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Supplementary Figure 1a. Multiple alignment of algal sequences across members from other diverse taxonomic groups. Blue highlight, catalytic domain
(CD); pink highlight, carbohydrate-binding module (CBM); turquoise highlight, Fn3-like domain; turquoise highlight within Box, Fn3-like domain within
CBM,; yellow highlight, Ig-like; light grey highlight, linker; green highlight, dockerin; single boxed within blue region, conserved motifs in algal sequences;
pink highlight within a box, putative blocking loops/secondary structure elements; white residues within CD, substrate binding (S), catalytic (C) and metal-
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binding/Ca*-binding (M); red font, putative and/or cannot be assigned to any particular function/domain. Organism names are provided as described for

Supplementary Figure 1b (below) and [1]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 9 20 21 22 23
1:10T9 00 29 19 19 22 2 22 23 23 21 21 20 22 20 17 17 20 21 20 20 23 22 21
2:1CLC 29 100 19 19 21 23 21 23 23 18 18 19 19 19 21 22 17 20 18 20 22 21 21

4:Amoeba 19 19 32 100 41 39 40 47 50 40 36 40 39 38 28 28 28 31 33 29 33 30 30

5:CSA 22 21 33 4 100 47 44 45 50 36 37 37 38 36 30 29 29 32 36 32 32 32 32
6:1J54 26 23 36 39 47 100 51 53 55 42 44 40 43 40 30 32 30 33 3 32 34 32 31
7:Ascidian 22 21 46 40 44 51 100 53 58 40 39 43 40 41 33 3 3 38 3 39 39 38 39
8:1KS8 23 23 45 47 45 53 53 100 59 41 44 46 44 43 40 40 38 39 38 41 40 41 41

9:Cnidaria 23 23 49 50 50 55 58 59 100 42 47 46 47 47 39 40 38 41 40 42 41 41 42

Supplementary Figure 1b. Percent identity matrix of GH9 catalytic domain (CD) regions (sequences taken from Supplementary Figure 1a, blue region)
across diverse taxonomic groups. PDB 1UT9 and PDB 1CLC, Clostridium thermocellum; fungal, Neocallimastix patriciarum (AEX92719.1); amoeba,
Dictyostelium discoideum (P22699.1); CSA, Caldocellum saccharolyticum; PDB 1JS4, Thermobifida fusca; ascidian, Ciona intestinalis (P002126063.2); PDB 1KSS8,
termite, Nasutitermes takasagoensis; Cnidaria, Nematostella vectensis (XP001640312.1); bryophyte, Physcomitrella patens (XP001781646.1); pine, Pinus radiata
(AAC12685.1); tomato, Solanum lycopersicum (NP001234172.1); N-spinach (N-terminal part) and C-spinach (C-terminal part) of Spinacia oleracea (KN A09089);
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Cr, Chlamydomonas reinhardtii; Vc, Volvox carteri; N-Gp (N-terminal part) and C-Gp (C-terminal part) of Gonium pectorale. Numbers in brackets refer to
sequence ID taken from the NCBI database (https://www.ncbi.nlm.nih.gov/protein/). Algal, green; bacterial, grey; metazoan, blue; plant, turquoise; fungal,

blue, protist, white.

>A8JFG8-CrCelO9B
LSYRFYEAQMSGNVPSWSRASQAAGGWRNKSHALDGTGPGGVNLDLSGGWYDAGDHLKLHLPLGVSVSLLSYGALTFEAAYRAAGQWDIA
VRNLDWAASYTIAKCHTQASDTPADNKEVAQIGDVATDHNTWWGRPEQQPEGGAQGSAGYRPVYVITSSSGKGADIVAEAAASLASVSLLL
KRPGTYSNTTKAAAFLARAKQLFEFAKTLTGGTHTDRRLVHTSVAEPNMRRWAPPDNNGAYGSSSWNDDMAWAAAWLCRASVDEGVTPTN
SAACAAALAYWKPEVGNAWEVQDVNWDRMAGMAAVLLRDVGAGTATDVATYNTAINAVLSRWMEPGTRTCSSGAAPPCYTSGGLVWGSEW
GSCRHTANAALVALAAARGDAGAGLEVAYSTRVNRNCWARSQVDYMLGSNPQSQSYVVGYKPTTSHKAPEKPHHRSSSCATNYATPCDWN
ALDAPGPNPSVLLYCMGALVGGPDRYDAYTDNRRDYVKNEVALDFNAGYTGALAGLAAVDAAIKAA

>A8JFH1-CrCelOC
MSFREYEAQMSGNVPSWSRASQAVGGWRNKSHALDGTGPGGVNLDLSGGWYDAGDHLKLHLPLGVSVSLLSYGALTFEAAYRAAGQWDI
AVRNLDWAASYIAKCHTQASDTPAYNKEFVAQIGDVATDHNTWWGRPEQQOPEGGAQGSAGYRPVWLITTANGKGADIVAEAVASLASVSL
LLKRPGAYSNTTKAASFLARAKQLFEFAKTLNSGVWAPPEGONAYTSSSWNDDMAWAAAWLCRADVDAGASAATSSACSVAVSYWKPFET
GNANVYGDVNWDRMAGMAAVLLRDVGAGTATDVATYNTAISNIMKRWLIPSTQTCVGGAALPCYTPGGLVWRDAWGSNRHTANAALVAL
AAARGDAGAGLEVAYSTRVNRNCWARSQVDYMLGSNPQSQOSYVVGYKPTTSHKAPEKPHHRSSSCATNYASPCTWAALDNTDPNPSVLQ
GALVGGPDRYDAYTDNRRDYVKNEVALDEFNAGYTGALAALSGLDAAITKA

>A8HW25-CrCel9D
ASYFFYEAQQTGPLPPWNRAAQVNGGWRNDSYMADGADIGADLRGGWEFDAGDHMKFALPYSWAVSTLAWSVLEFPAAYSSAPGLWAT
AKRNLLFAADYLVRSHVTASDVPSENREVAQVGDTDTDHSRWCRPEQCGAVEGPYRPTWLTTATKPGSDVVGEAVAALAAVAMVVAA
DEPASPVAAQLLVHARQLYAFGKAFPGAWSLTSDEGDYPYRYGNHVWQODDMLWAAAMMCRAGQGAGYCADAVTYWNAAANMGVGWSS
GMDWDNAFNEASVMMLGMADKLSPAFLANVRTRMDWNLNLWHVSTLCTAPPAGTDSNGDGLVDDGHICYSPRGLVHOMOWGTLRVTA
NAAATKLVYSKYTTANTADTOQRORCWARROMRLMLGDWGRSEVVGVGNNPPORPHHSSSMCDPDY SVVCDGNTAALDRPNPSVLRGA
LVGGPRKDDTYEDNRMDYILNEVAIDYNGGFTVALAGLLOLGAS

>VC2952174

MVVLYRFYEAQMSGEVPAWSRASQAQGGWRNWSHTHDGFGPDGIGMSLSGGWYDAGDHLKISLPLGVTASMLSYGMLTWESTYRSAG
QWDLAVRNLDWVASYLIKCHVNASDNPADNAFVAQAREGOEGAQLGNGEVWVGDGDTDHNLHWGRPEQOAEGGEEGALGWRPVYLLT
AEGGKGADIVSEAVAAMVGTALVLRRPGIHSNPAKAQELLRRATQLFEFAKLLPGMCVSRVGLSGVASLTSPALGWWSPPAGRQTLY
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GSARWRDDLAWAAAWLCRAAVETGVGGGAGTSAGSSACAEAASLWIDAADTGGEYGRDVIAWAAVEFPLASMMLRDVGAGGPAMVGRE
EQHISYVLDRWISPAAAPPCNGTSLEFQVCYTPGGLAWYSNWGSARCAANMAMAAIMSSRTGTETNTNTPEVALTOQORRRCWAWROA
SYLLGGNSRNQSEVVGYAPTPYHSSPTRPVHKSSSCPTDYNTTCDWTALSAPGANPSVLYGALVGGPDOLDGYQDSRGEYVONEVAL
DYNAGFTGAMAGLIEVESLLHEG

>VC2958622
LSYKFYEAQMSGDVPTWSRASQAAGGWRNKSHLLDGTGPNGIGVDLSGGWYDAGDHLKLHLPLGVSASLLSYGVLTWEAAYRAAGQOW
DIAVRNLDWVASYYLKCHYQASDTPSANAFVAQVGDVDTDHNTWWGRPEQOAQGGSQGSPGWRPVHVITAAGGRGADIVGEAVATLA
GVSLLLKRPGAYSNPTRAATLLSRAKQLFEFAKTIKNTWGPTSGSNAYPSSSYNDDLAWAAAWLCRADVDGGAMSLTASAACNAAPS
LWDATKYANLDLSWDNVAAAAALLLRDTGAGGATYVASYDDEFVNRLLTRWTGSGACSTGATPCMT PGGLAWY SDWGSARYAANVALV
ALAAARSDGGGGAALTSAARASRICWAKNQVSYMLGTNPQSQSEVVGYKPTTSHKAPEKPHHRSSSCNPSYAITCDWTALDAAGPNP
SVLAGALVGGPGRDDSYVDNRRDYMKNEVALDENAGFTAALAGLTDLEQGLQRS

>G.p-KXZ51468
MODGFGPSGISVGLSGGWYDAGDHLKLHLPLGQAASTLAYGILTWESAYRTAGVWDTAVRNMDWIASYMLKCHYKNSDTP
SGNAFVAQVGDVDTDHSKWWGRPEQQPEGGAQGSTGWRPVYSITAGGRGADIAAQGVATMVGAAMLLKRPGSFANATKAA
LLLSRARQLFEFAKTVPGSWSPPWGSNAYPSSSYLDDMTWAAAWLCRADVDAGIATGTSTACSTALSYWDQIKGSGSYDF
SWDQVAGLAAVLLRDTGAGGAAYTASWDGY IQGIQNRWKSSIPYTPGGLAFLSGWGSCRYSANTALVLLAAARPDGGSGS
GLTADARRERHCWARKQVSYMLGDNPRSQSFVVGFKPTAGHSSPQSPHHRSASCSPNYAITCDWNNLNAAGPSPSVLLGA
LVGGPGODDSYLDARGDYMKNEVAVDFNAGY TSALAGLTALDQALRAT

>G.p-KXZ51466

MAWALGRLLRFYEAQMSGDVPSWSRASQAAGGWRNRSHMODGFGPSGISVDLSGGWYDAGDHLKLHLPLGQAASTLAYGI
LTWESAYRTAGVWDTAVRNIDWIASYMLKCYYKNSDTPSGNAFVGDVDTDHSKWNGRPEQQPEGGAQGSTGWRPVYSITA
GGRGADIAAQGVATMVGAAMLLKRPGAFANATKAALLLSRARQLFEFAKTVPGSWSPPWGSNAYSSSSYLDDMTWAAAWL
CRADVDAGVATGASTACSTALSYWDQVKNSGSYDVVWDQOVAGLAAVLLRDTGAGGATYTASWDGYIQSIQONRWKSSLPYT
PGGLAWLTAWGSCRHSANTALVLLAAARPDGGSGPGLTADARRERHCWARKQVSYMLGDNPRSQSFVVGFKPTAGHSSPQ
SPHHRSASCSPNYAITCDWNNLNAAGPSPSVLLGALVGGPGQDDSYADSRGDYVKNEVAVDYNAGY TGALAACTNALITA

>G.p-KXZ244756
GSYFFYEAQQAGPLPTWNRAARWNGGWRDASFLNDGSDIGKNLTGGWEFDAGDHMKFQLPFGWSASTLAWS
MVEFPAAYGPPSGSLFQTVRRNLLFAADYIVRSHVNASDVPGENVYAAQIGDTDTDHARWCRPEQCPEIQ
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GPYRPTWVADRTRPGADIVGEAVASLVGVASVLKMENPADPATPLLMTHARQLYAFAKAFPGTWEIPAGD
YPYRYGTHKWQDDMLWAAAWMCRAGEGASYCADAVSEFWNVGSNMGIGWCPGMDWDNAENQASVMMLGMAD
REFSAS

>C.bescii-P96311
GSFNYGEALQKAIMFYEFOMSGKLPNWVRNNWRGDSALKDGODNGLDLTGGWFDAGDHVKFNLPMSYTGT
MLSWAVYEYKDAFVKSGQLEHILNQIEWVNDYEFVKCHPSKYVYYYQVGDGSKDHAWWNGPAEVMOMERPSFE
KVTQSSPGSTVVTETAASLAAASIVLKDRNPTKAATYLOHAKELYEFAEVTKSDAGYTAANGYYNSWSGEF
YDELSWAAVWLYLATNDSTYLTKAESYVONWPKISGSNTIDYKWAHCWDDVHNGAALLLAKITGKDIYKQ
ITESHLDYWITGYNGERIKYTPKGLAWLDOQWGSLRYATTTAFLAFVYSDWVGCPSTKKEIYRKEFGESQID
YALGSAGRSFVVGEFGTNPPKRPHHRTAHSSWADSQSIPSYHRHTLYGALVGGPGSDDSYTDDISNYVNNE
VACDYNAGEFVGALAKMYQLYGGNP

>B.licheniformis-AAR29083.1
MSIASEFSEKTRAASAEEYPHNYAELLQKSLLEFYEAQRSGRLPENSRLNWRGDSGLEDGKDVGLDLTGGWY
DAGDHVKFGLPMAYSAAILSWSVYEYRDAYKESGOQLDAALDNIKWATDYFLKAHTAPYELWGQVGNGALD
HAWWGPAEVMPMKRPAYKIDAGCPGSDLAGGTAAALASASIIFKPTDSSYSEKLLAHAKQLYDFADRYRG
KYSDCITDAQOYYNSWSGYKDELTWGAVWLYLATEEQQYLDKALASVSDWGDPANWPYRWTLSWDDVTYG
AQLLLARLTNDSRFVKSVERNLDYWSTGYSHNGSIERITYTPGGLAWLEQWGSLRYASNAAFLAFVYSDW
VDTEKAKRYRDFAVROQTEYMLGDNPQORSFVVGYGKNPPKHPHHRTAHGSWANQMNVPENHRHTLYGALV
GGPGRDDSYRDDITDYASNEVAIDYNAAFTGNVAKMEQLFGKGHVP

