sequences

« First « Previous Page 1 of 5 Next » Last»

Significant Query Matches (376) in uniprotrefprot (v.2016-03-02)
Target Description Species E-value
> | Q3UIKO_MOUSEE& Myosin-binding protein C, cardiac-type Mus musculus& 2.5e-60
> | E9Q9T8_MOUSER? Myosin-binding protein C, cardiac-type Mus musculus@? 5.9e-58
> Q3TF37_MOUSEE! Myosin-binding protein C, cardiac-type Mus musculus@? 2.0e-57
> | MYPC_RATE Myosin-binding protein C, cardiac-type Rattus norvegicusg? 3.8e-56
> | M3XYE3_MUSPF& Uncharacterized protein Mustela putorius furog 1.8e-54
> MYPC3_MOUSE® Myosin-binding protein C, cardiac-type Mus musculus& 5.8e-54

EMBO Workshop, Budapest, 2016
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Home Search Results Software Help About

> | G3PS86_GASACE Uncharacterized protein (Fragment) Gasterosteus aculeatuser 3.0e-22
> |G3VYD1_SARHAGE Uncharacterized protein (Fragment) Sarcophilus harrisii&? 4.1e-22
> F6PYQS_ORNANE! Uncharacterized protein Ornithorhynchus anatinusegs 5.9e-22
> | F6PYS3_ORNANE? Uncharacterized protein Ornithorhynchus anatinusgs 6.7e-22
> | H2V4W3_TAKRUE Uncharacterized protein Takifugu rubripesé 9.1e-22
> | G3XAI7_HUMANGE? Myosin-binding protein C, slow-type Homo sapiens&f 1.0e-21
> |F1Q615_DANREE? Uncharacterized protein Danio rerio& 1.3e-21
> | M7B6S6_CHEMY & Myosin-binding protein C, slow-type (Fragment) Chelonia mydasEg 1.4e-21
> |F6Y6C7_HORSEER? Uncharacterized protein Equus caballus& 1.4e-21
> F6Y6F3_HORSEER Uncharacterized protein Equus caballusg? 1.4e-21
> | G1R3C3_NOMLER? Uncharacterized protein Nomascus leucogenys&? 2.0e-21
> | G3V1V7_HUMANE! Myosin binding protein C, slow type, isoform CRA_e Homo sapiens&f 2.1e-21
> | MYPC1_HUMANE? Isoform 5 of Myosin-binding protein C, slow-type Homo sapiens&f 2.2e-21
> | MYPC1_HUMANE? Isoform 3 of Myosin-binding protein C, slow-type Homo sapiens& 2.2e-21
> | MYPC1_HUMANE? Myosin-binding protein C, slow-type Homo sapiens& 2.3e-21
> | MYPC1_HUMANE? Isoform 2 of Myosin-binding protein C, slow-type Homo sapiens& 2.3e-21
> MYPC1_HUMANE! Isoform 10 of Myosin-binding protein C, slow-type Homo sapiens& 2.3e-21
> | FBVZYO_HUMANGE? Myosin-binding protein C, slow-type Homo sapiens& 2.4e-21
> | MYPC1_HUMANE? Isoform 8 of Myosin-binding protein C, slow-type Homo sapiens& 2.4e-21
> | MYPC1_HUMANE? Isoform 6 of Myosin-binding protein C, slow-type Homo sapiens&f 2.4e-21
> | MYPC1_HUMANE? Isoform 4 of Myosin-binding protein C, slow-type Homo sapiens& 2.4e-21
> | MYPC1_HUMANE? Isoform 7 of Myosin-binding protein C, slow-type Homo sapiens& 2.5e-21
> | G3RPA3_GORGOE! Uncharacterized protein Gorilla gorilla gorillag? 2.7e-21
> F7IK85_CALIAE Uncharacterized protein Callithrix jacchusgr 2.9e-21
> H2LNLO_ORYLAE? Uncharacterized protein Oryzias latipes& 2.9e-21
> |H2Q6Q1_PANTRE! Uncharacterized protein Pan troglodytescé? 3.7e-21
> |F7CWG3_CAUAE Uncharacterized protein Callithrix jacchusg! 3.8e-21
> | HOWO0Z3_CAVPOE? Uncharacterized protein Cavia porcellusg 5.2e-21
> | HOVILS5_CAVPOGR! Uncharacterized protein Cavia porcellusg 5.4e-21

(show all) alignments Your search took:0.97 secs

showing rows 1 - 100 of 439

Search Details « First « Previous Page 1 of 5 Next » Last»

EMBO Workshop, Budapest, 2016
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> |W5LBU4_AS|TMXE uncharacterized protein Astyanax mexicanuses U.UUBS
> | L9KLA3_TUPCH& Titin Tupaia chinensis& 0.0088
> ' AOAOP7USR2_OTELEE® Titin-like (Fragment) Scleropages formosusEg? 0.0091
> | E9Q8K5_MOUSEE? Titin Mus musculusié? 0.0092
> | E9Q8N1_MOUSEE! Titin Mus musculusg 0.0092
> | TITIN_MOUSEE! Titin Mus musculusg 0.0092
> |E4XET7_OIKDIE Uncharacterized protein Oikopleura dioica& 0.0094
> | I3KJU9_ORENI& Uncharacterized protein Oreochromis niloticus& 0.0098
> |G3HAC6_CRIGRE! Titin Cricetulus griseusg? 0.01
> AOAO0Q3ZH98_ALLMIE! Hemicentin 1 isoform F Alligator mississippiensis 0.011
> | AOAOQ3ZKQS5_ALLMIE Hemicentin 1 isoform C Alligator mississippiensis & 0.011
> ' AOA0Q3ZJ46_ALLMI& Hemicentin 1 isoform G Alligator mississippiensis 0.011
> |AOA0Q3ZJ19_ALLMIE Hemicentin 1 isoform B Alligator mississippiensis & 0.011
> | AOAOQ3ZKX4_ALLMIG? Hemicentin 1 isoform A Alligator mississippiensis&' 0.011
> AOA0Q3ZD94_ALLMIE? Hemicentin 1 isoform E Alligator mississippiensis &t 0.011
> AOAOQ3ZINO_ALLMIE? Hemicentin 1 isoform D Alligator mississippiensis & 0.011
> |F1R7N8_DANREE! Uncharacterized protein Danio rerio&? 0.011
> |M7BUV6_CHEMYGE Myosin-binding protein C, cardiac-type Chelonia mydas&t 0.011
> |W5Q9D3_SHEEPE Uncharacterized protein (Fragment) Ovis aries&? 0.012
> E1C717_CHICKE Uncharacterized protein Gallus gallus& 0.014
> |G1U9S3_RABITE Uncharacterized protein Oryctolagus cuniculusc? 0.014
> |W4Z4T9_STRPUE! Uncharacterized protein Strongylocentrotus purpuratusg 0.017
> |I3KLJ9_ORENIE& Uncharacterized protein Oreochromis niloticusgs 0.018
> |M3XTP2_MUSPFE&f Uncharacterized protein Mustela putorius furogs 0.018
> | AOA087X7Y5_POEFOE! Uncharacterized protein Poecilia formosa &' 0.023
> | G3WAS50_SARHAE! Uncharacterized protein Sarcophilus harrisiict 0.023
> |W5MH34_LEPOCE Uncharacterized protein Lepisosteus oculatust 0.028
> | F1PV45_CANLF& Uncharacterized protein Canis lupus familiarisg& 0.028
> H2P803_PONABE& Uncharacterized protein Pongo abeliict 0.031
> H2QJ24_PANTRE Uncharacterized protein Pan troglodytesc? 0.031
> | TITIN_HUMANE? Isoform 5 of Titin Homo sapiensE? 0.031
> | TITIN_HUMANE? Isoform 11 of Titin Homo sapiens& 0.032
(show all) alignments Your search took:0.97 secs
showing rows 301 - 400 of 439
Search Details « First « Previous Page 4 of 5 Next » Last »

EMBO Workshop, Budapest, 2016
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EMBL-EBI Services Research | Training | About us

@
& HMMER
_

Home Search Results Software Help About Yy =
Score Taxonomy Domain Download .
PHMMER Results

Sequence Matches and Features

Pfam 103

disorder #i4
hit coverage

hit similarity

v disorder « coiled-coil « tm & sigpal peptide

Show hit details

Distribution of Significant Mlits @

more

significant
W Bacteria Eukaryota ™ Archaea M Viruses M Unclassified Sequences B Other Sequences

« First « Previous Page 1 of 5 Next » Last»

Significant Query Matches (376) in uniprotrefprot (v.2016-03-02)
Target Description Species E-value
> | Q3UIKO_MOUSEE& Myosin-binding protein C, cardiac-type Mus musculus& 2.5e-60
> | E9Q9T8_MOUSER? Myosin-binding protein C, cardiac-type Mus musculus@? 5.9e-58
> Q3TF37_MOUSEE! Myosin-binding protein C, cardiac-type Mus musculus@? 2.0e-57
> | MYPC_RATE Myosin-binding protein C, cardiac-type Rattus norvegicusg? 3.8e-56
> | M3XYE3_MUSPF& Uncharacterized protein Mustela putorius furog 1.8e-54
> MYPC3_MOUSE® Myosin-binding protein C, cardiac-type Mus musculus& 5.8e-54

EMBO Workshop, Budapest, 2016
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Sequence Matches and Features

Pfam 103
disorder #4448 103
1007
80+
.§60' raw
Sao
204
0 : . : - ,
1 20 40 60 80 103
Position
= Coverage Identity = Similarity

v disorder « coiled-coil « tm & signal peptide

Show hit details

EMBO Workshop, Budapest, 2016
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EMBL-EBI Services Research | Training | About us

zHMMER

Home Search Results Software Help About Yy =

Score Taxonomy Domain Download .
PHMMER Results

Sequence Matches and Features

Pfam 103

disorder #4444 103
hit coverage - a
v disorder v coiled-coil « tm & signal peptide

Shaw hit detaile

Distribution of Significant Hits @

more

significant
W Bacteria Eukaryota ™ Archaea M Viruses M Unclassified Sequences B Other Sequences

« First « Previous Page 1 of 5 Next » Last»

Significant Query Matches (376) in uniprotrefprot (v.2016-03-02)
Target Description Species E-value
> | Q3UIKO_MOUSEE& Myosin-binding protein C, cardiac-type Mus musculus& 2.5e-60
> | E9Q9T8_MOUSER? Myosin-binding protein C, cardiac-type Mus musculus@? 5.9e-58
> Q3TF37_MOUSEE! Myosin-binding protein C, cardiac-type Mus musculus@? 2.0e-57
> | MYPC_RATE Myosin-binding protein C, cardiac-type Rattus norvegicusg? 3.8e-56
> | M3XYE3_MUSPF& Uncharacterized protein Mustela putorius furog 1.8e-54
> MYPC3_MOUSE® Myosin-binding protein C, cardiac-type Mus musculus& 5.8e-54

EMBO Workshop, Budapest, 2016



Other Sequence Features

Marco Punta

When a sequence is searched using hmmscan, phmmer or jackhmmer, the query sequence is also searched with three additional methods to identify sequence

features, namely regions of disorder, signal peptides, transmembranes and coiled-coils.

Sequence Features o

. PR WWEEIREON X 1140
disorder BORHE b (e e = - i 1140

tm & signal peptide —l - == = .- 140
coiled-coil 1140
S 3 BN B NN

nitsimitaity | NN O O DR DD 0 T TP e Emi e

v disorder + coiled-coil + tm & signal peptide

If a search returns no results, then the graphic is not displayed. To make it clear when a search has been run, we have added small indicators at the bottom of the
sequence features section. When a search has successfully completed it will be shown with a small green tick («) next to it.
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Search InterPro...

Protein sequence analysis & classification

Home | Search | Release notes | Download | About InterPro | Help | Contact

' overview @ Protein
Similar proteins .
Structures Smeltted
Length 103 amino acids
Filter view on
| Entry type | Protein family membership
v Family
D) Somaine None predicted.
s D Rrepeats Domains and repeats
/ & Site None predicted.
- | 20 et
o Unintegrated iologl r
None predicted.

’ Colour by help

© domain relationship Molecular Function

(" source database

None predicted.

Cellular Component

None predicted.

EMBO Workshop, Budapest, 2016



EMBL-EBI

@
& HMMER
O

Home Search Results Software Help About

Marco Punta

Services Research Training About us

HMMSCAN Results

No hits were found for your query.

TIGRFAM Matches

Family
Id ~ Accession

No hits were found for your query.

Your search took: 0.05 seconds

Gene3D Matches

Family
Id ~ Accession

No hits were found for your query.

Your search took: 0.06 seconds

Score Download

Sequence Matches and Features

Pfam 103

disorder #4444 103

v disorder « coiled-coil « tm & signal peptide

Description Start - End -~

Description Region Start -

End -~

Yy =
Search Again

Domain E-values

Ind.~

Ind.~

Cond. ~

Domain E-values

Cond. ~

EMBO Workshop, Budapest, 2016
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Superfamily Matches

Superfamil Famil HousliNach
P y y Region Start End Alignment Model Bit Score Domain E-values
Accession Description E-value Accession Description E-value Start End Start End Length Ind Cond

No hits were found for your query.

Your search took: 0.03 seconds

*  These hmmscan results have been modified by Superfamily post-processing and family assignment code.

PIRSF Matches

Family Subfamily

Region
Accession Description E-value Accession Description E-value eglo

No hits were found for your query.

Your search took: 0.06 seconds

*  These hmmscan results have been modified by PIRSF post-processing and family assignment code.

Download your results in various formats.

