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Supplementary Figure 6. 42 

>Sf.APN9 c-His 43 

MGLFRFVFLITIVSVTCKPVDLNIVQTEVDELVLEPESKNVINVTEGTSNEVTNNALVMR44 

NQVRPGMEVSSYAVEINANVEGGSFDGRAIVNLRIFDHDTREDPIVLNVAGLNINRVQY45 

AIMGGSNLFDADYSTDDDDQILEIEPGQLGSQYTLYIEYSGSLNGVGKGLYRGTYGDN46 

TYLAMNLHPTYARRVFPCMDEPTEASIISFSFEGLEYNHLTSNAMLEENSQTHFRPLVG47 

PPHLWGMIAHNFGTVNLPTSNVVLYARPGISNQESQASVAINFFFNNLNEWTQKPYFE48 

VIENQDGRMNIMVLPDVSTDWNSLSTVGIWEPYVLMEPVHAVKQRAIALTKIAEAMSR49 

QWFGYVIYPQNWRYEWVVAGFTTYSAYEMMRMFQADFATDINLLDVNTLFVTEVIQE50 

SLLRDAYINSNPLEPADDLFDEDAIRDHVNGLVKVKSAAIMRMIRLVLGDDDTDFIQIAA51 

RALLNMRSLETINTLKFIDGINSELVDSTVGDFDEYLDPWITSNGYPLLRVETTFSGVLL52 

HQTPFAFTNRESPSRLLPITYTTSIEKNFDNIHPQFMLDINHNLNVFLDEEDWILFNIQGQ53 

GYYRVTYDTVLWERIIEALEDPDRREEIHPLNRATLVDDALNLARAGQLGYDIAFSVVLS54 

MEHETEYAVWKAFVRNMNFLKKRLEAFVFDDDDLDPDIYLRMVRRTIPTFEREIGFYP55 

DTSINEPSMTSLTRGLVMDHACRAGYRPCIAAAVDWFYDPNNNEVVNPNIPHEIRPAV56 

YCTMVREGGEDAIEALLNRLEIEPTHYERVVILESLACSDDPDFINGYLMQTIVSNSPYS57 

VEERVKIFAAVAESSYTNADLARDFMRLRVNEIRNMYGVDKLEQLIYVLAENMADGDLT58 

REFEIWVQSSFNNLEDSQMTAERALAYVQENQNWGDKYTDDVYEWIDENHAHHHHH59 

HHHHH 60 

 61 

>Sf.ABCb1 62 

MKDSKGNAWQLKPGEKENENKLPDPLNEDVQKGQFSDTSSEPSEAKAEEVPSIPFITLFR 63 
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FASTRDKLFIICALICSAVAAVSTPLNTLLLAYLLEAMVNYSIFGDADAFMKSLLNFAIY 64 