>B.pumilus-AAF15367.1
MHIFETRLILENTVONTNGMTRRWSEFLVQCFTFKKKEGVRSRYMSDYNYVEVLOQKSILFYEAQRSGKLPE
SNRLNWRGDSGLEDGKDVGHDLTGGWYDAGDHVKEFGLPMAYSAAVLAWTVYEYREAYEEAELLDDMLDQT
KWATDYFLKAHTGPNEFWAQVGDGNADHGWWGPAEVMPMNRPAFKIDEHCPGTEVAAQTAAATLAAGSITIF
KETDAPYAAKLLTHAKQLYAFADQYRGEYTDCVTNAQPFYNSWSGYIDELIWGGIWLYLATNDQTYLNKA
LKAVEEWPKDWDYTEFTMSWDNTFFASQILLARITKEKRFIESTERNLDYWSTGEVONGKVERITYTPGGL
AWLDOQWGSLRYTANAAFLAFVYADWVSDQEKKNRYQTFATROQTHYMLGDNPONRSYVVGFGKNPPMHPHH
RTAHGSWSNQLTTPSSHRHTLYGALVGGPNAQDQYTDDISDYVSNEVATDYNAAFTGNVAKMVQLEFGQGQ
SK

>P.barcinonensis-CAB38941.1
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KAIYFYEAQRSGPLPANNRVEWRGDSGMQODGADVGVDLTGGWYDAGDHVKFGEFPMAASATMLAWSVVEYAD
GYEQAGQLEETIKDNIRWATDYFMKAHTKPNELWGQVGAGNTDHAWWGPAEVMOMNRPSEFKIDASCPGSDLA
AETAAALAASSIVFADSDPVYSAKLLOHAKELYNFADTYRGKYTDCITDAAAFYNSWTGYEDELAWGGAWLY
LATNDNAYLSKALSAADRWSTSGGSANWPYTWTQGWDSKHYGAQILLARITSNLNMPEATKFIQSTERNLDY
WIVGTNGGRVKYTPGGLAWLDOWGSLRYAANAAFISEFVYSDWVSDPVKKSRYONFATSQINYILGDNPRQOSS
YVVGYGONSPOHPHHRTAHSSWMNNEDIPANHRHILYGAMVGGPNASDQYTDDIGDYVSNEVATDYNAGETG
ALAKMNLLYGONHQP

>C.saccharolyticus-P22534.2
KAIMEFYEFQOMSGKLPNWVRNNWRGDSALKDGQDNGLDLTGGWFDAGDHVKENLPMSYTGTMLSWAAYEYKDAF
VKSGQLEHILNQIEWVNDYEFVKCHPSKYVYYYQVGDGGKDHAWWGPAEVMOMERPSEFKVTQSSPGSAVVAETA
ASLAAASIVLKDRNPTKAATYLQHAKDLYEFAEVTKSDSGYTAANGYYNSWSGEFYDELSWAAVWLYLATNDST
YLTKAESYVONWPKISGSNIIDYKWAHCWDDVHNGAALLLAKITDKDTYKQITIESHLDYWTTGYNGERIKYTP
KGLAWLDOWGSLRYATTTAFLAFVYSDWSGCPTGKKETYRKFGESQIDYALGSTGRSFVVGFGTNPPKRPHHR
TAHSSWADSQSIPSYHRHTLYGALVGGPGSDDSYTDDISNYVNNEVACDYNAGEFVGALAKMYLLYGGNP

>Caldicellulosiruptor-AAK06394.1
KTIMEFYEFOMSGKLPSWVRNNWRGDSGLDDGKDVGLDLTGGWHDAGDHVKENLPMSYSASMLGWAVYEYK
DAFVKSKQLEHILNQIEWANDYFEFVKCHPSKYVYYYQVGDPTVDHNEFWGPAEVMOMKRPAYKCDLSNPASS
VVAETAASLAVASVVIKERNSQKAASYLOQHAKDLFEFADTTRSDAGYTAATGEYTSGGFIDDLGWAAVWL
YIATNDSSYLTKAEELMSEYANGTNTWTQCWDDVRYGTLIMLAKITGKELYKGAVERNLDHWTDRITYTP
KGMAYLTGWGSLRYATTAAFLACVYADWSGCDSNKKTKYLNFAKSQIDYALGSTGRSEFVVGEGTNYPQHP
HHRNAHSSWANSMKIPEYHRHILYGALVGGPGSDDSYNDDITDYVONEVACDYNAGIVGALAKMYQLYGGE
P

>C.fimi-P26225.1
KSMFEFYQAQRSGDLPADFPVSWRGDSGLTDGADVGKDLTGGWYDAGDHVKFGEFPMAFSATMLAWGATESP
TGYSKAGSLDELKDNLREFVSDYFVKAHTAPNELYVQVGDGEADHKWWGPAEVMTMARPSHKISASCPGSD
VAAETAAALASSAIVLKGDDPAYAATLVSHAKQLYTFADTYRGAYSDCVTAASAYYKSWSGYQODELVWGAY
WLYKATGDATYLAKAEAEYDKLGTENQSTTRSYKWT IAWDNKQFGTYALLAMETGKQKYVDDANRWLDYWT
VGVNGQKVPYSPGGQAVLDSWGALRYAANTSEFVALVYSDWMTDATRKARYHDFGVRQINYALGDNPRSSSY
VVGFGANPPTAPHHRTAHGSWLDSITTPAQSRHVLYGALVGGPGSPNDAYTDSRODYVANEVATDYNAGET
SALARLVEEYGGTP
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>C.cellulovorans—-AAC38572.2
FNISKKKAQALLLSGILGATSFTPAVLVKGETTATPTEFNYGEALQKSIMFYEFQRSGKLPTDIRSNWRG
DSGTKDGSDVGVDLTGGWYDAGDHVKENLPMSYTVAMLAWSLSEDKAAYEKSGQLDYLVKEIKWATDYLM
KCHTAPNEYYYQVGDGGADHKWWGPAEVMOMARPAYKVDLOKPGSSVVAETAAALASTAFALKDIDKAYS
EQCIQHAKELYNFADTTKSDAGYTAANTYYNSWSGYYDELSWAAAWLYMATNDASYLEKAESYVPEWKVE
OOTTTIAYRWAHCWDDVHFGAQLLLARLTGKSIYKESVERNLDYWTTGYDGNKIKYTPKGLAWMDSWGSL
RYATTTAFLADVYASSDVCSISKVDTYKNFAKSQADYALGSTGRSEFVVGFGENAPKKPHHRTAHSSWSDQ
QOVNPTDHRHVLYGALVGGPDASDGYTDAIDNFTNNEVACDYNAGFVGLLARQYSKYGGDP

>C.stercorarium-CAA39010.1

KAIMFYEFQRSGKLPENKRDNWRGDSGLNDGAD
VGLDLTGGWYDAGDHVKFNLPMAYSQTMLAWAAYEAEEALERSGOMGYLLDAIKWVSDYLIKCHPSPNVFE
YYQVGDGHLDHSWWGPAEVMOMDRPAYKVDLANPGSTVVAEAAAALASAAVVFADRDPAYAATCIQHAKE
LYNFAEITKSDSGYTAASGFYDSHSGFYDELSWAGVWLYLATGDETYLNKAEQYVAYWGTEPQTNIISYK
WAHCWDDVHYGACLLLAKITGKQIYKEATIERHLDYWSVGYNGERVHYTPKGLAWLDSWGSLRYATTTAFL
ASVYADWEGCSREKAATIYNDFAKQQIDYALGSSGRSYVVGFGVNPPKRPHHRTAHSSWADSMSVPDYHRH
VLIGALVGGPGKDDSYTDDINNYINNEVACDYNAGEFVGALAKMYEDYGGSP

>R.thermocellum-CAB76935.1

KATILFYKANRLGDL
PDDYILPYRADAAMTDGODVGLDLTGGWADAGDGIKFTHPMSYAAGQLGWAVYEYROQAFEKAGLLDDILD
EIKWATDFFIKAHPEPNVLYYMCGYNDSDHSVWVPHELLDYVTDRKSFVLNPSTPGSDVAGQTAACLATIA
LITFEPTDPEYAETCLTHAKQIFEFGDKYRAKKSSGCEFYTPSGGYLDDLAWGAVWLYIKTGDSTYLEKAK
SFLPVTSLGGGHTHCWDDVSYGAALKIAQLTHDEGYAAMVEKNLDFWLPGGGITYTPGGLAWLSPWGSLR
YASTAAFLAFVWADDPTVGTPSKKETYRAFAEKQINYILGDNPRKGSYVVGEFGENSPKHPHHRTAHGSWV
SMLEVPSFHRHILYGALVGGPTDDDSWEDDISDYTRNEVATDYNAGFVGALAKMYDMYGGEP

>D.discoideum-P22699.1

NALMEFYKMNRAGRLPDNDIPWRGNSALNDASPNSAKDA
NGDGNLSGGYFDAGDGVKFGLPMAYSMTMLGWSEFIEYESNIAQCGLTSLYLDTIKYGTDWLIAAHTADNE
FAGQVGDGNVDHSWWGPPEDMTMARPTYMLTTEAPGTEIAMEAASALAAASIAFKSSNPTYAATCLAHAK
TLHNFGYTYRGVYSDSITNAQAFYNSWSGYKDDLVWGSIWLYKATQDSDYLTKAVADYASGGVGGMAQGN
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SHDWDNKAPGCCLLLSKLVPTTSTYKTDFEGWLNYWLPGGGVTYTPGGLAWIRQWGPARYAATAAFLGSL
AGTEKGTDFTQKQVDYLIGNNPNQQOSEFVVGMGPNYPINPHHRAAHHSTTNDINNPVNNLYLLKGALVGGP
GSNDEYTDDRTDYISNEVATDYNAGEFVGALASLVNPSSTSV

>A.mellifera-XP 396791.3

LSLLFYEAQRSGKL
PENNRIPWRGDSALDDRGLNGEDLTGGYYDAGDEFVKEGETMASTTTLLAWGAVSWPEAYNAAGQLDELRK
ATKWATDYFIKCHVSEYVEYGQVGDEFSLDHTEFWGRPEELNTTRPAYKIDPDHPGSDLAGETAAALAASST
VERNYNPEYSANCLKHAKELYKFASKYRGLYHEATIRGAAQYYESTDYGDELAWAAVWLEFKATNDTMYLEE
AEHHYQHFHLKERPNEFEFYNKKVAGVQOVLLAQMTGQPEYQONAARAFCDESVYQQKRTPKGLLYIDKEGTL
CHAANVAFVCLEAADSSGIGDSQKYREFAEQQIYYMLGGGGRSYVVGWGRNPPKOPHHAASSCPDRPAIC
GWSEFDKDAPNPQILYGALVSGPDEADKFHDHREDYVYTEVTLDYNAGEFTSALAGLLOQLRVKSTA

>C.quadricarinatus-AAD38027.1

MSYVEYEAQRSGKLPGDQRVTWRGD
SALNDGSDVGHDLTGGYYDAGDHVKEFGEFPMAFTATMLAWGQIDEFANGHSKAGQTSYGHAALKWATDYFLK
AHTATNEFYGQVGEGNTDHAYWGRPEDMTMSRPSYKIDQSRPGSDLAGETAAALAAASIVFKSSDSSYSS
QVLSVAKELYEFADQHRDIYTNAITDAASFYNSWSGYGDELAWAALWLARATGDNSYLDRAKGHVSEFNL
LGTPSQFGWDDKKAGVQALLVLLDGSSEYTNALNQFLNFVRNQAPYTPEGLVFLDAWGSNRHAANVAFIA
LYAAKLGIDAGTNQOWARGQIGQLLGDNSRYQSFVVGFGVNPPTRPHHRSSSCPDRPADCSNGLTNSGPN
POTLWGALVGGPAQDGSYNDDRQDYQHNEVACDYNAAYTGALAALVELS

>H.discushannai-BAD01504.1
KSILFYDAQRSGKLPANNPIKWRGDSALGDKGDNGEDLTGGWYDAGDHVKESLP
MSSTSTVLLWGYLOWKDAYATTKQTDMEFEDMIKWPLDYFLKCWIPKSQTLYAQVGEGNDDHHFWGRAEDM
KMARPAYKLTPSKPGSDVAGEIAASLAAGYLAFKQRDAKYAATLLSTSKEIYEFGKKYPGIYSSSIQDAG
QFYSSSGYKDEMCEGAMWLYKATGDKSYLADAKGYHENAWAWALGWDDKKIACQLLLYEATKDTAYKTEV
EGFFKGWLPGGSITYTPCGQAWRDKWGSNRYAANSAFAALVAADAGIDTVTYRKWAVEQMNY ILGDNKYG
ISYQIGFGTKYPRNPHHRSASCPDIPAPCSETNLHTAGPSPHILVGAIVGGPDNDDSYKDNREDYVHNEV
ACDYNSGFQSALAGLTHLAHAKELPAIPAPKCHG

>C.savigny-ENSCSAVT00000011362
KSLLFYEAQRSGKLPANNRVLWRKSAFVDDRGLNGEDLSGGYFDAGDYVKFNLPMAFTTTVLSWGVLAYTD
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AYNATDOLAHAHSATIKWATDYFIKCHVKKYEYYAQVGEGVIDHLLWRSPPRNSTRHRRAFKLTTTSPGTEV
VAETAAAMAAASVVFRSVNPSYSEELIRHARDLYDEFGNNYREVYHRSTIRDVONEFYRSYSGYKDELAWAASW
LYFATEEQEFLTDAQAKYNEFNLDNRKPAGFHWDDKTAGVQLLLAQMTSDPKEFNRSVEQFCDRFLPGGDEP
YTPKGLVEFIQEWGVLRHAAGVAFICMGAANLGVKPEIYRDFAKRQIHYMLGDSGLGSYVIGYGPSPPTRPH
HRSSSCPIPPAPCSFEALRNPSSNPHVLTGALVGGPDGNDREFTDDRRNHRSSEVALDYNAAFQSAVAGLKY
LEL