Search Details

EMBO Workshop, Budapest, 2016
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EMBL-EBI Services Research | Training | About us

@
& HMMER
_

Home Search Results Software Help

Score Taxonomy Download

Domain

Sequence Matches and Features

Search Again

PHMMER Results

Pfam 103

disorder #4444 103
hit coverage -
nitsimiiarity ([N o
v disorder v coiled-coil « tm & signal peptide

Show hit details

Distribution of Significant Hits @

more

significant
W Bacteria Eukaryota ™ Archaea M Viruses M Unclassified Sequences B Other Sequences

« First « Previous Page 1 of 5 Next » Last»

Significant Query Matches (376) in uniprotrefprot (v.2016-03-02)
Target Description Species E-value
> | Q3UIKO_MOUSEE& Myosin-binding protein C, cardiac-type Mus musculus& 2.5e-60
> | E9Q9T8_MOUSER? Myosin-binding protein C, cardiac-type Mus musculus@? 5.9e-58
> Q3TF37_MOUSEE! Myosin-binding protein C, cardiac-type Mus musculus@? 2.0e-57
> | MYPC_RATE Myosin-binding protein C, cardiac-type Rattus norvegicusg? 3.8e-56
> | M3XYE3_MUSPF& Uncharacterized protein Mustela putorius furog 1.8e-54
> MYPC3_MOUSE® Myosin-binding protein C, cardiac-type Mus musculus& 5.8e-54

EMBO Workshop, Budapest, 2016



& HMMER
O

Home Search Results Software Help About

Score Taxonomy Domain Download

PHMMER Results

Sequence Matches and Features

Pfam 103

disorder #4444 103

« disorder « coiled-coil + tm & signal peptide
Show hit details

Jump to the exact match for your query architecture

Marco Punta

Y m

Domain Architectures @ « First « Previous Page 1 of 2 Next » Last»
119 with domain architecture: I-set, I-set, I-set, I-set, I-set, fn3, fn3, I-set, fn3, I-set, example:Q3TF37_MOUSEE View Scores
::UENC::' s Features Mikssti)————— Miisath Wiseth Wrseth — Wisett) (i3 Mimmaid - Misett) (Hmand - (iset) 1113
ow e——
45 with domain architecture: I-set, I-set, I-set, I-set, fn3, fn3, I-set, fn3, I-set, example:F6ZHP7_HORSEE View Scores
SE CES
T Features —— Wisath Mikseth Wissatl — Wisatin) (imai) (3t Missets) (imand — (isati) 063
Show All —_—
41 with domain architecture: I-set, I-set, I-set, I-set, I-set, I-set, fn3, fn3, I-set, fn3, I-set, example:Q3UIKO_MOUSEE! View Scores
::‘AISI Soquance Faatures ~ WEGSN —— MRS WIGSN WESS) WIS — WEGSUN (RO WO - WS G — @), 1270
ow ——
i8 with domain architecture: I-set, I-set, I-set, fn3, fn3, fn3, I-set, fn3, I-set, example:G1Q885_MYOLUE View Scores
::usuc;lsl N Features :@55 q ety "59 mz.ﬁ@: m Iﬁg m :M. - 1245
ow —_—
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Q
& HMMER
O

Home Search Results Software Help About

Score Taxonomy Domain Download -
PHMMER Results

Sequence Matches and Features

Pfam 103

disorder #4444 103

« disorder « coiled-coil + tm & signal peptide
Show hit details

Jump to the exact match for your query architecture

Domain Architectures @ « First « Previous Page 1 of 2 Next » Last»

119 with domain architecture: I-set, I-set, I-set, I-set, I-set, fn3, fn3, I-set, fn3, I-set, example:Q3TF37_MOUSEE View Scores
::UENC::' s Features Mikssti)————— Miisath Wiseth Wrseth — Wisett) (i3 Mimmaid - Misett) (Hmand - (iset) 1113
ow e——
45 with domain architecture: I-set, I-set, I-set, I-set, fn3, fn3, I-set, fn3, I-set, example:F6ZHP7_HORSEE View Scores
SE CES
T Features —— Wisath Mikseth Wissatl — Wisatin) (imai) (3t Missets) (imand — (isati) 063
Show All —_—
41 with domain architecture: I-set, I-set, I-set, I-set, I-set, I-set, fn3, fn3, I-set, fn3, I-set, example:Q3UIKO_MOUSEE! View Scores
::‘AISI Soquance Faatures ~ WEGSN —— MRS WIGSN WESS) WIS — WEGSUN (RO WO - WS G — @), 1270
ow ——
i8 with domain architecture: I-set, I-set, I-set, fn3, fn3, fn3, I-set, fn3, I-set, example:G1Q885_MYOLUE View Scores
::usuc;lsl N Features :@55 q ety "59 mz.ﬁ@: m Iﬁg m :M. - 1245
ow —_—
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EMBL-EBI Services Research Training = About u

@
& HMMER
]

Home Search Results

About

Software  Help

Score Taxonomy Domain Download

Search Again

PHMMER Results

Taxonomic distribution of all search hits @

All(376) ——————————— Eukaryota(376) M a76) Echinodermath(2) (I}

[ - [N - [ - .
Chordata(374)
[ ———

Species Distribution

Species Count View
Homo sapiensE& 25 Show
Danio rerio& 22 Show
Takifugu rubripesgr 22 Show
Callithrix jacchusg 18 Show
Mus musculusg 15 Show
Gasterosteus aculeatus& 11 Show
Oreochromis niloticus& 11 Show
Canis lupus familiaris& 10 Show
Macaca mulatta & 10 Show
Poecilia formosa & 9 Show
Alligator mississippiensisé? 9 Show
Astyanax mexicanusEg? 9 Show
Gorilla gorilla gorillag? 8 Show
Tetraodon nigroviridisé? 8 Show

EMBO Workshop, Budapest, 2016
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EMBL-EBI Services A Research | Training | About us

@
& HMMER
]

Home Search Results Software Help About Yy =
Score Taxonomy Domain Download -
PHMMER Results

Taxonomic distribution of all search hits @

All (376) / Eukaryota (376)/ Metazoa (376)/

Echinodermata(2) Echinoidea(2) Echinoida(2) gylocentrotidee(2) (1 I

Species Distribution
Species Count View

Strongylocentrotus purpuratusegs 2 Sholv

Search Details

EMBO Workshop, Budapest, 2016
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EMBL-EBI Services Research Training | About us

@
& HMMER
O

Home Search Results Software Help About Yy =

Score Taxonomy Domain Download -
PHMMER Results

Sequence Matches and Features

Pfam 103

disorder #4444 103

v disorder + coiled-coil + tm & signal peptide

Show hit details

Your results have been filtered m

All Results - Echinodermata

Query Matches (2) in uniprotrefprot (v.2016-03-02) m
Target Description Species E-value
> | W4Z1NO_STRPUE! Uncharacterized protein Strongylocentrotus purpuratus& 1.6e-29
> | W4Y2S3_STRPUE Uncharacterized protein Strongylocentrotus purpuratuses 3.4e-25
Your search took:0.97 secs

(show all) alignments
showing rows 1 - 2 of 2

Search Details

EMBO Workshop, Budapest, 2016
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EMBL-EBI Services Research Training | About us

@
& HMMER
O

Home Search Results Software Help About

Score Taxonomy Domain Download -
Search Again

PHMMER Results

Sequence Matches and Features

Pfam 103

disorder #4444 103

v disorder + coiled-coil + tm & signal peptide

Show hit details

Your results have been filtered m

All Results - Echinodermata

Query Matches (2) in uniprotrefprot (v.2016-03-02) m
Target Description Species E-value
> | W4Z1NO_STRPUE! Uncharacterized protein Strongylocentrotus purpuratus& 1.6e-29
> | W4Y2S3_STRPUE Uncharacterized protein Strongylocentrotus purpuratuses 3.4e-25
Your search took:0.97 secs

(show all) alignments
showing rows 1 - 2 of 2

Search Details

EMBO Workshop, Budapest, 2016
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EMBL-EBI Services Research | Training = About us

Q
& HMMER
[

Home Search Results Software Help About Yy =
Score Taxonomy Domain Download =
PHMMER Results
Your results have been filtered w
All Results < Echinodermata
Sequence Matches and Features
Pfam 103
disorder #4444 103
v disorder v coiled-coil « tm & signal peptide
Show hit details
There were no exact architecture matches.
Domain Architectures @
1 with domain architecture: I-set, I-set, I-set, fn3, I-set, I-set, example:W4Y2S3_STRPUE View Scores
SEQUENCE
Sequence Features Flﬁl- hﬁa- -lﬁq m -lﬁ‘ m- 2872
1 with domain architecture: I-set, I-set, I-set, I-set, I-set, I-set, example:W4Z1NO_STRPUE! View Scores
SEQUENCE
wgert wzetn  Weerd Wiiseth .Iﬂ. Wisete - 3373

Sequence Featres

EMBO Workshop, Budapest, 2016
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EMBL-EBI Services Research | Training = About us

Q
& HMMER
[

Home Search

Results Software Help Al »ut

Score Taxonomy Domain

Download
Search Again

PHMMER Results

Your results have been filtere w

All Results < Echinodermata

Sequence Matches and Features

Pfam 103

disorder #4448 103

v disorder v coiled-coil + tm & signal peptide

Show hit details

There were no exact architecture matches.

Domain Architectures @

1 with domain architecture: I-set, I-set, I-set, fn3, I-set, I-set, example:W4Y2S3_STRPUE View Scores
SEQUENCE
Sequence Features {seted (Sasatd isety m kst ksat 2872
1 with domain architecture: I-set, I-set, I-set, I-set, I-set, I-set, example:W4Z1NO_STRPUE! View Scores
SEQUENCE
Sequence Festres v WwEstt womd Mietd (Siisets) Wiigets - 3373

EMBO Workshop, Budapest, 2016
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& HMMER
Ll

Home Search Results Software

Help About

PHMMER Results

Score Taxonomy Domain

¢ Job: 11F56758-277F-11E6-9D89-A9DDD26C98AD.1
e Started: 2016-05-31 23:29:00

¢ Algorithm: phmmer

e HMMER Options: -E 1 --domE 1 --incE 0.01 --incdomE 0.03 --mx BLOSUM62 --pextend 0.4 --popen 0.02 --seqdb uniprotrefprot
¥ Format

Text Tab Delimited
A plain text file containing T A tab delimited text file
the hit alignments and - containing the hit CcSV
scores. D information. No
alignments.
XML JSON
An XML file formated for All the results information
machine parsing of the encoded as a single json Ml
data. string. B
FASTA Full length FASTA
Download the significant E A gzipped file containing E
hits from your search as a ~ the full length sequences ~
gzipped FASTA file. for significant search hits.
Aligned FASTA STOCKHOLM
A gzipped file containing E Download an alignment of
aligned significant search M§A significant hits as a gzipped M§A
hits in FASTA format. S STOCKHOLM file. S

EMBO Workshop, Budapest, 2016
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EMBL-EBI Services @ Research | Training @ About

Q
& HMMER
O

Home Search Results Software Help About L 4

phmmer hmmscan hmmsearch jackhmmer

protein sequence vs protein sequence database

Paste a Sequence | Upload a File | Accession Search

Paste in your sequence or use the example @

¥ Sequence Database @

Frequently used databases Representative Sets (UniProt) Other databases

~) Reference Proteomes ~) UniProtkB © SwissProt ~ PDB S rp75 ) rp55 S rp35 rpls ~) Ensembl Genomes @ - Qfo

P> Restrict by Taxonomy @

EMBO Workshop, Budapest, 2016
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EMBL-EBI Services = Research | Training @ Abou

N
& HMMER
1

Home Search Results Software Help About L 4

phmmer hmmscan hmmsearch jackhmmer

protein sequence vs protein sequence database

Paste a Sequence | Upload a File | Accession Search

Paste in your sequence or use the example @

¥ Sequence Database @

Frequently used databases Representative Sets (UniProt) Other databases

" Reference Proteomes * UniProtkKB ) SwissProt ©PDB S rp75 - rp55 S rp35 rpls ~) Ensembl Genomes @ - Qfo

P Restrict by Taxonomy @

EMBO Workshop, Budapest, 2016



Home Search Results

Software Help

About

Score

Taxonomy

Marco Punta

Domain Download

Sequence Matches and Features

B Bacteria Eu

Significant Query Matches (14) in swissprot (v.2016-03-02)

"\VIV|V|V V|V V|V V|V V|V

Target
MYPC_RATE!
MYPC3_MOUSEEs
MYPC3_HUMANGE?
MYPC3_CHICKEes
MYPC1_HUMANGE?
MYPC3_AMBMEEF
MYPC2_MOUSEE?
MYPC2_HUMANE?
MYPC2_CHICKEe?
IGFN1_HUMANGE
IGFN1_MOUSEE!
1GS22_HUMANGE

Myosin-binding protein C,
Myosin-binding protein C,
Myosin-binding protein C,
Myosin-binding protein C,
Myosin-binding protein C,
Myosin-binding protein C,
Myosin-binding protein C,
Myosin-binding protein C,
Myosin-binding protein C,

Immunoglobulin-like and fibronectin type III domain-containing protein 1
Immunoglobulin-like and fibronectin type III domain-containing protein 1

cardiac-type
cardiac-type
cardiac-type
cardiac-type
slow-type
cardiac-type
fast-type
fast-type
fast-type

v disorder

Pfam
disorder

hit coverage

hit similarity

+ coiled-coil

103

B 103
o
Nl

v tm & signal peptide

Show hit details

Distribution of Significant Hits @

karyota

® Archaea

® Viruses

Description

(Fragment)

Immunoglobulin superfamily member 22

more
significant

B Unclassified Sequences B Other Sequences

Species
Rattus norvegicus&r

Mus musculusg?
Homo sapiensi!
Gallus gallusEe?
Homo sapiensi

Ambystoma mexicanume?
Mus musculusg?
Homo sapiens&
Gallus gallus&?
Homo sapiensi
Mus musculusg?