NAAVGAALVVLSYAATTLMNIAAYNQVYVIRQEYLKAALNQDFGYFDVHKTAEIANKMNS 65 

DIMKLEEGIGEKLATFFFYQASFLSSVIMALVKGWKLALLCLISFPVTMTLVGVAGLIAA 66 

SLSKKEAIATGKAGAIAEEVISAIRTVYAFSGQEKELDRYEGHLNDARKINVKKSLFNGL 67 

AMGCLFFCIFCAYALSFWFGYRLMVTDGYDVSTMIAVFFGVMTGSANFGISSTLMEVFGS 68 

ARGAGAHIFNMIDNVPTINPLQNRGTVPSDIEGNIELKNVEFHYPSRPDVPVLKGVSIKV 69 

KRGQSVALVGHSGCGKSTIIQLISRFYDVVEGSVAIDGNDVRDLSVRWLREQIGLVGQEP 70 

VLFNTTVRENIRYGRENATNEEIEACARQANAHQFIMKLPKGYDTLVGERGASLSGGQKQ 71 

RIAIARALVRNPKILLLDEATSALDTSSEAKVQKALDKAQEGRTTIVVAHRLSTIRNVDV 72 

IYVFKAGLVVECGNHTELMASKGHYYDMVMLQNLPGVDEQSPEKTKLSRETSIISEKDDE 73 

DEFLEFRNDDKEEDAAEAPDISFMRVLKLNKPEWKSVTLASICSLMSGFCMPLFAVIFGD 74 

FLALLDGDDPDEIQKGVSRLALIFVGIGVFSGITNFIVVFFYGIAGEALTKRLRLMMFRK 75 

LLEMDIGFYDDKDNSTGALCARLSGEAAAVQGATGQRIGTVVQAVGTFGFALVLSLIFEW 76 

RVGLVALTFVPIIIFVLYKEGRMTYAATSGTVKVMETSSKIAVEAVANVRTVASLGREET 77 

FRREYSKQLRPALDTAVRSSHWRGLVFGMSRGVFNFVIASSLYYGGTIIVNEGVPFEEVF 78 

KSAQALLMGATSAAQAFAFAPNFQKGIKAAGRVIVLLGRQSKITDPVEPAVKHFNGTGEA 79 

SLQGIQFRYPTRPLVRVLKDLNLEIQRGKTVALVGASGCGKSTVIQLLERYYDPEDGIVA 80 

QDGVPLPKLNLVDARRAIGFVQQEPILFDRTIGENIAYGNNEARVSSDEVIEAAKQANIH 81 
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NFITSLPLGYDTNIGSKGTQLSGGQKQRVAIARALIRRPKMLLLDEATSALDTESEKVVQ 82 

EALDKAKAGRTCVMIAHRLSTVRDADVICVIHEGQVAEMGTHNELLELKGLYYNLNRRGY 83 

A 84 

>Sf.ABCc2 c-flag 85 

MMDKSNKNTAANGNGGQRAGEPKERVRKKPNILSRIFVWWIFPVLITGNKRDVEEDDLIV 86 

PSKKFNSERQGEYFERYWFEEVAIAEREDRDPSLWKAMRRAYWLQYMPGAIFVLLISGLR 87 

TAQPLLFSQLLSYWSVDSEMSQQDAGLYALAMLGINFITMMCTHHNNLFVMRFSMKVKIA 88 

ASSLLFRKLLRMSQVSVGDVAGGKLVNLLSNDVARFDYAFMFLHYLWVVPLQVGVVLYFV 89 

YDAAGWAPYVGLFGVIILIMPLQAGLTKLTGVVRRMTAKRTDKRIKLMSEIINGIQVIKM 90 

YAWEKPFQLVVKAARAYEMSALRKSIFIRSMFLGFMLFTERSVMFLTVLTLALTGNMISA 91 

TLIYPIQQYFGIITMNVTLILPMAFASFSEMLISLERIQGFLLLDERSDIQITPKVVNGA 92 

GSKLFNNSKKEGGLETGIVLPTKYSPTEANIARPMQDEPNMADYPVQLNKVNATWADLND 93 

NKEMTLKNISLRVRKNKLCAVIGPVGSGKTSLLQLLLRELPVTSGNLSISGTVSYASQEP 94 

WLFPATVRENILFGLEYNVAKYKEVCKVCSLLPDFKQFPYGDLSLVGERGVSLSGGQRAR 95 

INLARAVYREADIYLLDDPLSAVDANVGRQLFDGCIKGYLSGKTCILVTHQIHYLKAADF 96 

IVVLNEGSVENMGSYDELMKTGTEFSMLLSDQASEGSDTDKKERPAMMRGISKMSVKSDD 97 

EEGEEKVQVLEAEERQSGSLKWDVLGRYMKSVNSWCMVVMAFLVLVITQGAATTTDYWLS 98 

FWTNQVDGYIQTLPEGESPNPELNTQVGLLTTGQYLIVHGSVVLAIIILTQVRILSFVVM 99 
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TMRASENLHNTIYEKLIVAVMRFFDTNPSGRVLNRFSKDMGAMDELLPRSMLETVQMYLS 100 