>C.intestinalis-XP002126063.2

MSILFYE
AQRSGKLPSNNRIPWRGDSGLRDGCDVGVDLTGGWYDAGDHVKEGFPLAWSVTTLAWGVIEFKDAYVDAN
EYRRVLDSLKWVADYFVKAHTSRYELYGQVGSGRADHLYWGRSEDLRMNRPSYKIDASNPGTELAAETAA
ALAACSVVFKNARPGYSRMLLRHATELYEFADRYRRSYHLSIPDVTSYYRSYNGYNDELVWGALWLYKAT
GMRSYLEDAKRKYDQYGOGNTPIMEFSWDDKRAGSQVLLANFTGEAKYKGHVANYQRFLNGALKTPRGLVW
LDOWGSNRYAANAAFIALAAAKVPGIANRNEMVRFAEAQIHYMLGGAGRSYVVGYGRNPPTQPHHRGSSC
PAAPTECSWGNFHSSAANHFTLHGALVAGPGRDDSYTDNRGDYIANEVAVDYNAGFQSAVAGLKYFKIKQ
RR

>C.intestinalis-XP018668452.1

KSILFYEAQRSGPLPONNRI
PWRGDSGLKDGCDQSIDLTGGWYDAGDNIKFGEPMAYSATVLAWGLIEFRDAYVESRELNNARKSLEWAT
DYFVKAHPSPNELYVQVGDPAADHAKWERPEDAINTVRRSYKIDTONPGTEVAAETAAALAAASIVERQS
KPNYANTLVAHARQLFEFANSHRRNYHLSVPGVASYYKSWNGYNDELLWAAVWLHKATNEASYLNEFVTTN
YNNFGAGNVAPEFSWDNKYAGVQVLMAQITGNNNYKSDVDREFLONAMNNIGKTPDGLTWKSQWGPNRYAA
NFAFIATVAGRVDSTKRSQYVTYAKNQIYYMLGSNTNGQKYVIGMGANSPOQKPHHRASSCPAWTAVPVQT
CDEFNALNMQGANPHVLYGALVGGPARNGAYTDDRSDYISNEVATDYNAGFQSAVAGLLHYAKAGQL

>N.vectensis-83869

YDYDLVLHKSILEFYEAQRSGKLPSTNRISWRGDSALGDHGDNGEDLTGGWYDAGDYVKFGFPMASSATVLA
WGLVEYRDAYQAAGELDNALNSIKWATDYFIKAHTKKFEFYGQVGDGHVDHAYWGRPEDMTMQRPAEFKITT
SRPGSDLAGETAAALAAASIAFKPTNPSYAAEMLOHAEELYEFADTYRGKYSDAIPNAGSEFYKSWSGYKDE
LVWGAAWLYRATKKASYLTKAKKYEFNDFGIGGTAWAEFSWDDKKAGAQVLLAQITGESSEFVNAAQASLNAWM
PGGSVTYTPKGLAWRAEWGANRYAANTAFLALVAADAGINPATYREFAKKQIHYMLGDSGHSYVVGFGVNP
PKRPHHGSSSCPSPPATCGWSLYNADVDNAHVLHGALVGGPDKSDNYKDDRKDYIKNEVTTDYNAGEFQSAV
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AGLKSL

>L.gigantea-23538
KSILFYEAQRSGRLPATRNIAWRGDSALODQGIFGEDLSGGWYDAGDCVKFGEFPMAASTTLLLWGEFIEEFYD
GYEYAGLVNEMYDCVQWPLTYFMKAHPTKFEFYAQVGDPFIDHDYWGRPEDMTMYRPAYRLSPERPGSDVT
GETAAALAAGSIVFRTRDPALAGEMLRHSEELFEFAQNYQGLYSESIPSVKEFYPSSQFQDELCWAAAWLY
RATGKFTYLDTAEQYYVSKHSWAFNWEDKTDATSLMLFMLTKKEKYRDDIERSLRDWLPGGTVPYTPKGLV
FRAKWGSLRFAGNVAFLALVAANADINPSMYRRWAKQQTHYTILGDTGRSYVVGEFGNNPPTRPHHASSSCNS
PPLPCTWDDFSKSTPNSHILYGAVVGGPDKFDHEFVDDREDFIQNEVACDYNAGFQSALAEEVMWAILLT

>B.floridae-118867
KSILFYEAQRAGNLPSNNRIPWRRNCCQGDGSDVGLDLSGGWFDAGDHLKLHFPLAYTITVLSWGMIEFKSA
YEAAGEMGYAMDSIKWVTDYFIKCHPSKFEFVAQVGDTEPDHQFWGKPODMTMRRPAKKVTANQPGSDVTAE
TAAAMAAASIVFRENGDPGYADTLLSHAKDLYEFADTYRGEYQONVVHDTPYPSFGGMNDELVWGAAWLHRAT
ODGSYLSKAESYYDQYGISSGGEFSWDEKQSGTMLVLFKATNKDKYKNDIVGYLSRKMPGGGDTYTPKGMLWL
NEWGSCRHSANHAFLALVAADMGINVDQYRGFAAQQINYMLGDAGRSMVVGEGNNPPVRPHHRAATCPVDGH
CDWNTYNSWDANANVLOGALVGGPDAHDNYSDDRSNFHTNEVAVDYNAGFQGCLAALIKLGMK

>S.purpuratus-XP 782526.2
KSILFFEAERSGELPNDNNIDYRGDSAMGDKGNNNEDLTGGWYDA
GDHVKFGLPMAASTTLLAWGIIEFEGVYNACGEYNHALDQIRWATDYFIKCHVSSNELYIQVGDGHVDHA
YWGRPEDMTMDRPALKVTASLPGSDVVGETAAALAAASIVFKDNDSSYSNELLDHAKTLFDFADQYRGKY
TDSLSEPGSFYRSYGYNDELAWAAAWLYKATGNQSYLTKAMSFYSSGTPWALSWDDKNAGVOMLMYQLTG
SNDYKNAVIGEFLDSWQPGSITYTPNGLAWRSEWGPLRYAANTAFTAATACRDNINGNKYCSEVEQQIHYM
LGSTGRSFVVGFGNNPPQRPHHRSSSCPDQPQSCSWNEYNSASANPOQTLYGALVGGPDEYDNYNDDRGDY
ISNEVACDYNAGFQSAVAGIKQLVTDGKI

>C.formosanus-BAB40693.1

NSLLEFYEAQRSGKLPADKKVTWRKDSALNDKGQKGEDLTGGYYDA
GDFVKFGFPMAYTVTVLAWGLVDYESAYSTAGALDDGRKALKWGTDYFLKAHTAANEFYGQVGQGDVDHA
YWGRPEDMTMSRPAYKIDTSKPGSDLAAETAAALAATATIAYKSADSTYSNNLITHAKQLFDFANNYRGKY
SDSITDAKNEFYASGDYKDELVWAAAWLYRATNDNTYLTKAESLYNEFGLGSWNGAFNWDNKISGVQVLLA

45



KLTSKOQAYKDKVQGYVDYLVSSQKKTPKGLVYIDOQWGTLRHAANSALIALQAADLGINAASYROQYAKKQI
DYALGDGGRSYVVGEFGTNPPVRPHHRSSSCPDAPAACDWNTYNSAGPNAHVLTGALVGGPDSNDSYTDSR
SDYISNEVATDYNAGFQSAVAGLLKAGV

>C.acinaciformis-AF336120
SSLLEYEAQRSGKLPADQKVTWRKDSALDDKGNNGEDLTGGYYDAGDEVKEGEFPLAYTATVLAWGLVDYE
AGYSSAGATDDGRKAVKWATDYLLKAHTAATELYGQVGDGDADHAYWGRPEDMTMARPAYKIDASRPGSD
LAGETAAALAAASIVFKGVDSSYSDNLLAHAKQLFDFADNYRGKYSDSITQASNFYASGDYKDELVWAAT
WLYRATNDNTYLTKAESLYNEFGLGNWNGAEFNWDNKVSGVQVLLAKLTSKQAYKDTVQGYVDYLINNQQOK
TPKGLLYIDOQWGTLRHAANAALIILQAADLGISADSYRQFAKKQIDYALGDGGRSYVVGFGDNPPTHPHHR
SSSCPDAPAVCDWNTENSPDPNFHVLTGALVGGPDONDNYVDDRSDYVSNEVATDYNAGEFQSAVAALVTLGV

>N.takasagoensis-BAA33708.1
DSLLEYEAQRSGRLPADQKVTWRKDSALNDQGDQGQODLTGGYFEFDA
GDFVKFGFPMAYTATVLAWGLIDFEAGYSSAGALDDGRKAVKWATDYFIKAHTSONEFYGQVGQGDADHA
FWGRPEDMTMARPAYKIDTSRPGSDLAGETAAALAAASIVEFRNVDGTYSNNLLTHARQLEFDFANNYRGKY
SDSITDARNEFYASADYRDELVWAAAWLYRATNDNTYLNTAESLYDEFGLONWGGGLNWDSKVSGVQVLLA
KLTNKQAYKDTVQSYVNYLINNQOKTPKGLLY IDMWGTLRHAANAAFIMLEAAELGLSASSYRQFAQTQT
DYALGDGGRSFVCGFGSNPPTRPHHRSSSCPPAPATCDWNTENSPDPNYHVLSGALVGGPDQNDNYVDDR
SDYVHNEVATDYNAGFQSALAALVALGY

>L.stagnalis—-CN810987
KSILFYNAQRSGKLPTNNPIPWRGDSSLTDCVVGGWHDAGDHVKFQLPASASTTLLAWSLVQESAGYQNA
SQLTAMYDMIKWPLDYFLKAWSPSKSQLVVQVGDGGADHAYWGRPEDMTMARPCKTVSAATKGSDQAAGT
AAATLAAGSTIAFKTKGDTAYATSLLDAAKTLYTFAKANRGVEFTGSAEFYSSSGDRDEMCEAAVWLYKATGN
SSYLTDARSEVETTTAYALSWDDKKAACQALLYGVTKEAQYQTPVVNEEFNAWLPGGSVQYTPCGLAWRDQ
WGATRYAANAAFLALAAADFGIDAAKYRKWGVEQINYTITLGDNKYSGGCYSFEIGYGTKYPKNPHHRASSC
PNKPAACGWNEYNAQTNNPQVLNGALVGGPDVNDNYEDKRSDYTIKNEVALDYNAGFOQAATLAATINSLVAKN
ALPATANKCPCP

>M.darwiniensis—-CAD54727.1
KSLLFYEAQRSGKLPSDOQKVTWRKDSALNDKGONGEDLTGGYYDA
GDYVKFGFPMAYTATVLAWGLVDHPAGYSSAGLLDDGRKALKWVTDYLIKAHVSENELYGQVGDGDADHA
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YWGWGRPEDMTMARPAYKIDTSRPGSDLAGETAAALAAASIVETSTDSNYANTLLTHAKQLFDFANNYRG
KYSDSITQASNEFYSSSDYRDELVWAAAWLYRATNDOQTYLNTAESLNDDYGLOYWNVHETWDSKALGATAL
LAKITGKQTYKDGLTSYCDSLVSROQTPKGLTFLDOQWGSLRMISNAVYICLQAADLSINSDTYRQFAKSQ
LNYILGDAGRSEFVVGFGNNPPTHPHHRSSSCPDAPATCDWNNYNSADPNPHVLYGALVGGPDSNDNYEDL
RSDYVANEVATDYNAAFQSLLSQATIELNL

>Pyromyces—-AAP30753.1
TODYARHLELSILEFYEAQRSGKLPENNGIFWRHDSMVDAGKDNNVDLTGGYDAGDNVKENFPQASALTIL
AYGAYKWKDGYKQAGOWEYMKDLLKWGMDYFLKCHTDKYVLYGQVGNGSLDHGAWVPPEDITYKYPSYKTI
TASAPGSDLAAETSASMVAASMALREDDPTYADTLLKHGRELYDFAEKYRGTYDLSIDDAKGYYRSYSGF
NDELVWGAAMLYAATGEEQYKAKVDKIWDTPYGDLDPDKFLGSTGPISWDDKKAAAYALMAITTGESKYV
EESTRHSDLMVNYQTTPGGLWYDTNLSMWASNRYAANAAFTVAMLATTMDENDSKRKQYVKEFIKKQIDYT
LGDNPAKVDYVVGADPSSPKAVHHRGASGSKGADKGPDENVEFILYGALAGGPGQKDNYKDARNNYEMNEV
ALDYNAAFQGLLAFLITEGLNVPDP

>P.chrysosporium-AAM22492.1

NTLYFYEEQRSGK

LPVTNRVPWRNDSATDDGRDVGLDLSGGYYDAGDY IKYTFPMSEFSVMSICWGALDYGKGYDLANQTAYLD
DMLRWSLDWLMKAHPDPNTLYVQVGDADLDNAYWGGDRGIPTPRTSYAINSTSPGTDAAAQAAAAFAACS
ALYNNRTLSQPAPNGITSTSYASTLLOHAQQOLYNFATNSSVPOQVTYQASEPSVADAYASSGFODELATAA
LEFISLAGNSSDAYPQASQVYRKQGLSKHLEDDAVEFNWDEKSPGVALLAAQTAQKYPELANGTGVDWKSDL
NNYFDRIVSNSGRSFLTSGGLLYYPGDSDDATLNPALNAAMLLLRYADSGLASSSEKQSAYRQFAQSQID
YFLGNNPMTVQYMVGVHPNAPSNPHSALATGATPODIANIDTVPEHEAYVLYGGVVGGPNDDDLEFWDLRS
DWVESEVGLDYVAPVVTIAARELVSGAGDPWY