Homo sapiens&

E-value
1.0e-57
1.5e-55
2.5e-53
8.6e-33
6.1e-23
1.6e-21
1.5e-16
7.5e-16
1.6e-14
1.0e-07
1.2e-07

EMBO Workshop, Budapest, 2016



Marco Punta

Uﬂipfo.t..: Advanced v Q Search

BLAST Align Retrieve/ID mapping

UniProtkB - P56741 (MYPC_RAT)

Dlsplay Align l@ Format “ﬁAdd to basket“@ History] “® Feedback B Help video D Other tutorials and video

Protein | Myosin-binding protein C, cardiac-type

|#a Feature viewer

Gene Mybpc3

&8 Feature table

Organism H Rattus norvegicus (Rat)
None

A .

Statusl gl Reviewed - Annotation score: ®®®®0 . Experimental evidence at protein level
Names & Taxonomy L
Function

v|Subcell. location
Thick filament-associated protein located in the crossbridge region of vertebrate striated muscle a bands. In vitro it binds MHC,

Pl F-actin and native thin filaments, and modifies the activity of actin-activated myosin ATPase. It may modulate muscle contraction or

PTM / Processing

m Feature key Position(s) Length Description ‘C'ill::hlcal ide n::lirﬂeer Actions
| stcwre |

may play a more structural role.

EMBO Workshop, Budapest, 2016
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Uﬂipfo.t..: Advanced v Q Search

BLAST Align Retrieve/ID mapping

UniProtkB - P56741 (MYPC_RAT)

Dlsplay Align l@ Format “ﬁAdd to basket“@ History] “® Feedback B Help video D Other tutorials and video

Protein | Myosin-binding protein C, cardiac-type

|#a Feature viewer

Gene Mybpc3

&8 Feature table

Organism H Rattus norvegicus (Rat)

None

A .
Stalusl gl Reviewed -] Annotation score: ®®®®0) . Experimental evidence at protein level
Names & Taxonomy )
Function

v|Subcell. location
Thick filamerng-associated protein located in the crossbridge region of vertebrate striated muscle a bands. In vitro it binds MHC,

Pl F-actin and niative thin filaments, and modifies the activity of actin-activated myosin ATPase. It may modulate muscle contraction or

PTM / Processing

m Feature key Position(s) Length Description ‘C'ill::hlcal ide n::lirﬂeer Actions
| stcwre |

may play a more structural role.
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Advanced v | O\ Search

BLAST Align Retrieve/ID mapping

UniProtkB - P56741 (MYPC_RAT)

Dlsplay Align l@ Format “ﬁAdd to basket“@ History] “® Feedback B Help video D Other tutorials and video

Protein | Myosin-binding protein C, cardiac-type

|#a Feature viewer

Gene Mybpc3

&8 Feature table

Organism H Rattus norvegicus (Rat)
None

A .

Statusl N ReviewedI- Annotation score: ®@®®0) . El(perimental evidence at protein level’
Names & Taxonomy L
Function

v|Subcell. location
‘ Thick filament-associated protein located in th@] crossbridge region of vertebrate striated muscle a bands. In vitro it binds MHC,
Pl F-actin and native thin filaments, and modifiesithe activity of actin-activated myosin ATPase. It may modulate muscle contraction or

may play a more structural role.

PTM / Processing

m Feature key Position(s) Length Description ‘C'ill::hlcal ide n::lirﬂeer Actions
| stcwre 4 .

EMBO Workshop, Budapest, 2016
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Display Metal binding! = 212 - 212 1 Zinc # By similarity 7

Metal binding! = 214 - 214 1 Zinc # By similarity N

|&a Feature viewer e ‘ i i ‘
Metal binding © 227 - 227 1 Zinc # By similarity : |

&8 Feature table

Metal binding! = 229 - 229 1:Zinc # By similarity {

None

v |Function . i

._ GO - Molecular function’

Names & Taxonomy = metal ion binding # source: UniProtkB-KW
+|Subcell. location » structural constituent of muscle @ source: Ensembl
_] Pathol./Biotech

PTM / Processing

M = regulation of striated muscle contrdftion & Source: BHF-UCL +

= ventricular cardiac muscle tissue m@prphogenesis & source: Ensembl
Family & Domains Complete GO annotation...
.
Keywords -.Molecular function
Muscle protein

v |Cross-references . . i
._ Keywords - Biological process’

. i

Entry information Keywords - Ligand
- Actin-binding, Metal-binding, Zinc

EMBO Workshop, Budapest, 2016
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Display Metal binding! = 212 - 212 1 Zinc # By similarity 1

B Entry Metal binding! = 214 - 214 1 Zinc # By similarity 1

|#a Feature viewer

Metal binding’ = 227 - 227 1 Zinc # By similarity N

&8 Feature table

Metal binding! = 229 - 229 1:Zinc # By similarity {
None £ : d i

v |Function . i
._ GO - Molecular function’
Names & Taxonomy = metal ion binding # Source: UniProtKB-KW
+|Subcell. location » structural constituent of muscle ¢ source: Ensembl
_| Pathol./Biotech ;
GO - Biological process
PTM / Processing m cardiac muscle contraction & Source: BHF-UCL «
; » cell adhesion : Uni ;
# Source: Unit Inferred from expression pattern’
M = regulation of striated muscl
» ventricular cardiac muscle { PubMed 8799143
Family & Domains Complete GO annotation...
. i
Keywords -.Molecular function
Muscle protein
v |Cross-references . . i
._ Keywords - Biological process’

. i
Keywords-Ligand

EMBO Workshop, Budapest, 2016
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1. |File -> Input alignment -> From file

@ @ /Users /mpunta/EMBO-BUDAPEST-FILES/hmmer-ali.fasta
File Edit Select View Annotations Format Colour Web Service
: P . T P . 3 P . & 5 . o oo, »
Quesy/1-103 HEAIGS-GDLDLRSAFRRT ------8---L-=--=------ A--G--AG--R --5 -ED--A--G--T---LDFSSLLKK----R------ D-5-
QBUIND_MOUSE/263-365 HEAIGS-GDLDLRSAFRRT ------8---L-=--=----- A--G--AG--R --5 ED--A--G--T---LDFSSLLKK--
E9Q9TS_IMOUSE/ 263-364 HEAIGS-GDLDLRSAFRRT ------8---L-=--=----- A--G--AG--R --5 ED--A--G--T---LDFSSLLKK--
Q3TF37_MOUSE/95-200 HEAIGS-GDLDLRSAFRRT ------8---L-=--=----- A--G--AG--R --5 ED--A--G--T---LDFSSLLKK--=---------
MYPC_RAT/261-362 HEAIGS-GDLDLRSAFRRT ------8---L-=-=------ A--G--TG--R --5 ED--A--G--T---LDFSSLLKK-----------
MBXYES_MUSPF/257-359 HEAVGP-GELDLRSAFRRT ------8---L-=-=------ A--G--5SG--R --5 ED--T--G--T---LDFSSLLKK--
MYPC3_IOUSEf255-357 HEAIGS-GDLDLRSAFRRT- - - -A--G--AG--R --5- ED--A--G--T---PDFSSLLKK--
GILLOE_AILME/263-365 HEAVGP-GDLDLRSAFRRT- - - -A--G--SG--R --5- ED--A--G--T---LDFSSLLKK--
I3MRW?_ICTTR/257-361 HEAIGP-GDLDLRSAFRRT - - - -A--G--GG--R --5- ED--T--G--T---LDFSSLLKK--
GISGU7_RABIT/269-371 HEAIGQ-GDLDLRSAFRRT- - - -A--A--GG--R --5- ED--A--G--1---LDFSSLLKK--
FSGZRA_HUMAN/257-361 HEAMGT - GDLDLLSAFRRT - - - -A--G--GG--R --5- ED--T--G--1---LDFSSLLKK--
MYPC3_HUMANY 257-361 HEAMGT - GDLDLLSAFRRT - - - -A--G--GG--R --5- ED--T--G--1---LDFSSLLKK--
MYPC3_HUMANY 257-361 HEAMGT - GDLDLLSAFRRT - - - -A--G--GG--R --5- ED--T--G--1---LDFSSLLKK--
F1POS3_CANLF/261-363 HEAVGP-GDLDLRSAFRRT - -----A---N-=--=------ A--G--AG--G --G ED--A--G--T---LDFSSLLKK--
JOPST7_CANLF/261-363 HEAVGP-GDLDLRSAFRRT - -----A---N-=--=------ A--G--AG--G --G ED--A--G--T---LDFSSLLKK--
FETEC2_MACMUY 257-361 HEAVGT -GDLDLLSSFRRT ------8---L-=-=------ A--G--GG--R-----=R-=--=------ --5 ED--A--G--1---LDFSSLLKK--
G3QUDE_GORGO/257-361 HEAVGT -GDLDLLSAFRRT ------8---L-=-=------ A--G--GG--R-=----=R-=--=------ --5 ED--T--G--1---LDFSSLLKK--
G35C02_GORGO/257-361 HEAVGT -GDLDLLSAFRRT ------8---L-=-=------ A--G--GG--R-----=R-=--=------ --5 ED--T--G--1---LDFSSLLKK--
GIRWRG_NOMLE/259-363 HEAMGT - GDLDLLSAFRRT - -----8---L-=-=------ A--G--58G--R-=----=R-=--=------ --5 ED--T--G--1---LDFSSLLKK--
FISID7_PIGf255-357 HEAIGP-GDLDLRSTFRRT ------8---L-=-=------ A--G--GG--R-----=R-=--=------ --5 ED--A--G--T---LDFSSLLRK- -
FE2GS1_CAUA/259-363 HEAMGP - GDLDLLSAFRRT - -----8---L-=-=------ A--G--GG--R-=----=R-=--=------ --5 ED--A--G--1---LDFSSLLKK--
AOADADMOQUS_HUMAN/257-361 HEAMGT - GDLDLLSAFRRT - - - - = -§---l--n-n-n-- A--G--GG--R-----=R-=--=------ --5 ED--T--G--1---LDFSSLLKK--
AZMXZY_HUMANY 257-361 HEAMGT - GDLDLLSAFRRT - -----8---L-=-=------ A--G--GG--R-=-----R-=--=------ --5 ED--T--G--1---LDFSSLLKK--
MBVYPS_FELCA/262-366 HEAVGP-GDLDLRSAFRRT ------8---L-=-=------ A--G--5G--R-=----=R-=--=------ --5 ED--A--G--T---LDFSSLLKK--
HOXEWA_OTOGAS265-367 HEAIGP-GDLDLRAAFRRT - -----8---]-=-n----- T--G--GG--R----=-R-=-==----- --5 ED--A--G--1---LDFSSLLKK--
AOMDDOROSI_CHLSEf249-353 HEAVGT -GDLDLLSSFRRT ------§---l--n-n-=-- A--G--GG--R-----=R-=--=------ --5 ED--A--G--1---LDFSSLLKK--
AOADSEISF_PAPAN/323-426 HEAVGT - GDVDLLSSFRRT ------§---l--n-n-n-- A--G--GG--R-----=R-=--=------ --5 ED--A--G--1---LDFSSLLKK--=---------
WSFRF7_SHEER/255-357 HEAVGP-GDYDLRSTFRRT ------8---L-=-=------ A--G--GG--R-=----=R-=--=------ --5 ED--T--A--T---LDFSSLLRK- -
HZNDY3_PONAB/257-361 HEAMGT - GDLDLLSAFRRT - -----8---L-=-=------ A--G--GG--R --5 ED--T--G--1---LDFSSLLKK--
FEZGI3_CALIA257-363 HEAMGP-GDLDLLSAFRRT - - - -A--G--GG--R --5- ED--A--G--1---LDFSSLLKK--
HOVNKZ_ CAVPO/256-360 HEAIGP-ADLDLRSAFRRT - - - -A--G--GS--R --5- ED--A--G--T---LDFSSLLRK- -
QOVDSE_BOVING255-355 HEAVGP-GDVDLRSTFRRT- - - -A--G--GS--R --5- ED--A--G--T---LDFSSLLRK------
FEVQ74_MONDO/256-362 HEAIGP-ADLDLRSAFRRP- - - -P--G--GN--R --§------gD-G-H-DD--A--G--5---LDFSSLLKK--
G3WY35_SARHA/258-361 HEAIGP-ADLDLRSAFLTL-- - -G--G--AS--L --G-- - -D-G-H-DE--G--G--5---LDFSSLLKK--
G3GYKE_CRIGR/380-467 HEAMGS - GDLDLRSAFRRT = = = = - = = o s m o e e e e e e e e e e e e e e e e e e oo eaeaa. D-S-H-ED--T--G--T---LDFSSLLKK--
Conservation
-------------------------------------------------------------------------------------------- 0--0---141101230----1------0-0-
Quality _ A m Bm B l ...-Il -I I A m
Consensus

| | |
HEAIGSTG+IDIRSAFRRTLPGSQ+S+N+~LLVYMEKKPCYALKGLEAFALK++GL+~+RMTS+~L+AFLS+~LLGGSAFGLSTEGGKQSEDFKARKGKEETPNLDFSGLLKKSSFLRL+~LS+SE~V~

[eannanca 1 1R ALar:

Marco Punta

EMBO Workshop, Budapest, 2016



1. |Edit -> Remove redundancy

2. |Select 90% and Remove

Marco Punta EMBO Workshop, Budapest, 2016



1. |Edit -> Remove redundancy

2. |Select 90% and Remove

3. |Edit -> Remove empty columns

Marco Punta EMBO Workshop, Budapest, 2016



1. |Edit -> Remove redundancy

2. |Select 90% and Remove

3. |Edit -> Remove empty columns

4. |Colour -> Clustalx

Marco Punta EMBO Workshop, Budapest, 2016



File Edit Select View Annotations Format Colour Calculate Web Service

2 k1) 40 50 60 70 80 90 100 110 120

[
L5LOW4_MYODE/214-321 HEAIGP RRTIﬁlglsan---L --------- A--A--PGL------ H-->------- RylIlhS-------
FEVYSF7_XENTRf251-351 ---S5TS
U3IVE9_FICAL/252-364 -EA P‘V S
AOADQSYWSA_ALLIMI256-367 - EA P‘AA

---R--N-§-
---R--D-§-
---§--§-F-

RM- - - - - - R A--G--GGR------ Re-mmmmmmm - M----Saaf-lsa

GIKE38_ANOCAI340-451 -EAPRTT RS------ - ¥ [ V--G--GGR------ Revommmm-- M----Tsaf-ssv ---5--§-F-
WS5IMGU7_LEPOG/ 249-363 RT------ [T [ I--P‘-- K--mn-- Re-memmmnn K----sgpggssc ---R-rS5-5-
AOAOSTXELS_POEFO251-364 HEARATE RT------ - - -G--KKRs---BtA--------- TeweoGs-n---- GEL LL ---R--5es§|
G3PS89_GASAGY262-375 HEACAAEGFDIRAAFRRT - - - - - - E---R--n-nm-n- A--G--CAKthEl fsh----n-- - GEL LL - -R--T-K-
WSKFE9_ASTAY 258-396 GFDIRAAFRRT - - - - - - S-- Voo S--T--@B8k------ Krms--glIBss----T------- ¢ GE L LL ---s5--s5-8-
H3OVAM_TETNG/260-370 - - - - - - GLDIRAAFRRT - - - - - - - ATKK--THRI@--tkY¥--------- I G GEL LL ---Rms§-§-
H2LMLO_ ORYLAY260-380 GGLDIRTAFRRT - --- - - tLlvmekkpcvP--Fe-AVC---c-=GocommoneaGouanTemnmnn- GE L LL I kyH--E-T-
GIPGGE_MYOLUf108-217 l--N--15K G ---K--0Q-R-
NMAI99_XIPIAS185-279 LD I RAAFRRT - -« = = =8 o o T e mmm e e m o f e e e e e e GEL L o fR--E-S§-
HZTWES_TAKRU/94-206 ; ---RIsD-§-
F7OKMI_XENTR 161-262 S -R--WV-E-
H2UDRS_TAKRUY 132-236 S eT--K-N-
E2R072_CANLE/152-254 -~ -R--E-¥-
HOVYP7_CAVPO/ 151-251 R--T--RNR 5.
F7EUE2_CALIA 121-207 D--H--AGK k-
EIWIZ2_OIKDY 125-189 ey
AOAD9TDZIT_FUKDAI45- 133 . R--s5-Ip
ZAMCT CHEMYFI0184-10245 = = = = = = = = = = = = = = = @ = @ & @ & & & e e e e e & e e e e e e e e e e e e e e e e e | T
NRAUSS XIPMAFIZ0-195 = = = = = = = = = = m e e e e m e e e e e e e e e e e e e e e e e e W i T--T-v-
HERMM_TAKRUFISE-219 = = = = = = = = = = mm e e m o m e e e e e e e e e e e e e e e e e e e e e e e e e } e K--1-D-
E7FGW2_DANRE[153-222 = == = = = = = = = = = m e e e e e e e e e e e e e eeaaaaeaaaoooaan S T--K-1-
GBUPAZ_LOXAFFI63-232 = = = = = = = = = = m e m e e o ettt e e e e W ---5--4- P-
GIMTES_ MELGAfIAS-206 = = = = = = = = = = = = = = & & & & e e e e e e & e e e e e e e e e e e e e e e e e e e ! - CR--A-P-
BIOUS_OREMII37-197 = = = = = = = = = = = = e e e e e e e e e e e e e e e e e e e e e e e e e e e oS- -K-¥-
Conservation
- -
----------------------------------------------------------------------------------- 00074433571----2--0-0---0----0--0----2--
B
Quallty_ — . o . H I I _
Consensus

| |
HEARA+«E+~LDIRAAFRRTLPGSQAS+N+LLYMEKKPCVALKGLEGG+++GL++R+~MS+~L+|IN+S+LL+55AFGSS+DGGKEDAGELDFSALLKKSLK+R+SSESLLTF+S++«+P++¥NR+~EVK

Marco Punta EMBO Workshop, Budapest, 2016



{mpunta/EMBO-BUDAPEST-FILES/hmmer-ali.fasta
vice

-0----- 0----0----- 0-0----- 000----0----- 047-3503368234400560227 73 76 3244300- -

A - o= |
YKNRG++~KGMGQV+~KDD+~EKA+~HYS+~EPEGEIDY+~GIP~DVWLEILKKAPPSEYEKIAFQYGITDLRGMLKRLKKMKKEEKK

Marco Punta EMBO Workshop, Budapest, 2016



1. |Colour -> BLOSUMé2 Score / Colour -> Percentage ldentity

Marco Punta EMBO Workshop, Budapest, 2016



1. |Colour -> BLOSUM®é62 Score

Colour -> Percentage ldentity

File Edit Select View Annotations Format Colour Calculate Web Service ice

RN i » L 0w, w® ., ® , w®w ™ ) w N W o P W W m
LSLOVA_MYODE/ 214-321 HEAIGPGDLDLRSAFRRT I pgsqaP- D-SSEDAGVLDFSSLLKK DVW-EILRQAPPSEYER IAFQHGVTBLRGMEKRLKGMKHDE KK
FEVSF7_XENTR/251-351 -~ -STSGEVDIRAAFRRT - ----- D-GAEEAGELDFSALLKK DVW-DILKKAPPSEYEKIAFQYGITDLRGLLKRLKKMKKEEKK
UBIVEG_FICAL 252-364 -EAPVSGDLDIRAAFRRT- -E-GHDDGAEFNFSSLLKK DVW-DILRKAPPTEYEKIAFQYGITDLRGMLKRLKRI KKEEKK
LADADOSYWSA_ALLMY256-367 - EAPAAGDMDIRTTFRRM- -Saaf-1sab-GHEEGGELDFSALLKK DVW-EILRKAPPSEYEKIAFQYGITDLRGLLKRLKRMKKEEKK
G1KE38_ANOCA/34C-451 -EAPTTGDLDIRSAFRRS- “Tsaf-ssvD-GHEEGKEVDFSALLRK DVW-EILRNAPPSEYEKIAFQYGITDLRGMLKRLKR I KKEEKK
WSMGU7_LEPOG/245-363 HEARAVEEVDIRAAFRRT - -SgpEEsscD-GGEEAGELDFSALLKK DVW-DILRKAPPTEYEKIAFQYGITDLRGMLKRLKKMKKEEKK

ADADS7XELS_POEFOf251-364 HEARATEGLD I RAAFRRT -
G3PS39_GASAG/262-375 HEACAAEGFDIRAAFRRT -
WSKF69_ASTA1X/258-396 HEARAVEGFDIRAAFRRT -
HBOVIM_TETNGf260-370 - - - - - - EGLDIRAAFRRT -

HZLMLO_ORYULAf260-350 HEARAPGGLDIRTAFRRT-
GIPGGE_MYOLUf108-217 - - - - - - PNIDIRSAFKRR-
AHALGS_XiPMA/ 183-279 HEARAPEGLDIRAAFRRT -
HZTWSS_TAKRU/94-206 ----GSQNIDIRSAFKRR-
F7OKII_XENTR/ 161-262 -EAAGKEDGNLLHSFKRY-

H2UDRS_TAKRUf132-236 == - = - -~ - - DILSAFKRA-
E2RO7Z_CANLF/152-254 - - - - IDVEAPRHNT -
HOVYP7_CAVPO/151-251 ----GTEELEVHGSGGGT -
F7EUE2_CALIA(121-207
EAWZ2_OIKDY/ 125189
ADAO91D21_FUKDA/45- 133
M7AMCT_CHEMY 10184- 10245
MHAUSS_XIPIA/ 120195
H2RADA_TAKRUS 156-219
E7F3W2_DANRE/155-222
G3U743_LOXAF/163-232
GIMTES_MELGA/145-206
13K1US_ORENI/ 137-197

Conservation

tD-GKDDSGELDFSALLKK
D-GKEDSGELDFSTLLKK
D-GGDDSGELDFSALLKK
D-GKEDSGELDFSTLLKK
D-GNDDSGELDFSALLKK
E-GQEDAGELDFSGLLKP
D-GKDDSGELDFSALLKK
E-GQEDAGELDFSGLLKH
--DEDAGELDFSGLLKK
D-AGEDEGDLDFSALLKA
EgKSEDGGELDFSSLLKK
G-KSEDAGELDFSGLLKK
D-PRRRLGQLTREVVEEE
EFRAALRK
D-LRKE--MMDFRKMLKK

G-SN-EQATQDFRSMLKK
EDFKKALKN

DYW-NILSHAPPSEYEKIAFQHG!
DYW-NILSHAPSSEYEKIAFQHG!
DYW-EILSHAPASEYEKIAFQYGI
DYW-EILSKAPSSEYEKIAFQHG!
Pd---vDVW-SILSKAPPSAFEKIAFQYGI
DYW-ELLKNANPNEYEKIAFQYGI
KKLILKMGHAPPSEFEKIAFQYGI
DYW-EILKKARPDEYEKIAFTYGI
DYW-ELLKNAKPSDFERIAFEHGI
DYW-ELLKSAHPSEYEKIAFQYGI
PPEIW-ELLKGAKKSEYEKIAFQYGI
EIW-ELLKGAKKSEYEKIAFQYGI

......... IW-ELLKGAKKSEYEKIAFQYGI

DIW-ALLKSANPREYDRIAFYWGI
Q¥W-QLLMNADRKDYEKICLKYGI
DIM-ELLKNVDPKEYEKYARMYGI
KLL-ELLLSAPKKDYERICLEFGI

KFW-DVMLNAKKSDYERICHEFGI

AIF-QLLLHADKKDYERICIKYGI

Quality

Consensus

KFF-EVLMSAEKKDYES|CIQYGYTDFRGMLKKLNEKKIE-

RFW-DVMLKADRNDYER | CSEFGVKDLHS I LKKLDEKKKE -

TDLRGMLKRLKKMKKEEKK
TDLRGMLKRLKKMKKEEKK
TDLRGMLKRLKKMKKEEKK
TDLRGMLKRLKKMKKEEKK
TDLRGMLKRLKKMKKDEKK
TDLRGMLKRLKRMRRVEKK
TDLRGMLKRLKKMKKEEKK
TDLRGLLRRMKKI PKEEKK
TDLRGMLKRLKKVKKEVKK
TDLRGMLKRLKKMKYVE - -
TDLRGMLKRLKKAKVEVKK
TDLRGMLKRLKKAKVEVKK
TDLRGMLKRLKKAKVEVKK
KDLRKLLKKLANAKKNNKK
VDFRGMLRKLQEMKKEQ-
TDFRGLLOAFELLKQSQ-
TDFRWFLKKLKQIKKER -

TDYRWMLKQLNLKKK-EK-

EML-EILSKVPKKDFERVCMVYGFTDFWGLLKKLKEMKKVEEK

SDFRGMLRALQDLRKDT -

453244300~

HEARA~E~LDIRAAFRRTLPGSQAS~N~LLVMEKKPCYALKGLEGG=+~~GL~~R~MS~L~IN-S~LL~SSAFGSS~DGGKEDAGELDFSALLKKSLK~R~SSESLLTF~S~==PoeVNR~EVK/KNRG~-KGMGQY~KDD~EKA~HVS<~EPEGEIDV-GIP-DVWLEILKKAPPSEYEKIAFQYGITDLRGMLKRLKKMKKEEKK

Marco Punta

EMBO Workshop, Budapest, 2016



1. |Web Service -> Alignment-> Run Muscle with Default

Marco Punta EMBO Workshop, Budapest, 2016



1. |Web Service -> Alignment-> Run Muscle with Default

File Edit Select View Annotations Format Colour Calculate Web Service

L5LOVE_IYODS/214-321
FEVSF7_XENTR/251-351
U3IV59_FICAL/252-364
LBOADQ3YWSA_ALLIY 256-367
GIKE38_ANOCA/340-451
WSNIGUT_LEPDG 245-363
VBOADSTXELS_POEFOS251-364
G3PS89_GASAGY262-375
WSKFE9_ASTIXY285-396
H3OVI4_TETNG/260-370
H2LMLD_ ORYLA260-380
G1PGGE_IMYOLUY 108-217
NHAL99_XIPIAS 183279
HITWSS_TAKRUY94-206
F7OKMI_XENTR/ 161-262
H2UDRS_TAKRU/132-236
E2R072_CANLF/152-254
HOVYP7_CAVPO/ 151-251
F7EUE2_CALIAI121-207
EAWXZ2_OIKDY 125189
04091 D211_FUKDA/4S5-133
M7AMCT_CHEMY/ 10184- 20245
NHAUSS_XIPIAS 220-195
H2RAD4_TAKRUY 156-219
E7FAW2_DANRE/ 153-222
G3U743_LOXAF/163-232
GIMTES_IMELGA145-206
13KIU9_ORENY 137-197