LASVLVLNAIALPWTLIPTTVLMFIFVFLLKWYINAAQAVKRLEGTTKSPVFGMINSTIS 101 

GLSTIRSSNSQDRLLNSFDDAQNLHTSAFYTFLGGSTAFGLYLDTLCLIYLGIIMSIFIL 102 

GDFGELIPVGSVGLAVSQSMVLTMMLQMAAKFTADFLGQMTAVERVLEYTKLPTEENMET 103 

GPTTPPKGWPSAGEVTFSNVYLKYSPDDPPVLKDLNFAIKSGWKVGVVGRTGAGKSSLIS 104 

ALFRLSDITGSIKIDGLDTQGIAKKLLRSKISIIPQEPVLFSASLRYNLDPFDNYNDDDI 105 

WRALEQVELKESIPALDYKVSEGGTNFSMGQRQLVCLARAILRSNKILIMDEATANVDPQ 106 

TDALIQKTIRKQFATCTVLTIAHRLNTIMDSDRVLVMDQGVAAEFDHPYILLSNPNSKFS 107 

SMVKETGDNMSRILFEVAKTKYESDSKTADYKDDDDK 108 

>Sf.ABCc3 109 

MDTKKGSKNDSKSKPPPPKPKSVPNVFKRTLFCWMLPIFYFGNRRDLEESDLPPPKN110 

MYQSKMLGDKLERSWLKEEHEAKLAGRKPKFTKVLFKTFIWSYIPGGLMQATSIGLRT111 

ASPLLFSQLLRYWAADSPVDRETAMYYAISMILANWASSFMNHHGVLFCQQFGMKLR112 

CAVGSLMFRKIMRMSNGSLGDTAAGKVVNILSNDLQRFDLSMVFLHYVWIIPLQIAAVIY113 

LGYLQAGTAAFIGFAALIIIALPFQGGLGQYLGKIRLRTAEKTDNRIKIMSEVINGIQVIKM114 

YAWEIPFQKVVGQKRAEELKEVKIATILRTVFLGFMMFTERAALFFTVLTYVLLGNVMS115 

ANVFYPLQQFMSAAQVNITLILPMVLSFTAELLVSLGRVEKFLLLEDRPDLKGHPEETSS116 

NLFRNMSADGIPETNGSIRPLSYHRKSEASPIEPGSEIQLKVPKFTRSVSYQEDSALVL117 

HDVSASWTGDPNMMALKNISMRLRKGKLCAIIGAVGSGKSSVLQLLLKELPSATGTISI118 

YGKMSYACQEAWLFPSTVRENILFGLPFEPGKYKKVCRVCALEKDFKQFPYGDQTLV119 

GERGVSLSGGQRARINLARAVYREADIYLLDDPLSAVDANVGRQLFEGCINGYLRGRT120 
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RILVTHQIHFLKAADYIVVLNEGRIENMGTFDELVSSGKEFSMMLAQLQEGKEKDTESV121 