>N.patriciarum-AEX92719.1

LSILFYEAQRSGKLPANNRIYWRHDSMVDAGKDNNVDLTGGYY
DAGDNVKENFPQASALTLLAWSAVDWKDGYKEAGOQWEYMKDLLKWGMDYFIKCHTDKYVLYGQVGNGSLD
HGAWVPPEEIDYKYPSYKITASAPGSDLAAETSASMVAASMAFRDEDPSYADILLKHGKELYEFAEKYRG
TYDLSITDAKGYYRSYSGEFNDELVWGAAWLYRATGDKTYKDKVDKIWDTPYGDLDPDKFLGSGGPISWDD
KKAAAYALMALTTGESKYVEESTKHSELMVNYNTTPGGLWYDSNLSMWGSNRYASNAAFTVAMLASTMDA
NNSKRKEYVKEVKKQTIDYILGDNPAKVDYVVGADPSSPKAVHHRGASGSKGADKGPSENVEFILYGALAGG
PGARDNFKDARDNYEMNEVALDYNAAFQGLLAFLIKEGLNVPD
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>P.cribrata-AAF80584.1

YSLLEFYEAQRSGKLPADQKVTWRKDSALNDKGONGEDLTGGY
YDAGDFVKEFGEFPMAYTATVLAWGVISHEQGYQKANALEDARKAVKWATDYFIKAHVSENEFYGOVGRGDL
DHNWWGRPEDMTMERPAYKIDAQHPGSDLAAETAAALAAASTIVEFKSVDPTYSNTLLTHAKQLYNFADMHR
GKYSDSITDAAQYYSSYGYEDDLVWGAVWLYKATNDNSYLTKAEQYYTQFGLADYDGYEFSWDOKISGVEV
LLAETTKDOQGHISRITQYCDNMVRGQTRTPKGLVYISDWGSLRMAANAVYLCLEAAKDGHNPTQYREFAT
QOIGYILGDTGKSYVVGEFGONYPTHESHRSSSCPDAPAACDWNTYNGNQPNAHVLYGALVGGPGONDDYE
DLRSDYVHNEVADDYNAAFQGALAALVELS

>S.lycopersicum-NP 001234172.1
KSFLEFYEAQRSGYLPRNQRVQWRGNSGLNDGKASGIDLVG
GYYDAGDNVKFGLPMAFTVTMLSWSILEYGROMAASGELSHAMDAVKWGTDYLLKAHPEPYVLYGEVGDG
NTDHYCWQRPEDMTTSRAAYRIDPNHPGSDLAGETAAAMAAASIVFRRYNPGYSNELLNHAHQLFEFADK
YRGKYDSSITVAQKYYRSVSGYADELLWGAAWLYKASNNQFYLNYLGRNGDALGGTGWSMTEFGWDVKYA
GVQTLVAQFLMSGKAGHNAPVFEKYQOKAENFMCSMLGKGNRNTQKTPGGLIYROQRWNNMOFVTSAAFLA
TTYSDYLASAGKYLKCSSGEFVSPNELLSFAKSQVDYILGDNPRATSYMVGYGNNYPRQVHHRASSTIVSFEFK
VNPSEFVSCRGGYATWYSRKASDPNLLTGALVGGPDAYDNFADQRDNYEQTEPATYNNAPLIGVLARLHAG
HS

>S.oleracea-KNAQ09089.1

KTLLFFEA
ORAGKLPYDNRVKWRTDSGMRDGYSQGVDLVGGYYDAGDHVKFGLPMAFSVTMMAWAATIDFSKDVLAANK
MDOQTLWAIRWGTDYFLKAHTHPNVLWAQVGDGASDHLCWERAEDMTTSRTAYKLDSSNPGSDLAGETAAA
LAAASLAFRPYNSSYAQQOLVQHAEQLEFYFADTFRGLYDDSITNAEKYYTSSGYQDELLWAAVWLYRATNK
DRYLEYVVONAASMGGTGWAVREFSWDNKYAGVQVLVSKLLLEGKGGAYASTLKQYQAKADYFACACVQK
NNGFDVQLTPGGLVYVROQWNNMQYASSAAFLLAVYSDYLSQAKAVVNCPEGTAQPODLFNFAKSQADYIL
GKNPKSMSYLVGYGTNYPKQVHHRGASIASISVHNAYVGCVQGFEEWYHRTSANPNVVHGGLVGGPDNND
EFDDDRSNYEQTEPTISGTAPLVGLFSKLRS

>M.domestica-AAQ55294.1
KSVLFFOQGQRSGRLPAGAAQQITWRSNSGL
SDGRQOAYVDLTGGYYDAGDNVKENFPMAFTTTMLSWGALEYGKRMGPQLPETRAAIRWATDYLIKCARQT
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PGRLYVGVGDPNVDHKCWERPEDMDTTRTVYSVSPSNPGSDVAGETAAALAAASLVEFRRVDPKYSKLLLN
TARNVMQFAIQYRGAYSDSLGSAVCPEFYCSYSGYNDELLWGAAWLFRATNELYYYNFIKSLGASDSTDIF
SWDNKFAGAYVLLSRRALLNNDKNFEPYKQEAEQFMCRILPNSPSSSTQYTQGGLIYKLPGSNLQYVTSTI
TFLLTTYSKYMAARKLTEFDCGNLVVTPMALRNLAKQQVDYILGVNPLKMSYMVGYGPYYPKRIHHRGSSL
PSLTSHRQSIGCDGGFQPEFEFYSLNPNPNILVGAVVGGPNONDGEFPDDRGDYSHSEPATYINGAIVGPLAF
FAGSYRS

>P.radiata-064402

KSILFYEGQRS
GKLPLNOQRMRWRGDSALSDGAAGHVDLTGGYYDAGDNVKFGFPMAFTTTMLSWSVLEFGGRMGDNLDHAK
AAIRWATDYLLKATARPGVIYVQVGDPNLDHKCWERPEDMDTSRNVYKIDADHPGSDVAAETAAALAAAS
MVFRTTDPIYSRHLLQTAMQVEFDFADKHRGAYSDSLQSEVCPEFYCSYSGYNDELLWGAAWLQRASRNVSY
ISYTIQSHGONLGGEDNVNIFSWDDKHAGARVLLAKEVLLRNSKSLEEYRGHADNEFVCSLLPGTPNSQAQY
TPGGLLYKMSDCNLQYVTSTTFLLFTYPKYLRVSKQVVRCGNMVVTPTRIRTLAKRQVDYILGDNPLRMS
YMVGYGAKFPERIHHRGSSLPSIYQHPQIIPCNDGFQSLYSNAPNPNRLVGAVVGGPDNNDHFSDERNDY
AHSEPTTYINAPLVGSLAYLAHSFA

>P.taeda-PITA 000080312
KSIMFYEAQRSGKLPSNQRVSWRDDSGLSDGSANGVNLVGGYYDAGDNVKFGLPMAFTVTMLSWSLIEYSNQ
LTSSGELGHSMEATRWGTDYLLKAHTEADVLYGEVGDGNSDHKCWQORPEDMTTPROAYRIDANNPGSDLAGE
TAAALAAASTIVFRHSDPAYSNELLNHAEQLEFTFADKYRGKYDSSTITVAQKYYASKSGYEDELLWAAAWLHEA
TGDLSYMNYVIDNADSLGGTGWKMTEFSWDVKYAGVQVLASKEFLMQOGRGGQSNAVLOSYQENAEYFMCSCLQ
KGNKNVQRTPGGLLEWOKWNNIQFVTSASFLLSVYSDYLTATHKNIQCPGGAVQPSELLSFAQSQIDYILGD
NPRATSYMVGYGSNYPQOQVHHRASSTIVSYKVSRSEVTCTGGYSTWYSSKGSDPNVLHGALVGGPDONDNFEFAD
ERNNYEQTEPATYNNAPIVGVLARLHAGGN

>P.alba-BAAT77239.1

KSILFFEGQRSGKLPVNQRLTWRGDSGLSDGS
AYHVNLVGGYYDAGDNVKFGLPMAFTTTLLAWSVIEFGSSMONQITNAEAATRWSTDYLLKAATATPDTL
YVOQVGDPNMDHRCWERPEDMDTPRNVYKVTTONPGSDVAAETAAALAAASIVFKESDPSYSTELLHAATK
VEDFADRHRGSYSDSLSSAVCPEYCSYSGYQDELLWGASWLHKASLNGTYLAYIQSNGHTMGSDDDDYSF
SWDDKRPGTKILLSKEFLDKTTEEFQIYKSHSDNYICSILMPGSSSFQAQYTPGGLEFYKATESNLOYVTST
TEFLLLTYAKYLGSNGGVAKCGGSTVTAESLTIAQAKKQVDYILGDNPAKMSYMVGEGNKYPQHVHHRGSSV
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PSTHAHPNRISCNDGFQYLYSSSPNPNVLVGAIVGGPDNRDHFADDRNNYQQSEPATYINAPFVGALAFF
SAKN

>A.thaliana-AAK59818.1

KALKFFNAQKSGKLPKHNNVSWRGNS
GLODGKGETGSFYKDLVGGYYDAGDAIKFNFPMAYAMTMLSWSVIEYSAKYEAAGELTHVKELIKWGTDY
FLKTENSTADSIDDLVSQVGSGNTDDGNTDPNDHYCWMRPEDMDYKRPVTTCNGGCSDLAAEMAAALASA
SIVFKDNKEYSKKLVHGAKVVYQFGRTRRGRYSAGTAESSKFYNSSMYWDEFIWGGAWMYYATGNVTYLN
LITQPTMAKHAGAFWGGPYYGVFSWDNKLAGAQLLLSRLRLFLSPGCPYEEILRTFHNQTSIVMCSYLPI
FNKENRTNGGLIELNHGAPQPLQYSVNAAFLATLYSDYLDAADTPGWYCGPNEFYSTSVLRDFARSQIDYI
LGKNPRKMSYVVGFGTKYPRHVHHRGASIPKNKVKYNCKGGWKWRDSKKPNPNTIEGAMVAGPDKRDGYR
DVRMNYNYTEPTLAGNAGLVAAL

>A.thaliana-NP 849349.1

KSILFFEGOQRSGKLPTNQRVKWRADSGLSDGASANVNLIGG
YYDAGDNVKEFVWPMSEFTTTLLSWAALEYONEITEFVNQLGYLRSTIKWGTNEFILRAHTSTNMLYTQVGDGN
SDHSCWERPEDMDTPRTLYSISSSSPGSEAAGEAAAALAAASLVEKLVDSTYSSKLLNNAKSLEFEFADKY
RGSYQASCPFYCSHSGYQDELLWAAAWLYKATGEKSYLNYVISNKDWSKAINEFSWDNKFAGVQALLASE
FYNGANDLEKFKTDVESFVCALMPGSSSQQIKPTPGGILFIRDSSNLOQYVTTATTILEFYYSKTLTKAGVG
SIQCGSTQFTVSQIRNFAKSQVDYILGNNPLKMSYMVGEGTKYPTQPHHRGSSLPSIQSKPEKIDCNGGF
SYYNEFDTPNPNVHTGAIVGGPNSSDQYSDKRTDYSHAEPTTYINAAFIGSVAALISSS

>A.lentiformis-BAB32662.1

KSILFFEGQRSGPLPSSQRLNWRGDSGLSDGSSYH
VDLVGGYYDAGDNVKEFGLPMAFTTTMLAWSVIEFGSSMHDQLSAAKDAVRWGADYLLKAAATPGTLYVQV
GEPNLDHQCWERPEDMDTPRNVYKVSTONPGSDVAAETAAALAAASIVFKDSDPSYSSKLLHTAIQVEDF
ADKYRGSYSDSLNSVVCPFYCSYSGYQDELLWGAAWIHKASGDSSYLSYIQSNGHILGAEDDDEFSFSWDD
KKAGTKVLLAKDFLODRVEQFQVYKAHADNFICSEFIPGANDYQAQYTPGGLLFKQSDSNLQYVTTTSFLL
VAYAKYLGKNGDITTCGSTVITAKKLISVAREQVDYILGDNPATMSYMVGFGNKYPOHIHHRASSLPSVH
AHPSRIGCNDGFQYLNSGSPNPNVLVGAILGGPDSGDKFTDDRNNYRQSEPATYINAPEFVGAAAFFSAYN
ERY
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>B.napus-CAB51903.1

KALKFFNAQKSGKLPRHNNVSWRGNS
GLODGKGDSGSFYKDLVGGYYDAGDAIKFNFPMAYAMTMLSWSVIEYSAKYEAAGELVHVKELIKWGTDY
FLKTFNSTADSIDDLVSQVGSGNTDDGSTDPNDHYCWMRPEDMDYKRPVTTCNGGCSDLAAEMAAALASA
SIVFKDNREYSKKLVHGAKTVYQFGRTRRGRYSAGTAESAKFYNSSMYWDEFTWGGAWLYYATGNVTYLD
LITKPTMAKHAGAFWGGPYYGVFSWDNKLAGAQLLLSRLRLFLSPGYPYEEIVRTFHNQTSIVMCSYLPY
FNKENRTRGGLIELNHGDPQPLQYAANAAFLATLYSDYLDAADTPGWYCGPNEFYSTNVLREFARTQIDYT
LGKNPRKMSYLVGEFGTKYPKHVHHRGASTI PKNKVKYNCKGGWKWRDSKKPNPNTIEGAMVAGPDKRDGEFR
DVRTNYNYTEPTLAGNAGLVAALVALS