Conservation

Quality

Consensus

P : P : ¥ : ¥ : i
HEAIGPGDLDLRSAFRRTLPGSQAPLAAPGLHRYLL--HSDSS- -
---STSGEVDIRAAFRRT - ---------- RLLGAGQP-SGDGA- -
-EAPVSGDLDIRAAFRRTSLA----GGGRRMTSAFL--STEGH- -
-EAPAAGDMDIRTTFRRMSLA----GGGRRMSAAFL--SAEGH- -
-EAPTTGDLDIRSAFRRSSMY----GGGRRMTSAFS--5VDGH- -
HEARAVEEYDIRAAFRRTSIG----PGGKRKSGPGGS-SCDGG- -
HEARATEGLDIRAAFRRTS------ EGGKKRSGTATS-STDGK- -
HEACAAEGFDIRAAFRRTER--- - - AGCAKTHGLFSN-SNDGK- -
HEARAVEGFDIRAAFRRTSVST---GGKKRMSGLGS--STDGG- -
------ EGLDIRAAFRRTS------EALKKTNRLETKYSTDGK- -
HEARAPGGLDIRTAFRRTHTNTLLVMEKKPCYPFAYCSSTDGN- -
------ PNIDIRSAFKRRRLIN---ISKKEMQLLFINDSGEGQ- -
HEARAPEGLDIRAAFRRT - ---------=---------+ STDGK- -
----GSAQNIDIRSAFKRRNLT----EAPNKIPTSYINNSSEGQ- -
-EAAGKEDGNLLHSFKRY - ------------------- GGEGKKD
--------- DILSAFKRAQAPYQ--TRGRRYVCFHY--HSDAG- -
-------- IDVEAPRHMNTSY-----QGLESFKRT-----GEGKS -
EVHGSGGGTDVRTRNRRY - - - - - ------------- WGEGKS -
---------------------------------- FTQPSGDHA - -
------ GDLSNSSKYQISSA------------------PGECAAD

-GS - -

: i : P : & : 3 : weo o oo
EDAGVLDFSSLLKKRDS KLEAPAEEDVWEI LRQAPPSEYERIAFQHGYTDLRGMLKRLKGMKHDEK
EEAGELDFSALLKKRNSF------- DGNEPKQGAEPDYDVWDI LKKAPPSEYEKIAFQYGITDLRGLLKRLKKMKKEEK
DDGAEFNFSSLLKKRDSF---LRPSNRGEGKSESQSDVDYWDILRKAPPTEYEKIAFQYGITDLRGMLKRLKRIKKEEK
EEGGELDFSALLKKSSFL----RSYNRTEAKTESQPSVYDVYWEILRKAPPSEYEKIAFQYGITDLRGLLKRLKRMKKEEK
EEGKEVDFSALLRKSSFL----RSYNRNETKTETRPEVDYWEILRNAPPSEYEKIAFQYGITDLRGMLKRLKRIKKEEK
EEAGELDFSALLKKRRSS---FLKASNRAVAQVNAQPEIDYWDILRKAPPTEYEKIAFQYGITDLRGMLKRLKKMKKEEK
DDSGELDFSALLKKRSES--LLTFSEYVGNHKSNSHPDVDYWNILSHAPPSEYEKIAFQHGITDLRGMLKRLKKMKKEEK
EDSGELDFSTLLKKRTKY---LIQYKYSHMRNKAEPDMDYWNILSHAPSSEYEKIAFQHGITDLRGMLKRLKKMKKEEK
DDSGELDFSALLKKSSGH--------- RMYQVSSEPDVDYWE | LSHAPASEYEKIAFQYGITDLRGMLKRLKKMKKEEK

EDSGELDFSTLLKKRMSSSFLKSSSRVRAVHVSSEPEVDYVWEILSKAPSSEYEKIAFQHG
DDSGELDFSALLKKSLKY--HETFNRNRAVAOVHSEPDVYDYWS I LSKAPPSAFEKIAFQYG
EDAGELDFSGLLKPKQRF----SPVREVKQQQDEEPEIDVWELLKNANPNEYEKIAFQYG
DDSGELDFSALLKKRRES------ VLTCSQKKTTAEKKKLLLKMGHAPPSEFEKIAFQYG
EDAGELDFSGLLKHRLSD--SYKTPNKGMGQFDDTPEVDVYWE I LKKARPDEYEKIAFTYG
EDAGELDFSGLLKKRYED--KQKEQKKKKDDDDCGI PPDVWELLKNAKPSDFERIAFEHG

TDLRGMLKRLKKMKKEEK
TDLRGMLKRLKKMKKDEK
TDLRGMLKRLKRMRRVEK
TDLRGMLKRLKKMKKEEK
TDLRGLLRRMKKI PKEEK

|
|
|
|
|
|
|
|
|
|
|
|
ITDLRGMLKRLKKVKKEVK
|
|
|
|
|
|
|

EDEGDLDFSALLKATKNH---LSLTGRNKKPQKEEPEIDVWELLKSAHPSEYEKIAFQYGITDLRGMLKRLKKMKVVE -
EDGGELDFSSLLKKREYY---EEEKKKKKDDDDLGIPPEIWELLKGAKKSEYEKIAFQYGITDLRGMLKRLKKAKVEWVK
EDAGELDFSGLLKKSCLF-------- ASPYDDDLGIPPEIWELLKGAKKSEYEKIAFQYGITDLRGMLKRLKKAKVEVK
GKRPGDPRRRLGQLTREY--VEEEKKKKKDDDDLGIPPEIWELLKGAKKSEYEKIAFQYGITDLRGMLKRLKKAKVEVK
------ EFRAALRKVQAQKF---------SVGKKVADAKEDIWALLKSANPREYDRIAFYWGIKDLRKLLKKLANAKKNNK
LRKEMMDFRKMLKKRSPP---------- PAPEKKIESEQYWALLMNADRKDYEKICLKYGIVYDFRGMLRKLQEMKKEQ-
------ DLRAKLKSTPTK----------KKEEEEEKPIDIMELLKNVDPKEYEKYARMYGITDFRGLLQAFELLKQSQ-
NEQATQDFRSMLKKTTWYA----TRKKQLPQQKEGEIDPKLLELLLSAPKKDYERICLEFGITDFRWFLKKLKQIKKER -
----- EDFKKALKNKIDI--------DAKEENKMEADEKFFEVLMSAEKKDYESICIQYGYTDFRGMLKKLMNEKKIE- -
---DPEDFRKMLKKTKIVY----- KKRKEEPKKEGEIDPKFWDYMLNAKKSDYERICHEFGITDYRWMLKQLNLKKKEK-
---DKMDFKKMLKKSGPP------- PPKKKQKKYIDEKEMLEI LSKYPKKDFERVCMVYGFTDFWGLLKKLKEMKKYEE
----- QDLKKTLKKRAPL-----------PKQKEVDKEAIFQLLLHADKKDYERICIKYGISDFRGMLRALQDLRKDT -

< - - PADFRKLLKKSKVE------------

RADGESDERFWDVMLKADRNDYERICSEFGYKDLHS I LKKLDEKKKE - -

---000545437713100--+------- 00021120122537735293382344 S6E9227 73 763 7433244330~

HEARA+~GGLDIRAAFRRTSL+~TQ++GGGKRMSG+F+N+5SGDGKSDEDAGELDFSALLKKRSSFSFLL++~VYKK+~KVYKK+~SEPDVDYWEI|LKKAPPSEYEKIAFQYGITDLRGMLKRLKKMKKEEK

Marco Punta

EMBO Workshop, Budapest, 2016



1.

Colour -> BLOSUMé62 Score

File Edit Select

View Annotations

Format

Colour

Calculate

Web Service

L5LDVE_NYODS/214-321
FEVSF7_XENTR/251-351
13IV59_FICAL/252-364
ADAD03YWSE_ALLMY 256-367
G1KE38_ANOCA/340-451
WSMGU7_LEPDG/ 249-363
ADADSTXELS_POEFOf251-364
G3PS89_GASAG/262-375
WSKFEG_ASTAY 288-396
H3OV4_TETNG/260-370
H2LNLO_ ORYLA/260-380
G1PGGE_MYOLU/108-217
MHA99_ XIPIAS 183279
H2TWSS_TAKRU/94-206
F7OKMI_XENTRY 161-262
H2UDRS_TAKRU/ 132-236
E2R072_CANLF/ 152-254
HOVYP7_CAVPO/151-251
F7EUE2_ CALIA/121-207
EAWXZ2_OIKDY 125- 139
ADAD91D211_FUKDA/45-133
M7ANCT_CHEMY/ 10184- 20245
MHMAUSS_XIPMAS 120-195
H2ZRAD4_TAKRU/ 156-219
E7FW2_DANRE/153-222
G3U743_LOXAF/163-232
GIMTES_MELGA/ 145-206
13KiU9_ORENY 137-197

Conservation

Consensus

Marco Pun

10 2
1 ' 1

HEAIGPGDLDLRSAFRRTLPGSQAPLAAPGLHRYLL--HSDSS--EDAGVLDFSSLLKKRDS

---STSGEVDIRAAFRRT

0

-EAPYSGDLDIRAAFRRTSLA--- -
-EAPAAGDMDIRTTFRRMSLA- - - -
-EAPTTGDLDIRSAFRRSSMY- - - -
HEARAVEEVDIRAAFRRTSIG- - - -

HEARATEGLDIRAAFRRTS

HEACAAEGFDIRAAFRRTER

HEARAVEGFDIRAAFRRTSVST- - -

EGLDIRAAFRRTS

a0

RLLGAGQP-SGDGA-
GGGRRMTSAFL--STEGH-
GGGRRMSAAFL--SAEGH-
GGGRRMTSAFS--5SVDGH -
PGGKRKSGPGGS-5SCDGG-
EGGKKRSGTATS-STDGK-
AGCAKTHGLFSN-SNDGK-
GGKKRMSGLGS--STDGG-
EALKKTNRLETKYSTDGK-

HEARAPGGLDIRTAFRRTHTNTLLYMEKKPCYPFAVCSSTDGHN -

------ PNIDIRSAFKRRRLIN---1SKKEMQLLFINDSGEGQ-
HEARAPEGLDIRAAFRRT - - - - - - --mmmmma oo oo STDGK-
----GSQMIDIRSAFKRRNLT----EAPNKIPTSYINNSSEGQ-

-EAAGKEDGNLLHSFKRY

QGLESFKRT

FTQPSGDHA -

50

PGECAADLRKEMMDFREKMLKKRSPP
DLRAKLKSTPTK----------
GS--NEQATODFRSMLKKTTWVA-

60

EEAGELDFSALLKKRNSF
DDGAEFNFSSLLKKRDSF -
EEGGELDFSALLKKSSFL-
EEGKEVYDFSALLRKSSFL-
EEAGELDFSALLKKRRSS -
DDSGELDFSALLKKRSES -
EDSGELDFSTLLKKRTKY-
DDSGELDFSALLKKSSGH

90
! 1 ! 1

KLEAPAEEDVWE I
DGNEPKQGAEPDVDVWD I

LRPSNRGEGKSESQSDVDVWD I
-RSVNRTEAKTESQPSVDVWE |
-RSVNRNETKTETRPEVDVWE I
FLKASNRAVOQVNAQPE I DVWDI

LLTFSEVYGNHKSNSHPDVDVWNI

LIQVKYSHMRNKAEPDMDVWHN |

RMYQVYSSEPDVDWYWE I

EDSGELDFSTLLKKRMSSSFLKSSSRYRAVHVYSSEPEVDVWEI
HETFNRNRAVQVHSEPDVYDVWS I
--SPYREVKQQQDEEPEIDYWELLKNANPNEYEKIAFQYGI
VLTCSQKKTTAEKKKLLLKMGHAPPSEFEKIAFQYGI
SYVKTPNKGMGQFDDTPEYDYWE I LKKARPDEYEKIAFTYGI
KQKEQKKKKDDDDCGI PPDVWELLKNAKPSDFERIAFEHGI
-LSLTGRNKKPOQKEEPEIDYWELLKSAHPSEYEKIAFQYGI
-EEEKKKKKDDDDLGIPPEIWELLKGAKKSEYEKIAFQYGI

DDSGELDFSALLKKSLKY -
EDAGELDFSGLLKPKQRF-
DDSGELDFSALLKKRRES
EDAGELDFSGLLKHRLSD-

GGEGKKDEDAGELDFSGLLKKRVED-
-DILSAFKRAQAPYQ--TRGRRYVYCFHY--HSDAG-
IDVEAPRHNTSY
EYHGSGGGTDYRTRNRRY - -

EDEGDLDFSALLKATKRNH-
EDGGELDFSSLLKKREVY-
EDAGELDFSGLLKKSCLF
GKRPGDPRRRLGQALTREV-
EFRAALRKYQKF

EDFKKALKNKIDI

QDLKKTLKKRAPL
PADFRKLLKKSKVE

100

'
LRQAPPSEYERI
LKKAPPSEYEKIAFQYGI
LRKAPPTEYEKIAFQYGI
LRKAPPSEYEKIAFQYGI
LRNAPPSEYEKIAFQYGI
LRKAPPTEYEKIAFQYGI
LSHAPPSEYEKIAFQHGI
LSHAPSSEYEKIAFQHGI
LSHAPASEYEKIAFQYGI
LSKAPSSEYEKIAFQHGI
LSKAPPSAFEKIAFQYGI