GSRSIEEKEKPTLKTMISVNEGEEVQEFEAQKMKEEERQSGNLRWEVISAYFRSGGHV122 

CFILFALLVVVLATTCAASVDYWVSYWTNQMAAYEESLGGESIEPGLDVQAGRFTVGQ123 

YLTIHGCLVAALVLMVNLRVFPFAYLCVSASAKLHNQMFSTMLRGVMRFFDTSSSGRIL124 

NRFTKDMGSLDEILPRTLLDVLQIYGTLTAILVLNAIALYWTLVPSAVLLVLFGFMVRIYLK125 

AAQGIKRLEGTTKSPMFGTVTSSLSGISTIRASNAQERLIEQFDINQDLHTTSWNSYLN126 

GGTTFGFYLDTMCLVYMTTIIFVFLFIDFGDAIPVGSVGLAVTQSNTLTLMLQHGARMLV127 

EFLAQLTSVERILEYTRIDTEPDLFQGKVEMPPNWPYQGRIEFQNVSLRYAPNEQPVLK128 

NLNIVIESGNKIGIVGRTGAGKSSLISALFRFAYLDGLISIDGLDTSLISRQGLRSKISIIPQE129 

PILFSATIRYNLDPFDIYSDDDLWRALEQVDLKSAVPSLDFKVTEGGSNFSVGQRQLMC130 

LARAVLRSNQILIMDEATANVDPQTDNFIQETIRRQFVSCTVLTIAHRLNTIMDSDKVLV131 

MSSGQVAEYDHPYVLLSDPNSHFSAMVRETGEKNSANLFQVAKDAYFQSNLKENARD132 

YKDDDDKX 133 

>Sf.APN1 nested His 134 

MASRWFNLLLGVILLQSVLAFGPIDVTDAHHHHHHEWIEYMGLINNPNYRLPTTTRPLHY 135 

KVRLQPNLDQDFELNGDVEINIKVESGNQPINEIKLHCQDMVINSLTVTSTTNTQVNLAQ 136 

GTQFVCEETTSFLTIPTTTQLLNGNEYIIKISFVGKLQSGMRGFYRSWFFDENKQKRWMA 137 

TTQFQPGHARQAFPCYDEPGFKATFDIILVRDDSLISLSNMPIRETITSTLYPQKKEDIY 138 

YTTPIMSTYLLAFIVADYKRIESGTNVNRPFHIYARGNVGDTGKYSLEVGEKLLTLMESY 139 

TQYNYYTMASHMEMKQAAIPDFSAGAMENWGLLTYREALILYDPENSNNFYKQRIANIIS 140 

HEIAHMWFGNLVTCAWWDTLWLNEGFARYYQYYMTDKAEPHMGFKTRFIVEQLQMAMLSD 141 
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SFSNAHALTNPAVSDPDSVSNHFSTITYAKGASILRMTEHLLGGDTYEKGLREYLKKREF 142 

