
Supplementary Table 1

Scaffold

Position CYP
clan

CYP name Sequence Fragment(s) 
matches:

comment best RefSeq match  
(bold is confirmed 

by manual curation)

Big 1 NW_020538040 -
QVAO01001886

-33972894 - 33957255 2 CYP304U3 >Ctenocephalides_felis-1886-33972894-CYP304U3 
MASPFIIGLAIALIIYWLYRNSTDRPKNFPPGPPRLPIWGSYWFILLANYHFL
HIAFIRLCKFYKTKILGFFAGAFPTIIIQDHKTIREVLNRREFDGRPDIIIARLR
DPKLELRGIFFTDGAFWHEQRRFALRYFRDFGFGKRSPSLENLIRDDISDL
INLLRHGPEERDENTVCRDGLVLMPDLFFAVFMNSFMAVFTRQHWPRSK
HHELLKVARGAMVFQRAGDDMGRALSQTPWLRHVMPEFSGYNDLREGN
KCLYDFMKKCVQPTIETHQYGIERNFVDIYLNEMERQQTDLCEETLTSSFS
VEQLILVGIDFLLPTITALTAQISYLFFHIMRQPDVQEKVQEEIDREVGVTRS
PNLDDRINMPYTEACLREVMRIDTLVPMNIPHKTLADTTLNGFDIPKNTMVL
TNLWGMHHDADIWGDPEVFRPERFLDCKGMLKKKDITLPFGAGKRLCAG
ETFARQGLFLMFAGLMQHYTFSPAPGLPRPSANNKLSGFVLTPKDVWVK
YSQRCC

XP_026470615

Big 1 NW_020538040 -
QVAO01001886

-33992083 - 33973357 2 CYP304U2 >Ctenocephalides_felis-1886-33992083-CYP304U2
MANPIIVAAAVVALVYWLYKQATERPKNFPPGPPRLPIWGSYWLILLANYKF
LHIAFMKIAKLYKSKIIGFYAGAFPGVIVQDYETVKEVLNRREFDARMDIIIAR
MRDPSHNTRGIFFTDGQFWHEQRRFALRYMRDFGFGRRCPTLEAMINEE
LNDLINLLKNGPIEKDEDTVCKNGLVLMPDIFFVAFMNSFMAVFSRERWPR
SKHHELIRVARGAMIFQRAGDDMGRALSQTPWLRHLLPNFSGYNELKDG
HEFIYDFMKQCVQNVVDTHQDGDERNFVDIYLNEMHKRQQDPTIAEKDGI
SFSIDQLILVGVDFLFPTTTAIGAQLSYLFFHLMYRPDVQEKIQEEIERVVGR
GRLPNLDDRPHMPYTESCLREVLRLETLVPLNLPHRCQTDTTLNGYDIPK
NTMVLTNLWNMHRDPELWGDGEAFRPERFLDSRGMLKKKDITMPFGAG
KRLCAGETFARQGLFLMFACLIQNFTFSPAPGKPKPPPHGELSGFILTPKD
VWIKYEAR

XP_026470616

Big 1 NW_020538040 -
QVAO01001886

-34000748 - 34000419 2 exons 7 - 8 CYP304U1

Big 1 NW_020538040 -
QVAO01001886

+34018994 - 34019758 2 exons 7 - 8 - 9 CYP304U1 XP_026470618

Big 1 NW_020538040 -
QVAO01001886

+34026283 - 34039924 2 exons 1 to 6, frameshift in exon 6 CYP340U2 XP_026470619

Big 1 NW_020538040 -
QVAO01001886

-34045168 - 34045073 2 exon 1 CYP340U2

Big 1 NW_020538040 -
QVAO01001886

-34065234 - 34052660 2 CYP304U1a >Ctenocephalides_felis-1886-34065234-CYP304U1a 
MANPVIVFIAMVFVYWMYKLATERPKNFPPGLPRLPIWGSYWFILLANYTF
LQLAFTKIAKLYKSKIIGFYAGDFLGVAAQDYETIKEILNKKEFDGRMDVILA
RMRDPKENLRGIFFTDGNFWHEQRRFALRYMRDFGFGRRCPSLEAMINE
ELNDLINLLKNGPVEKDENLVCRDGLIMMPNIFFMAFINSFMAVFSRERWP
RSKHHELIKLGRGAMVFQRAGDDMGRALSQTPWLRHIIPEMSGYNDLKR
GNKVIYEFIEKNVESIMKQHEDGDDRSFVDIYLNEMTKRQKNIFNKDDETT
FSVDQLILTGADFLFPSTTALGVQLCYLFFHLMYRPDVQDKILEELDRVVG
RGRLPNLDDRPHMPYTESCLRETMRIETLVPLNLPHRAQTDTSLNGYNIP
KNTMVITNLWSIHHDSDIWGDPEVFRPERFLDSRGLLKKKDITLPFGAGKR
LCAGETFARQNMFLMFASLVQNFIFSPAPGKEKPPRRGELSGFIISPKDVW
IKYQVRYS

XP_026470620

Big 1 NW_020538040 -
QVAO01001886

-34084880 - 34072628 2 CYP304U1b >Ctenocephalides_felis-1886-34084880-CYP304U1b
MANPVIVFIAIMVFVYWMYKLATERPKNFPPGPPRLPIWGSYWFILLANYT
FLQLAFTKIAKLYKSKIIGFYAGDFLGVAAQDYETIKEILNKKEFDGRMDVIL
ARMRDPKENLRGIFTDGNFWHEQRRFALRYMRDFGFGRRCPSLEAMINE
ELNDLINLLKNGPVEKDENLVCRDGLIMMPNIFFMAFINSFMAVFSRERWP
RSKHHELIKLGRGAMVFQRAGDDMGRALSQTPWLRHIIPEMSGYNDLKR
GNKVIYEFIEKNVESIMKQHEDGDDRSFVDIYLNEMTKRQKNIFNKDDETT
FSVDQLILTGADFLFPSTTALGVQLCYLFFHLMYRPDVQDKILEELDRVVG
RGRLPNLDDRPHMPYTESCLRETMRIETLVPLNLPHRAQTDTSLNGYNIP
KNTMVITNLWSIHHDSDIWGDPEVFRPERFLDSRGLLKKKDITLPFGAGKR
LCAGETFARQNMFLMFASLVQNFIFSPAPGKEKPPRRGELSGFIISPKDVW
IKYQVRYS

XP_026470621

Big 1 NW_020538040 -
QVAO01001886

-34073391 - 34072628 2 exons 7 - 8 - 9 CYP340U1

Big 1 NW_020538040 -
QVAO01001886

-34093443 - 34092864 2 exons 8 - 9 CYP340U1

Big 1 NW_020538040 -
QVAO01001886

-34124327 - 34122218 2 exons 1 to 6 CYP340U1

Big 1 NW_020538040 -
QVAO01001886

-34130364 - 34129602 2 exons 7 - 8 - 9 CYP340U1

Big 1 NW_020538040 -
QVAO01001886

+49521350 - 49525914 mito CYP12AL6 >Ctenocephalides_felis-1886+49521350-CYP12AL6 
MFLSSKSLLQSNNNVLKNIIKKASVQKNIVHKYSTNLAEAVSIEDVLPYNKIP
GPSTLPIIGAAHHFAPGGKYSGLDLTSLINRLYDEYGDIVCLRGLPSKPDTV
FIYNFEDMEKVYRNEGPWPERPALETREYYLREKRPEVFKSVYGLIHSQG
EEWQKIRSVVNQPMMQHKVTRQYVGWIEEIANDFLARMKTLLDPEGNVP
KDFQMEINKWSLESIARIAIDTRLGCLNPDYHHDSDGIKLINSIQKFFQLGY
QFEILPSFWKHIKTLKFKELMRAYDDVTNIALKYISQARKRLEANPTNDQN
NLSVLEKLLKKDPQVAIIMALDMIFAGVDTTASSTITTLYNLAKNQDKQDNL
RKHLSQLFPKGSPITAEGLNSASYLKACFKESHRMKPVVQANGRIAREDIV
LQNYFIPKGTALFLTHDFSSREKNQFPDWNKYMPERWLRTETEGVPSAK
CAHKFAYMPFGFGPRMCVGRRFAELEMEVLVTRLITDYKVQWTGAEMQY
KSTMIQNPTGPMNFKFTPV

XP_026478421mN

Big 1 NW_020538040 -
QVAO01001886

+49526329 - 49530194 mito CYP12AL5 >Ctenocephalides_felis-1886+49526329-CYP12AL5
MFGLRSLVVLGNKAPCDFLKQKLLQNVVVSKYSTNLAEAISFEDALSYDKI
PGPSTLPIIGVAHHFAPGGKYSGLDLAQLAEKLYKEYGDIVAIRGLPGKPD
MVFLYNFDHMEKVYRTEGQWPDRPAFESREYYLRDKRPEVFKSVLGLLH
SQGEEWQQIRSVVNQPMMQHKITRQYVGWIEEIANDFIARLNTLLDKEGN
VPEDFQMEMNKWSLESIARIAVDTRLGCFNPDAPEHADGEKLIKAIQRVFV
LGYELEILPSFWKYIETPKFKELIRVYDDITDVALKYISQARKRLEANPTNDE
ENLSILEKLLKKDPQIAIIMALDMFFAGVDTTSSSTITTLYNLAKNQDKQDIL
REHLGKVFPKGSPITAEGLNSIPYLKACFKESHRIKPVAQAVGRLAGQDIVL
GKYSIPKGKSLFLLHDFSTRVKNQFPDWNKFLPERWLRTETEGVPSAKCA
HKFAYMPFGFGPRMCVGRRFAELEMEVLVTRLITDYKIHWTGEEMQYKST
MIQNPTGPMNFKLTPV

XP_026478421mC

Scaffold

�1



Big 1 NW_020538040 -
QVAO01001886

+49531849 - 49536377 mito CYP12AL4 >Ctenocephalides_felis-1886+49531849-CYP12AL4
MFPSSRSIVVLSNKASREFLKQKLIQNVIVNKYSTNIAEAVSVKDALPYNKI
PGPSTLPIIGVAHHFAPGGKYKGLDLAQLTEKLYEEYGDIVAIRGLPGKPDM
VFLYNFDHMEKVYRTEGPWPDRPAFESREYYLREKRPEVFKSVYGLIHSQ
GEEWQKIRSVVNQPMMQHKITRQYVGWIEEIANDFIARMKTRLDKEGNVP
EDFQMEMNKWSLESIARIAVDTRLGCFNPDAREHADGEKLINALQKFFVL
GYEIEILPSFWKYIKTPKFNELMQVYDDITEVALKYISQAMKRLETNPSSDE
ENLSVLEKLLKKDPQVAIIMALDMFFAGVDTTSSSTITTLYNLAKNQDKQDIL
REHLGKVFPKGSPITAEGLNNIPYLKACFKESHRIKPVAQGVGRLAVQDIVL
GKYIIPKGKALFLLHDFSSRVKNQFPDWNKFLPERWLRTETEGVPSAKCA
HKFAYMPFGFGPRMCVGRRFAELEMEVLVSRLITDYKVHWTGAEMQYKN
TMIQNPTGPMNFKFTPV

XP_026462561

Big 1 NW_020538040 -
QVAO01001886

+49538507 - 49544297 mito CYP12AL7 >Ctenocephalides_felis-1886+49538507-CYP12AL7 
MLNSAKCFQLLTNLSKSGTKQHLPLCAVNIERKYANGAVPKASNENALPFE
KMPGPSALPDKGTMHHFAKGGQYHGMDLDKLSVKLYEDFGDIVSVKGVP
GKYDMVFLYNFDDMEKVYRTEGPWPSRPNIETREHYLREKRPELFKNIVG
LFHAQGKDWQDIRSKVNQPMMQTKITKQYVGWIEEIADDFITRLMLFGLD
EKGNASEDFMTEVNKWSLESIARIAIDSRLGCLDADLPEESDGIKLIRSMP
KFFELAYETDLLPSNWKLEPTPKYKELIEIYDVFTDVAVKHISAAVKRLETNP
TSDDSNLSILEKLLKIDYQVAIIMALDMFFAGIDTTSSSTVTTLYNLAKNPEA
QKRLREELNKVFPKGTQITSEGLNDSPYLKACIKESLRIKPVAVANGRLAAE
DMVLGGYNIPKGTALMMFHHLAAVLKNQFPDKDKFLPERWLRSGPDSVP
DAKCAHKFAYLPFGFGPRMCVGKRFAELEMEILIAKLVTNYHIEWSGPDM
EYRTTMLTAPTGAMRFKFTPTN

XP_026478429

Big 1 NW_020538040 -
QVAO01001886

+49545280 - 49549488 mito CYP12AL2a >Ctenocephalides_felis-1886+49545280-CYP12AL2a 
MHKGIRLLITRINNRKFSTGYVKRQIVSEVSALSYDKIPGPSALPIIGTLHHF
LPGGKLSGLNMLDLGLKLYEDYGDIVKLKGMPGKEDMVFVYDLDAIEKVY
RTEGSWPVRPGLETREHYIKEKRPEIFKSVYGLLHSHGEEWQNIRTKVNQ
PMMQIKVTRQYVGWIEEIANDFIKRLQTLLDAEGNVPQNFLTEVDRWSLE
SIARIAVDTRLGCLDDNLAEDSDGMKLIXTLQRFFDLAYEIEILPSFWRYINT
PKYKEMMQIFDCFTDIAIKHVSKAIKRLESNPTTNESNLSVLEKLLKIDPQV
ALVMALDMFFAGVDTTASSTISALYFLAKNPEKQNKLRSELRAIFPNNAPIT
AEGLNSSSYLKACFKETHRLKPVAVGNMRHAGTDIVLGGYFIPKGTYVML
YHHLAAKVKNQFPDSDKYLPERWLRTDPGSVPPAKSAHKFAYMPFGFGP
RMCVGRRFAELEMEVLVTRLITNYQVDWNGPDMQYKSSLILGPTGPMRF
RLTSIK

frameshift at X, but 
TSA 
GAYP02015753 
shows X=R

XP_026478439

Big 1 NW_020538040 -
QVAO01001886

+49550522 - 49553584 mito CYP12AL1bP >Ctenocephalides_felis-1886+49550522-CYP12AL1bP 
MHKEIRLLFTKINHRKFSTSYIKRQIVSEVSALSYNKIPGPSALPIIGTLHHFL
PGGXLNGLSMIDLGLKLYEEYGDIVKLKGIPGKRDMVFLYDLDDIEKVYRT
EGTWPVRPGLETRDHYIKKKRPEIFKSVYGLLHSHGEDWQNIRTKVNQP
MMQIKVTRQYVGWIEEIANDFIKRLQTLLDAEGNVPQNFLREVDRWSLESI
ARIAVDTRLGCLDDNLTEDSDGMRLIKSIQRYFDLAYQIEILPSFWRYINTPK
YNEIIQIFDCLXDIAVKHISQAIKRLEANPTTDDSNLSVLEHLLKIDPQVAFVM
ALDMFFAGVDTTASSTISAMYFLAKNPDKQNKLRSELRAIFPNNSPITAEGL
NSSSYLKACFKETHRMKPVAIGNMRLAGADITLGGYFIPKXTYLRLSHHVA
ARVKNQFPDPDKYIPERWLRTSPGSVPPAKSAHKFAYMPFGFGPRMCVG
RRFAELEMEVLVTRLITNYQIDWNGPDMQYKSSLILGPTGPMRFRLTPLN