>C.annuum-CAA65828.1

KSILFFEGQRSGKLPANQRVKWRGNSGLSDGS
GSHVNLVGGYYDAGDNVKFGLPMAFTTTLLAWSVIEFGSSMHSQLGHAKEAIRWSTDYLLKAATASPDTL
YVQVGDPNOQDHRCWERPEDMDTPRNVYKVSPONPGSDVAAETAAALAAASIVFKDSDPSYSSTLLRTAQK
VFAFADKYRGSYSDSLSSVVCPFYCSYSGYNDELLWGASWLHRASQDTSYLSYIQSNGQTMGANDDDYSF
SWDDKRPGTKIVLSKDFLEKSTQEFQAYKVHSDNYICSLIPGSPSFQAQYTPGGLLFKGSESNLQYVTSS
SFLLLTYAKYLRSNGGVVSCGSSREFPANKLVELARKQVDYILGDNPAKISYMVGEFGQKYPLRVHHRGSSL
PSVRTHPGHIGCNDGFQSLYSGSPNPNVLVGAIVGGPDSRDNFEDDRNNYQQSEPATYINAPLVGALAFL
SAESTAV

>C.sinensis-022297

KSILFFEGQRSGRLPPNQQLTWRG
NSGLSDGSSYHVDLVGGYYDAGDNVKFGLPMAFTTTLLSWSVIEFGSSMONHLENAKAAIRWGTDYLLKA
STATPGALYVQVGDPNMDHHCWERPEDMDTPRNVYKVSTONPGSDVAAETAAALAAASVVEKDSDPSYST
KLLKTAMKVFDFADKYRGSYSDSLNSVVCPYYCSYSGYLDELLWGASWLHRASQONSSYLAYIQSNGHILG
ADDDDYSFSWDDKRAGTKVLLSKGFLEKNTQEFQLYKAHSDNYICSLIPGSSSFQAQYTAGGLFYKASES
NLQYVTTTAFLLLTYAKYLSSNGGVATCGSSTVKAENLIALAKKQVDYILGDNPAKMSYMVGFGERYPQH
VHHRGSSLPSIHAHPDHIACNDGFQYLYSRSPNPNVLTGAILGGPDNRDNEFADDRNNYQQOSEPATYINAP
FVGAVAFFSSKTTTN

>F.ananassa-AAC78298.2
KSILFFEAQRSGVLPHNOQRVTWRSHSGLYDGKASGVN

51



LVGGYYDAGDNVKFGLPMAFTVTMMSWSTI IEYGKOMASSGELGHALDAVKWGTDYFIKAHPEPNVLYGEV
GDGNTDHYCWQRPEDMTTDRRAYKISPSNPGSDLAGETAAAMAAASTIVEFRRTNPAYSRELLOQHAYLLEDF
ADKYRGKYDSSITVAQKYYRSISGYNDELLWAAAWLYQASNNEYYLNYLAVNGDSMGGTGWGMTEEFGWDV
KYSGVQTLVAKFLMOGKAGKHAAVFOKYTAKAEYFMCSCLGKGSRNAQKTPGGLLEFROQRWNNMQOEFVTSAS
FLATVYSDYLTSSRRTLKCASGNVAPSELLSFAKSQVDYILGDNPRATSYMVGYGNNYPQOVHHRGSSIV
SIKKDSSEVSCRGGYATWESRKASDPNLLTGAIVGGPDAYDNEFADQRDNYEQTEPATYNNAPLIGILARL
GGGQ

>H.vulgare-BAA94257.1

KALMFFNAQRSGHLPKHNGVSWRG
NSGMKDGLPDSTVKKSLVGGFYDAGDATIKEFNFPMAWSMTMLSWTVIEYRAKYEATIGELDHVKEI IKWGTD
YMLKTENSSADTIDRIVAQVGVGDTSKGPMPNDHYCWMRPEDIDYKRPVIECHSCSDLAAEMAAALAAAS
IVFKDSKAYSDKLVHGAKALYKFGRLORGRYSPNGSDQSLFYNSTSYWDEFVWGGAWMYFATGNTSYLTI
ATAPGMAKHAGAFWIGSPNYGVFTWDDKLPGSQVLLSRLRLFLSPGYPYEEILRTFHNQTDNVMCSYLPV
FNSENFTKGGLIQLNHGGPQPLQYVVNAAFLASLYADYLDTADTPGWYCGPNFYTTDVLRKFAKSQLDYT
LGKNPQKMSYVVGFGKKYPKRVHHRGASIPHNGVKYGCKGGFKWRESKKANPNILVGAMVAGPDKHDGFK
DIRTNYNYTEPTLAANAGLVAALISLAD

>N.tabacum-AAL30452.1

KSILFFEGQRSGKLPHNQRVSWRGSSGLSDGSLAK
VDLTGGYYDAGDNVKENFPMAYTTTLLSWNTLEYGKRMGPOQLONARAATIRWATDYLLKCANAAPNKLEVG
VGDPNSDHKCWERPEDMDTVRSVYYVSPSSPGSDVAGEMAAALAAASLVFRTVDPVYSKKLLGNAVKVER
FAVQYRGSYSDSLGSAACPFYCSYSGYKDELYWGAAWLLRATNDISYLNFINTLGANDVPDLESWDNKYA
GAHVLMARRSVVGNDKRFDPFROQAEDFVCKILPNSPYTSTQYTKGGLIYKLTEENLQYVTSITSLLTTY
AKYMASKKHTENCGSLLVTEKTIRILAKRQVDYILGNNPMKMSYMVGYGTNYPRRVHHRGSSLPSMAMHP
QSFGCDGGFQPYYYTANANPNILVGAIVGGPNONDFFPDERTDYSHSEPATYINAAIVGPLAYEFDSSER

>0.sativa-AAP03405.1

KALMFFNAQRSGPLPKHNGVSWRGN
SCMKDGLSDSTVRKSLVGGFYDAGDAIKFNYPMAWSMTMLSWSVIEYRAKYEAIGELDHVKELIKWGTDY
LLKTEFNSSADTIDRIVAQVGVGDTSKGGAQPNDHYCWMRPEDIDYPRPVTECHSCSDLASEMAAALAAAS
IVEFKDSKTYSDKLVRGAKALYKFGRLORGRYSPNGSDQATIFYNSTSYWDEFVWGGAWMY FATGNNTYLSV
ATAPGMAKHAGAYWLDSPNYGVFTWDDKLPGAQVLLSRLRLFLSPGYPYEEILRTFHNQTDNVMCSYLPM
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YNSENFTKGGMIQLNHGRPQPLOYVVNAAFLASLYSDYLDAADTPGWYCGPTFYTTEVLRKFARSQLDYV
LGKNPLKMSYVVGFGNKYPKRAHHRGASTPHNGVKYGCKGGFKWRETKKPNPNILIGALVAGPDRHDGEK
DVRTNYNYTEPTLAANAGLVAALISLTNIH

>P.americana-pP05522.1

KSILFFEGQRSGKL
PTNQRLTWRGDSGLSDGSSYHVDLVGGYYDAGDNLKFGLPMAFTTTMLAWGI IEFGCLMPEQVENARAAL
RWSTDYLLKASTATSNSLYVQVGEPNADHRCWERPEDMDTPRNVYKVSTONPGSDVAAETAAALAAASTIV
FGDSDSSYSTKLLHTAVKVFEFE
FADQYRGSYSDSLGSVVCPFYCSYSGYNDELLWGASWLHRASOQNASYMTYIQSNGHTLGADDDDYSFSWD
DKRVGTKVLLSKGFLODRIEELQLYKVHTDNYICSLIPGTSSFQAQYTPGGLLYKGSASNLQYVTSTAFL
LLTYANYLNSSGGHASCGTTTVTAKNLISLAKKQVDYILGONPAKMSYMVGFGERYPQHVHHRGSSLPSV
QVHPNSIPCNAGFQYLYSSPPNPNILVGAILGGPDNRDSEFSDDRNNYQOSEPATYINAPLVGALAFFAAN
PVTE

>P.sativum-Q9SSU7

KSILFFQGORSGKLPSNQRISW
RRDSGLSDGSALHVDLVGGYYDAGDNVKFGFPMAFTTTMLSWSVIEFGGLMKSELPNAKKAVRWATDYLL
KATAHPNITIYVQVGDAKKDHACWERPEDMDTPRSVEKVDANAPGSEVAAETAAALAAASLVEFRKSDPTYA
KILVRRAIRVFQFADKHRRSYSNALKPEFVCPFYCSYSGYQDGLLWGAAWLHKATKNPMYLKYIQTNGQIL
GAAEFDNTFGWDNKHVGARILLSKEFLVONVKSLHDYKGHSDNFVCSLIPGAGSSSAQYTPGGLLFKMSD
SNMQYVTSTTEFLLVTYAKYLTKSHSVVNCGGTTVTPKRLRTLAKRQVDYLLGDNPLKMSYMVGYGPRYPQ
RIHHRGSSLPSMAVHPGKIQCSAGEFGVMNSKSPNPNILMGAVVGGPDQHDREFPDORSDYEQSEPATYVNA
PLVGTLAYLAHSFGQL

>P.vulgaris-AAC78504.1

KATLFFEGQRSGKLPSSQRVKWRE
DSALSDGKLONVNLIGGYYDAGDNVKFGWPMAFSTSLLSWAAVEYESEISSVNQLGYLOSATRWGADEFML
RAHTSPTTLYTQVGDGNADHNCWERPEDMDTPRTVYKIDANSPGTEVAAEYAAALSAASIVEKKIDAKYS
STLLSHSKSLFDFADKNRGSYSGSCPFYCSYSGYQDELLWAAAWLYKASGESKYLSYITISNQGWSQTVSE
FSWDNKEVGAQTLLTEEFYGGKKDLAKIKTDAESEFICAVMPGSNSROQIKTTPGGLLETRDSSNLQYTTSS
TMVLFIFSRILNRNHINGINCGSSHETASQIRGFAKTQVEYTILGNNPMKMSYMVGFGSKYPKQLHHRGSS
IPSIKVHPAKVGCNAGLSDYYNSANPNPNTHVGAIVGGPDSNDREFNDARSDYSHAEPTTYINAAFVASIS
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ALLAKT

>S.nigra-CAA52343.1

KATILFFEGQRSGKLPTNQRVKWRGDSALSDG
KPHNVNLTGGYYDAGDNVKFGWPMAYTVSLLSWAAVEYKQETISPTNQLRYLOTATRWGTNYILRAHTSST
TLYTQVGDGNSDHQCWERPEDMDTPRTLYKITSTSPGTEVAADNAAALAAASIVFQEVDSNYSAKLLRHS
KLLFQFADQYRGSYQASCPEFYCSYSGYQDELLWAAAWLYKASGDATYLNYVLGNQGWSHAVSEEFSWDNKE
AGAQTLLAKEFFGGKTNLGKFKSDSESFICALMPGSSSVQIQTTPGGLLYTRDSSNLQYVTSASMVELIY
SKILNAANTIKGVQCGSVNFPTSQIKAFAKSQVDYILGNNPMKMSYMVGFGSKYPLQLHHRGASIPSMQIH
PARVGCNEGYSAWYSSSKSNPNTHVGAIVGGPNSNDQFNDVRSDYSHLETTTYMNAAFVGSVAALV

>T.aestivum-AAM13693.1

KALMFFNAQRSGHLPKHNGVXGRG
NSGMKDGLSDSTVKKSLVGGEFYDAGDAIKENYPMAWSMNMLSWIVIEYRAKYEAIGELDHVKEIIKWGTD
YMLKTENSSADTIDRIVAQVGVGDTSKGPMPNDHYCWMRPEDIDYKRPVIECHSCSDLAAGMAAALAAAS
IVFKDSKAYSDKLVHGAKALYKFGRLORGRYSPNGSDQSLECNSTSYWDEFVWGGAWMYFATGNTSYLTTI
ATAPGMAKHAGAFWIGSPNYGVETWDDKLPGSQVLLSRLRLEFLSPGYPYEEILRTEFHNQTDNVMCSYLPV
FNSENFTKGGLIQLNHGGPQPLQYVVNAAFLASLYADYLDTADTPRWYCRPNEYTTDVLRKFAKSQLDYTI
LGKNPOKMSYVVGFGKKYPKRVHHRGASIPHNGVKYGCKGGFKWREFKKANPNILVGAMVAGPDKHDGFK
DIRTNYNYTEPTLAANAGLVAALISLAD

>P.communis-BAC22690.1

KSLMFFNAQRSGKLPKHNNVSWR
GNSCLRDGNDPSTTFKDLAGGFYDAGDAIKEFNFPASFAMTMLSWSVIEYSAKYEAAGELSHVKEIIKWGS
DYFLKTFNHSADSIDRLVAQVGVGSTAGGSTTPNDHYCWMRPEDIDYQRPVSQCHSCSDLAAEMAAALAA
SSIVEFKDNKAYSQKLVHGAKTLFRFSREQRGRYSAGGSTDAATEYNSTSYWDEFIWGGAWMYYATGNSSY
LOLATTPGLAKHAGAFWGGPDYGVLSWDNKLAGAQVLLSRLXLFLSPGYPYEEILRTFHNQTSIIMCSYL
PVFTTEFNRTKGGLIQLNHGRPOQPLOYVVNAAFLATLYSEYLDAADTPGWYCGPNEFYSTDVLREFAKTQID
YILGKNPRKMSYVVGFGNHYPKHVHHRGASIPKNKIKYSCKGGWKWRDTPKANPNTIDGAMVAGPDKHDG
FRDVRSNYNYTEPTLAGNAGLVAALVALS