NTAEPKDLFESLDAAANADNSLADYDDMTIAKYFASWSEKAGHPLLTVHVDHASGRMTVV 143 

QTQFDVNSGVSSDNGLWHIPLTWTRAGNPEFENLKPSEFMSGPLKIINRGSTGREWVIFN 144 

KQQSGFYRVNYDATTWALLTQALRSNEREAIHEYNRAQIVDDVFVLARSNILSYTRALNI 145 

LSFLEFEDKYAPWVAAITGFNFALRRLAHKTEEQQKLKDIIFKSSAAIIQRLGYTEASNA 146 

DPLFMDNLLRMHLMTFLCNAGHAQCSQTGREYFKAWRESGTRIPPNMRPWVYCEGLRTGD 147 

LADFDYFWNRYVDEDLSNEKVVMIGAAGCTGNTEALHKFLSVIVDPKPTEQSIELIRPQD 148 

YSAAISSAVTSNEYNTMKVLEWLKDNPSHLQNGNGVSLLRSAASRLLNEADIFKVETWFA 149 

TITSDEAIQAIKDGIATSNNNIKWYNSRVGEFSDYFETGYFDDLTGGSETPDPTTPEPTT 150 

AEPTTPEPTTPEPTTAEPTTAEPTTDESTPAEPTTAEPTTDEPEPGSANIASLSFFTLLV 151 

TLIINMV 152 

>Sf.ABCa3 c-flag 153 

MRLVPKQASPFAKFRLLMWKNFLQQWRHRTQTVLEILLPVLTMTLVLILRWQIEPAERET 154 

QTYPPFRANTLNFSTVVLFGLDCPNVSIAYSPTSPVLEDVVRNAITNLLIQNMEDLIARL 155 

PIEIELPPTIEINSTAILDWIKSRIRVQAYNNSHETRGIYIEEENTRRVIAVVEFDDKLY 156 

GAESLSNNLSYSLRFPERPRLNSLFQTGGRTWRTDAVFPVFETPGPRFSKSWEGGNDPGY 157 

VNEMFIALQQVISTELISRSTGVNMSEFTVFLQRYPHPPYIRDMALDLLQFMFPMFIMLS 158 

FSYTAINITRAVTVEKELQLKETMKIMGLPTWLHWTAWTCKQFVFLLVSASLTVILLKIN 159 
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WFTNEDGFSEYTVFTNTPWTVLMFFTMLYLTCVIFFSFMMSSFFSKASTAALCTVVVWFL 160 

TYIPAFLLAMDIEMSTTVQVFTCLSINSAMSYGFQLLLAKESTGGLQWGDFMSAPGTDSN 161 

RFVFGHVVIMLVVDCFVYMLVTLYFEQVMPGPFGTPKRWYFPFQLRFWFPHYKPGTVLVL 162 

ENENSEFEDIIKEKEPNEHEVGVKMNNLTKIFGANTAVNNLSLNIYDDQITVLLGHNGAG 163 

KSTTISMLTGNLEVTRGTVTVAGYDMTHETYAARAHIGLCPQHNVLFNELTVREHLEFFA 164 

RLKGFRGAELKSEIDTLIEKLELQDKRDYPSNGLSGGQKRRLCVGIALSGAARVVLLDEP 165 

TSGMDPSSRRALWELLQKEKKGRSMILTTHFMDEADILGDRVAIMAQGRLQCVGSPYFLK 166 

RHYGVGYTLVVVKDDDFDFEECTRLINKYIPDTVVKEDRGTEITYNLINDYSYAFEEMLN 167 

DLECNMEKIKYKNYGLTATTLEDVFMSVGSDLAPVNNSDNDDAVTTTTDSTIDDILKHEL 168 

DSSLEELDRDESNVTGFRLLCQQVLAVWMKKGLTLIRSPWLMILQFFAPVILINATLGVM 169 

RYVMSLTPTIRSRFLSLTEGFTSTETLLSFNGTLGSSVGAIAAAAYEMMFTASDVENMGV 170 

TRIGNVPMDEYYLNRTMDPVVMGQLRHQILIGSTFDDNNATLWFSNFGYHDVAIALSTFH 171 

SAFLRAFNSTAQLNVYNHPLEATYRDQTDMQMMIAMLSMQLSSGIGSSVSIVSAVFIMFF 172 

IKERTSGAKLLQKAAGVQPAVLWGSAAVFNWAWFLITCVSIVITCAAFQVIGLSTAQELA 173 

RMYLCVMLYGAAMLPLVYILSFAFNGPAVGFVGYYFMNVLFGMMGAQIVEALSSPQLNTA 174 

EAANILDYILQFFPLYSLITAVRFLNQVGLREYTCLQMCEYYQAVSPNLQCTMESLCSRN 175 

EECCVEPNVYFKWNQPGVSRYLTSMIISCIVFWTILMIIEYRVFQKLCTIKKTPPPLDES 176 

ILDEDVQKEAQRARNVLPSQRYEHALIANDLSKYYGKHLAVNQISFGVNDGECFGLLGVN 177 
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GAGKTTTFKMLMGDESISSGEAFVSGHSVEKSLGKVHQNIGYCPQFDALFGELTGRETLH 178 