Pseudogene:    
three frameshifts at 
X, no supporting 
TSA seq

XP_026478449

Big 1 NW_020538040 -
QVAO01001886

+(49612358) - 
49616253

mito CYP12AL2b >Ctenocephalides_felis-1886+(49612358)-CYP12AL2b  
MYKGIRPLITKINNRKFSTGYVKRQIVSEVSALSYDKIPGPSALPIIGTLHHF
LPGGKLSGLNMLDLGLKLYEDYGDIVKLKGMPGKEDMVFVYDLDAIEKVY
RTEGSWPVRPGLETREHYIKEKRPEIFKSVYGLLHSHGEEWQNIRTKVNQ
PMMQIKVTRQYVGWIEEIANDFIKRLQTLLDSEGNVPQNFLTEVDRWSLE
SIARIAVDTRLGCLDDNLAEDSDGMKLIRTLQRFFDLAYEIEILPSFWRYINT
PKYKEMMQIFDCFTDIAIKHVSKAIKRLESNPTTDESNLSVLEKLLKIDPQV
ALVMALDMFFAGVDTTASSTISALYFLAKNPEKQNKLRSELRAIFPNNAPIT
AEGLNSSSYLKACFKETHRLKPVAVGNMRHAGTDIVLGGYFIPKGTYVML
YHHLAAKVKNQFPDSDKYLPERWLRTDPGSIPPAKSAHKFAYMPFGFGP
RMCVGRRFAELEMEVLVTRLITNYQIDWNGPDMQYKSSLILGPTGPMRFR
LTPIK

N-term from TSA: 
GAYP02015753

XP_026478499

Big 1 NW_020538040 -
QVAO01001886

+49617221 - 49620341 mito CYP12AL1a >Ctenocephalides_felis-1886+49617221-CYP12AL1a 
MHKEIRLLITKINHRKFSTGYIKRQIVSEVSALSYDKIPGPSALPIIGTLHHFL
PGGKLKGLNMIDLGLKLYEEYGDIVKLKGILGKRDMVFLYDLDDIEKVYRTE
GTWPVRPGLETRDHYIKKKRPEIFKSVYGLLHSHGEDWQNIRTKVNQPM
MQIKVTRQYVGWIEEIANDFIKRLQTLLDAEGNVPQNFLREVDRWSLESIA
RIAVDTRLGCLDDNLTEDSDGMRLIKSIQRYFDLAYQIEILPSFWRYINTPKY
NEIMQIFDCFTDIAVKHISQAIKRLEANPTTDDSNLSVLEHLLKIDPQVAFVM
ALDMFFAGVDTTASSTISAMYFLAKNPDKQNKLRSELRAIFPNNSPITAEGL
NSSSYLKACFKETHRMKPVAIGNMRLAGADITLGGYFIPKGTYLRLSHHVA
ARVKNQFPDPDKYIPERWLRTGPGSVPPAKSAHKFAYMPFGFGPRMCVG
RRFAELEMEVLVTRLITNYQIDWNGPDMQYKSSLILGPTGPMRFRLTPLN

XP_026478509

Big 1 NW_020538040 -
QVAO01001886

-51177970 - 51172862 mito CYP12AL3b >Ctenocephalides_felis-1886-51177970-CYP12AL3b
MGYKRLGLGLIRRFLYSNVHTKNYCTNVTEMNSAKSVLPFNKVPGPSTLP
VIGTLHHFLPGGSYNGLDLVDLGLKLYDDFGDIVNLKGMLGKQDMVFLYDL
DDFEKIYRTEGAWPERSTVATREYYLKVRRPEVFKSVYGLIHSQGKEWQD
IRTAVNQIMMQMKTARQYVGWVDEIALDFIKRLETLLDSERKVPKDFLYEM
DRWSMESIARIAIDTRLGCLDLHQPENADGFRLIKSLSRYFDLAYQVEILPS
MWKYVSTPKFNEIMDIFDCFTEISIKHIQKAIKRLEENPTIDESNLSVLEKLL
KIDPQIAIIMALDMFFAGVDTTSSTSLSTLYFLSKNPDKQDRLREEVNSKFP
RGSTLTAEGLNSLSYLKACIKETQRLKPIAVGILRNTGADLVLGGYSVPKGT
QVLMCHHLAARVKKQFPDEHKYMPERWLRAGSEGFPSAQCAHKFSYMP
FGFGPRMCVGRRFAELEMEVLLTRIITKYRLHWTGPDMQYKSTLITGPIGP
FGLHLNPI

XP_026478767

Big 1 NW_020538040 -
QVAO01001886

+51213217 - 51217494 mito CYP12AL3a >Ctenocephalides_felis-1886+51213217-CYP12AL3a 
MGYKRLGLGLIRRFIYSNVHTKNYCTNVTEMNSAKSVLPFNKVPGPSTLP
VIGTLHHFLPGGSYNGLDLVDLGLKLYDDFGDIVNLKGMLGKQDMVFLYDL
DDFEKIYRTEGAWPERSTVATREYYLKVRRPEVFKSVYGLIHSQGKEWQD
IRTAVNQIMMQMKTARQYVGWVDEIALDFIKRLETLLDSERKVPKDFLYEM
DRWSMESIARIAIDTRLGCLDLHQPENADGFRLIKSLSRYFDLAYQVEILPS
MWKYVSTPKFNEIMDIFDCFTEISIKHIQKAIKRLEENPTIDESNLSVLEKLL
KIDPQIAIIMALDMFFAGVDTTSSTSLSTLYFLSKNPDKQDRLREEINSKFPR
GSTLTAEGLNSLSYLKACIKETQRLKPIAVGILRNTGADLVLGGYSVPKGTQ
VLMCHHLAARVKKQFPDEHKYMPERWLRAGSEGFPSAQCAHKFSYMPF
GFGPRMCVGRRFAELEMEVLLTRIITNYRLHWTGPDMQYKSTLITGPIGPF
GLHLNPI

XP_026478811

Position CYP
clan

CYP name Sequence Fragment(s) 
matches:

comment best RefSeq match  
(bold is confirmed 

by manual curation)Scaffold

�2



Big 1 NW_020538040 -
QVAO01001886

-79837933 - 79833382 mito CYP302A1a >Ctenocephalides_felis-1886-79837933-CYP302A1a 
MIRLKKQFSYKSFFSVLRNELSTSSVKEPRPFNEIPGPKPIPVLGTLWMYW
PIIGKYRWSALHHTGMKKYKTWGSLIREPVAPGVTLLWVYEPDDITTILRD
EGQNFFPERRSHLALQKFREDRPHVYNSGGLLPTNGAEWWKLRSEFQK
GLSAPHCARQFFKSADQITSEFCHHINEIASDCKDFLPEISRLNLELVCYMA
FDTRMNSFSKEELDSHSRSSRLIKAAEDTNSCILGTDQGIGLWKFIPTLKY
KKLERAQKYMESVAVDLVSQKFSYYTDATAAESGSKSLLENYIYNPKLDFR
DIIGMAADLLLAGVDTTSYATSFALYHLAINPHVQEKLYEESLKILETKNSPM
TLESFQNASYARAVLKESLRLNPISVGVGRIIKKDTILSGYHIPAGTVAVTQN
QVICRLEKNFPEADKFLPERWLKSNKSVSRMRNKDSQNFTNEINKFDIKD
TFQVPHPFLSLPFGYGMRSCVARRFAEQNIQVLLLRLIRNFEISWGGTTLD
SKTFLINKPDQPLNFKFRLRSN

XP_026472405/
XP_026471143

Big 1 NW_020538040 -
QVAO01001886

-79848331  - 79843466 4 CYP4191A3b >Ctenocephalides_felis-1886-79848331-CYP4191A3b 
MYLTLVILSILVICCLMKWRNTRSSLYRIANKFDGPALYPIIGNALLFAGPRKE
ILNKIIKIHTEYPSSPIRLWFAHRLLLVFTDADQVEKILLSSKLTYKDAIYDPIK
AMVGDGLITGSGVRARLHRKILSPMLSPKNINGYIDIFEKHTEVYIKQLEEK
ADGQEFDIYWTMSRLCSDIVFDSIMDYKLSKQETEEFLSNVEFLYDVVIER
LVKIWMQTDALFKLSPIAKRYYKSINVYINFFKKLLKTKQEELKAGITSEKAN
KSPSTVEQLLRFAANDPDAYTDKEILDEILTLYAAAQDTTASICSFVLIMLGA
YPEAQEKLYQEVNQVHFNRNTAMTTADIAQLTYTDMVIKEVIRLFPIAPFLV
RTCSEDVPIDDDITIPANCSVVLGIFDLHHQSKHWEHPWEFYPEHFLPVTV
ASRHPSAYLPFSFGKRSCLGKTYALSLIKVAVARIVQRFKIVADKKVQDLHL
HNDISVRSTDGYKIKLLLRE

XP_026471144

Big 1 NW_020538040 -
QVAO01001886

-79859575 - 79853951 4 CYP4191A3a >Ctenocephalides_felis-1886-79859575-CYP4191A3a
MYLTLVVLSILVICCVMKWRNSRSSLYRIANKFDGPALYPIIGNALLFAGPRK
EILNKMIKIHTEYRSSPIRLWFAHRLLLVFTDADQVEKILLSSKLTYKDAIYDP
LKVMVGDGLITGSGIRARLHRKILSPMLSPKNINGYVDIFEKHTEVYIKQLE
EKADGQEFDIYWTMSRLCSDIVFDSIMDYKVSKQETEEFLSNVEFLYDVVI
ERLVKIWMQTDAIFKLTPIAKRYYKSINEYINFFKKLLKTKQEELKAGITSEK
ANKSPSTVEQLLRFAANDPDAYTDKEILDEILTLYAAAQDTTASICSFVLIML
GAYPEAQEKLYQEVNQIHFNRNTTMTTADVAQLTYTDMVIKEVIRLFPIAPY
LVRTCSEDVLIDDDITIPANCSVVLGIFDLHHQSKHWEHPWEFYPEHFFPE
AVANRHPSAYLPFSYGTRSCLGKTYALSLIKVAVARIVQRFKIVADKKVQDL
HLHNDISVRSTDGYKIKLLLRE

XP_026471145

Big 1 NW_020538040 -
QVAO01001886

-92260357 - 92249572 3 CYP9FF2 >Ctenocephalides_felis-1886-92260357-CYP9FF2 
MIFALVVGGLILGVLLYVAGTWNYKYFEKLGIPYVKPVPWLGNMTSFVFRQ
TSLMDFIANLHKAFPDRKFIGVYEFRNPIVLVNDPELIKQITVKDFDHFIDHR
FTIDPNVEPMFGRNLVSIKGNKWREMRATLSPAFTGSKMRNMFVLVTECA
EELIKYLNSLESKDRTIEMKDLFTRYANDVIASAAFGLKVDSLREPNNEFYV
MTKEISLFRGIQALKFFGFTAFPKLMKFLNIQMFGPRIQKFYRNLVMDTMK
QRDEQNIVRPDMIHLLMQVRQGTLKHEEVVDTKDAGFATVTESEIGKSSN
NITHWEDDDLTAQAVIFLFAGFETSSTLMCFVCHELALQPEIQKKLQTEIDQ
VRSNNNKITYEVIQSMKYLDMVISETLRLWPPGIFLDRMCVKPYTIVDEDN
NVKIDLKPGDGVWVAVSGIHRNPKYYPNPDTFDPERFSDSNKSSIDPYAYL
PFGAGPRNCIGSRFALMEVKALVFYILESFDLEPCYKTQIPLKLCTTSANPT
AKGGFWLDFKLRQKKPMN

XP_026474278

Big 1 NW_020538040 -
QVAO01001886

-92279074 - 92265046 3 CYP9FF1 >Ctenocephalides_felis-1886-92279074-CYP9FF1 
MSVALTWLVYLAVIVVLLYFLGVSNHNYFAKLGIPFAKPLPWIGNMAPFVFK
QNSLLDMLVDLYNKFPDSKICGIFEFRNPVVLIRDPDIIKQIGVKDFDHFLDH
RVKIDEVIEPMFGRNLFSLQGQKWRDMRATLSPAFTGSKMRSMFGLVTE
CAEDLVKYLETLNESERTLELKDLYTRFTNDVIASSAFGLKVDSLKNKDND
FYLMTKEISNFGGLRAFKFFGYTSFPRLMKLFKVQMFGPEIQQFYRGLVQ
DTMKMRDRENITRPDMIQLLMQVRKGTLKHEDTPDVKDAGFATVTESTV
GKATNNRIWEDDDLAAQAVLFLVAGFDTSSTLMCFTCYELAINPDVQKKLQ
DEIDEVRAENKKVTYDIIQKMKYLDMVISEGLRYWTPAGFMDRICVKPYTLI
DPDTNARIELKPGDGVWFGAAGIHRDPKYYPNPTKFDPERFSDENKQNIK
PFTYLPFGVGPRSCIGSRFALMEAKALLFFILSSFTIEPCAKTQIPIKLSAQS
GNVTAEKGFWVYFRPRKATN

XP_026474277

Big 1 NW_020538040 -
QVAO01001886

-105674578  - 
105660934

4 CYP4VD1 >Ctenocephalides_felis-1886-105674578-CYP4VD1 
MLAILTSVLFTLFFFLTLLHYGFKELAQVRKVENVPAVRPFPVFGNIFDIIMT
PSELFDFGRHLARKYKRFYRLWILQDSFINLLKPEDIEALLSNIKHIKKSRIY
DQITPWLKEGLLTSYGSKWQSRRKILTPAFHFNILQQFVQVFGEHSKRLVS
QLEIECQKDSTDVNSIMADVALNNICETAMGTNLKAVIDSDSIDYKCSIFRW
SQLFVYRLQRYWLHPAVIYNLTPMGYQMRKVLKNLHSFTKGIITDRKKKLM
TNVSLNAKTSDDEDKDEFHVKKRMAMLDLLLSAEARGENIDENGIHEEVD
TFTFEGHDTTSMGLIFTLLSLADNPDVQRKAYEEIAEVFGEDEMPATIQDL
QKLTYLDRCIKETLRLYPSVPFISRDLTEPLDLVDCRIPAGQIINVHIFDLHRD
PDIYPNPEMFDPDRFLPEECAKRHPFAYIPFSAGPRNCIGQKFAMLELKSV
VSTILRHYTLEAITKPKDLIFVIDIILRTDHPIKIKFRKRRPL