>P.persica-CAA65597.1
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KSILFFEGORSGKLPANQRATWRANSGLSDGS
SYHVDLVGGYYDAGDNVKEGLPMAFTTTLLAWSVIEFGDSMHNQIENAKDAIRWSTDYLLKAATSTPGAL
YVOVADPNADHQCWERPEDMDTPRNVYKVSTONPGSDVAAETAAALAAASTIVEFKDSDPSYSGKLLHTAMK
VEDFADRYRGSYSDSIGSVVCPFYCSYSGYHDELLWGASWIHRASONSSYLAYIKSNGHILGADDDGESFE
SWDDKRPGTKVLLSKNEFLEKNNEEFQLYKAHSDNYICSLLPGTSNFQAQYTPGGLLYKASESNLQYVTST
TLLLLTYAKYLRTNGGVATCGSSKVTAETLISEAKKQVDYILGNNPAKISYMVGEGKKYPLHIHHRGSSL
PSVHEHPERISCNNGFQYLNSGSPNPNVLVGAIVGGPDSKDSESDDRNNYQQOSEPATYINAPIVGALAFF
SANTNPN

>P.patens-XP 001781646.1
MFLFLCLEFLESSGKLPADFPIKWRGDSNLLDGSDVNVSLSGGIYDAGDSVKEGEFPMAFTATILSWSVLEY
GPAMEKAGQLASAKNSIKWITDYLIKAHAAPNVLYFQVGNASTDHKCWYRPEDGGSTIARPSLVLNTTLPG
SEVAAETAAAMAAASMVERSTDATYADTLVAHAQQLENEFSDTYQASYSETIPEFQDYYNSTGYGDELLWG
ATWLYYATGDNTYLAYVTGANGEKFADWGVEPSWESWDSKRPAVQOVLLARLOMLKPPTNAVNTVSKGLTD
YKTTADGLMCAFLPGSPTASTDRTKGGY IWLNEWSALOHGINSALLASEFYSDYLVAAKSSGITCSGKSET
HAQLRAFASSQANYVLGNNPLSTSFMVGYGEKHPKYLHHRGASIPVDQIKTDCAHSWGWYDSKEPNPNIA
YGAVVGGPFKNETYTDARTNIMONEASVYTSAAFAGLSAGLVGSSSNSVPISWI

>M.polymorpha-0030s0120
KTFLEFYEAQRSGKLPDSQRVKWRKDSGLSDGETVNVDLSGGYHDAGDNVKFGEFPMAYSITLLAWSVVEYGDF
LOKAEELONAHEATRWGTDFLLKAHTGPNELWVQVGDANADHMCWERPEDMDTPRTAYKVDKDNPGSDVAGE
TAAALAASSIVFRDADPAYAKRLLASAQQLEFEFADNYRGRYSDAVPAACPEFYCSYSGYKDELLWAATWLYKA
TNDEAYLRYILNSADDFGGYKSYSASTWTLDWDNKFAGAQILLAQTYLLGNTKFKAQKNWADKEVCSTLPGL
STTEVTITPGGLLEFTKPASNEFQYVTSTAFLLMIYAKYLRKSSSQLYCNHMPVSTHTLSSESKOQVDYILGTN
PSNMSYMIGFGSKFPKRLHHRASSTIPSTHVHPANISCRDGWQFFAETTENPNILTGALVGGPDIFDIYQDAR
WNFEQSEPTNYINAPLVGLLAELYGVNAVPCK

>S5.fallax-0051s0090

LSILFYDVQRSGVLPNWOQRVRWRGNSATIYDGTQSKARLSGGYYDAGDNMKFGEFPMAFSMTLLSWSAVDFREEL
KOAGOQLGHTLNAIRWGTDYLLKAYTAPNELWIQVGDPNSDHACWERPEDMDTPRPAFQVNTNRPGSDVAAETA
AALAAASLAFRDLDSIYSARLLTSAIQVEFNFANNYRGKYSDSFGGVVCPEFYCSYSGYNDELVWGAAWLYKATR
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DVTYLQYLISNGATLGGTTESVNSEDWDNKYAGAQVLLSAFVLGENDGGLHGYKARAENFICSILPRSVSPVT
QTAFTPGGLLEFRSGQOSNLQYVTTAAFLATVYGNYLSNSRSTVSCGGAIITPLOQLASFAKSQVDYILGGNRLGM
SYMVGEFGPKYPQOVHHRAASLPSKRVYPGMIYCQOGEFSWEQTAKPNPNOATGAVIGGPDQSDNLNDVRSNYAQ
MEPTTYINAPLVGVLASLAEGSKGYK

>G.biloba-gbalocus47775

KSILFFEAQRSGKLPPNQR
VSWRRDSALSDGSSQHVDLVGGYYDAGDNIKFGFPMAFTTTLLSWSVLEFGDHMGSELAN
AKAATIRWATDYLLKATAHPDTLYVQVGEPNMDHRCWERPEDMDTPRTVYKIDAQNPGSDV
AAETAAATLAAASMVFQVSDASYSHRLLQTAMRVEFDFADKHRGAYSDSLKSAVCPEFYCSYS
GYQDELLWGAAWLHTASRNPSYLSYTHTNGQTLGADDSDNSESWDNKHVGTRVLLTKEFL
LOKVOLLESYKAHADNFICSLLPGTSTSQAEYTPGGLLYKLSDSNMQYVTATSFILLTYA
KYLSSSSQVVSCGSSTATPERLOSTAKRQVDYILGNNPMKMSYMVGYGPKEFPQHVHHRGS
SIPSVVQHPOQVIGCDNGENYFHSNDPNPNILVGAVVGGPDNKDQFSDDRSEYAQSEPSTY
MNAPLVGALAALLHMHA

>C.zofingiensi-Cz08g28050
LSNLEFYFAQRSGRLPADNPIKWRGNAGLNHKAPDGRDVTGGWYDAGDNVKENLPMAWTAAV
LSWSVFDFREGYRKAGTLPETLANIRWANDYFIKCVGDGNTIVAQVGNGGODHSGWTRPEDV
TGAVPVYVVTPSKPGSDVVGAMAASTLAAASVIFTSTDYAYSVKLLAAATLKAYKFATTYLGSY
SASIPDAAQFYKSSNYYDDLAWAATIWLNVRTGKPEYKTAAVEFYKKHWNMENGAQVWNNEDW
DSNSWADVMILHRMFPNDAFYKKRMLTFIDDWLTGRGPPNYVTYTPKGLAFSGDWGSLRHVG
NALFLMOSEFVHTSKDQALNRRINCFTHRQLRYILGSTGRSEVVGEFGNNPPQOPHHRAASCTP
GQPCSWDALNNPGPNPNVLYGALVGGPNVQDVYSDNRNNEFVONEVACDYNAGFQGALAAMVT
SNVNWPSCSAQYTQYQEMGF

>K.fedtschenkoi-Kaladp0098s0155

KSILFFEGQRSGKLPSGQRLKWRAASALSDGSADHVDLVGGYYDAGDNVKEFGLPMAFTTTMLA
WSVIEFGSSMGSQADHARDAVKWSTDYLLKAATAAPDTLYVQVADPNKDHQCWERPEDMDTPR
GVYKVTAQNPGSDVAGETAAALAAASIVFRDADPSYSSKLLQTSKKVFEFADKHRGSYSDSLG
SVVCPEFYCSYSGYQODELLWGASWLYRASQEETYRSYIQTNGQTAGATDDDYSEFSWDDKRAGTK
ILLSQEFLEKDTQEFEVYKAHSDNEFVCSLMPGTPTSQAQYTPGGLLYKLSGSNLQYVTSSTEL
MLTYAKYLESKGAASISCGSAAVTPDKLIAQAKSQVDYILGONPAKMSYMVGFGANYPKHIHH
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RGSSLPSVRDHPDRIGCNDGFRYLYSSSPNPNVLVGAVVGGPDSNDREFADDRNNYQQSEPATY
INAPFVGALAYESG

>0.thomaeum-Oropetium2015010523527
KSITFFEGQRSGKLPPGNRMPWRGDSGLRDGAQHNVDLVGGYYDAGDNVKEFGLPMAFTTTMLAW
SVADFGKFMGADQLPHARAAVRWGADYLLKAATATPGTLYVQVGDPNQDHRCWERPEDMDTPRS
VYAVTRDRPGSDVAAETAAALAASAVVFRRSDPAYSSRLLRAAMETFEFADRHRGSYSSDSALS
SAVCPEFYCSYSGYEDELLWAAAWLHRASNNASFMSYVQLNGAQLGAEEDDYSESWDDKRVGTKV
LLARGFLRRKKTRLOGLLOLYKAHSDSYVCSLVPGTSSFQQOSQYTPGGLIYKEGASNMQYVTTA
TFLLLAYAKYLRSGGACVVCGGRDVAPAELVALAKRQVDYVLGKNPAGTSYMVGEFGARYPRRLH
HRGASMPSVRDHPGRIGCDEGFRYMHSADADRNVLVGAVVGGPDARDAFADQRDSYGQSEPATY
INAPLVGALAFFAGTVKR

>S.polyrhiza-Spipo3G0031200
KSITIFFEGQRSGRLPASQRLKWRRDSGLSDGASMHVDLVGGYYDAGDNVKFGEFPMAFTTTMLAWS
VVEFGGVMKGELONAREATRWASDYLLKATAHPNTVYVQVGDANKDHECWERPEDMDTPRTVEKV
DPSNPGSDVAAETAAALAAASLVEFQKTDPAYSKLLRRRAISVFEFADKHRGPYSNGLKSAVCPEY
CSYSGYQDELLWGAAWLHRATRDPAYLSYIQVNGQTLGADESDNIFGWDNKHVGARILLSKAFLV
ONVKSLYEYKGHADTFICSLVPGTPEFSQTQYTPGGLLFKMSDSNMOQYVTSTSFLLLTYAKYLTYA
GKVVSCGGTTVTPKTLRRTIAKRQVDY ILGDNPLKMSYMVGYGSRYPERTHHRGSSLPSVAAHPAK
IPCSAGFSLMNSGAPNPNVLVGAVVGGPDANDREFPDQRSDYEQSEPATYINAPLVGALAYLAHSS
GQL

>Z.marina-Zosmal96g00530
KSTILFFEGOQRSGKLPPEQRQAWRKDSGIRDGEFDSGVDLSGGYYDAGDNVKEFGEFPMAFTVTMLSWSV
VEFGSNMPSDETRNAAVATRWGTDYLLKTISQPNRIFVQVGDPVEDHNCWERPEDMDTARTVYSVT
PDNPGSDVAGETAAALAAASMVERDIDNNYSDTLLHGAFKAFQFADTYRGAYSDDPATKPGVCPEY
CDFDGYQDELLWGAAWLRRASGKDDYLNYITTNGKILGAEDTVNEFGWDNKHAGINVLISKEFLEQ
GKLYSLOSYKASADSFMCTLIPESSSPHVGYTPGGLIYKPGGSNMQHVTSIAFLLLTYADYLSNSS
QTFNCGGVTVGPESLRLQAKRQVDYLLGSNPKNMSYMVGYGDHGNYPQRTHHRGSSLPSVSDHPEH
IRCKEGSPYEFNSSEPNRNVLVGAVVGGPGKDDVYEDDRADFRKSEPTTYINAPLVGVLAYFAANSG
AGADATLAKHTNYIK
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>I.tegetiformans-PKOXscaffold2001883
KSTILFYEGMRSGKLPPEQRMHWRCDSGLTDGHSONVDLTGGYYDSGDNIKFGEFPMAFTTTMLSWST
IEYGSQLSKAGELGHAQAAVRWATDYFLKAYTSPTELWVQVGDPNSDHQCWERPEDMDTPRTAYKV
TAENPGSDVASETAAALAAASMVEFRQCDPSYSNRLLOTARQMFEFADKFRGSYSDVLRSAVSPEYT
SYSGFODELLWGATWLYKASRDGKYLQYTIYTNGDSLGGPTRSFSALSWDNKYAGVDILLTQAFVEG
KONKLGVYKARADEYICSILPGRGQITPGGLIYHDGATNMQYVTTAAFLLFTYSNYLAKSSQTVTC
GGTNLGAEHLSAFAKKQVDYILGENPSKMSYMVGFGSNFPRKVHHRGSSLPSFKESNAHTACSEGE
TWEHTNDPNPNLLMGAVVGGPDMSDRYSDERSRYTEAEPATYINSGLVGALALLSS

Supplementary Figure 2. FASTA sequences of the truncated cellulases comprising only CD regions used to build the phylogenetic tree of Figure 2 in the
main text.
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Thermobifida: 1]S4/4TF4 (Exo/endo)

CD.»>.CBM

Ruminiclostridium: 1TUT9 (Exo)

CBM.Ig.CD.Fn3.CBM->Dockerin?

?CD->Dockerin?

Ig.CD.Dockerin?

Ruminiclostridium:1CLC (Endo) Termite: 1KS8 (Endo)
\

(N-terminal)

Spinach:KNA(09089:
(C-terminal)

CD-> CD->CBM

CBM->CD
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Supplementary Figure 3. X-ray structures and models of selected family GH9 cellulases. Blue, CD; pink, CBM; turquoise, Fn3-like domain; pink/turquoise,
Fn3-like domain within CBM; grey, linker; yellow, Ig-like domain. Organism names, accession/PDB codes, cellulase types are given alongside the
structures. The threading templates used by I-TASSER for generating homology models are given in the top row and the I-TASSER statistics are given in
Supplementary Table 1. The domain arrangement is given below the structure with dots depicting separation between domains. CD, catalytic domain;
CBM, carbohydrate-binding domain; arrow, linker; /, overlapping domains; superscript, two consecutive domains; ?, unknown domain. Only 1JS4/4TF4

and 1KFG/1GA2 have X-ray structures available for the full-length sequence.