ASPYDDDLGI PPEIWELLKGAKKSEYEKIAFQYGI

VEEEKKKKKDDDDLGI PPEIWELLKGAKKSEYEKIAFQYGI

SYGKKYADAKEDIWALLKSANPREYDRIAFYWGI
PAPEKKIESEQVWAQLLMNADRKDYEKICLKYGI
KKEEEEEKPIDIMELLKNVDPKEYEKYARMYGI

--TRKKQLPQQKEGEIDPKLLELLLSAPKKDYERICLEFGI

DPEDFRKMLKKTKIV-----
DKMDFKKMLKKSGPP-------

—n aal  baeaiN mul

0002112012237735

3322344

%m
!
AFQHGYTDLRGMLKRLKGMKHDEK

%m

TDLRGLLKRLKKMKKEEK
TDLRGMLKRLKRIKKEEK
TDLRGLLKRLKRMKKEEK
TDLRGMLKRLKRIKKEEK
TDLRGMLKRLKKMKKEEK
TDLRGMLKRLKKMKKEEK
TDLRGMLKRLKKMKKEEK
TDLRGMLKRLKKMKKEEK
TDLRGMLKRLKKMKKEEK
TDLRGMLKRLKKMKKDEK
TDLRGMLKRLKRMRRVEK
TDLRGMLKRLKKMKKEEK
TDLRGLLRRMKKIPKEEK
TDLRGMLKRLKKYKKEVK
TDLRGMLKRLKKMKVYE -
TDLRGMLKRLKKAKVEVYK
TDLRGMLKRLKKAKVEVYK
TDLRGMLKRLKKAKVEVYK
KDLRKLLKKLANAKKNNK
YDFRGMLRKLQEMKKEQ-
TDFRGLLQAFELLKQSQ-
TDFRWFLKKLKQI KKER -

DAKEENKMEADEKFFEVLMSAEKKDYESICIQYGYTDFRGMLKKLMNEKKIE- -
KKRKEEPKKEGEIDPKFWDVMLNAKKSDYERICHEFGI TDYRWMLKQLNLKKKEK-
PPKKKOQKKYIDEKEMLEILSKYPKKDFERYVCMYYGFTDFWGLLKKLKEMKKYEE
PKQKEYDKEAIFQLLLHADKKDYERICIKYGISDFRGMLRALQDLRKDT -
RADGESDERFWDYMLKADRNDYERICSEFGYKDLHS I LKKLDEKKKE - -

HEARA+GGLDIRAAFRRTSL+TQ++GGGKRMSG+F+N+~SGDGKSDEDAGELDFSALLKKRSSFSFLL+~+~VKK+KVYKK+~SEPDVDVWEILKKAPPSEYEKIAFQYGITDLRGMLKRLKKMKKEEK
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1. |Colour -> Clustalx

File Edit Select View Annotations Format Colour Calculate Web Service

L5LOWA_MYODE/214-321
FEVSF7_XENTRf251-351
U3IVEG_FICAL/252-364
ADADQBYWSE_ALLIMIY 256-367
GIKB33_ANOCAI340-451
WSIMGUT7_LEPOC/249-363
ADADS7XELS_POEFO/251-364
G3P539_GASAC/262-375
WSKFE9_AST X/ 238-396
HIOVI_TETNG/260-370
H2LNLD_ORYLAS260-380
GIPGGE_MYOLUf108-217
AHAI99_XIPAIAS183-279
H2TWES_TAKRU/94-206
F7DKMT_XENTR/161-262
H2UDRS_TAKRU/132-236
E2RO72_CANLFf152-254
HOVYP7_CAVPO/151-251
F7EUE2_CALIAS121-207
EAWZ2_OIKDIf 125-189
ADADGID2IT_FUKDAI45-133
M7AMC7_CHEMY/ 10184- 10245
NHAUSS_XIPMAI120-195
H2RAM_TAKRUf156-219
E7FAW2_DANRE/153-222
G3U743_LOXAF/163-232
GIMTES_MELGA/145-206
I3KIUG_ORENY 137-197

Conservation

Quality

Consensus

10 2 50 60 0 80

HEA I pLPLRSA TLEISQAELAAE-LHRVLL--HS ss- - F&sLL@Rros - - -----------
- -STSGEVDIRAAFRRT - ---------- RLLEAGQR- s A- - FSALLRRRNSF------- DlNEﬁ
-EAPYSGDLDIRAA TSLA---- RRMTSAFL--ST . F8[sLL --LRPSNRBEGKSES

RRMSAAFL--SA ---RSVYNRTEAKTES

RRMTSAFS--5V

-EAPAAGDMDIRTT MS LA----
-EAPTTGDLDIRSA
HEARAVEEVDIRAA Ts1E---- KRKS 5-5C
HEARATEGLDIRAA TG-nm--- KKRSGTATS-ST
HEACAAEGFDIRAAFRRITER- - - - - AGCAKTHGLFSN-SN : FSTL
HEARAVEGFDIRAA TSYST---BGKKRMSGLES--5T : FSALLKKSSEH---------

------ LDIRAA TG------EALKKTNRLETKYST F SFLKSSSRVRAVHVSS
HEARA LDIRTA THTNTLLYMEKKPCYPFAVCSST ~HETFNRNRAVQYHS
------ NIDIRSA : F S G ---SPVREVKQQQDEES ‘
HEARAPEGLDIRAA : FSaLLKRRRES------ VLTCSQKKTTAEKKK
----Isaml RSA F S -svkTPnk@vEar oo T PEVBY
-EAAGKEDGNLLHS ¢ FSGL -KQKEQKKKKDDDD C/G
--------- LSA Q--TRBRRYVCFHY--HSDAG- - : FSALLKATKNE- - -LsLTERNKKPOKE
------------- QELESFKRT----- GE F -EEEKKKKKDDDDLG

------------------------------------------------ MD F K KN <o -----PPKKKQKKY I DEKEM
-------------------------------------------------- --PKQKEVDKEAIF

------------------------------------------------ 000545437713100---------00021120122377352338234 453244330-

HEARA+~GGLDIRAAFRRTSL+-TQ++GGGKRMSG+F+N+SGDGKSDEDAGELDFSALLKKRSSFSFLL++~VKK+«KVKK+~SEPDVDVWEI|LKKAPPSEYEKIAFQYGITDLRGMLKRLKKMKKEEK
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1. |Click on F7EU62_CALJA

File Edit Select View Annotations Format Colour Calculate Web Service

D D > $
LﬂsuAﬁLAAﬂLHRVLL--Hs 55 - -

LSLOVE_MYODE/ 214-321 HEAI DL RSA T

FEVSF7_XENTRf251-351 EV RAA T ﬁ
UBIVSG_FICAL/252-364 DL RAA RRMTSAFL--ST 3 FMNF LR NRIE KSES
ADADQIYWSE_ALLMY 256-367 RTT RRMSAAFL--SA GGELDF -RSVMNRTEAKTES
GIKB38_ANOCA/340-451 RSA RRMTSAFS--5Y 'DF

W5MGUT7_LEPOG/ 245-363 HEARAVEEY RAA KRKS $-5¢C

AOADSTXEIS_POEFOf251-364 HEARATE RAA KKRSGTATS-ST

G3PS39_GASAG/262-375 HEACAAE RAA AGCAKTHGLFSN-SN SEL
WSKFEG_ASTIX/ 288-396 HEARAVE RAA KKRMS LIS--ST GELDFSALLKKSSGH---------

H3OVM_TETNG/260-370 - - - - - - RAA SE L SFLKSSSRVRAVHVSS

HZLNLD_ ORYLAf 260-380 RTA GELDF HETFNRNRAVQVHS
GIPGGE_MYOLUJI08-217 - - - - - - RSA SELDFSG F Iy
MHAT99_XIPMAS 185-279 GLDIrAA GELDFSALLKKRRES------ YLTCSQKKTTAEKKK
H2TWSS_TAKRUS94-206 .- Is QNIBIRSA SELDFSG PuK@MEQFDDTE
F7OKMI_XENTR/161-262 -EAAGKEDGNLLHS SELDFSG KQKEQKKKKDDDDC

HPUDRS TAKRUf132-236 - - = ----- - LSA F 5DLDF LSLTEBRNKKPQKEEF
E2R072_CAMLFf152-254 - - ------ IDMEAPRHNTSV-----Q@LESFKRT----- GGELDF EEEKKKKKDDDDLG
HOVYP7_CAVPO/151-251 Y- - SE L GLLKRSCLE--------

F7EU62_CALIAf121-207
W22 OIKDY 125189
ADAD9ID2T_FUKDAIAS- 133
MZAMCT_CHEMY/ 10184- 10245
MHAUSS_XIPMAJ120- 195
H2RADE_TAKRU/ 156-219
E7FAW2_DANRE/ 153-222
G3UT43_LOXAF/163-232
GIMTE5_MELGA 145206
13KIU9_ORENY 137-197

Conservation

Consensus
HEARA+~GGLDIRAAFRRTSL+-TQ++GGGKRMSG+F+N+SGDGKSDEDAGELDFSALLKKRSSFSFLL++~YKK+~KVKK+~SEPDVDVWEILKKAPPSEYEKIAFQYGITDLRGMLKRLKKMKKEEK
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1. |Edit

-> Delete

File Edit Select View Annotations Format Colour Calculate Web Service

LSLDVE_MYODS/214-321
FEVSF7_XENTR/251-351
U3IVE9_FICAL/252-364
A0ADQBYWSE_ALLMI 256-367
GIKB38_ANOCA/340-451
WSMGU7_LEPDG/ 249-363
AOADS7XELS_POEFO/251-364
G3PS39_GASAC/262-375
WSKFE9_ASTMX/ 288-396
H3OVI4_TETNG/260-370
HALMLO ORYLA/260-380
GIPGGE_NMYOLUS108-217
ARAL99 XIPMIAI183-279
H2TWSS_TAKRU/94-206
F7DKMI_XENTR/161-262
H2UDRS_TAKRU/132-236
E2R072_CANLF/152-254
HOVYP7_CAVPO/151-251
EAWXZ2_OIKDY 125159
A0AD9ID2IT_FUKDAS45-133
M7AMCT_CHENY/ 10184-10245
AR AUSS_XIPMAS120-195
HZRXD4_TAKRU/156-219
E7F8W2_DANRE/153-222
G3U743_LOXAF/163-232
GIMTE5_NELGAS145-206
13KIU9_ORENI 137-197

Conservation

1l

HEA I pLPltRs A : F (BRRDS - ----- -
- EVDIRAAFRRIT - ---------- P- : F LKKR NS - - - pEneEP k@A
- EAl DLDIRAA TSLA--- RRMTSAFL--ST FINF RDSF---LRPSNREEGKSES

RRMSAAFL--SA
RRMTSAFS--5V
KRKS S-5¢C
KKRSGTATS-ST
AGCAKTHGLFSN-SHN

“EAT DMBIRTTFRRMS LA- - - SSFL----RSYNRTEAKTES
-EAPTTGDLDIRSA
HEARAVEEVDIRAA T51@---
HEARATE RAA TSewnn--
HEACAAE RAA TER----- : » v
HEARAVE RAA TSVST-- KKRMSGLES--sT : FSALLKKSSGH---------

------ RAA : F RMSSSFLKSSSRVRAVHYSS
RTA : F SLK¥--HETFNRNRAVQVHS
RSA ¢ F S G PKQRF----SPYREVKQQQDE 3
HEARAPEGLDIRAA : F RRES------ YLTCSQKKTTAEKKK
----Isowl RSA : FS G HRLSD--svKTPNK@MEarFDDT
-EAAGKEDBNLLHS K KD : F S G RVED--KQKEQKKKKDDDDC
--------- LSA s0aPva--TRERRYVCFHY--HSDAG- - G F ATKNA---LsLT@rRuKKPQKE
SIS EAPRHNTSV- - - - - QBLESFKRT----- : F

RTRMEIRY - ---------ccmmaaann

Quality

Consensus

7423244330 -

------------------------------------------------ 00075543 023100---------0002112012237735033:8234

HEARA+~GGLDIRAAFRRTSL+~TQ++GGGKRMSG+F+N+5+DGKSDEDAGELDFSALLKKRSSFSFLL+SV++RKYVKKESEPDYDVWEILKKAPPSEYEKIAFQYGITDLRGMLKRLKKMKKEEK
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1. |Select -> Select all

2. |Web Service -> Secondary Structure Prediction-> JNet Secondary Structure
Prediction
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1. |Select -> Select all

2. |Web Service -> Secondary Structure Prediction-> JNet Secondary Structure
Prediction

File Edit Select View Annotations Format Colour Calculate Web Service

4
L5LOVE_ MY OD5/214-321 EA L EP L J
FEVSE7_XENTR{251-351 --5Ts I F LDF F pelnePkaGaEr
UBIVEG_FICALf 252-364 EAPVS I F 5(s LI LRPSnriglegksEs
ADADQYWSA_ALLMIY 256-367 EAPAA I F
GIKB33_ANOCAI340-451 EARTT I ‘ 5 VDFSALL L - rSYNRMNETKTETRP
WSMGU7_LEPDG/245-363 ~ EARAVEEVDI e L LL FLKASnravavna@Pp
ADADSTXELS_POEFOf251-364 EARATE I : tATS L LL I tFSEVENHKSNSHP
G3PS39_GASAGY 262-375 EACAAE I ‘ GE L LIQvkySHMrnKA
W5KFE9_ASTIY 235-396 EARAVE I F 1gls--s7 DFSALL :
H3CV4_TETNG/ 266-370 _ I F EAIkKTNRIethST LDF SFLKSSSRVRAVhvss
HZLNLO_ ORY LAY 266-380 I ‘ vmekkpcvPFAVCSST LDFSALL ~HETFNRNRAVQVHS
GIPGGS_MYOLUf108-217 I i : LDFSG --slpvREVKQQQde
NHAI99_XIPIMA/ 183-279 I L LL S--VLTCSQKKTTAEKKKLILKE
H2TWSS_TAKRU/94-206 I PuKkilp i G LDFSGL SYKTPNKEmEqFoD TR

F7OKIT_XENTRY 161-262
H2UDRS_TAKRU/132-236
E2R072_CANLFf152-254
HOVYP?_CAVPO/151-251
EAWIZ2_OIKDY 125189
ADAD9ID2T_FUKDAJ45-133
MZAMCT_CHEMY/ 10184- 10245
MHAUSS_XIPIMA 120- 195
H2RADE_TAKRUS 156-219
E7EAW2_DAMRE/ 155-222

Conservation

Quality

Consensus
EARA+~GGLDIRAAFRRTSL+~TQ++GGGKRMSG+F+N+~5+DGKSDEDAGELDFSALLKKRSSFSFLL+~SV+~+~RKVKKESEPDVDYWEILKKAPPSEYEKIAFQYGITDLRGMLKRLKKMKKEEKK
[ R T e i NI
[T R i e NI
[T S e T e N
jnetpred - ——— e - i

JNETCONF
98888763110143114556777777777125787 13688 77622342213235677 7777765348888 7517887523334332033799999999884124389
JNETHMM S S - ——
INETPSSM = e - S

JMETIURY --- - -- = --— -- - eeeemsmm==a aaew



Click on top of column corresponding to alignment position 57

File Edit Select View Annotations Format Colour Calculate Web Service

P 2 . P . e . 3 € . P . 80 50 .