XP_026473020

Big 1 NW_020538040 -
QVAO01001886

+ 105695114  - 
105707680

4 exons 2 to10, exon 6 with frameshift and deletion CYP4VD1 XP_026471354

Big 1 NW_020538040 -
QVAO01001886

+105725631 - 
105768643

4 CYP4VE1 >Ctenocephalides_felis-1886+105725631-CYP4VE1
MDLVTISFAALMIILCLCLLHFLIEKKCNAESLKDIPGPRAYPIIGNFLDVYGD
QAKLFSSLRKWAKLYPKIYKTRVMAISIVCLLRPEDIEVLLSSMRHIKKSKTY
DFLHPWLQDGLLTSSGSKWQSRRKILTPAFHSTVLQEFCAVFGEQGNALA
ERLADECDRQETDICPYVTDFALHSICETAMGTKLEIANDVSWQYKNAIYR
MGELLVHRLVRPWLRPMCLFALSPSGMEQRRVVSTLHSFTGDVIRKRKM
DFIGQTPQLPVVPAHKRRLAMLDLLLLAEHEGADIDELGIREEVDTFMFEG
HDTVSMAIIFALFCLANNPEYQDKAYQEQCQIFGNSDRVPTIPDLNEMRFL
ERCIKESLRLYPSVPLISRALTEPLVLKDRIIPAGQIVHIHIFDLHRDPDLFPD
PERYDPDRFLPEECAKRHPFAYIPFSAGPRNCIGQRFALYEDKSVISTVLR
KYKLEAITKPNEVIFNADLVLRPKYPIKIRFRHRSANHTKRNEMNR

XP_026473019

Big 1 NW_020538040 -
QVAO01001886

+ 105791300 - 
105791136

4 exon 1 CYP4VE1 XP_026471356 

Big 1 NW_020538040 -
QVAO01001886

-105817956  - 
105803628

4 exons 2 to 10, frameshifts in exons 2 and 7, CYP4VE1 XP_026471358 

Big 1 NW_020538040 -
QVAO01001886

+106050241 - 
106058223

4 exons 4 to 10, 2 frameshifts in exon 4 CYP4VD1 XP_026473021

Big 1 NW_020538040 -
QVAO01001886

-117330012 - 
117329584 (exon 2) / 
+117431311 
-117432414 (exon 1)

3 CYP6WP4P >Ctenocephalides_felis-1886 +117431311-CYP6WP4P 
MFDLNFLHWFLVVFLFALGTTYLWMRNKFKYWTKYNIDSLTPTFPFGNFG
PMMVGKESIGMSVQKTYNACKNSGKYCGYFLFGTPGLVVTDPEAIKIIMV
KDFQFFHDRGIFYNEKHDPISANLFAIEGDKWRKLRAKLSPTFTSGKLKTM
FYTMLESVSELQMYIQSAIQSQSELEIKDILARFTTDIIGSCALGIQCNSLKN
PKAEFREIGEKIMTPSIWQTIKGAFAMTFRTFARHLRIVTNDSEVSHFFLHT
VQNTIRYRKNNNIERKYFMQLLLKLKDDNTNGDDSQTSLTMEEIAAQAFIF
FLGGFETSSSAMSFCLFELALNPEIQTRARDEINRVTNKNSGKISYEALVE
MVYLDMAISETLRKYPTLPVLNRECVKDYKLPATETIIPRGTPIFIPVAGLHH
DPEIYPEPDKFDPERFNEENKAKRHNFAYLPFG*GPRICIGMRFGMMQTR
LGLITLIKDYEIKPCAKTNIPLKIDPKSFLTTCIGGIWLRFDPI

Pseudogene: 
second exon 
inverted at MAIS/
ETLR and stop 
codon(*) ;  no TSA 
support

XP_026471516

Position CYP
clan

CYP name Sequence Fragment(s) 
matches:

comment best RefSeq match  
(bold is confirmed 

by manual curation)Scaffold

�3



Big 1 NW_020538040 -
QVAO01001886

+140809891 - 
140818537

2 CYP307B1 >Ctenocephalides_felis-1886+140809891-CYP307B1 
MDYDNFYQIAAYNIGVRTATAYLFGVALLLIASILRSIIIQSNKETESNGELNK
SEYQDLRDMPGPKPMLIIGNLHQLKPQADEPPYAAFTRLAKTYGPVYKLE
MGAIKCAVVNELENMREVLIAKGNHFDGRPNFWRYKEIFSGDKENSLAFC
DWSDVQKSRREMLRAHTFPRTYSARGVEMDGLIGEQMTIMSKIIQESDK
DSPLPIKPLLLQTCANIFTRYFCSRSFDFDHEGFQNTVEDFDEIFYEVNQG
YAADFLPFLSPLHEKRMRDIKVKSHRIRDFVLEEIIGDRFENWKPGDTQND
YVDSLVEYVRGEGTPALSWDMALFALEDILGGHSAIGNLMVKVLGYVACR
QDVQNQMQQEVDNAIGQEDSCRRPGLTDRVNMPYTEAVILEAIRLIASPIV
PHVANKDSAIAGYKVEKGTLIFLNNYHLNMSPELWDEPESFKPERFLRSG
RLVKPEHFLPFGGGRRSCMGYKLVQWCSHAILANLMKDFTIQPVEGDLYK
VPVGNLAMPKDSFRFRFLARSGQT

XP_026471719

Big 1 NW_020538040 -
QVAO01001886

-166576060 - 
166574126

3 CYP6WM1c >Ctenocephalides_felis-1886-166576060-CYP6WM1c 
MDFNIYSSLLLLLTLIGISIYYYVNHALYWSSRKVPTLWPLPFVGNFKDFVL
MKNSPGEFVMSFYKKRKKPILGIFCVSRPSLFIRDPSWIKSILVKDFNMFQ
DRVSSTDGHTDALGSRNLFRIKNPLWKEMRVKLTPIFSTAKMKSMFPLITQ
VGEEFNEFMNTTLKNRNIDNMRDLCAKYTTDVITSCAFGIQANSFKNPDA
EFRTVGKRIFAAEYKRAIEISAFFFFPEVVSILGFKLFEKYGTKFLRQSFNEV
LGERIKSGTSRHDLVDMLIDLKNNEAASGSLKFEGDTLVAQAAVFFAAGYE
ASSGAMSFTLYEIALQPEIQHRLRAEILEKINEHGGITYEAIKEMKYLDMVLS
ETLRKYPTLPFLDRMCTSRYRLPPPYDHVVLEPKTPIYLSILAIHMDPKYYP
NPDKFDPERFSEDMKQNRNPYTYMPFGAGPHNCIGERFGLLQTKVGLAY
ILKDFHFTPCEKTRVPLQLDSKAMFLAPKGGIHLQFERI

XP_026474636

Big 1 NW_020538040 -
QVAO01001886

-166593856 - 
166911503

3 CYP6WM1a >Ctenocephalides_felis-1886-166593856-CYP6WM1a 
MDFNIYSSLLLLLTLIGISIYYYVNHALYWSSRKVPTLWPLPFVGNFKDFVL
MKNSPGEFVMSFYKKTQEPILGIFVFHRPSLFIRDPSWIKSILVKDFNMFQ
DRVSSTDGHTDALGSRNLFRIKNPLWKEMRVKLTPIFSTAKMKSMFPLITQI
GEEFNEFINTTLKNRNIDNMRDLCAKYTTDVITSCAFGIQANSFKNPDAEF
RTVGKRIFAAEYKRAIEISAFFFFPEVVSILGFKLFEKYGTKFLRQSFNEVLG
ERIKSGTSRHDLVDMLIDLKNNEAASGSLKFEGDTLVAQAAVFFAAGYEAS
SGAMSFTLYEIALQPKIQHRLRAEILEKINEHGGITYEAIKEMKYLDMVLSET
LRKYPTLPFLDRMCTSRYRLPPPYDHVVLEPKTPIYLSILAIHMDPKYYPNP
DKFDPERFSENMKQNRNPYTYMPFGAGPHNCIGERFGLLQTKVGLAYILK
DFHFTPCEKTRVPLLLDSKAMFLAPKGGIHLQFEKI

XP_026471899

Big 1 NW_020538040 -
QVAO01001886

+166909611 - 
166911500

3 CYP6WM1b >Ctenocephalides_felis-1886+166909611-CYP6WM1b
MDFNIYSSLLLLLTLIGISIYYYVNHALYWSSRKVPTLWPLPFVGNFKDFVL
MKNSPGEFVMSFYKKTQEPILGIFVFHRPSLFIRDPSWIKSILVKDFNMFQ
DRVSSTDGHTDALGSRNLFRIKNPLWKEMRVKLTPIFSTAKMKSMFPLITQI
GEEFNEFINTTLKNRNIDNMRDLCAKYTTDVITSCAFGIQANSFKNPDAEF
RTVGKRIFAAEYKRAIEISAFFFFPEVVSILGFKLFEKYGTKFLRQSFNEVLG
ERIKSGTSRHDLVDMLIDLKNNEAASGSLKFEGDTLVAQAAVFFAAGYEAS
SGAMSFTLYEIALQPKIQHRLRAEILEKINEHGGITYEAIKEMKYLDMVLSET
LRKYPTLPFLDRMCTSRYRLPPPYDHVVLEPKTPIYLSILAIHMDPKYYPNP
DKFDPERFSENMKQNRNPYTYMPFGAGPHNCIGERFGLLQTKVGLAYILK
DFHFTPCEKTRVPLLLDSKAMFLAPKGGIHLQFEKI

Big 1 NW_020538040 -
QVAO01001886

-167617190 - 
167592569

mito exons 1 to 3 CYP301A1

Big 1 NW_020538040 -
QVAO01001886

+167829001 - 
167852472

mito CYP301A1 >Ctenocephalides_felis-1886+167829001-CYP301A1 
MSAPSMQCARYLHTAGRRGAHVASIAAPSAEQTFAHALPYSRVPGPRPL
PLLGNTWRLLPIIGQYQISDIARVSEIFYEKYGRIVRLGGLLGRPDLLFVYDA
DEIEKVYRNEGPTPFRPSMPCLVHYKGVVRKDFFGDLPGVVGVHGEQW
REFRSRVQRPVLRPATVRKYVAPLEQVTEDFIDRCNGLLDNKSELPDDFD
NEIHKWSLECIGRVALDTRLGCLSSDLKTNSEPQRIIDGAKYALRNVATLEL
KAPFWRYIRTPLWTKYVQNMDYFVEICMKYIERSAITLQEKKKTRCPASDE
EPSLLERVLENESDPKIACIMALDLILVGIDTISMAVCSILYQLSTRQAEQQK
LHKELVKVLPDPNTPLTPQLLDQMHYLKAFIREVFRVYSTVIGNGRTLQND
EVICGYHIPKGVQVVFPTVVTGNMEEYVKDASVFKPERWMKSQGKNIDS
EIHPFASLPYGYGARMCLGRRFADLEMQILLAKLIRSYKLEYHHDPLKYAVT
FMYAPDGPLKFKMTPRD

XP_026471917

Big 1 NW_020538040 -
QVAO01001886

+176695509 - 
176697742

3 CYP6WM3a >Ctenocephalides_felis-1886+176695509-CYP6WM3a 
MDLINVLLLLITFIGTFIYYYYNYSTYWSSKGIASFRPLPFLGNFKDVALAKIN
SGLFMKSLYDKTKASALGIYVFNKPSLLIRDPEWIKTILVKDFNYFHDRIVAL
DGDSDTLGTKNLFSIKNPDWKQMRVKLTPIFTSGKMKNMFHLMNDEGKIL
NEYLHKLADSKEPSDNARELSARYTTDVIATCAYGIKANCMNNPEAEFRSI
GRKIFEVSLRRVLELGSFFFFPRVVNLLGLKLFAHEGTEFIRNTFNETIRIRE
ESKTKRHDLVDVLIDLKNAQTAPGEIRFDGDTLVAQAAVFFTAGFETSSST
MSYSLYELALNPDIQEKLRAEIKEILDEDDITYESINKMSYLDMVISETLRKY
PPLAFLDRKVADNSTGYRLPKPHDDVILEPGTPIYIPMLAVHMDPEYFPDP
EKFDPERFTDEAKRNRIPYTYFPFGTGPRNCIGERFGLLQTKLGLVHMLK
DFTVHPCADTPSKITFTPLSFLLTPKDTINLKFLRA

XP_026473518

Big 1 NW_020538040 -
QVAO01001886

+176701325 - 
176705092

3 CYP6WM2d >Ctenocephalides_felis-1886+176701325-CYP6WM2d 
MDLINIFLLLVTFVGTFIYYYHNYSTYWSSKGIASFKPLPFVGNFKDVLLAK
VNSGIFMKSLYERTKAPALGMYVFNKPSLLVRDPEWIKTILVKDFNFFYDRI
VAVAGDGDTLGTKNLFSIKNPDWKQMRVKLTPIFTSGKMKSMFHLMNDEG
RNLNEYLHKLADSKKPSDNARELSARYTTDVIATCAYGIKANCMNNPEAEF
RSIGRKIFEVSFRRVFELSSFFFFPRIVSLLGLKFFAHEGTEFIRNTFNETIRI
REESKTKRHDLVDVLIDLKNAKTAPGEIKFDGDTLVAQAAVFFTAGFETSSS
TMSYTLYELAINPDVQKKLRAEIKEIIAKDDITYESINKMSYLDMVISETLRKY
PPLAFLDRKVVDNSNGYRLPKPHDDVVLDPGTPIYIPMLGLHMDPEYFPD
PEKFNPERFTDEAKRNRIPYTYFPFGTGPRNCIGERFGLLQTKLGLVHML
KDFTVHPCADTPSKITFTPLSFLLTPKDTINLKFLRA

XP_026473516

Big 1 NW_020538040 -
QVAO01001886

+176708820 - 
176711051

3 CYP6WM3b >Ctenocephalides_felis-1886+176708820-CYP6WM3b 
MDLINVLLLLITFIGTFIYYYYNYSTYWSSKGIASFRPLPFLGNFKDVALAKIN
SGLFMKSLYDKTKASALGIYVFNKPSLLIRDPEWIKTILVKDFNYFHDRIVAL
DGDSDTLGTKNLFSIKNPDWKQMRVKLTPIFTSGKMKNMFHLMNDEGKIL
NEYLHKLADSKEPSDNARELSARYTTDVIATCAYGIKANCMNNPEAEFRSI
GRKIFEVSLRRVLELGSFFFFPRVVNLLGLKLFAHEGTEFIRNTFNETIRIRE
ESKTKRHDLVDVLIDLKNAQTAPGEIRFDGDTLVAQAAVFFTAGFETSSST
MSYSLYELALNPDIQEKLRAEIKEILDEDDITYESINKMSYLDMVISETLRKY
PPLAFLDRKVADNSTGYRLPKPHDDVILEPGTPIYIPMLAVHMDPEYFPDP
EKFDPERFTDEAKRNRIPYTYFPFGTGPRNCIGERFGLLQTKLGLVHMLK
DFTVHPCADTPSKITFTPLSFLLTPKDTINLKFLRA