Cr9B: XP001701544

Top templates: 1J54 /1tf4, 1ks8,
1kfg/1ga2

Model scores:

C-score =0.16

TM-score = 0.73 £0.11
RMSD=7.0+4.1A

Cr9C: XP001701546

Top templates: 1tf4, 1ut9, 1clc, 1ksS,
1kfg/1ga2

Model scores:

C-score =0.75

TM-score = 0.81 +0.009

RMSD =5.7+3.6 A

Cr9D: XP001696497

Top templates: 1tf4, 1ut9, 1ks8, 1kfg/1ga2
Model scores:

C-score =-2.0

TM-score = 0.47 +0.15

RMSD=13.8+4.0 A

Gp: KXZ51468 (N-terminal)
Top templates: 1tf4/1js4 , 1ks8,
1kfg/1ga2

Model scores:

C-score = 0.83

TM-score = 0.83 +0.008
RMSD=53+34A

Gp: KXZ51468 (C-terminal)

Top templates: 1tf4/1js4, 1ks8, 1kfg/1ga2
Model scores:

C-score =0.93

TM-score = 0.84 +0.08
RMSD=52+34A

Gp: KXZ44756

Top templates: 1tf4 /1js4, 1ks8
Model scores:

C-score =-0.94

TM-score = 0.84 +0.08
RMSD=42+28A

Gp: KXZ51466

Top templates: 1tf4/ 1js4, 1ks8
Model scores:

C-score =0.25

TM-score = 0.75 +0.11
RMSD=72+42 A

Ve: XP002958622

Top templates: 1tf4/1js4 , 1ks8, 1kfg/1ga2
Model scores:

C-score =0.92

TM-score = 0.84 +0.08

RMSD=53+34 A

Ve: XP002952174

Top templates: 1tf4/1js4 , 1ks8, 2yik
Model scores:

C-score =-0.11

TM-score = 0.7 +0.12
RMSD=7.7+4.4 A

Supplementary Table 1. Modelling statistics of algal cellulases by I-TASSER.
1KSS8, termite; 1clc, Clostridium thermocellum; 1UT9, Clostridium thermocellum; 1J54/1tt4, Thermobifida fusca;1kfg/1ga2, Clostridium cellulolyticum.
All models have Z-score of between 2.0 - 7.4 (Z-score of > 1 means good alignment). C-score [-5 to 2], higher value indicates more accurate model;

TM-score, >0.5 indicates a model of correct topology and < 0.17 means a random similarity.
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Organism

ID/PBD

Taxonomic group

Glucanase type

Amino acids,
mol.wt, pI, GRAVY

Volvox carteri (colony of 2000-6000 cells) ~ XP_002952174 Alga, this study Putative exo/endo 758, 80.01, 5.89, -0.10
Volvox carteri (colony of 2000-6000 cells) ~ XP_002958622 Alga, this study Putative exo/endo 732,76.86,7.36, -0.18
Chlamydomonas reinhardtii (single cell) XP_001701544 (Cr9B) Alga, this study Putative exo/endo 619, 65.14, 6.47,-0.2
Chlamydomonas reinhardtii (single cell) XP_001701546 (Cr9C) Alga, this study Putative exo/endo 606, 64.65, 8.35, -0.117
Chlamydomonas reinhardtii (single cell) XP_001696497 (Cr9D) Alga, this study Putative exo/endo 888,94.4,5.18, -0.295
Gonium pectorale (colony of 4-16 cells) KXZ51466 , Gp51466 Alga, this study Putative exo/endo 621, 65.62, 8.32, -0.24
Gonium pectorale (colony of 4-16 cells) KXZ44756, Gp44756 Alga, this study Putative exo/endo 644, 69.83, 5.48, -0.22
Gonium pectorale (colony of 4-16 cells) KXZ51468, Gp51468 Alga, this study Putative exo/endo 1148, 119.89, 7.4, -0.236
o 2YIK Bacterium [2] Endo 611 68.51, 5.26, -0.45
Clostridium thermocellum
1]S4, 4TF4 Bacterium [3, 4] Endo + Exo 834, 90.35, 4.44, -0.433
Thermomonospora fusca WP061783773
) WP_011916637 Bacterium [5] Endo 1719, 191.06, 5.58, -0.53
Caldocellum saccharolyticum
o CAA56918 (1UT9) Bacterium [6] Exo 1230, 137.83, 4.83, 0.526
Clostridium thermocellum/
o 1CLC Bacterium [6] Endo 639, 71.20, 5.19, -0.36
Clostridium thermocellum/
Neocallimastix patriciarum AEX92719 Fungus [7] Putative exo/endo 770, 85.34, 4.95, -0.58
Solanum lycopersicum (Tomato) NP001234172 Plant [8] Endo 604, 66.77,9.3, -0.393
Spinacia oleracea (Spinach) KNA09089 Plant Putative exo/endo 1145, 126.20, 5.49, -0.31
Haliotis discus hannai (Abalone) BADO01504 Metazoan [9] Endo 579, 63.21, 5.95, -0.51
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) ) ) 1KS8 Metazoan [10] Endo 433, 47.80, 4.91, -0.458
Nasutitermes takasagoensis (Termite)

Supplementary Table 2. Properties of the considered algal cellulases compared with other cellulases across different taxonomic groups.

62



CBm
lAaculeamS Fun
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CBM1HgriseaFungus
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Supplementary Figure 4. Maximum likelihood phylogenetic analysis (100 bootstraps) of truncated CBMs from algae and other organisms across various
families and taxonomic groups (see Supplementary Fig. 5 for details). The circles refer to the bootstraps (range 0.6-1). The CBM and organism types are

indicated in the tree. The different colors represent the different taxonomic groups, as in Figure 2.

>CBM1SphingobacteriumBacterium
KIQTKMNYALSHNTVYLNWGDNQQAMVTTSDNASLETIRKITGACFLMRFDNDKKEFEYQDEFGEKRNFYFEFKS
GAFYNKEDDQPFNKEWYKDLKIDQODLFTIPEVYAVLDKGNLIPQSPRKIHLONADKLIKAKSLALNNKLRQ
SKSTLMAVDAPPCNNYCRSGQSFHLSQIMACENATVEVNSGCCSNAYCIGCCSIIGCDCATVIGSYLAVCTA
VAKSCSGYGSPIATSPVWGQCGGNTWTGPTACTPGNKCVEFINSNYSQCQPL

>CBMlAaculeatusFungus
ATASAYAQCGGNGWTGATVCEFTGYTCTYSNAFYSQCVPS

>CBM1HgriseaFungus
AQGGAWQQCGGVGFSGSTSCVSGYTCVYLNDWYSQCOQ

>CBM2CvariabilisAlga
RLHFSLVGWSSFTWGPSDTDLKYAGTKTNAQVVLTPKEWLREIPPGTTLSISFGGQGVAPSAIVFEQILPLLDP
DHDISLSTRGAFPQKLFAPFVDATLYPTPRLLDAYEATGQKWEFTLAF
ITADLRTGARLGRVIPLWKQYFMDQIRDIRLLGGDCIVSFGGAAGQEQAQVRVDEDMLLKDYQTIVDLYKLRWI
DFDIEGGAVLEMASVQRRHRVLKRLODANPGLVVSEFTLPVLPVGLTADGVNLLRDAKAKGVRLDVLNIMTMDYG
DSAAPNPRGOMGDYATIQAAVNTRAQAQSVGYDDTKIGNTPMIGLNDVESEIFYLDDARKVGAWAKATPWLRWTAF
WSVGRDKWNPAETYVSTIHSSSIPQEPFEFTRIFKSFAS

>CBM2HdiscushannaiMetazoan
VDVTISNHWDGGFQAKACIAITTELHSWKAHLKESQAVDSLDCGTANVOKTNGGKEY ILTNKOWNADEHAGDKL
CLDFVGHTSGDINPKTTLTIEGVAAGSSHTG

>CBM3CcellulolyticumBacterium
KMYKHSGGDPIPNFKAIEKITNDEVIIKAGLNSTGPNYTEIKAVVYNQTGWPARVTDKISFKYFMDLSET
VAAGIDPLSLVTSSNYSEGKNTKVSGVLPWDVSNNVYYVNVDLTGENTYPGGQSACRREVQFRIAAPQGT
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TYWNPKNDESYDGLPTTSTVNTVINIPVYDNGVKVEFGNEPAGGSENPDPEILYGDVNSDKNVDALDFAAL
KKYLLGGTSSIDVKAADTYKDGNIDAIDMATLKKYLLGTITQLPQG

>CBM4RthermocellumBacterium
NDLLYERTFDEGLCFPWHTCEDSGGKCDFAVVDVPGEPGNKAFRLTVIDKGONKWSVOMRHRGITLE
QGHTYTVRFTIWSDKSCRVYAKIGQMGEPYTEYW
NNNWNPEFNLTPGQKLTVEQNFTMNYPTDDTCEFTFHLGGELAAGTPYYVYLDDVSLYDP

>CBM5/12CcinereaFungus
APAYVSGTGYQSGAQVSYGGYIWQAKWFASQTPGSIVNGEWSAVSVCSGGGSPAPPPPPPPSSST
TTTTTTTRSSTTTTRSTTSTSTSTTTTGSSTPAPPAPTGGLCAGVSAWSSSVAYDGGSKVVYSGRLWTAK
WWTQADIPGGLAGVWVDNGPC

>CBM6CcellulolyticumBacterium
SRIEAESYSNQSGIQTETCSEGGEDVGFVENGDYTVYNNVDEFGDGVGGFQARVAS
ATSGGNIETIRLDSSTGTLIGTCPVAGTGDWQTYTDAKCTVSGVTGKHDVYLVFKGDSGYLENLNWETESE
KTVIGNLGDINSDGQVDAIDLQVLKKYLLQLGEIGDTKLADLDANGEINAIDFSLLKQFLLGTIISFEFPGE
AL

>CBM6/81SdegradansBacterium
ARIEAENYDSAPVETTAGNSGSPTNCSYKGMGVDVENSTEGACNIGWTAAGEKVTYNIGNADGTYDIALRVA
SMDAGKRISVHVNNSLADTVTTQGGGWQAWTTETISNVYIPSNSV

ITVEFYDSGSNLNFLNITESSGT

>CBM11CcellulolyticumBacterium

AYGEQLTIEDFEGAMOWAAY SGVDATASCKISSGKSNNGLETITYAGSSNGYWGVVDNEHRNQDWEKWQ
KISFDIKSSNTNEVRLLIAEQSKIEGEDGEHWTYVIKPSTSWTTIEIPFSSFTKRMDYQPPAQDGSETED
LYKVGSLHFMYSNSNSGTLNIDNIKLIGLPEEQIGGK

>CBMl4GpectoraleAlga
GLOQYKLPAGVSCDNCTLOWWWTTGNSCTPPCVPEDPDYVPGGAPNSCDKAGLGICGSSPAKYPEEFWNCADVR
ITPAGSGASPTPSPSPHADGLHANPCDATCTTFINCGNGVAYVQPCGAGLLEFNAVAKYCDWPANVQCSGAGGAS
PSPSPSPSPSPLPSPSPSPASCITTNFCSNRASGLYANPCDATCATFINCGNGIAYPKPOQPCPGKAPPGGGIPG
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ELAMVGAARCRVAPLGGPVRGRGATWAAGYNLGGSPPSLPAYAPKLTHINYAFASISYSPQLDSYYLDETDTWA
DIGACLTGSCPATCIVLNATCPGSNLAMAPTTKTPSAACPSSCENGGGGPGYPRACNTVAKDMSSPLRACGHYA
LVORFIAEQAPNVRVLISVGGWYDSNYFSMAASPAYRSREVDSVLDFLDTFGEDGVDEFDWEYPGFEHGGQPPYGA
APDYGSPDDVRDCASGSCTYSGRTADGANFVATLSELRSRLSAGRRSKRGEPYL

>CBM17/28CsaccharolyticusBacterium
WDISELSISGEYVRSRIKGIPYQPIERTLKISQODQVACAPIGQPILPSDFEDGTRQGWDWDGPSGVKGA
LTTEEANGSNALSWEVEYPEKKLODGWASAPRLILRNINTTRGDCKYLCEFDEFYLKPKQATKGELATFLAF
APPSLNYWAQAEDSEFNIDLTNLSTLKKTPDDLYSFKISEFDLDKIKEGKIIGPDTHLRDITIIVVADVNSDF
KGRMYLDNVRET

>CBM18FcylindrusDiatom
GLNSNTKVCGREGGTGINYDTWNDSLGNPMPWVTQGTYAIGGHVQIDIIMTAHHLGHFEVKACAMGRDSTQ
GCFDEHPLEFVKDKVHGMPKDINYPERAMLEGDGVDLSYKMKLPDDIAGQKVLLOITYWTANSCSYLGYKE
YETNNKTPSGNKPNWSPGLIDCPEDLPTLREGAEAVTPETFVNCAEITIEGEPTPTAPIAPTAPSPTPAPA
PTPVAQEPVNAPVTSGKLPPVNPDIDGTCGTGDTGNGICPAQTLCCSKFGYCGTIATKHCDSDPREFIPTPP
CVDLKGTVYKNKKNGKKKKRTCKWVGENKKCNKKYEGEKLKISCPVTCGMKICE

>CBM20BprasinosAlga
MTTCPRHIACSSSSSVLMKTTTTRTTTTTTRTRTESPSSNKISVAPSRPPRSNOSTFPSRRTRRGDLKIN
ASTODYDDNKDQFMKMVSSEGKMNALKSISATDOKLTSSSSVNNNVISIDQSILKVDPYSKDALDMIGSR
TKSTPVNFSVQYDTKWGENLFVLGSHKKLGAWDEAKAIPMHYKEGGHWSCEVDLOPGGIFFYKYLVRSTF
GTRWQEGANNLLVLPEANDLPKNATYLVEDCENGGPTQLTRTNQTLLAAKLTIETQKEKVLYAKELSKQQO
MTKSALEELLTAREELASAQMOQLARATIGDGRSYDVDTTTTTTTTTNNDTSSKEEEEKKSGFWSSR