UAIVEG_ FICALf252-364 EAPvSGDLDIRAAFRR TS LA----BE8GRRmMtsaf ! --5THGH- - F RDSF'---LRPSaneEKSEst YWD | LRKAPP L
|ADADOBYWSA_ALLIAY256-367 EAPAAGDMDIRTTE MSLA----GGGRRMS 3af | --saE@H - - L SSFL----RSvnrtEAKTESQ@PSYDVWEILRKAPP L
GIKB38_ANOCA/340-451 EAPTT “DL IRSAF SSMV----!GG RRMTsafs--svDGH- - V) SSFL----rsvnRNETKTETRPEVDY ILRNAPP L
WSMGU7_ LEPDG 245-363 EARAVEEVDIRAAFRRTS IG----PGGKRKSEpEEs - scDGE- - L RrSI---FLKASnranVNAlP IDVWD I LRKAPP L
AOADB7XELS_POEFO/251-364 EARATEGLBIRAAFRMTS - - - - - - EE KKRSEtATS- s tDGK- - L RSeS--11tFSEvENHKSNSHPDYDVWNILSHAPP L
(G3P539_GASAG262-375 EACAAEGFDIRAAFRRITER- - - - - AGCAKthg! fsN-SNDGK- - L RTK¥---LlQvkySHMrnKABPDMDYWNI LSHAPRS L
MWISKFE._ ASTIX/ 258-396 EARAVEGFBIRAAR TSYST---BGKKrmsglgs--5TDGG- - LDFSALLKKSSGH--------- RMYQVSSEPDY vmlLSHAPA L
HBOVI_TETNG/260-370 - - - - - EGLDIRAAFRRTS - - - - - - EAIKKTNRI etk¥YSTDGK- - L RmsSSFLKSSsRYRAvhvssEPEVDVWEILSKAPS L
H2LMLD ORYLAS260-380 EARAPGGLDIRTAF THtntLlvmekkpcvPFAVCSSTRBGHN - - L sl ky--HETFNRNRAVAOVYHSEPAvDVWS I LSKAPPSAF L
GIPGGE_MYOLUf108-217 - - - - - PNIDIRSAFKRRRL IN---15KKemql | findSGEGQ- - L PKQRF----5pvREVKQQQdeEPEIDYWELLKNANPN L
HAI99. XIPMAS 183-279 EARAPEGLDIRAAFRRIT - - - - - ------co-ooonn GK- - L rRES------ YLTCSQKKTTAEKKKLILKMGHAPP L
H2TWSE_ TAKRUYS4-206 -—-E]SQNI IRSAFKRRNLT----EAPNKipPtsvinnss L HR1sD--SYKTRNKEmEqFoD T PEVBVWEI L KKARPD L
F7DKMI_XENTRY 161-262 EAAGKEDGNLLHSFRRlV - - --------cccmmmnnnn GGEGKKD L RVED--KqKEQKKkkdddDCGI PPDVWELLKNAKP L
H2UDRS TAKRU/132-236 - - - - - - - - | LsAFKRAQapva--TRERRyvcfhv--HSDAG- - L ATKNH- - - 151 tl@rNKKPQKEEPEIDVWELLKSAHP L
E2RO72_CANLFf152-254 - - - - - - - IDVEAPRHNTSY - - - - - Q1 eSFKRT----- G L REVV---EEEKKKKKDDDDIFIpp IWELLKGAKK L
HOVYP7_CAVPOS151-251 vHESGEETDYRTRINERY - - - - - - - - - - - - wlg LDFSGLLKKSCLF-------- ASPYDDDLGIPPEI LLK‘@AKK L
EIMUZ2 OIKDY 125189 - = = = - - mmm e e e e e -EFRAALRKYQKF--------- SYEKKVADAKEDIWALLKSANPR L
ADADSID2IT_FUKDAM45-133 - - - - - BoLsnsski@IS5A---------onn PGECAADLRKEMMDFR KMLKKRSPP- - - - - - - - - - PADEKKI ESEQVWALLMNADRK F
MZAMCT_CHEMY/20184-0245 - = = « « = = = = = = = = == o m oo oo e e -DILRAKLKSTRTR - - - kKEEEEEKPIBIMEL L KNMDRK F
BAUSS XIPMAIIA0-195 - = - - s s e e e e eeee oo @s--nEaatq ---TRKKQLPQQKEEEIdPKLLELLLSAPKK F
HZRAM_TAKRUfI56-219 - = = == === == === e e -EDFKKALKRNKIDI - - DAKEENKMEADEKFFEVLMSAEKK F
E7FEW2_DANRE/158-222 - - = === ===- - “““““2““ec“““““cc“““-------DPEDFRKMLERTKI¥- - - - - kkrKEEPKKEGEIDPKFWDYMLNAKK

GBUP3_LOXAFfI63-232 - = = = - - - - e e e - DKMDFKKMLKKSGPP------- PPKKKQKKYIDEKEMLEILSK¥PKK

GUMTES MELGAII45-206 - - = = = = = = = = = == eeeio oo QDILKKTLKRRAPL - - - - - - - - - PKQKEVDKEAIFALLLHADKK | Fi;ML AL

Conservation

000211201223 6 3°7 2 7433244330- -

Quality

Consensus
EARA+~GGLDIRAAFRRTSL+~TQ++GGGKRMSG+F+~N+~5+~DGKSDEDAGELDFSALLKKRSSFSFLL+SV+~+~RKVKKESEPDVDYWEILKKAPPSEYEKIAFQYGITDLRGMLKRLKKMKKEEKK

R R T T I
R . B e e I
RN T T T
jnetpred h— — - s Ry
JNETCOMF

98888763110143114556777777777125787 13688 77622342213235677 7777765348888 751788752533345332033799999999884124389
JNETHMM - ————— -] R,
JNETPSSM — —l - s S
INETJURY == - -- - --- -- = | aeesssssa== R
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1. |Edit -> Remove left

File Edit Select View Annotations Format Colour Calculate Web Service

‘ 10 20 . 30 40 . 70 . 80 a0 100 110 120
L&LDVE_MYODS/214-321 HEATL - -« - - Erdo LBIlR s AF - IpﬂsanLAAPaLHRvI hs F RDS- v nmcemcnnnn KLEAPA Ira) L
FEVSF7_XENTR/251-351 ceee Tse‘Ev IIRAAF TRLLG ------------ ABaPsE FEALLRRRNSFE- - - - - - pENEP - KQBAEP L
URIVEI_FICAL/252-364 vse‘DL IRAAFRRTS - LAGGGRRmE - - - - - saflsT F -LRP'snrlgleld- ksES L
G14B38_ ANOCA/340-451 -EAR- - - - - TTEDLD I RSAF SS~MV[<§G§JRRMT ..... safssv F ~LrsvnRNET-KTETRP L
WSMGU?_LEPOG/249-363  HEAR- - - - - AVEEVBIRAAR TSI1GPGGKRKSH- - - - - pagsscpeo F SFLKASnrav-avNaABP L
AOAOSTXE 13 POEFCY251-364 HEAR - - - - - AT EoL IRAAFRRTS - -E{G,@JKKRs‘g ----- tATSs tPGK F I 1tFSEvNHKSNSHP L
G3PS89 GASAC/262-375 HEAC- - - - - AAEP‘ I RAAF TE-RAIGECAK«h‘g ----- | fsNSNDG F SLiQvkySHM- rnKA L
WSKFE3_ AS TN 285-396 HEAR- - - - - AVE‘G}F IRAAFRRTSYSTEEKK rms - - - - - BilssT o FeALLRRssEH- - ------- RMVQVS S L
HICWS4_TETNG/260-370 - = = = - = n oo - - EGLDIRAAFRBTS - EAIKKTNRI - - - - - etkYsTDG F RmsBSFLKSSsRVRAvhyss L
H2LNLO_ ORYLA/260-380 HEAR-- - - - APGGLDIRTAFRBTHntL 1 vmekkple vBF AVESSTDG F sIkh--HETFNRNRAVQVHS L
GIPGGS MYOLUWA0S217 - - - - o - - - - PNIDIRSAFIERRL INISKKemg--- 1 1findSBEGD F PKQRF - --SpvREVKR-QQde L
MIA199_ XIPMA/183-279 HEAR- - - - - APEDL IRAAFIRIBT - - - - - - -« v v vvmmeee e sTDG F rRES- -vLTCSQ- KKTTAEKKKLILKMGHAPP L
H2TWSS TAKRLYS4-206 - - - - - - - - - P]SQNI IRSAF “svinnss - F HRIsD- -SVKTPNKr]mrIqFDDTPl v

FTOKM_XENTR/161-262 EAA- - - -~ - GKEDGNLLHSFRBY - - - - - - - - oo oo oot eroKKo F RVED - - KgKEQKKkkdddD

H2UDRS TAKRUA32-236 - ==~ - om o nn e - BliLsar F ATKNE- - 151 t@RNKK-PaokE

E2R072_CANLF/152-254 IDVEAPRHNTSVOE | - - e SERRT - - - - - - - cnoeeen.n F REVM- - EEEKKKKKDDDDIngp

HOVYP?_CAVPCY151-251 GTEELEVHE GGG TEBVRTRNERY - - - - - - - - - - - - ... .. w‘g EGKS F SCLF - - .DDDLGIPP

E4WXZ2_ OID¥125-139 v KF SVEKKVADAKE IWALLKSANPR

AOA091D21_FUKDA/S-133 RSPP -PAPEKKIESEQW
MZAMC?_CHEMY/10184-10245 - - STRTK- - -------- KKEEEE KP I.I M
MIAUSE_XIPMA/1 20-195 TTVA- - - - TRKKQLPQDKEE PKLL
H2RX04_TAKRLI156-219 NKIDI-------- DAKEEN KM EKFF
E7FBW2_DANRE/153-222 | TKIM----kk rKEEP - KKE® P KF
G3UT43_ LOXAF/163-232 SEPP - - - -PPKKK- - -QKkKVI D K.ML

GIMTES MELGAMIS-206
JRKIUI OREN137-197

|- PKQKEVDKEA|F

RADGESDERF

Conservation

-
""""""""""""""""""""""""""""" 00072543 923010---------.-0-21120122377359332234490560227 73 76328 7483244330- -
Quality
Consensus
HEAR+++H+ASEGLD IRAAFRRTSLLAGGKKRM++++LSSAGSSTDG+EDAGELDFSALLKKR+SFSFL++V++++KVKK++EPDVDVWE | LKKAPPSEYEKIAFQYG I TDLRGMLKRLKKMKKEEKK
Lupas_21 - - - - e e e i o
Lupas_14 - - - = o .- e e e e oo
Lupas 28 - - - = s e e eeeeeee e
inetpred ) S—
JNETCONF
=R=R--] 28864101253102 3IGTTTITITTITTAINA11131678877633045654313346 FITTTTIS206777624788743433433204370099900009873131489
JNETHMM — : o— — ——

-
JNETPSSM - & ) | C— - S



Edit -> Remove left

File Edit Select View Annotations Format Colour Calculate Web Service

10 2 EY 40 50 &0 2
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Protein | Myosin-binding protein C, cardiac-type
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Organism | Homo sapiens (Human)
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+|Subcell. location F-actin and native thin filaments, and modifies the activity of actin-activated myosin ATPase. It may modulate muscle contraction
. or may play a more structural role.
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Mutations in beta-myosin S2 that cause familial hypertrophic cardiomyopathy (FHC)
abolish the interaction with the regulatory domain of myosin-binding protein-C.

Gruen M., Gautel M.