XP_026471994

Position CYP
clan

CYP name Sequence Fragment(s) 
matches:

comment best RefSeq match  
(bold is confirmed 

by manual curation)Scaffold

�4



Big 1 NW_020538040 -
QVAO01001886

+176714851 - 
176718623

3 CYP6WM2c >Ctenocephalides_felis-1886+176714851-CYP6WM2c
MDLINIFLLLLTFVGTFIYYYHSYSTYWSSKGIASFRPLPFVGNFKDVLLAKV
NSGVFMKSLYERTKAPALGMYVFNKPSLLVRDPEWIKTILVKDFNFFYDRIV
AVAGDGDTLGTKNLFSIKNPDWKQMRVKLTPIFTSGKMKSMFHLMNDEG
RNLNEYLHKLADSKQPSDNARELSARYTTDVIATCAYGIKANCMNNPEAE
FRSIGRKIFEVSFRRVFEASSFFFFPRIVSLLGLKFFAHEGTEFIRNTFNETI
RIREESKTKRHDLVDVLIDLKNAKTAPGEIEFDGDTLVAQAAVFFTAGFETS
SSTMSYTLYELAINPDVQKKLRAEIKEIVAEDDITYESINKMSYLDMVISETL
RKYPPLAFLDRKVVDNSNGYRLPKPHDDVVLEPGTPIYIPMLGLHMDPEY
FPDPEKFNPERFTDEAKRNXIPYTYFPFGTGPRNCIGERFGLLQTKLGLVH
MLKDFTVHPCADTPSKITFTPLSFLLTPKDTINLKFLRA

frameshift at X, but 
TSA 
GAYP02011470.1 
shows X=R

Big 1 NW_020538040 -
QVAO01001886

+176722340 - 
176724574

3 CYP6WM3c >Ctenocephalides_felis-1886+176722340-CYP6WM3c
MDSINVLLLLITFIGTFIYYYYNYSTYWSSKGIASFRPLPFLGNFKDVALAKI
NSGLFMKSLYDKTKASALGIYVFNKPSLLIRDPEWIKTILVKDFNYFHDRIVA
LDGDSDTLGTKNLFSIKNPDWKQMRVKLTPIFTSGKMKNMFHLMNDEGKI
LNEYLHKLADSKEPSDNARELSARYTTDVIATCAYGIKANCMNNPEAEFRS
IGRKIFEVSLRRVLELGSFFFFPRVVNLLGLKLFAHEGTEFIRNTFNETIRIR
EESKTKRHDLVDVLIDLKNAQTAPGEIRFDGDTLVAQAAVFFTAGFETSSST
MSYSLYELALNPDIQEKLRAEIKEILDEDDITYESINKMSYLDMVISETLRKY
PPLAFLDRKVADNSTGYRLPKPHDDVILEPGTPIYIPMLAVHMDPEYFPDP
EKFDPERFTDEAKRNRIPYTYFPFGTGPRNCIGERFGLLQTKLGLVHMLK
DFTVHPCADTPSKITFTPLSFLLTPKDMINLKFLRA

XP_026471995

Big 1 NW_020538040 -
QVAO01001886

+176728123 - 
176731880

3 CYP6WM2b >Ctenocephalides_felis-1886+176728123-CYP6WM2b
MDLINIFLLLLTFVGTFIYYYHSYSTYWSSKGIASFRPLPFVGNFKDVLLAKV
NSGVFMKSLYERTKAPALGMYVFNKPSLLVRDPEWIKTILVKDFNFFYDRIV
AVAGDGDTLGTKNLFSIKNPDWKQMRVKLTPIFTSGKMKSMFHLMNDEG
RNLNEYLHKLADSKQPSDNARELSARYTTDVIATCAYGIKANCMNNPEAE
FRSIGRXIFEVSFRRVFEASSFFFFPRIVSLLGLKFFAHEGTEFIRNTFNETI
RIREESKTKRHDLVDVLIDLKNAKTAPGEIEFDGDTLVAQAAVFFTAGFETS
SSTMSYTLYELAINPDVQKKLRAEIKEIVAEDDITYESINKMSYLDMVISETL
RKYPPLAFLDRKVVDNSNGYRLPKPHDDVVLEPGTPIYIPMLGLHMDPEY
FPDPEKFNPERFTDEAKRNRIPYTYFPFGTGPRNCIGERFGLLQTKLGLVH
MLKDFTVHPCADTPSKITFTPLSFLLTPKDTINLKFLRA

frameshift at X,but 
TSA 
GAYP02011470.1 
shows X=K

Big 1 NW_020538040 -
QVAO01001886

+176744110 - 
176746372

3 CYP6WM3d >Ctenocephalides_felis-1886+176744110-CYP6WM3d
MDLINVLLLLITFIGTFIYYYYNYSTYWSSKGIASFRPLPFLGNFKDVALAKIN
SGLFMKSLYDKTKASALGIYVFNKPSLLIRDPEWIKTILVKDFNYFHDRIVAL
DGDSDTLGTKNLFSIKNPDWKQMRVKLTPIFTSGKMKNMFHLMNDEGKIL
NEYLHKLADSKEPSDNARELSARYTTDVIATCAYGIKANCMNNPEAEFRSI
GRKIFEVSLRRVLELGSFFFFPRVVNLLGLKLFAHEGTEFIRNTFNETIRIRE
ESKTKRHDLVDVLIDLKNAQTAPGEMRFDGDTLVAQAAVFFTAGFETSSST
MSYSLYELAINPDIQEKLRAEIKEILEEDDITYESINKMSYLDMVISETLRKYP
PLAFLDRKVADNSTGYRLPKPHDDVVLEPGTPIYIPMLAVHMDPEYFPDPE
KFDPERFTDEAKRNRIPYTYFPFGTGPRNCIGERFGLLQTKLGLVHMLKD
FTVHPCADTPSKITFTPLSFLLTPKDTINLKFLRA

XP_026471996mN

Big 1 NW_020538040 -
QVAO01001886

+17675017 - 
176753929

3 CYP6WM2a >Ctenocephalides_felis-1886+17675017-CYP6WM2a
MDLINIFLLLLTFVGTFIYYYHSYSTYWSSKGIASFRPLPFVGNFKDVLLAKV
NSGVFMKSLYERTKAPALGMYVFNKPSLLVRDPEWIKTILVKDFNFFYDRIV
AVAGDGDTLGTKNLFSIKNPDWKQMRVKLTPIFTSGKMKSMFHLMNDEG
RNLNEYLHKLADSKQPSDNARELSARYTTDVIATCAYGIKANCMNNPEAE
FRSIGRKIFEVSFRRVFEASSFFFFPRIVSLLGLKFFAHEGTEFIRNTFNETI
RIREESKTKRHDLVDVLIDLKNAKTAPGEIKFDGDTLVAQAAVFFTAGFETS
SSTMSYTLYELAINPDVQKKLRAEIKEIVAEDDITYESINKMSYLDMVISETL
RKYPPLAFLDRKVVDNSNGYRLPKPHDDVVLEPGTPIYIPMLGLHMDPEY
FPDPEKFNPERFTDEAKRNRIPYTYFPFGTGPRNCIGERFGLLQTKLGLVH
MLKDFTVHPCADTPSKITFTPLSFLLTPKDTINLKFLRA

XP_026471996mC

Big 2 NW_020536999 -
QVAO01000845

+13685595 - 13689543 3 CYP4192A1c >Ctenocephalides_felis-0845+13685595-CYP4192A1c 
MIILSLVMILMTLVYVHYKYTFGQFRWRRVXHEKGLPLVGNMLDCILQKRHI
IDVMHEIYQKFPDFPXFGFYRFCTPVFVIRDLQLARQILVKDFNYFKDTDLH
CTDDDILLKKNIFMMKGEKWREYREKVAPMLSSGKIRLVFPLLYKTCEDLV
KHIRNAEGSSTTGLETRELSNKYTTEVIASCAFGLEANCLNNFREDSIFRE
MGKKIFEPTTWTSINITLVTAVPILSKFINIRFVPELVTDWIIKMVQDTVQYRK
DNKIKRDDFLQNLMQLHDQTDGQKFTMEDIAAQCTSFLLDGFETSGSVIC
LALYEIAKNPDVQDRMVKEIEEVLKGHEDKVTYDAMIEMTYLDAVINETLRK
WPIVAAFPRTCTEDYELPPFEGGPKRAIGIKRGDSVHVAIGSFHKDPQYFS
NPDKFDPSRFFEGSTETFTKDAFFPWGAGPRLCLGQRFAFLQIKTSVMAV
VRSFKLKISEGKDADPKLDPRSFMPRLVGGAWITYTPR

two frameshifts at X 
but TSA 
GAYP02016187.1 
shows X1= P X2 =Y

XP_026474527

Big 2 NW_020536999 -
QVAO01000845

-13902051 -13899004 3 CYP4192A1a >Ctenocephalides_felis-0845-13902051-CYP4192A1a 
MIILSLVMILMTLVYVHYKYTFGQFRWRRVPHEKGLPLVGNMLDCILQKRHI
IDVMHEIYQKFPDFPYFGFYRFCTPVFVIRDLQLARQILVKDFNYFKDTDLH
CTDDDILLKKNIFMMKGEKWREYREKVAPMLSSGKIRLVFPLLYKTCEDLV
KHIRNAEGSSTTGLETRELSNKYTTEVIASCAFGLEANCLNNFREDSIFRE
MGKKIFEPTTWTSINITLVTAVPILSKFINIRFVPELVTDWIIKMVQDTVQYRK
DNKIKRDDFLQNLMQLHDQTDGQKFTMEDIAAQCTSFLLDGFETSGSVIC
LALYEIAKNPDVQERMVKEIEEVLKGHENKVTYDAMIEMTYLDAVINETLRK
WPIVAAFPRTCTKDYELPPFEGGPKRAIGIKRGDSVHVAIGSFHKDPQYFS
NPDKFDPSRFFEGSTETFTKDAFFPWGAGPRLCLGQRFAFLQIKTSVMAV
VRFFKLKISEGKDADPKLDPRSFMPRLVGGAWITYTPR

XP_026461544

Big 2 NW_020536999 -
QVAO01000845

-13920215 - 13916221 3 CYP4192A1d >Ctenocephalides_felis-0845-13920215-CYP4192A1d 
MIILSLVMILMTLVYVHYKYTFGQFRWRRVPHEKGLPLVGNMLDCILQKRHI
IDVMHEIYQKFPDFPYFGFYRFCTPVFVIRDLQLARQILVKDFNYFKDTDLH
CTDDDILLKKNIFMMKGEKWREYREMVAPMLSSGKIRLVFPLLYKTCEDLV
KHIRNAEGSSTTGLETRELSNKYTTEVIASCAFGLEANCLNNFKEDSIFRE
MGKKIFEPTTWTSINITLVTAVPILSKFINIRFVPELVTDWIIKMVQDTVQYRK
DNKIKRDDFLQNLMQLHDQTDGQKFTMEDIAAQCTSFLLDGFETSGSVIC
LALYEIAKNPDVQDRMVKEIEEVLKGHEDKVTYDAMIEMTYLDAVINETLRK
WPIVAAFPRTCTKDYELPPFEGGPKRAIGIKRGDSVHVAIGSFHKDPQYFS
NPDKFDPSRFFEGSAETFTKDAFFPWGAGPRLCLGQRFAFLQIKTSVMAV
VRSFKLKISEGKDADPKLDPRSFMPRLVGGAWITYTPR

XP_026474633

Position CYP
clan

CYP name Sequence Fragment(s) 
matches:

comment best RefSeq match  
(bold is confirmed 

by manual curation)Scaffold
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Big 2 NW_020536999 -
QVAO01000845

+15137293 - 15210823 2 CYP306A1 >Ctenocephalides_felis-0845+15137293-CYP306A1 
MTSSFRKAWNLLPVDLLHKHRGTGTGTLFYYVSAAQYFWLVKQPHLILFF
LVVIISFILYVKFAPDKPEGTIDPPGPKGYPIIGNLLELDPKTPHLSLAAMAKK
YGPIFSLKLGSVYTVVFSSEKLIRQILGQQVITGRAPLYVTHGIMEGKGIICS
QGELWYEHRRFLLSWLKATGRMFFGPEKNNLETHIQKCMAHCVKAMKEA
SEDGEDINVSSAIHYALGDIMNQLVFGVSWPEDHPTWKYLVHLQEEGIKH
MGVCGPVNFIPILRFLPSNFKTLRFLLDGKRKTHQIYDTIINNHRLKMDVRS
RQPCDLKTADFKVIHDPAFEKIVEKLKNKELLNASDNEYLSADCVLDYYLY
EEVRRQDEEFSDESQLRHALADMWGAGVDTTAATLRWLLVFLAVHQDCQ
EKARKDLPKDRPICAKDRTQATYLQACILETQRMRSVVPLGIPHGAMEDTL
ISDYYIPKGTMVIPFQWALHMDPDLWPEPEKFKPERYLDENNQIKLPGNLL
PFQAGKRVCLGEELARTLLFIGAGTILQQVNVSMPENYSKSDVESILDGIC
GLTMVPGDHKLHITKVVTRDQ

two frameshifts 
corrected by TSA 
GAYP02009951.1 
and 
GAYP02003435.1

XP_026475192

Big 2 NW_020536999 -
QVAO01000845

-15222582 - 15216109 2 CYP18A1 >Ctenocephalides_felis-0845-15222582-CYP18A1 
MYTKSAILQYAWRGLQQTWTPDARSLLTVFTCALLLVLMLQYLVRAYKEV
RMLPPGPWGLPVMGYLAFIGHEKHTRYLELAKRYGSLFSARLGNQLTVV
MSDYKMIRDAFRREEFTGRPDTPFMQTLDGFGIINSEGKLWKDQRRFLHD
KLRQFGMTYMGNGKKLMERRIMTEVHELLSTLNATNGRPTDLSPVLAVSV
SNVICNIMMSVRFSIDDPRFRRFTWLIEEGMRLFGEINTVDYIPTYQYLPGK
AYARNKIAKNREEMFNFYQEVIDEHRRTFDPSNIRDLVDTYIAEIQKAKEEG
RDGELFEGKDHDQQIMQIIGDLFSAGMETIKTTLLWINVFMLRHPDAMKKV
QEELDQVVGRDRLPRIEDLPFLPTTESTILEAMRRSSIVPLATTHSPTRDV
HLNGYLIPAGSQVVPLINSVHMDPTLWDKPEEFNPGRFIDAEGKVHKPEY
FMPFGVGRRMCLGDVLARMELFLFFASLMHTFNVSLPEGATVPSLKGNV
GITISPDQFQVVLTPRPLNAPLVSSQEVFRNIGAH