>CBM41BRprasinosAlga
PLGCTFMDEIIVVTLWAPSAIQVDFLLFDSPDFSHPKEELEMMEDSSNGTWI
THGRRKELYQOMYYNEFRVTVEFHPKENKVMTSTIASDPYA

>CBM43McommodaAlga

AVSGRGRREESVPLLPRDVEAGADDAAGDARCGRSRGMIAGTSARDALDAGDGAAPRRLPRGVIALVSLLAV
AGCAGYSASVSGGRHGAALGAAGTRLRPDRWSFHQRSRPSALESVNPWRGRDTEGLKLATRRTAAPESRRGV
VMAGQWPGYGAAKKSKSRRDDDEEEEEEEEEDNGTLVPVLGDQVVTGESTPRRGAVTSGRRSRPCVLKDAVT
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DEQAQAVLDFACAPESGVSCAPIGAGGALERPNTLLRDHAAWAIDRYFRLRSREPDAFPQRDCHEVGVASLD
APNNFYVSTTGALVRVNPSVDTIANKVITVPIEGVVESSGVGAVRGTLVSRRGGGSNGGGGFLRDDPLRPEAG
VKTTFKFWAGSTATRSRGEGPCVVETTVVYDEFDGDGDADRTESFELVOQVPREPAMAPVETKI IGHSAKARGA
REFPRRVTDARVSLLVRSPNCPGEVNVWESSATYPSEFLTVPYRE

>CBM45McommodaAlga
NELAAGLDVLFGVAAYLRWEQMGKPRVDEDEKHRIYSDAVNHITQRLNSGES
VEALETEFGVPPGLVRQTAALAAPPAAAPTQAKPTPPPGFTPPAPPKAAPAPAPSYGYDAAPAPAPANAV
KLMVIEGRRTAQGMLOMIVEGRSDQGIVLHWAGLDQPAGEWKNPPHGWS SMPENSWGTGGASWETEMEAL
TTARGWHAATIEAPCDRDGLVEFVIRTADSAHWIKDDGODFMCFADEATTLTDVRAIVKRRKEEERARRKA
EKEEQRRREREQQRSSPQKLKRGGLSTTTVKEVKMPARPEVIKRKDWNHDE IKMHQGALGHAGAAGNVAG
GSVDNICNSEEGATRSLMHRENIASDLIPQCKGEGEAGLVAMAVWFRFMALRQLVWNNDY

>CBM470streococcusAlga
DITMPLLPSFDPGVTFVSNDAGLIGISVSKEIPGGDEPSGEFSVTKGRCVTPVCVKTDGNPCGEGQAAWSD
VGSHATAAVEATIKTDECIVAGAGVIEQNGGISVSREIRLPASGVNLLADAEANPTGMKNFKPSSVRIPEGK
FLLAFTGGDEAFKGSETVIRSYKSKLNNRLYSMTSEFVVSDIAAEFHEEAPKSVGPEHAGSISKCKAMCAVK
KHCCNTDESIGSNQYLSCLQACVVRVRGTDERTCNSYCASATTSRHINGYMYNLATSCADVVASEGKLCST
RYGSDRSTCLYGCSIGRDPEQSLAVVKSTGFYMQLPAAHVTPRSTNNLRDRTLSSVIVRAGFVVKLYAGRD
LKGQYLTLGSSATLYGNHARFYSSLRGSFPNTKFAWANFNDRTRSIAILEAPVTLYTQPNFHGDHESKLEHA
FDYTSLGPTVGDRHVNSIFLREGSVVEVYEGRSEFNGRGMQFISSVSDVRRATESIGDLSRPTWQRVYG

>CBM48CreinhardtiiAlga
MLLOQAPGLAPGSARRQAACSVAREATNVRIVTAPALTPGRAGVSGRRILPPSRVVSVELEAPTLSSSP
ATVSTKKLFCEPSGQPASTAYGPALTGRPAPLGASIDADTGAINFSVESSSAESV

>CBM48MicromonasAlga
ATQSVGHFGLASDLFGWPETPTLVPVAISWTQGGSIVEVEGSEFDNWQSROALHRSGTREFAIVKMLPPG
VYQYKEFIVDGEWKYAPDQPAMYDEMGNVNNVLEVQEYIPETILDSLDSFLAPSSPTESYNNILESPDDEFA
KDPPACPPHLHLTLLNMPQIPDAPNLLPRPQHVVLNHIYNDKNMTLAGTQVMGTTHRYRSKYVTVILVKPG

>CBM49SlycopersicumPlant
VTIQQRATSSWALNGKTYYRYSAVVTNKSGKTVKNLKLSIVKLYGPLWGLTKYGNSFIFPAWLNSLPAGK
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SLEFVYIHTASPAIVSVSSYTLV

>CBM50VolvoxAlga
AVAASAFIVDTCAADGDSSRRLLASGCTYTIQPGDTEFWATIAQRRGTTVDVIQSLNPGVVPTRLOQVGQVINV
PCSGGGGSTPTSTAPPARGCTYTIQPGDTEFWATIAQRRGTTVDVIQSLNPGVNPARLOQVGQVINVPCGSNGP
APQGGGSKVLYSGSGSGTYYYDLRTTCPONPGGFPENNGYPYCASYNPSAPTYKTLAQLNTNNVIAIDRNV
LSANRARLCGKKVLVEFKNGVPVTAPNGGSFEFVWDGCEACVGGGRIDFSLSGLQRAASNACSLGVVPGISWQ
VVDEVVQQEFVPP

>CBM53CreinhardtiiAlga
GLAVDQOQLKQOQITAPQAASASRSSAASSTGRFEAAAGGSGYGYGRSSVSVLVAEPPSAPPAAASPPSYGASGS
GGGGGSPKGGATAFEVSSRDYAKDMASLSVELDATIDDE
EEEAPPRQVPEASTRTOQPYAAAASRFEALLSERRPAGATVNGAQAQMLEAREKKAASSSSSAGGVNGAAVNGA
AAADEQAAKEAARAAAVAEVEGHRAVDVVAGREHWSIIT
VPEKPVAGAPLOMYENRNQSEKLRNRPHIVMQYGENHWELQPEAGNSLDLFPAPTPKSDVTDEWTCRMQVPEE
TYELNFILHDKAGAYENNNGMDEFTYPVEAGIDYDTWVDT
AAERIVAKELARREAEAKAAEEERKAAEAAMEEQAKEFGERKAAELKNNLGSLOEGGTAALLRNGVPVYKVTP
ALPVAGGKAVVQYNRRGGSFHAFPIPEGESVKLLYGENGWQE

>VC2952174VcarteriAlga
GLIEVESLLHEGGCSWEGYCVSTSCGTPGDRGVLPAPATCPAVQICVVVMVVMVVAVVVAVVRAAAIIISRP
INTNDMSDNRIRGGPSQPPPQPPAPPPPPSPPLGLPSDPSKAPATCRPTDAACRSCLGNTNVTNTTACSACVAV
CAELSTIIDHRIDMRGRKKVKPATRCLSDWRDARAQCFDCVTSGVTDAVSCAECAKLPTAAARAACMTCQVRPLS
AQSAS

>CR9BCreinhardtiiAlga
GLAAVDAATKAAGCTWTSYCALTCTGLDAGKCTNSCSGIATAALQTVCMGTCVPNSAAKGTDWGCNQYCGASSL
VGTDPARAQQCAACVAGWSNPWDCONCIGV

>VC2958622VcarteriAlga
GLTDLEQGLORSGPFPPPSPSPSLSPPPSPPPRPSSPPSQSPPPPPLASCSPTDYACQQCSQSTYTAPDACRSC
VGAMRSIGQODPYRCEFSCSNGVTDPTIQGICFTECVPPTALKGADWSCSQYCSAPALVANDPTRARDCISCVKGVS
NPWDCYNCMAVTASLSDSAAARATCFKCVTTTTLGGWSCGDCASRATPAERDSCIKSRGGRRLLAGENF
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>GP51466GpectoraleAlga
ACTNALITAQGACRSCVATLTSKGODPWOCHSCGTKGYTSDATIQTACFTQCVPSAVAKGIAWACADYCEAQAN
VAGDPSRASQCMSCVTAGKVNSGNVWGCQSCMTGTSSSTSRATCMSCVASNLLPTWQCPQCANAGSCRRROMRHSL

>CGP51468GpectoraleAlga
GLTALDQALRSTGCNLACTNALITAQGACRSCVATLTSKGODPWQCHSCGTKGYTSDATIQTACFTQCVPSAVAKGT
AWACADYCEKPAVVAGDMTRVAQCFEFSCVTGSGATSANVWGCENCQKATSTTAARSACSSCVGSNLRPPSDCATCANSGSCTTR

>CR9DCreinhardtiiAlga
GLLQLGASTPDWNAYCGATPSPVPSPTPTPSPSPSPTPTPSPSPSPAPIPSPSPSPTPSPSPSPSATPSPSPSPSPSPSPSPS
PSPSPSPSGNPSCPPTEYDCQQCAANADAVQOSLLPGMTAPCQTCAAATADGWPCYNCLATPLVSTNPSIMQGCFDCAAAGVN
GWACTQCTKGALSATDNANCATCYRRASSGNNWGCLECQTAGGSSEGRRAACLACVGNNSDAWACTQCASRYGTPCEAEKCV
ACLKASGNAWGCYTATYAAQCGGGRRSLGTEF

>GPKXZ44756GpectoraleAlga
GLLQLSASTPDWDAYCGTAPTPITCPWACSSCDSGTQPGSNLASQRSNCYSCVNARGVSKSWQCHACVGNATYVASQGQHC
LSCVSAGADAWACQSYCTDLSSDIAVLPSCTSCVADPAVRSAGPWRCSVCMAPSVLAKGAAAVEACMSCVRSLKGPYACAVSV

Supplementary Figure 5. FASTA sequences of the CBMs used to build the phylogenetic tree of Supplementary Figure 4. The selected sequences from the
Cazy database (http://www.cazy.org/Carbohydrate-Binding-Modules.html) containing CBMs were then truncated to only CBM parts by subjecting these
sequences to MotifScan (https://myhits.isb-sib.ch/cgi-bin/motif_scan). Full sequences were used for standalone CBMs especially from the algae and for

those sequences where CBM motifs were not identified.
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http://www.cazy.org/Carbohydrate-Binding-Modules.html
https://myhits.isb-sib.ch/cgi-bin/motif_scan

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1: CBM18 Fragilariopsis cylindrus, diatom 100 19 28 14 15 14 14 14 15 13 14 18 18 19 13 19
2: CBM2 Chlorella variabilis, alga 19 100 13 15 15 17 10 9 17 11 6 16 10 8 23 10
3: CBM18 Micromonas commode, alga, chitinase 28 13 100 19 17 13 0 14 19 16 17 22 18 16 19 17
4: CBMA47 Ostreococcus lucimarinus, alga 14 15 19 100 15 13 15 12 20 16 15 13 16 13 19 15
5: CBM50 Vg, alga, chitinase, 15 15 17 15 100 9 21 15 25 16 17 15 21 20 19 21
6: CBM20 Bathycoccus prasinos, alga 14 17 13 13 9 100 25 14 17 8 9 15 15 14 15 14
7: CBM48 Cr, alga, isoamylase 14 10 O 15 21 25 100 13 24 19 21 15 9 24 18 18
8: CBM1 Sphingobacterium, bacterium 14 9 14 12 15 14 13 100 22 16 15 15 24 23 22 17
9: CBM14 Gp, alga 15 17 19 20 25 17 24 22 100 23 18 27 21 18 16 23
10: V2952174 13 11 16 16 16 8 19 16 23 100 24 24 23 25 15 31
11: Gp44756 14 6 17 15 17 9 21 15 18 24 100 34 32 34 24 28
12: Cr9D 18 16 22 13 15 15 15 15 27 24 34 100 30 30 26 39
13: Gp51466 18 10 18 16 21 15 9 24 21 23 32 30 100 75 39 45
14: Gp51468 19 8 16 13 20 14 24 23 18 25 34 30 75 100 37 41
15: Cr9B 13 23 19 19 19 15 18 22 16 15 24 26 39 37 100 40
16: V2958622 19 10 17 15 21 14 18 17 23 31 28 39 45 41 40 100

Supplementary Figure 6. Percent identity matrix of algal CBMs with most similar CBMs selected from top hits in Supplementary Fig. 3. Cr, Chlamydomonas

reinhardtii; Gp, Gonium pectorale; Vc, Volvox carteri.
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Name Sequence (5'—3) Efficiency GenBank
(%) number
GpKXZ51468Fwd TTACCTGCGACTGGAACAAC
GpKXZSl468 CAGCCCCAGCGTGCTGCTG 66.3% KXZ51468.1
oligo
GpKXZ51468Rev TCGAGGTAGGAATCGTCCTG
GpKXZ51466Fwd TGGGACCAAGTCAAGAACAG
GpKXZSl466 AGTTACGACGTGGTGTGGGATCAGGT 7% KXZ51466.1
oligo
GpKXZ51466Rev TGTTCTGGATGCTCTGGATG
GpKXZ44756Fwd AGGCATGGACTGGGACAAC
GpKXZ44756 TTCAACCAGGCGTCCGTCATGAT 80% KXZ44756.1
oligo
GpKXZ44756Rev TGCCAGAGGTTGAGGTTGTAG
GpTubAlFwd TCAAGTGCGGCATCAACTAC
90.2% KXZ42248.1
GpTubAlRev CATGAGGTCGAACTTGTGGTC 0.27
GptbpAFwd TGAAGTGGAGGCAGAGATGAC
90.3% KXZ55925.1
GptbpARev TGGGGTTGTATTCTGCGTTG /
Gprpl23Fwd ACACGCTGGTCTTCATTGTG
86% KXZ44903.1
Gprpl23Rev TGTTGACCTTCTTCGTCTGG
GpeeflFwd AGCCCCTCATTGTGGAGTC 90.1% KXZ43317 1
GpeeflRev TTGAACTGCACATCGGTGAC
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Supplementary Table 3. Primer sequences used in this study, with details of the primer amplification efficiencies (in %) and the GenBank number.
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