The myosin filaments of striated muscle contain a family of enigmatic myosin-binding proteins (MyBP), MyBP-C and MyBP-H.
These modular proteins of the intracellular immunoglobulin superfamily contain unique domains near their N termini. The
N-terminal domain of cardiac MyBP-C, the MyBP-C motif, contains additional phosphorylation sites and may regulate contraction
in a phosphorylation dependent way. In contrast to the C terminus, which binds to the light meromyosin portion of the myosin
rod, the interactions of this domain are unknown. We demonstrate that fragments of MyBP-C containing the MyBP-C motif localise
to the sarcomeric A-band in cardiomyocytes and isolated myofibrils, without affecting sarcomere structure. The binding site for
the MyBP-C motif resides in the N-terminal 126 residues of the S2 segment of the myosin rod. In this region, several mutations in
beta-myosin are associated with FHC; however, their molecular implications remained unclear. We show that two representative
FHC mutations in beta-myosin S2, R870H and ES24K, drastically reduce MyBP-C binding (Kd approximately 60 microM for R870H
compared with a Kd of approximately 5 microM for the wild-type) down to undetectable levels (E924K). These mutations do not
affect the coiled-coil structure of myosin. We suggest that the regulatory function of MyBP-C is mediated by the interaction with

CI anAd that mikatriane in hata_miuacin ©) mav ack hay alkarina Fha inkaractiane with Muy/RD_C

EMBO Workshop, Budapest, 2016
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Volume 286, Issue 3, 26 February 1999, Pages 933-949

Regular article

Mutations in B-myosin S2 that cause familial hypertrophic
cardiomyopathy (FHC) abolish the interaction with the
regulatory domain of myosin-binding protein-C’

Mathias Gruen', Mathias Gautel'-? & &
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doi:10.1006/jmbi.1998.2522 Get rights and content

Abstract

The myosin filaments of striated muscle contain a family of enigmatic myosin-binding
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Previous investigations suggested that the cAPK-mediated phosphorylation of
c-MyBP-C is associated with structural changes of the myosin crossbridges (Weinberg &

Winegrad, 1996). Our observation that the N-terminal phosphorylation domain of
MyBP-C binds to thick filaments points to an interaction with myosin itself. We mapped
this interaction to the =100 residue MyBP-C motif. This domain is highly conserved

between species and isoforms, with only two exceptions: the cardiac-specific
phosphorylation loop insertion and an isoform-specific region rich in charged residues
(Figure 1(c)). Both cardiac and skeletal C1C2 fragments show similar binding behaviour
in the cosedimentation assay and in ITC. We therefore conclude that this interaction is a
general feature of the regulatory domain of MyBP-C. This finding is further supported by

Gruen and Gautel JMB (1999)
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Background: Cardiac myosin-binding protein-C is a sarcomeric
assembly protein necessary for the regulation of sarcomere structure and
function.

Results: The cMyBP-C motif iflcomposed of two subdomains, a largely
disordered N-terminal portion ajhd a more ordered C-terminal subdomain.

Conclusion: The C-terminal sUbdomain is capable of forming a
three-helix bundle.

Significance: The three-helix bundle may provide a platform for actin
binding.




Abstract v

The structural role of the unique myosinginding motif (m-domain) of cardiac

myosin-binding protein-C remains unclear. Functionally, the m-domain is though
to directly interact with myosin, whereas phosphorylation of the m-domain ha
been shown to modulate interactions between myosin and actin. Here we utilize

NMR to analyze the structure and dynamics of the m-domain in solution. Our
studies reveal that the m-domain is composed of two subdomains, a largely
disordered N-terminal portion containing three known phosphorylation sites and
a more ordered and folded C-terminal portion. Chemical shift analyses, dyn(/, 7 +
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In summary, we have shown that the N-terminal portion of the m-domain,
containing phosphorylation sites Ser-273, Ser-282, and Ser-302, is
conformationally flexible, containing two transiently formed helices that span
residues 263-267 for helix 1 and residues 292-298 for helix 2. Bioinformatics
analyses predict that introduction of negative charge at Ser-273, mimicking
phosphorylation, will extend and stabilize helix 1. In contrast, T°N{'H}NOE and
chemical shift analyses show that the C-terminal portion of the m-domain folds
into a stable three-helix bundle.|A known actin-binding motif, LK(R/K)XK, isl
positioned in the third helix (a3), similar to that found in villin and related proteins.
These results suggest that the m-domain in cMyBP-C may alter actomyosin
interactions in the heart through interactions with actin. Current studies are
aimed at the role of the N-terminal portion of the m-domain in modulating
actomyosin interactions via protein phosphorylation.

Marco Punta EMBO Workshop, Budapest, 2016
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phmmer hmmscan hmmsearch jackhmmer

protein alignment/profile-HMM vs protein sequence database

Paste a Sequence | Upload a File | Accession Search

Upload a file Browse... jalview-ali.fasta

¥ Sequence Database @

Frequently used databases Representative Sets (UniProt) Other databases

© Reference Proteomes 7 UniProtkB - SwissProt ~PDB S rp75 rp55 S rp35 rpl5s ~) Ensembl Genomes @ - Qfo

P Restrict by Taxonomy @

¥ Cut-Offs @

Marco Punta EMBO Workshop, Budapest, 2016



EMBL-EBI

& HMMER
1

Home Search Results Software Help

HMMSEARCH Results

About

B Bacteria

Score Taxonomy Domain

Distribution of Significant Hits @

Eukaryota ™ Archaea ® Viruses ™ Unclassified Sequences

Significant Query Matches (437) in uniprotrefprot (v.2016-03-02)

VIVIV|V|V|V|V|VV|IV|V|IV|V|V|V| V|V

Target
W4Y2S3_STRPUE
W4Z1NO_STRPUE
M7AMC7_CHEMY&
E7EZ79_DANREE?
FEVSF7_XENTRE?
W5MGU7_LEPOCE!
F1QVS8_DANREE!
AOAO087XE13_POEFO&
G1NE13_MELGAE?
H3BI37_LATCHE
WS5KF69_ASTMXE?
AOA0Q3Z721_ALLMIE
13J4A1_ORENIE
AOAOQ3YWS4_ALLMIE?
MYPC3_CHICKE&
MYPC3_CHICKE?
AOAO0Q3Z7H8_ALLMIE?

Marco Punta

Uncharacterized protein
Uncharacterized protein
Titin (Fragment)

Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein

Description

(Fragment)

Spleen focus forming virus (SFFV) proviral integration oncogene isoform B

Uncharacterized protein

Spleen focus forming virus (SFFV) proviral integration oncogene isoform A
Isoform Type II of Myosin-binding protein C, cardiac-type

Myosin-binding protein C, cardiac-type

Spleen focus forming virus (SFFV) proviral integration oncogene isoform D

Download

more
significant

B Other Sequences

« First

Strongylocentrotus purpuratusgs
Strongylocentrotus purpuratusegs

Services

« Previous Page 1

Species

Chelonia mydas@?
Danio rerio&
Xenopus tropicalis&?
Lepisosteus oculatuses
Danio rerio&?
Poecilia formosa&?
Meleagris gallopavo&?
Latimeria chalumnae@?
Astyanax mexicanusEgs

Alligator mississippiensis&

Oreochromis niloticuse?

Alligator mississippiensis&

Gallus gallus&?
Gallus gallusef

Alligator mississippiensist?

Research ' Training About us

Y =

Search Again

of 5 Next » Last»

E-value
1.4e-69
3.0e-41
4.4e-32
1.0e-27
1.2e-27
1.8e-27
2.5e-27
3.1e-27
5.8e-27
7.1e-27
7.2e-27
7.6e-27
7.7e-27
7.7e-27
7.7e-27
7.9e-27
8.5e-27

EMBO Workshop, Budapest, 2016



> | G5BBJO_HETGAE! Myosin-binding protein C, slow-type Heterocephalus glaberg! 2.1e-24
> | M3YKB3_MUSPFE&! Uncharacterized protein Mustela putorius furot 2.1e-24
> G3QUD6_GORGOE&F Uncharacterized protein Gorilla gorilla gorillag 2.4e-24
> F6ZGS1_CAUAR Uncharacterized protein Callithrix jacchusg? 2.4e-24
> F1PWAS8_CANLFE? Uncharacterized protein (Fragment) Canis lupus familiaris& 2.4e-24
> W5QOI1_SHEEPE? Uncharacterized protein (Fragment) Ovis aries& 2.5e-24
> Q3UIKO_MOUSER! Myosin-binding protein C, cardiac-type Mus musculusg 2.6e-24
(show all) alignments Your search took:0.82 secs
showing rows 1 - 100 of 453
Search Details « First « Previous Page |1 of 5 Next » Last»
Model Position
28 5 10 ' 15 20 ' 25 ' 30 ' 35 | a0 | a5 | 50 55 60
§
g
C1.4
§
=
E
: L
=BE=E 5@%5%[5@ CEEI;\Ir
: . _-EE=Se=REE. B 502V sa BEEK| DNCL 2B

00201 0.0001 0.001 2.0007 QL0031 0.0301 00001 0.0001 2.0 QLOX3T 0.0301 A.LEI6 0.0001 C.007 QLOXZT 0.030T ALO01 00001 B.007 QLK 0.H30T ALO01 00301 B.A007 LK 0.H30T ALONT 0.H30T 001 LK 0.030T ALONT 0.H30T O.L001 L.OXT B.030T ALONT 0.H30T 001 LT B.30 ALONT 0.H301 001 LT GO0 ALOIT 0.H301 4001 L.ODT GO0 ALOIT 0.H30T 4001 A.OOT GO0 ALOJT 0.H20T 4001 AT 001 LLOIT 0.0

19 19 10 1% 19 19 19 10 1% 19 19 3 10 1% 19 19 19 10 1% 19 19 19 10 1% 10 19 19 19 1% 10 19 19 19 19 10 10 19 19 19 10 10 19 19 19 10 10 19 19 19 10 10 19 19 19 10 10 19 19 1% 10 19 19 19

Column number E
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Species Distribution

Homo sapiens&?
Takifugu rubripesc?
Danio rerio&
Callithrix jacchusi?

Alligator mississippiensisgs

Mus musculus&
Poecilia formosa&
Oreochromis niloticus&

Gasterosteus aculeatus&

Canis lupus familiaris?
Sarcophilus harrisii&
Macaca mulatta g
Gorilla gorilla gorillag

Marco Punta

AI(437)

ol

Score Taxonomy Domain Download

Taxonomic distribution of all search hits @

Eukaryota(437) M (437) Echinodermata(3) (I>
Chordata(434)
Species

Count View
35 Show
25 Show
23 Show
19 Show
16 Show
15 Show
12 Show
12 Show
11 Show
11 Show
10 Show
10 Show
9 Show
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Services
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Y =

Search Again

Domain Architectures @ « First « Previous Page 1 of 3 Next » Last»

119 with domain architecture: I-set, I-set, I-set, I-set, I-set, fn3, fn3, I-set, fn3, I-set, example:F6VSF7_XENTRE View Scores
::"E"c;ls[ Sequence Features MiFseth —————————— Wiseth Miset! Miseth — Wiseti) (i3l (i3l Niseth (Mina i (iset). 1264

ow — T —

46 with domain architecture: I-set, I-set, I-set, I-set, fn3, fn3, I-set, fn3, I-set, example:H2UDRS5_TAKRUE! View Scores
SEQUENCES — R
S: S Features W Wveen)  WiEcel) — WCcctN) (Nma)-@mame — Ntscil) MmoW —(@ceetl): 1152

ow — T e e e

41 with domain architecture: I-set, I-set, I-set, I-set, I-set, I-set, fn3, fn3, I-set, fn3, I-set, example:E7EZ79_DANREE View Scores
SEQUENCES — — — R
S: D e ek Hrsett Wieset) stV Miset! Misset! — Misseth) (W3l Wimai . Nissath) Mimai  (isath) - 1266

ow . T — - —

18 with domain architecture: I-set, I-set, I-set, fn3, fn3, fn3, I-set, fn3, I-set, example:13MSM7_ICTTRE View Scores
::uzuc:ls[ N Features —@_ﬁq T Fsati .ﬂﬂ Sman .ﬂsi--?n'?‘— Vet ."79‘— lﬁ* 1253

ow T c— > \

11 with domain architecture: I-set, I-set, I-set, example:F7CWG3_CALIAR View Scores
e | Sequence Features Wset)————— Wisseth Wisai® — 467
Show All T e—

11 with domain architecture: I-set, I-set, I-set, I-set, I-set, fn3, fn3, fn3, I-set, fn3, I-set, example:E2REQ2_CANLFE? View Scores
::UENC':TI S Features —@I“— Fiset .ﬁ-, Flﬁ. . .ﬁ‘ .'"i X ! 2™ .ﬁq’ = ! q_ 1z

ow — -
| 9 | with domain architecture: I-set, I-set, I-set, I-set, fn3, fn3, fn3, I-set, fn3, I-set, example:H3AVM7_|LATCHE View Scores
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119 with domain architecture: I-set, I-set, I-set, I-set, I-set, fn3, View Scores
::UENC::[ Seq Features :MPseil ———————— Wisath -Mfset) Wi'seth — WWi%sa)
oW — R — -
Search Again
46 with domain architecture: I-set, I-set, I-set, I-set, fn3, fn3, I View Scores
SEQUENCES — [ I
: e Features Csetl Frsetl Nisett  isat ) (3l Perform a new search
Show — e with new input
> ¢ with these results
41 with domain architecture: I-set, I-set, I-set, I-set, I-set, I-se View Scores
SEQUENCES — — — —
¢ Seq Features - Miseth WSt WsaW Wi Wise — Wi
Show All . T —
18 with domain architecture: I-set, I-set, I-set, fn3, fn3, fn3, I-s View Scores
il Features = {ifseti ) Cliset's kset' ) 3
Show All T — A
11 with domain architecture: I-set, I-set, I-set, example:F7CWG3 . View Scores
;‘:"E"C;Isl Sequence Festures s o W <7 vVIOUS Page 1 of 5 Next » Last»
ow T —
11 with domain architecture: I-set, I-set, I-set, I-set, I-set, fn3, m View Scores
::Um:; s Features ————{iigati———— Wifsat Wset™ Miseth ———— Nisgato) i
ow — g .
Species E-value
| 9 | with domain architecture: I-set, I-set, I-set, I-set, fn3, fn3, fn3, I-set, fn3, I-set, example:H3AVM7_|LATCHE View Scores
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