XP_026467357

Big 2 NW_020536999 -
QVAO01000845

-15252748 - 15252590 2 exon 1 CYP18A1

Big 2 NW_020536999 -
QVAO01000845

-15997430 - 15994424 2 CYP303A1 >Ctenocephalides_felis-0845-15997430-CYP303A1 
MLVAILIFICIFTLLLYLETKKPKNYPPGPSWLPVVGSAVALFKERKLNKFLYK
ATVKLAEKYSPKHRVLGLRIGKDRIVVVCGYESIKEMLLNEDIDGRPTGPF
YETRTWGERRGVILTDEEFWQEQRRFVVRHLKEFGFGRKAMVDLIQDEA
EHLLLDIKSKVGTGEKLLPMHDAFYVCVLNTLWSMMAGVRYSIHDKELLQ
LQDLLAELFANIDMVGCLFSQFPVLRFLAPELSGYKRFIRIHKKLWEFLKEE
LDKHKQNLKANDEPRDFMDVYLKMIASQEKNSSFSEKQLLAICMDMFMA
GSETTSKGLGFMFLYLVRNPDKQRKAQAEIDAVIGRNRLPTLEDRQSMPY
CEALVMEAIRLFMGRTFGIPHRALRDTKLCGYTIPKDAMVIANFHGILMNP
RHWDDPEVFRPERFLDPVTGNLISPNYEQYIPFGLGKHRCVGELMARSN
TFLFTITLLQTYTFDVPPGEEMPTEDAVDGATPGVQPFNALVKYRDCA

XP_026475298

Big 2 NW_020536999 -
QVAO01000845

+18916208 - 18918847 3 CYP9FH5b >Ctenocephalides_felis-0845+18916208-CYP9FH5b
MDYLTWILVAVLIYIFYIYSTWNYGRFDGTKVPYQKPMPFFGNSGKFLFGM
ETIVTSFSKLYDIFPNKRFYGVFQMSTPAIVIRDPELIRQVGVKDFDHFMNH
RQFVKEDLDPMFSNIMFNLQDQKWRNMRATLSPAFTGSKMRNMFVLISE
CTQQMGEFMKKKINEKGPQSLELKEFYTRAATDIIASTAFGLKVDSLKDEQ
NIFYRMGQKLTGENFKAIIKIFAYLLIPRVMKFFNISFIDYECGNFFRKLVGDT
MALREKENIHRPDMIQLLMQAKKGSLVSTNEDKDDTDNAGFATAAESTTKI
ETIKTVWTHDELTAQALMFFLAGFDTTSTVLCFLTHELATHPEIQERLQREI
DDVCNSISGTPNYETVVRMKYLDMVVSEGLRLWPPFVATERVCTKSYNLE
DHEGNXFEIKPGEVIGYPIYALQRDEKHFENPNHFDPERFSEENKHKIQPF
TYMPFGVGPRNCIASRFALMSVKMIIFELLRNFDIVPCEKTQIPLKLTKGTF
NMKVEKGFWVTFKQRCNK

frameshift at X. no 
TSA support but X 
= K in the other 
CYP9FH5

XP_026475344mN

Big 2 NW_020536999 -
QVAO01000845

+18921639 - 18923921 3 CYP9FH6a >Ctenocephalides_felis-0845+18921639-CYP9FH6a 
MEFITWILVAVLVYAFYKYSTWTYDRFEGTKVPYKKPFPFFGNTGPFMLRM
ENMIDNVGKVYRSFPNKRFYGVFQLRMPAVMIKDPELIRQIGVKDFDNFP
NHRPFITDDVDPMFGNVMLNLQDQKWRDMRATLSPAFTGSKMRNMFRL
LSECTEQMADFMKKEIDTKGPQSLELKNLYTRATTDVIASTAFGLKVNSLK
EKDNLFYRMGQRFNFGGALTVMKLFAHIMFPKVMKFFKIALADDESSNFF
RSLVGDTIALREKENIHRPDMIQLLMQAKKGALRHEVPKNEDHNDDNVDA
GFATVAESHVTKSHTTKRVWTDDELTAQAMIFFLAGFDTTSTVLCFLTHEL
ALHPEIQQRLQQEIDDICDSIEDKPSYETVVHMKYLDMVVSESLRLWPPLA
VTDRVCIKPYEIEDYEGNKFEVRKGEVVLYPIYYLQRDEKYYENPDKFDPE
RFSDDNKHKIKPFTYMPFGVGPRNCIASRFALMEVKMIIFELLRHFDIVPCE
KTQIPLKIKKSTFNMHVEKGFWVTFKKRVNK

XP_026475344mC

Big 2 NW_020536999 -
QVAO01000845

+18925591 - 18925761 3 partial exon 1 CYP9FH7a

Big 2 NW_020536999 -
QVAO01000845

+18940426  - 18943027 3 CYP9FH5a >Ctenocephalides_felis-0845+18940426-CYPFH5a 
MDYLTWILVAVLIYIFYIYSTWNYGRFDGTKVPYQKPVPFFGNSGKFLFGM
ETIVTSFSKLYDVFPNNRFYGVFQMRTPAIVIRDPELIRQVGVKDFDHFMN
HRQFVKEDLDPMFSNIMFNLQDQKWRNMRATLSPAFTGSKMRNMFVLIS
ECTQQMGEFMKKKINEKGPQSLELKEFYTRAATDIIASTAFGLKVDSLKDE
QNIFYRMGQKLTGENFKAIIKIFAYLLIPRVMKFFKISFIDYECGNFFRKLVG
NTMDLREKENIHRPDMIQLLMQAKKGSLVSTNEDNDDTSNAGFATATESA
TKIETIKTVWTHDELTAQALMFFLAGFDTTSTVLCFLTHELATHPEIQERLQ
REIDDVCNSISGTPNYETVVRMKYLDMVVSEGLRLWPPFVATERVCTKSY
NLEDHEGNKFEIKPGEVIGYPIYALQRDEKHFENPNHFDPERFSEENKHKI
QPFTYMPFGVGPRNCIASRFALMSVKMIIFELLRNFDIVPCEKTQIPLKLTK
GTFNMKVEKGFWVTFKQRCNK

XP_026475345mN

Big 2 NW_020536999 -
QVAO01000845

+18945416 - 18947689 3 CYP9FH6b >Ctenocephalides_felis-0845+18945416-CYP9FH6b 
MEFITWLLVAVLVYAFYKYSTWTYDRFEGTKVPYKKPFPFFGNTGPFMLR
MENMIDNVGKVYRSFPNKRFYGVFQLRMPAVMIKDPELIRQIGVKDFDNF
PNHRPFITDDVDPMFGNVMLNFQDQKWRDMRATLSPAFTGSKMRNMFR
LLSECTEQMADFMKKEIEAKGPQSLELKDFYTRATTDVIASTAFGLKVNSL
KEKDNVFYRMGLRFNFGGALTVMKLFAHIMFPKVMKFFKIALADDESSNF
FRSLVGDTIALREKENIHRPDMIQLLMQAKKGALRHEVTKNEDQNDDNIDA
GFATVAESHVTKGHTTKRVWTDDELTAQAMIFFLAGFDTTSTVLCFLTHEL
ALHPEIQQRLQQEIDDICDKPSYETVVHMKYLDMVVSESLRLWPPLALTDR
VCIKPYEIEDYEGNKFEVRKGEVVLYPIYYLQRDEKYYENPDKFDPERFND
DNKHKIKPFTYMPFGVGPRNCIASRFALMEVKMIIFELLRNFDIVPCEKTQI
PLKIKKSTFNMHVEKGFWVTFKKRVNK

XP_026475345mM

Big 2 NW_020536999 -
QVAO01000845

+18949327 - 18951810 3 CYP9FH7b >Ctenocephalides_felis-0845+18949327-CYP9FH7b
MDFITWILIAVLAYAFYLYATWNYNRFKDSNVPHQKPFPFFGNLASFLFRLE
NMIENAEKIYNKFPNDRFYGVFQFRMPGIVLKDPELIRQTGVKDFDNFMN
HRAFISEEVDPIFGNILFTMQDQK*RDMRATLSPAFTGSKMRNMFVLISEC
TQQMAEFMKNEIQQKGPQSLELKDFYARATTDVIASTAFGLKVDTLKDKE
NLFYKMGNEFQFGGFMMVLKTFAYLMAPKIMQFFKIGLTSESSANFFRSLV
RDTMALRDKENIHRPDMIQLLMQAKKGALHHEISKTEENIDNTADAGFATV
AESHATKTHTTKRVWSHDELTAQAMIFFLAGFETTSTVLCFLSHELAVHPEI
QRRLQQEIDEVCNSINDKPNYETVVGMKYLDMVVSESLRLWPPLPGTDRI
CAKPYELEDYDGNKFEVKRGESIMYPIYLLQRDQKYYENPNKFDPERFND
DNKHKIKPFTYMPFGVGPRNCIASRFALMEVKMIIFELLRHFDIVPCEKTQI
PIKIKKSTFNMHVEKGFWVTFKNRTNN

stop codon at * but 
TSA shows *= W

XP_026475345mC

Position CYP
clan

CYP name Sequence Fragment(s) 
matches:

comment best RefSeq match  
(bold is confirmed 

by manual curation)Scaffold
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Big 2 NW_020536999 -
QVAO01000845

+18968513 - 18968833 3 part of exon  8 (at end of NNNN gap) and exon 9 (with frameshift) CYP9FH6a XP_026475346

Big 2 NW_020536999 -
QVAO01000845

+18970448 - 18972895 3 CYP9FH7a >Ctenocephalides_felis-0845+18970448-CYP9FH7a
MDFITWILITVLAYAFYLYATWNYNRFKDSNVPHQKPLPFFGNLASFLFRLD
NMIENGEKIYNKFPNNRFYGVFQFRMPGVVLKDPELIRQTGVKDFDNFMN
HRAFISEEVDPIFGNILFTMQDQKWRDMRATLSPAFTGSKMRNMFVLISEC
TQQMAEFMKNEIQQKGPQSLELKDFYARATTDVIASTAFGLKVDTLKDKE
NLFYKMGNEFQFGGFMMVLKTFAFLMAPKIMKFFKIGLTSESSANFFRSLV
RDTMALRDKENIHRPDMIQLLMQAKXGALHHDISKTEENIDNTADAGFATV
AESHATKTHTTKRVWSHDELTAQAMIFFLAGFETTSTVLCFLTHELALHPEI
QKRLQQEIDEVCISINDKPNYETVVGMKYLDMVVSESLRLWPPLAVTDRV
CLKSYELEDYNGNKFEVKRGESIMYPIYFLQRDQKYYENPNKFDPERFND
DNKHKIKPFTYMPFGVGPRNCIASRFALMEVKMIIFELLRHFDIVPCEKTQI
PIKIKKSTFNMHVEKGFWVTFK

frameshift at X but 
TSA shows X=K

Big 2 NW_020536999 -
QVAO01000845

+18975369 - 18977288 3 partial gene:, exons 6 and part of 7 missing CYP9FH7a

Big 2 NW_020536999 -
QVAO01000845

-24320874 - 24317820 2 partial gene, exon 1 missing, frameshift in exon 3 CYP18A1

Big 2 NW_020536999 -
QVAO01000845

+45691637 - 45693452 3 CYP6WP2 >Ctenocephalides_felis-0845+45691637-CYP6WP2
MSGCNCVSWWLAATALVVGFLYWKLKQAFTFWESRNIPCEKPTFIVGNF
GDVFRGKISIGNAVKKIYNEFKTKGPYAGFYMMFTPRLIVLDPEAIKNILVKD
FQYFQNHGMFYNEKDDPLSAHLFAIEGEKWKRLRVKLSPTFTSGKMKMM
YGTMIESADELKEYMQETVAKNPDLEVKDILARFTTDIIGSCALGIQCNTLK
NPDAEFREIGKRMFRGSLWLTIKRVFSAANQNLARKLGVAFIDPIVSKFFFK
TISETMKYREENNIKRNDFLQLLMQLKSKGCLDDHEEGEIVDDKTALTLNE
VAAQAFVFFVGGFETSSTTMSFCLYELAINPEIQKKCREEINKVLDKHDGK
LTYECILQMEYLDRVIYETMRKYPILPVLNRECNKDYTLPGTTTWIPKGTGV
FIPVSGLHHDPEIYPDPEKFDPDRFTEEAKSSRHHFTYLPFGEGPRICIGM
RFGMMQTRLGLITIIRNYKIERSEQTPIPLVINPQSFLTASVGGIHLKFEPL

XP_026469026

Big 2 NW_020536999 -
QVAO01000845

+45701940 - 45704405 3 CYP6WP1 >Ctenocephalides_felis-0845+45701940-CYP6WP1 
MSECNCLRWWLAILALVIGFIYWRTKEAFKFWQSRNIPHQSPSFPFGNFG
KVFFGKASIGMAVEEIYNKFKGKGPYAGYFTLLSPTLVVLDPEAIKNIMVKD
FQYFHNRGEYYNEKDDPLSAHLFSIEDEKWKRLRKKLSPTFTSGKMKMM
YSTMMENVNELKEYMQETVAEKSTFEIKDVLARFTTDVIGSCALGIQCNTL
KNPDAEFREIGRKVFQNNIFSIVKQLFAFTYKSLSRRLGITVIDKEVTKFFLD
RIDETIQFREKNNVKCNDFLQLLIQLKIKGYLEDNEGEVIEDKSALTLNEIAA
QAFVFYLGGFETSSTTMSFCLYELAVNPDIQKKCRDEINRILDENDGKLSY
DCILQMNYLDKVIYETMRKYPTLPVLTRECSKDYTLPGTTFWIPKGTSVFIP
VIGLHKDPEIYPNPEKFDPERFSEEAKNSRHQYTYLPFGEGPRICIGMRFG
MMQTRLGLITIIRDYNILPSNETKIPLELDTRSFLTAAVGGITLKFESL

XP_026469046

Big 2 NW_020536999 -
QVAO01000845

+47356986 - 47369878 mito truncated at N-term: exon 1 and part of exon 2 missing in NNNN gap. 2 
frameshifts in exon 10 

CYP49A1

Big 2 NW_020536999 -
QVAO01000845

-47576468 - 47557380 mito CYP49A1 >Ctenocephalides_felis-0845-47576468-CYP49A1 
MSVNAASRTSSKVLRVSKSFSSAITITPDELTGIIHGQDKKVEETTRTYPKA
YEEIPGPKELPLIGNAWRFAPFIGQYKIHELDKVMMSLHKDFGNVVRVGGL
VGHPDLLFVFDGEEIRRVFRREETLPHRPSMPSLHHYKAVLRKDFFGKDA
GIIGVHGEKWDAFRAQVQQLMLQPATAKRFVGPLDEIAGDFMQRIHEMRD
GNQELPGNFLGELYKWALESIGRVALDTRLGCLSRDLEPNSEPQRIISAINT
FFWNVAEVELRVPLWRIYPTKSYRKYIGALDEFRELCMKYISIAMENMDKS
NASGNYSIVQKILNETSNPKLAAVLALDLLLVGVDTTSVAMTTTIYQLSQNQ
EKQRRLRDELKSILPTPGTPIDVQALEKMQYLKACIKEALRMKPVILGNGR
SLQSEAVVGGYKVPKGTHVIFPHYVVSNEERYFKEPEQFRPERWLKARN
ACPHADQEARTEDQIHPFVSLPFGYGRRTCLGRRFAEAELQILLAKIFRKY
DVQYNYGQLTYKVSPTYIPVEPLKFKLTELS