MFAMMKGLRLRSAAPTAETLAHALGFLKHLDKRVNQYSGGTKRKLNTAIAFLGRTRLVFV 179 

DEPTTGVDPAAKRHVWRATRGVQRAGRGVVLTSHSMEECEALCSRLTIMVNGRFQCFGTP 180 

QHLKNKFSEGFHVNYGDYKDDDDK 181 

>Sf.SR-C 182 

MFIKCLLFLFVLSFIEADFYYPASTCPMRRIKNGRARPRQRGTFIKFSCSPRYTLVGNKY 183 

ATCRFGQWDVPAPVCVKSGCSQLQEVKNSVNMTYHNNAWVVFFCLPGHQLIGSPVVYCDG 184 

SNWNSTVPGCRDSSAKVSTECDFELPDLCGWKPDELHDFDWRRLNKKTPSSFLQTGPSYD 185 

HTYGKNGSGYYMYIETTGRTENETARLLSPVYDAELAKNGCFIFYYHMYGRGMGGLRVYQ 186 

KPDRVPMYQLLSSSKRNNYLLFEQWGDQGNEWYSSASMLTDVDDDFQIVIEGIRGNSFMS 187 

DIAIDDVSIQRGENCTKAMLEATTPPAVLQESCVGRCDLYAEATGYRGCSCSIVCVVTQN 188 

CCPDFLDVCDLDGISLDSDARGSSTAALPQTQKLIATTPDGNETELSDATTATTKVTVPT 189 

TTSTKRPITTRSTTTSTTTKRPPIIIKRPTTTTKTTTVTKSTTTLSPRTTTAYPRTTTST 190 

PKPTPKPTPKPTPKTTPKPTTTSSKPTTVTTSTVTVSSKPLTMPIEVSAVTEGTSMTTKQ 191 

GTQEYLAKKSGGLSGATLAVTVIIAIAATFGLVWLAIVLTRSRGLAALARIRGRATSDPE 192 

VHYLKSDVDDE 193 

 194 
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Supplementary Figure 7. 196 
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FIGURE LEGENDS  201 

 202 

SUPPL. FIG 1. Amino acid sequence of the chimeric Cry1B.868 protein.  Segments 203 

of the Cry1Be2, Cry1Ca1, and Cry1Ab3 sequences comprising Cry1B.868 are 204 

highlighted in red. 205 

SUPPL. FIG 2. Concentration-response feeding assays demonstrating insecticidal 206 

activity of Cry1B.868 toward fall armyworm (FAW), Spodoptera frugiperda.  207 

Symbols are as follows, red circle, percent of dead insects; green square, percent of 208 

FAW larvae that have not molted to 2nd instar stadium; blue triangle, percent of FAW 209 

larvae that have not molted to 3rd instar stadium. 210 

SUPPL. FIG 3. Specific insecticidal activity of the parent, Cry1Be2, and chimeric 211 

Cry1B.868 proteins on FAW. 212 

SUPPL. FIG 4. Amino acid sequence of the chimeric Cry1Da.844 and Cry1Da_7 213 

proteins.  Segments of the Cry1Da1 and Cry1Ab3 sequences comprising Cry1Da.844 214 

(A-C) as well as the three amino acid substitutions in Cry1Da_7 (D) are highlighted in 215 

red. 216 

SUPPL. FIG 5. Specific insecticidal activity of the modified Cry1Da_7. (A) 217 

Assessment of the specific activity improvement against CEW via comparative analysis 218 

between Cry1Da and the modified Cry1Da_7, (B) FAW activity of 345 ng/cm2 Cry1Da_7 219 

before and after removing the protoxin domain via trypsin treatment, (C) FAW activity of 220 

the 345 ng/cm2 Cry1Da_7 active core outfitted with Cry1Da vs. Cry1Ab protoxin domain 221 

(PTX).  222 
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SUPPL. FIG 6. FAW receptor sequences.  223 

SUPPL. FIG 7.  Proteomics data analysis indicating the presence of relevant Bt 224 

receptors in the FAW BBM sample.  The columns indicate the protein ID, the number 225 

of unique peptides identified by proteomics and the corresponding percent of coverage 226 

in the full-length receptor sequence.      227 

 228 
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