XP_026462420

Big 2 NW_020536999 -
QVAO01000845

-48256716 - 48255127 3 CYP6WR1a >Ctenocephalides_felis-0845-48256716-CYP6WR1a
MSEEFFTNYLILVPLVLLIYYLYCFELKFNHWKNKGVKYAKSIPFFGSVASVT
LLRENVSEKLKKIYNDFPRERFVGFYQSNTPVLLIRDLELAKQILVKDFQHF
PNRDNFRKIKYDPLSDNLFYMDVAKWKELRHELAPAFTSAKLKTMMSTLT
EFSYEFNQYVKKLVAHDSQIDVQDLCSNLTTQVIGSCIFGINVDAINNSKSK
FREMIDKVFQRSFYHLIQRSIGTMSPWLFAKLHMRSMDPEVEQFFVSVVK
DIVNYRKQNDIQRGDFLQILIDLREQIKPDLTSGSKLSFIMDDNLLAAQMFIF
FAAGFETTSSAMSFCLYELALNVHIQNRLQKEIDRTLCENDGKLSYDAIME
MEYLDQVLAETLRKYPPSGSLIRKCESKYTLPETDVILEKDDLVVISVYALH
HDPKYYPEPEKFDPDRFTKENKESRKQFSYIPFGEGPRMCIGQRFAKLQA
KIGLISILKDFEVILCKETKKPIAFQAANPILRAKNGIQLSLQSRY

XP_026478195

Big 2 NW_020536999 -
QVAO01000845

-48263292 - 48257183 3 CYP6WQ1b >Ctenocephalides_felis-0845-48263292-CYP6WQ1b
MLEYILILPLGIVAFLYFYTQKHFQYWAQKGVKHEKPVPIFGNVKDIMLMRS
TTGQGMQRLYNLFPDEPFIGVYQSKKPVLLIRDPELIKQVLVKDFQHFPNR
GIVSNHKLDPLSENLFNMEGQKWKDLRHKLTPTFTSGKLKSMFASLAECG
KEFNSYLKEITAEQNIFEMLDLSGNFTTQVIGSCVFGININSIKDPDSEFRK
MGKKAFEPSPMVFVKRFIRSTTPALFRLLKMKVIAPEVENFFLTVVKDMLD
YRTKNNVKRADFLQILMDLKEQELQGINQDKQLNFKMDDNLLAAQMFVFF
VAGFETSSTTMSFCLYELALNCDIQKRVHEEIDEVLEQHDGNLSYESVLQL
EYLEQVISETMRKHSPAGNLIRKCEIPYIIPDTKITLKKGDSIIIPVHALHHDP
KYFPSPEQFDPERFSKEAKESRHPYCYLPFGEGPRICIGLRFAKFQTAVGL
ISILQDFEVVPCEETEIPLTYNPKNLVLRAKHGIRLRLKRRSDKNIMD

XP_026478207

Big 2 NW_020536999 -
QVAO01000845

-48309226 - 48306848 3 CYP6WR1b >Ctenocephalides_felis-0845-48309226-CYP6WR1b  
MSEEFFTNYLILVPLALLIYYLYCFELKFNHWKNKGVKYAKSIPFFGSVASV
TLLRENVSEKLKXXXMLSTLTEFSYEFNQYVKKIVAHDLQIDIQDLCSNLTT
QVIGSCIFGINVDAINNSKSKFREMIDKVFQRSFYHLIQRSIGTMSPWLFAK
LHMRSMDPEVEQFFVSVVKDLVKYRKQNDIQRGDFLQILIDLRGQIKPDLT
SGSKLSSIMDDNLLAAQMFIFFAAGFETTSSAMSFCLYELALNVHIQNRLQ
KEIDRTLCENDGKLSYDAIMEMEYLDQVLAETLRKYPPSGSLIRKCESKYT
LPETNVIIEKDDLVVIPVYALHHDPKYYPEPEKFDPDRFTRENKESRKQFSY
MPFGEGPRMCIGQRFAKLQAKIGLISILKDFEVILCKETKKPIAFQAANPILR
AQNGIQLSLQSRN

genomic NNNN gap 
at XXX 

XP_026478228mC

Big 2 NW_020536999 -
QVAO01000845

-48315844 - 48309682 3 CYP6WQ1a >Ctenocephalides_felis-0845-48315844-CYP6WQ1a
MLEYILILPLGIVAFLYFYTQKHFQYWAQKGVKHEKPVPIFGNVKDIMLMRS
TTGQGMQRLYNLFPDEPFIGVYQSKKPVLLIRDPELIKQVLVKDFQHFPNR
GIVSNHKLDPLSENLFNMEGQKWKDLRHKLTPTFTSGKLKSMFASLAECG
KEFNSYLKEITAEQNIFEMLDLSGNFTTQVIGSCVFGININSIKDPDSEFRK
MGKKAFEPSPMVFVKRFIRSTTPALFRLLKMKVIAPEVENFFLTVVKDMLD
YRTKNNVKRADFLQILMDLKEQELQGINQDKQLNFKMDDNLLAAQMFVFF
VAGFETSSTTMSFCLYELALNPGIQKRVHEEIDEVLEQHDGNLSYESVLQL
EYLEQVISETMRKHSPAGNLIRKCEIPYTIPDTKITLNKGDSIIIPVHALHHDP
KYFPSPELFDPERFSKEAKESRHPYCYLPFGEGPRICIGLRFAKFQTAVGLI
SILQDFEVVPCEETEIPLTYNPKNLVLRAKNGIRLRLKRRSDKNIMD

XP_026478228mN

Position CYP
clan

CYP name Sequence Fragment(s) 
matches:

comment best RefSeq match  
(bold is confirmed 

by manual curation)Scaffold
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Big 2 NW_020536999 -
QVAO01000845

-48352239 - 48347815 3 CYP6WQ1c >Ctenocephalides_felis-0845-48352239-CYP6WQ1c 
MLEYILILPLGIVAFLYFYTQKHFQYWAQKGVKHEKPVPIFGNVKDIMLMRS
TTGQGMQRLYNLFPDEPFIGVYQSKKPVLLIRDPELIKQVLVKDFQHFPNR
GIVSNHKLDPLSENLFNMEGQKWKDLRHKLTPTFTSGKLKSMFASLAECG
KEFNSYLKEITAEQNIFEMLDLSGNFTTQVIGSCVFGININSIKDPDSEFRK
MGKKAFEPSPTVFVKRXIRSTTPALFRLLKMKVIAPEVENFFLTVVKDMLD
YRTKNNVKRADFLQILMDLKEQELQGINQDKQLNFKMDDNLLAAQMFVFF
VAGFETSSTTMSFCLYELALNPDIQKRVHEEIDEVLEQHDGNLSYESVLQL
EYLEQVISETMRKHSPAGNLIRKCEIPYTIPDTKITLNKGDSIIIPVHALHHDP
KYFPSPELFDPERFSKEAKESRHPYCYLPFGEGPRICIGLXFCKFQTAVGLI
SILQDFEVVPCEETEIPLTYNPKNLVLRAKHGIRLRLKRRSDKNIMD

two frameshifts at 
X. X1= F  X2 = R in 
other CYP6WQ1 
seqs and TSA

Big 2 NW_020536999 -
QVAO01000845

-51983033 - 51837075 4 CYP4VF1 >Ctenocephalides_felis-0845-51983033-CYP4VF1 
MDRSVVLAALVALLIYPVILLIQAWMRRRKFIELVERLPGPKAKPLVGNTMD
FRVPREEVFKVFAKRIKENGPLFRVWAGPIAVVIIRKAEYLETIMSSSKYIDK
SYGYKFLHPWLGLGLLTSSGSKWLNRRKVLTPAFHFGTLEGFFDNIQVQA
RILVKLLRKHAVDGEEFNVYPYITRAALDIICETAMGVSVGAQEDENNSYV
RAISEVATLLTRRFLSPWLFPDFSFKISSQGQQFFKQLQVLHGFTHKVIAER
KESRKNAGTQVETEDIPGVKKRRPFLDLLLDLQEQGGGLTDQDLREEVDT
FMFEGHDTTTSGICWTLHVLGLHPDVQKKVHEELDEVLGPVTDELITTREL
SQLRYLEMVIKESMRLYPPVPGISREITEDVKVGEHLIPAGCMIQMSLFYLH
RDPDHFPDPLKFDPDRFTPEASRGRHPYAYAPFSAGPRNCIGQKFALMEE
KAVLATVLREYVVTTLKPQETLCAELILRPPDGMRIKLQQRHTER

XP_026462136

Big 2 NW_020536999 -
QVAO01000845

-52038194 - 52022913 4 exons 1 to 6 CYP4VF1

Big 2 NW_020536999 -
QVAO01000845

-52062298 - 52093549 4 partial gene, exons 1 to 9 , no exons 10 - 11, exons 12-13 CYP4VF1

Big 2 NW_020536999 -
QVAO01000845

-94470812 - 94468583 3 partial gene, exons 1-2 missing, frameshift in exon 3 CYP9FG1 XP_026461383

Big 2 NW_020536999 -
QVAO01000845

-94487031 - 94484676 3 partial gene, exons 1-2 missing CYP9FG1 XP_026461385 

Big 2 NW_020536999 -
QVAO01000845

+94516451  - 94517912 3 exons 1 and 2 CYP9FG1 XP_026461386

Big 2 NW_020536999 -
QVAO01000845

-94555771 - 94542568 3 CYP9FG1 >Ctenocephalides_felis-0845-94555771-CYP9FG1 
MDLSINQSDYIILGGILLILVYWRVTKSQRRFSKTIVPYLKPVPILGSTWRNF
FQLENQIYTYGRAYENFPDSRFSGFYEVLKPVLLIRDPELVRQMGVKDFD
HFVDHNFFIDETTDPLLGNMMIVMRGQKWRDMRSTLSPAFTGSKMRNMF
QLVLKSAQQMALHLKKETTKNGSVTLEMKSLFTKYANDVIASCAFGLEVD
SLRNPENEFYKFGKKVTGFGGLDALLRFLGFNLAPSLMRALNINFLDKQT
MRFFRSLVHDTMSTRELQKISRPDMIHLLMQARKGTLRDEDNAKSDSTSA
KRDWSDDELTAQALIFLIAGFDTTSTLLMFLAYELALNPEVQECLQEEIDSIF
NADGDEGLTYEKLAKATYMDMVISETLRKWPPVVFLDRICLKDYEIEDNIG
RKYTVKRGEGVLFPVYHIHRDQKYFPDPERFDPERFNDENKKNIQPFTYM
PFGVGPRNCIGSRFALMETKAMLFIILSSFNFRTCLKTEYPLKLSKRDFDLV
PANGVWVDVEPRKK

XP_026461388

Big 2 NW_020536999 -
QVAO01000845

-95728506 - 95721838 2 CYP305A30 >Ctenocephalides_felis-0845-95728506-CYP305A30 
MLDSTYLLFVCLICTLVAWLANHLRRPYNYPPGPRWLPVVGNSPQLRRLA
RAVGGTHRALAIWANTYSTSVLGLRLGGDYVVVLFGAKTVREALCREEFD
GRPDNFFIRLRTMGSRMGITCTEGQLWTEQRNFVVRHLRQVGYGKQAM
EDQIVNELKELISVIDALGNSVNFGRELAPSVINVLWTLTAGKRISRDDQRL
ERLLTLLSQRSKAFDTAGGSLSQMPWLRFIIPESSGYNLLLRFNKELHSLF
METITDHRNNHKASQADDLIHAYITEMESRKGKPSTFTDVQLTMVILDIFIA
GSQTTSNTLDFAFLMMLNRPDLQMKIHQEIDEVLGNNLPKLEDRAKMPFV
EAVLLEVQRYFHIVTLNGPRRVTRDTTIGGYNIQKDTTVLMSLYSLHKDVE
YWGDPENFRPERFLSEEGYLKPSDHLIPFALGKRRCLGEALAKACMFIFF
TGILQHYELYVDNDQEKPSIDPIPGITLSPRPYKANVRKRIR

XP_026471391

Big 2 NW_020536999 -
QVAO01000845

-95754364 - 95740264 2 CYP15A1 >Ctenocephalides_felis-0845-95754364-CYP15A1
MILAIIIFMVAVVVWMWCDTRKPFRYPPGPAWLPLIGNLLYLWRRMSVIKYH
HLVWRELSDRYGSLVGLRLGRDRLVLISGRDAIHEVCTREEFDGRPEGFF
FQMRTFGQRLGVVFTDGPLWAEHRRFSVRHLRSLGFGRSGMERLLQEE
SDGLIVQLRERAKEGPVFMHTAFDVPVLNVLWAMMAGKRFELNDKRLLRL
FDLVHDSFRMLDMSGGLLNELPILRYIAPNWSGYNQINKTLKDLYDFLKET
VDEHRATFNDEVIRDFIDAFFHEMKNNANGSTFTEQQLLSLCLDLFQAGS
ETTSNTLGFAVLYVILYPNVQKEIHRELDRVVGKDRPPTLQDRSNLQYIVAV
LMEVQRIGNIAPVSVGHRAMKTSELRGHIIPKDTIILISLHSLHNDPDFWKD
PDVFRPERFLKPQAESSLSSEYLAPFGLGKRRCLGEALARSSLFIFFARLL
QCFELRAVNGEQPQTTGLDGVTLAPKPFRAHLIPRI

XP_026471392

Big 3 NW_020537324 -
QVAO01001170

+8469319 - 8476461 mito CYP12AJ1 >Ctenocephalides_felis-1170+8469319-CYP12AJ1 
MLLVIKQTSLSKNVTRKNLIRKISCAAINSAEVQPMYATTNDDSPKMPAGW
ELALPYSKVPGPKSIPVLGIMHHFFPGGKYGNMNFRERYTKMNQEYGDLV
RLKGFDGKEDICVSFNPDHFETIFRNDGATPRRNIFDTLRYYRTKINPEIYK
DNIGVLIENGEKWKKLRSMVNPVLMQPRVSKQYVKSVEGIVDEFITRTLRL
RDKNLETPANFLNELNRWALESITCIALDTRLGCLRDDLAPDSEPQRMLKA
VHEFFALTHALEFKPHPWKTIKTPGFYRLMEVFQIINDLSLQKVEEAMERM
KNEPVQDDREQSILQKLIKINRNVAVVVAMDLLLAGVDTTSYTTSILLYHLS
KHQRAQDKLREELRGILPERHSKLKDNSFDRIPYLRACLKESTRITPVGVA
NLRTTQRDIVLSGYRIPKGTHMILCTQIASVSPSQHERPNEFIPERWLRQD
KKGLETDMSSDVAGCPNAKTANPFSQLTFGFGVRSCIGQRISELEIHTLIAK
LIRNHRVEWHHPDLMIESKTLETPASSLRYKIIELNN

XP_026463470

Big 3 NW_020537324 -
QVAO01001170

-8567910 - 8560375 mito full length pseudogene, multiple frameshifts CYP12AJ1

Big 3 NW_020537324 -
QVAO01001170

-76448909 - 76430840 2 CYP307A2 >Ctenocephalides_felis-1170-76448909-CYP307A2  
MAVHTFLAILAALVAFILYIVKLYTPEKDNHQKLIIIDNHHHHHQKLPLPEPPG
PKPIPILGNLHLLGKYEVPFQGFTDLAKKYGDVYKLKLGATPCLVVNSVEKI
REVLNQNGKFFGGRPDFIRFNKLFXGDRNNSLALCDWSHLQQKRRNLAR
KHCSPRDGSSYYSKLDEVARLEMSEFLHQLEISVNPGQEYKLKPLVMATC
MNMFSHYMCSIRFGYEDDEFREIVRYFDEIFWEINQGYAIDFLPFLLPFYR
NHMKKLETWSKDIRSFILSRIIDDRERDLDPEEPEKDFTDALLHSLREDSTV
NRETIIYMLEDFLGGHSAIGNLVMLALANAVRNPEVACKIQQEIDQVTDFNT
RSITLYDTEKMPYTVSAISETLRYSSSPIVPHVATENTSIAGYAVEKGTIVFIN
NYELNTSDIYWNKPEQFDPERFLEPVPEDTKKQDLHNQDFHNQDSGLES
DSDILDDANKPKMRVKKNIPHFLPFSIGKRTCIGQSLVRGFSFVMFATIMQH
YNVSTSDVKNIKTYPACVAVPPDTFSLILEPRIRE

frameshift at X, no 
TSA seq  ; X = G in 
Oropsylla silantiewi 
TSA 

XP_026465022

Position CYP
clan

CYP name Sequence Fragment(s) 
matches:

comment best RefSeq match  
(bold is confirmed 

by manual curation)Scaffold
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Big 3 NW_020537324 -
QVAO01001170

+85498780 - 85505240 mito CYP314A1a >Ctenocephalides_felis-1170+85498780-CYP314A1a 
MVLLLFPIVFILFISVYLLLKSVKLIKKDKNDENVPKGSKDIPGPMHLPLFGT
KWIYLWKYDLSKMHEAYEDMHQKFGPIILDSRAPPVPVVSLTGTHPRDLL
RVLRYPSRFPTRPPTEIVAKYRRSRPDRYASSGIVNEQGPSWHKLRTSLT
PELTSPRTISGFLPTLNDICRDFVSLLRLVRNPDTGVVEGFETYADRLGLEA
SCALMLGRRMGFLETKLSLQAELLSKSVRDAFVAQRDSYFGARGGKVGF
LRKCLFGTGEANQRDAYQRLQRSEEIIYNIVSQMVDEALELRSKPNDSYK
PRATNAVFESILANQDLDLRDKKSAIIDFISAGIETLANTLTFVLYNLSRHKTC
QIKVLEEINNIKNDTFDSSEELSSKDLSSMSYTKACITETYRLTPTAFCLARV
LETDMNICGYTLPTGTVVLCQTMLACRDEKNFINAKKFVPERWLDLYNKTI
ESLARSLVVPFGVGRRMCPGKRFVDQELLTVVATLVSSFEIEFEEDLDMKF
EFLLGPQAPVNITLRDRQE

XP_026465225

Big 3 NW_020537324 -
QVAO01001170

+85557698 - 85564651 mito CYP314A1b >Ctenocephalides_felis-1170+85557698-CYP314A1b
MVLLLFPIVFILFLSVYVLLKSVKLIKKDKNDESVPKGSKDIPGPLHLPLFGT
KWIYLWKYDLSKMHEAYEDMHQKFGPIILDSRAPPVPVVSLTGSHPRDLL
RVLRYPSRFPTRPPTEIVAKYRRSRPDRYASSGIVNEQGPSWHKLRTSLT
PELTSPRTISGFLPTLNDICRDFVSLLRLVRNPDTGVVEGFETYADRLGLEA
SCALMLGRRMGFLETKLSLQAELLSKSVRDAFVAQRDSYFGARGGKVGF
LRKCLFGTGEANQRDAYQRLQRSEEIIYNIVSQMVDEALDLRTKPNDSYK
PRATNAVFESILANQDLDLRDKKSAIIDFISAGIETLANTLTFVLYNLSRHKTC
QIKVLEEINNIKNDTFDSSEELSSKDLSSMSYTKACITETYRLTPTAFCLARV
LETDMNICGYTLPTGTVVLCQTMLACRDEKNFINAKKFVPERWLDLYNKTI
ESLARSLVVPFGVGRRMCPGKRFVDQELLTVVATLVSSFEIEFEEDLDMKF
EFLLGPQAPVNITLRDRQE

XP_026465228

Big 3 NW_020537324 -
QVAO01001170

-12913309 - 12909857 mito CYP12AH2a >Ctenocephalides_felis-1170-12913309-CYP12AH2a 
MFCTKSSRLCNVASYLNLEIYISPTRNFSETVTTSPILKKKTQISWHEAKPY
CEIPGPKSALKSIRNFLPGGKYYKISLKDLHILLNEEYGDLVRLKGFLGRPD
FILSFNPEDFEQIYRNEGPWPNRREFETFKHFRKNLRPDIYGDNAGLLVEH
GEKWKELRGKVNPVMMQPRVIKPYVKLVEEVAEEFIERMLHLRDSNNELP
NDFSKELNKWALESIARIALDSRLGCLADDSEMNYDSKIMIQAVHDFFHLT
FKLEVLPSLWRYIKTPAYTKLMAALDVMTNISLKKIDEAITRINSNKNSESES
EISVLEKLLKIDKNVAIIMAMDMLLAGIDTTSNTTAILLYFLAANQRCQDKLR
EEIFTILPDKSSKLKNESFNHVPYLRACMKEANRILPIAGGTIRKLAENVVLS
GYQIPKGNEVVMSHLTTSLRENQFPNPKIYLPERWLTGEAAQGCPSAKSA
HPFVHMPFGFGPRSCVGKRFADLEVETLIVKLLRNYKVEWSYGDLNVETK
LLTIPVSPLKFKITEL

XP_026464268

Big 3 NW_020537324 -
QVAO01001170

-12917197 - 12914969 mito CYP12AH3 >Ctenocephalides_felis-1170-12917197-CYP12AH3 
MFTLNSSHFTKAVSCVSLEVTRLSNTNISRAARQLATLTEVQKENVQESRI
SWSEAKPFSEIPGPESALKSLRNFLPGGKFHKVALKEMHVMMNEEYGDIV
RFKGFLGKSDMIICYDPKDFEHVYRNEGPWPHRREFETFRHFRKDLRPD
VYGDNAGLLVEHGEKWKELRGMVNPVMMQPRVIKPYVKPVEEVAEEFIE
RIIQLRDSKNEMPNNFLNELNKWSLESIARISLDSRLGCLVDDSKLNSDSK
KMIQAVHDFFECSFKLEVLPSLWKYIRTPNYTKLMTALDTMTNVSLKKIDKA
VERINSNPDSKPESEMSVLEKLLKIDKNVAVIMAMDMLLAGVDTTSNTTAIL
LYLLAKNQASQEKLREEILTILPNKDSKLTTESFNKIPYLRACMKEANRVLPI
AGGTMRKIPVDLVLSGYQVPKGTEVIMSHITTTARESQYPNPDQYLPERW
LTGEASQGCPSAKNAHRFVYMPFGFGPRSCVGKRFADLEVETLIAKLLRN
HKVEWNYGELKVETKPLTVPISPLKFKITEL

XP_026464269mC

Big 3 NW_020537324 -
QVAO01001170

-12920952 - 12918616 mito CYP12AH5a >Ctenocephalides_felis-1170-12920952-CYP12AH5a 
MFRIKCISLCESTNNMLFNSSNIVNTSRRHLSKSARNLTIIAEVKNDNASEK
PLLWHQAKPYSEIPGTKTTLENIRSFLPGGKLYNVSLKDLHQTMNKEYGDL
AKLKGFLGKPDFVFAFNPKDIEKVYRNEGLWPNRREFQVFAYFRRNIRPDI
YGDNAGLLVEHEEKWKELRGKVNPVMMQPRVVKQYIKSVEDVSDDFISK
MAQMRDSNQELPSNFIIYLNKWALESISSIALDTRLGCLEDSADKNSDSEK
MIRSVHDFFEMTFKLEFFPSLWKYVSTPGFVKLMNALDTITNISLKKVDEAV
ERIKNNPNAKPESEASVLEKLLKIDKKVAVVMAMDMLLAGVDTTSNSTAFL
LYFLATNQKCQDKLREEIRTILPNKDSHVNNESFHHLPYLRACMKESSRIL
PIIGGTVRKVPVDIVLSGYQIPKGTEVVLSHLTTSMKSSQFPEPEKFMPER
WLSSQESEGCPLAKNAHPFSHMPFGFGPRSCVGKRFADLEMETFIMKLL
RNYKIEWNYGELKVTTKLVAHPETPLKFKLTEI

XP_026464269mN

Big 3 NW_020537324 -
QVAO01001170

-12923749 - 12921634 mito CYP12AH6a >Ctenocephalides_felis-XP_026464271-CYP12AH6a 
MFTQRGSVLCKNWCKHSQSITVKNISSSQKYLATVATPKETVSDIPPQWN
EAKPYSEIPGSKSAFEAMRNFLPGGKYHNKSLRNVHRLMNREYGDLVNW
KGVLGKPDFILAFNPKDIEQVYRNEGPMPNRREFQIFSYYRKKLRPEIYGE
YGGLFVEHDEKWKDLRGKVNPVMMQPRVVKQYIKSVENVSDEFITRMVR
LRDSNQEMPADFMDELNKWSLESIGSIALDARLGCLEDNVGVNSDSGRMI
QAVHDFFYLTFKLEILPSLWKYIPTPSFRKLTAALDVMTEISSKKVDEAVERI
KNNPNPKSDSEASVLEKLLKIDKKIAVVMAMDMLLAGVDTTSNTTAILLYFL
AANQKCQEKLRSEILTILPDKDSKLSSDSFKRIPYLRACMKEANRIIPILGGT
IRKLPVNVVLSGYQVPKGTEIVVSHQTASMNENQFPDSKKYKPERWLNAE
EAEGCPLAKNANPFAHMPFGFGPRSCVGKRFADLEIETFVMKLFRNYKLE
WNYDELKVASRLITQPVSPLKFKLTEI

XP_026464271

Big 3 NW_020537324 -
QVAO01001170

-12926167 - 12924369 mito CYP12AH4aP >Ctenocephalides_felis-1170-12926167-CYP12AH4aP 
ENGSQKPLHWNEAKSYSEIPGPKSFWEGVRNILPGGKFYKKSLKDMHVIL
KQEYGDITILKAFLGQPDIVMLFNPKDFEQVYRNEGQWPHRRDFETFVHF
RKKLRTDIYGENAGLLAEQGERWKDLRTKVNPVMMQPRNIKQYIAPVEEV
TDEFIARMNHLRDSNNEMPKDFSHELNKWSLESIARIALDTRLGCLQDDS
RVDEDSKKMIQAVHDFFDLIFQLEILPSIWKYVKTPAYHRLMRALDTMTNV
SLKKVDAAIERMINTSQDSKSEHEASVLEKLLKIDRNVAIIMAMDMLLAGVD
TTSYTTAILLYHLAVNQECQEKLRKEIFTIIPQKDSKLNQESFNHIPYLRACM
KESHRVLPIAGGTVRRLPVDLVLCGYQVPKGSEVVMSHLLATMEENQYTD
STKYIPERWLNEKNAPQCPSAKEAHPFAYMPFGFGPRSCVGRRFAELEIE
TFIVKLXRNYKIEWNYGEMKTKSQILTIPVSPLRFKMTEL

Pseudogene: 
frameshift at X, 
misses 1st exon, 
one indel

XP_026464272

Big 3 NW_020537324 -
QVAO01001170

-12932059 - 12929789 mito CYP12AH1a >Ctenocephalides_felis-1170-12932059-CYP12AH1a
MFRTNIKNVYKLINNDLSNKVYEYTTLPRNLSITTKKYAEAISIQEARPKSW
DEAKPFSEIPGPNPLLLTLFSLIPGRASKMSLKDANAQLNKTYGDIVAIKGT
MGRSDMIITYNPNDFEQVYRNEGPWPYRRDFDTFRYFRTHVRPDVYGDS
YGLVATQGKAWKELRGKVNPVMMQPRVAKLYITPVEEVAEEFIARMLLLR
DSNNELPSNFSHELNKWSLESIARIALDSRLGCLKDDSEMDPDCKQMIAA
VQDFFAYTWKLEINMPVWKIFKTPSFNKLMNAWNTMINVSFKKIEEAKQRI
QTNPKPTTEHEASVLEKLLKIDPKLAAVMAMDMLSAGIDTTSNSVAILLYFL
ATNQSCQDKLRQEILTILPEKNSKLSFDSFNHIPYLRACMKEATRILPIAEGN
LRKLPVDLVLSGYQVPKGTEVVMRHSTASIKENQFPNPEKFMPERWLSAD
KSQGCPLAKNAHPFAYMPFGFGPRMCVGRRFADLEVEILITKLLRNCKVE
WNYGELETSSRLITHPESPLKFKVTEI

XP_026465601

Position CYP
clan

CYP name Sequence Fragment(s) 
matches:

comment best RefSeq match  
(bold is confirmed 

by manual curation)Scaffold
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Big 3 NW_020537324 -
QVAO01001170

-12935406 - 12933049 mito CYP12AH7a >Ctenocephalides_felis-1170-12935406-CYP12AH7a
MHRLQIINAKICGLSVTNSVFPQAGRNFFSTNSKLLAVAVEVNQKAADVSW
EEAKPFSKIPRVEGLKLMVNLLPGGKFYKKNILEMNYVFIKEYGNIILAKGT
FGKPDTLLIYSPQDFEKVYRNEGIWPYRRDFEIFNHFRKNIRADVYGENAG
LLVEHGEKWKELRGKVNPVMMQPRVAKQYITPVEEVSDEFIQKLLKLRDS
NNELPDNVCNEFNKWALESIARIALDTRLGCLRDDVTADSDPQKMINAVD
AFFELTYKLEIMPSIWKYVKTPKYYKLVDALETMTNISLKRVDEAMERLKKS
ENQKSDREASVLEKLLKIDRKVAVVMAMDMLLAGVDTTSHTTAILLYFIATN
PRVQDKLRQEILTILPEKNSKLSSDSFNHVPYLRACMKEANRLLPIAAGTIR
KMPVDIVLSGYQVPKGTEVAMNHFIPSQDEKQYSKPKEYFPERWLSNQP
TEECPFSKNTAHPFVHMPFGFGPRSCVGKRFADLEIETFISKLLRNYKIEW
NYGELKVTSKLLTTPTSPLKFKITEL

XP_026464273mC

Big 3 NW_020537324 -
QVAO01001170

-12942567 - 12937768 mito CYP12AK1 >Ctenocephalides_felis-1170-12942567-CYP12AK1
MQINIALTDKESCSILTDEESKEWASALPYSEIPGPKPKPIVGNLHRFLPGG
EFYNLQLADLYVKLRETYGEIVRLTGIANRNDLVLLFNPEHIKTVYRNEGIYP
VRRGLESFVHYRKEYRPELFKSGGLLTVQGYDWHLVRTKVNPAMMQPKT
VRKYVEPVDQISQEFINRMMKLRDANNEMPSDFWMEVNKWALESIGRIAL
DTRLGSISDNPTSESLKLIKHVHMMFELIYQLDILPSVWQIVRTPNYYKLMD
CFDVLRDITSRHVSNAVKRLDESPPKHSEDELSVVERLITIDRTIGQVMAM
DMLMAGIDTTSSAVCTLLYYLAKNQDKQNILRAELREAIPEPKGQITNDILR
HLPYLRACIKESLRMVPVAPGNLRVNPKDMVXAGYRIPSDTEILLGHMTLA
RCESQFPKADEYLPERWLKQRGSLADRQIDNADISSTNAHPFAYMPFGF
GPRTCIGRRFAELEIEVFTSKLIRDYKVEWNHGEMKFDSKMINFPVNPLRY
KITEVN

frameshift at X, but 
TSA shows X= L i

XP_026464273mN

Big 3 NW_020537324 -
QVAO01001170

-12953870 - 12951625 mito full length pseudogene, at least 2 frameshifts CYP12AH3

Big 3 NW_020537324 -
QVAO01001170

-12957616 - 12955286 mito CYP12AH5b >Ctenocephalides_felis-1170-12957616-CYP12AH5b 
MFRVKCISLCESTNNMLFNFSNILNTSKKHLSKCARNLTTIAEVKNDNVSE
KPLLWHQAKPYSEIPGTKTTLENIRSFLPGGKLYNVSLKDLHQTMNKEYG
DLAKLKGFLGKPDFVFAFNPKDIEKVYRNEGLWPNRREFQVFAYFRRNIR
PDIYGDNAGLLVEHEEKWKELRGKVNPVMMQPRVVKQYIKSVEDVSDDFI
SKMAQMRDSKQELPSNFIIYLNKWALESISSIALDTRLGCLEDSADKNSDS
EKMIRSVHDFLEMTFKLEFFPSFWKYVSTPGFVKLMNALDTITNISLKKVD
EAVERIKNNPNAKPESEASVLEKLLKIDKKVAVVMAMDMLLAGVDTTSNST
AFLLYFLATNQKCQNKLREEIRTILPNKDSHVNNESFHHLPYLRACMKESS
RILPIIGGTVRKVPVDIVLSGYQIPMGTEVVLSHLTTSMKSSQFPEPEKFMP
ERWLSSQESEGCPLAKNAHPFSHMPFGFGPRSCVGKRFADLEMETFIMK
LLRNYKIEWNYGELKVTTKLVAHPETPLKFKLTEI

XP_026464274

Big 3 NW_020537324 -
QVAO01001170

-12960519 - 12958375 mito CYP12AH6b >Ctenocephalides_felis-1170-12960519-CYP12AH6b 
MFTKRGSVLCKNWCKHSQSITVKNISSSQKYLAVAEPKQKVSTIPLQWDE
AKPYSKIPGTKSALETMRNFLPGGKYYNKSLRELHNSMNHEYGDLVNWK
GVLGKPDFILAFNPKDIEQVYRNEGPMPNRREFQIFSYYRKKLRPEIYGEY
GGLLIEHDEKWKDIRGKVNPVMMQPRVVKQYIKSVEEVSDEFITRMVRLR
DSNQEMPADFMDELNKWSLESIGSIALDAKLGCLEDNVSANSDSGRMIQA
VHDFFYLTFKLEILPSLWKYIPTPGFRKLTAALDVMTEISAKKVDEAVERIKS
NPNPKSDSEAGVLEKLLKIDRKMAVVMAMDMLLAGVDTTSNTTAILLYFLA
ANQKCQDKLRSEILTILPNKDSKLSSDSFKRIPYLRACMKEANRIIPILGGTV
RKLPVDVVLSGYQVPRGTEIVVSHQTASMNENQFPDPKKYKPERWLNAE
EAEGCPLAKNANPFAHMPFGFGPRSCVGKRFADLEIETFVMKLFRNYKLE
WNYDELKVASRLITQPVSPLKFKLTEV

XP_026464275

Big 3 NW_020537324 -
QVAO01001170

-12963189 - 12961179 mito CYP12AH4bP >Ctenocephalides_felis-1170-12963189-CYP12AH4bP
ENGSQKPLNWNEAKPYSEIPGPKSFWEGVRNMLPGGKFYKKSLKDMHVI
LKQEYGDITILKAFLGQPDIVMLFNPQDFEQVYRNEGQWPHRRDFETFVH
FRKKLRTDIYGENAGLLAEQGERWKDLRTKVNPVMMQPRNIKQYIAPVEE
VTDEFIARMNHLRDSNNEMPKDFSHELNKWSLESITRIALDTRLGCLQDD
SRVDEDSKKMIQAVHDFFDLIFQLEILPSIWKYVRTPAYHRLMRALDTMTN
VSLKKVDAAIERINTSQDSKSEHEASVLEKLLKIDRNVAIIMAMDMLLAGVD
TTSYTAAILLYHLAVNQECQEKLRKEIFTILPQKDAKLNQESFNHIPYLRAC
MKESHRVLPIAGGTVRRLPVDLVLCGYQVPKGSEVVMSHLLATMEENQY
TDSTKYIPERWLNEKNAPQCPSAKEAHPFAYMPFGFGPRSCVGRRFAEL
EIETFIVKLLRNYKIEWNYGEMKTKSQILTIPVSPLRFKMTEL

Pseudogene: 
misses 1st exon as 
in 12AH4a

XP_026464276

Big 3 NW_020537324 -
QVAO01001170

-12966304  - 12964026 mito CYP12AH1b >Ctenocephalides_felis-1170-12966304-CYP12AH1b 
MFRTNFKKIYKLINDDLSNKVHTTLPRNLSITTKKYAEAISIQEAKPKSWDE
AKPFSEIPGPNPLLLTLFSLIPGRASKMSLKDANAQLNKTYGDIVAIKGTMG
RSDMIITYNPNDFEQVYRNEGPWPYRRDFDTFRYFRTHVRPDVYEDSYG
LVATQGKAWKELRGKVNPVMMQPRVAKQYITPVEEVAEEFIARMLLLRDS
NNELPSNFSHELNKWSLESIARIALDSRLGCLKDDAQMDPDCKQMIAAVQ
DFFAYTWKLEINLPVWKIFKTSSFNKLMNAWNTMINVSFKKIEEAKQRIQN
NPEPTTEQEASVLEKLLKIDPKLAAVMAMDMLSAGIDTTSNSVAILLYFLAT
NQSCQDKLRQEILTILPEKNSKLSFDSFNHIPYLRACMKEATRILPIAEGNL
RKLPVDLVLSGYQVPKGTEVVMRHSTTSVKENQFPNPEKFMPERWLSAD
KSQGCPLAKNAHAFAHMPFGFGPRMCVGRRFADLEVEILITKLLRNYKVE
WNYGELETSSRLITHPESPLKFKVTEI

XP_026464277

Big 3 NW_020537324 -
QVAO01001170

-12969815 - 12967347 mito CYP12AH7b >Ctenocephalides_felis-1170-12969815-CYP12AH7b 
MHRLQIISAKICGSSVTNSVLPQAGRKFFSTNSKLLAVAVEVNQKTADVSW
EEAKPFSQIPRVEALKLMVNLFPGGKFYKKNILEMNYVFTKEYGNIILAKGT
FGKPDTLLIYSPQDFEKVYRNEGIWPYRRDFEIFNHFRKNIRADVYGENAG
LLVEHGEKWKELRGKVNPVMMQPRVAKQYITPVEEVSDEFIQKLLKLRDS
NNELPDNVCNEFNKWALESIARIALDTRLGCLRDDVTADSDPQKMINAVD
AFFELTYKLEIMPSIWKYVKTPKYYKLVDALETMTNISYFXVDISMERLKKS
ENQNFDREASVLEKLLKIDRKVAVVMAMDMLLAGVDTTSHTTAILMYFIAT
NPRVQEKLREEILTILPEKNSKLSSDSFNHVPYLRACMKEANRLLPIAAGTI
RKMPVDIVLSGYQVPKGTEVAMNHFIPSQDEKQYSKPKEYLPERWLSNQ
PTEECPFSKNTAHPFVHMPFGFGPRSCVGKRFADLEIETFISKLLRNYKIE
WNYGELKVTSKLLTTPTSPLKFKITEL

frameshift at X XP_026464279/8

Big 3 NW_020537324 -
QVAO01001170

-12976022 - 12972204 mito partial gene, exon 1 missing CYP12AK1 XP_026464281

Big 3 NW_020537324 -
QVAO01001170

-13001485  - 12998051 mito partial gene, first and last exon missing CYP12AK1 XP_026464282

Big 3 NW_020537324 -
QVAO01001170

+18223708 - 18230024 3 CYP4189A3 >Ctenocephalides_felis-1170+18223708-CYP4189A3 
MDDLMLPFPVIRDIAIITILFGIALYFYTTKGFDFFRKRGIKHLPTYPLVGNIG
SYLSGNANFIDCIIQAYNAFPDQKMVGFYNFNVPSLIIRDPDTIQQVLFRDF
QHFSEHIFHVDETVDPLFGKTLYALKGDKWRAMRTTLCPAFTISKLRGFFP
LLEKCCEDMINYIEDNSNFGRLLIETEEFFSKFNYNVSATVALGTEKNTFRN
DDEEFYKMAQKATNFIGVQGMKFTLMATFPRLSKFLRIKVVDEVLTKYFRS
LIYDTISSREVTGTARYDMMQLLIQAKKGTLQDDDLGVTAARNKELTDDDIT
SQALIFLITGVITSTSTMGFGAYEIANNEEIQKKLIEEVDEVRKKHKGELSYE
IIDKMDYLGRVISETLRKWPPGIIARNCVQPYTITDNKNRITFNCDPGAVIYV
PTIAIQNDPSYFPNPEEFDPDRFSESRKSEIQPNTYIPFGIGPRKCIGVEFSI
ILAKLVMFHLLSKYTLHVSPKTIQPVELASGFMVQAKGGLWINLQRRD

XP_026464369

Position CYP
clan

CYP name Sequence Fragment(s) 
matches:

comment best RefSeq match  
(bold is confirmed 

by manual curation)Scaffold
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Big 4 NW_020539725 -
QVAO01003571

-39840953 - 39837557 mito CYP334N1 >Ctenocephalides_felis-3571-39840953-CYP334N1 
MAKKSSIFANQFDVANYPGDQALKQNLSFDEVPGPAVLKYIAQAWSYIPVV
GKTLQWSRNVQPFDRLFDRYGPVVRLRGPFGGDLVLLNRPEHMEAVYK
QEGRFPVRSSLDCVEHYRREYRRYQSPGPFIICGPDWERLRAKIDNPLQ
RSAALLHGKIENACEELVARVMRIRNRQEEVPEDFQQELFKWSMESLCAV
LFSKRSGFLDPHGVAFNSEQARLLDAMHAATNSIKSCETGLQTWRFYESH
SWKSLVSNCDIIDSIISKHIRLAQSSLRAKKERLEGRAADEGAQSAIDTTAA
ANEKSCDIFGSFASTPELPLIETLLLREGMQAEDILTVLLDMILIGANATTSAI
SFVLYHLAKSQRSQRVLFDELSRVMPTRDSRLTPQALQDCPYLKACVME
SLRLKPPIPVITRILPKEITLHSYNIPKGTYMLMANQIACLREENFEDAKKFM
PERWMRCDERDIHPFATIPFGYGPRNCLGKGTAQRQLWLVTAKLIRNFKIE
YHYGDIGSSTKLFCEPNRHLKFRFVDRD

XP_026479624

Big 4 NW_020539725 -
QVAO01003571

-41793525 - 41790905 3 CYP6WN1a >Ctenocephalides_felis-3571-41793525-CYP6WN1a 
MIFLNNVLTVIIAIIVIIITVIYSYFLYSFTYWKRKDVPYIQPSFPFGNISAMFFR
KQSMSQVMSNLYNSVQKPFFGIYVFLFPRLVVKDPELIKMIMVKDFQNFQ
NRGNEFDPKTNALASNLFSLSGEAWVKLRNVLSPAFTSGKLKVMMETITK
CGEQLQEHLSEKAKNSEVVEFKDLAARYTTDIIASVAFGIDVNSVKNPDDE
FRQIGKKIFQVSNYKDFIVKLLFHNCPELINLLRISIINADVYKFIMNIVQQIVT
LREKKGVVRNDFMQMLIQLRNSGKVNEDDGMKVKIKDAKLLSIEAIAAEAR
LFLAAGFETSSMTMSSFFYEISQNPYIMKKVQNEIDTCVKRYGGFTYEALN
DMKYLENCISETLRLYPVLPSLTRECLTDYKIPGSKTVIPKGTRVLIPLLGLQ
RDPKYFSNPEKFDPDRFSDDRKDSITPYTYMPFGEGRRACIGMRLAKLQ
MKVGLAMTLYKFDILKSAKTSQKFRHDPESSGVSLLGGIWLQIAHRK

XP_026479659.1mN

Big 4 NW_020539725 -
QVAO01003571

-41796846 - 41794496 3 CYP6WN2a >Ctenocephalides_felis-3571-41796846-CYP6WN2a
MFDFIQYVFEVLVAVLVLVLAATYVYFKHSFTFWEKRNIPSIAPTFPFGNVE
PVFRSKKSMSQNIADLYNSIKAPFFGIYVFCIPRLVVKDPELIKLILVKDFQYF
QNRGNEFDSKSNALQSNLFSISGDSWQKLRNALSPAFTSGKLKAMMEIIIR
CGKNLQEFLEEKSNSKEELEFKDLAARYTTDVISSVALGNEVNSVKNPNH
EFREIGRKIFNLPTRWDVVMSIMFFMSPEILNKFKLANISREVYDFMMNVV
RQTVTFREENNITRPDFMQLLIQLRNGGEITDDDDMKIKVQGEKQLSLDAI
ASEVNLFFLAGFETSSITMSSFFYEMAQNHDIMRKAQADIDASVAKHGGF
NYEAMNDMKYLENCINETLRIYTTLPFLVRECSIDYKIPGHNAFIPKGTRVLI
PLMGLHRDPDHFPNPMKFDPDRFSDERKGSIKPYTYFPFGEGKRACIGM
RLGKMQVKMGLAMVLHKFDILKCSKTSEEFQHDPTTAGVVHLGGIWLKVA
KRKV

XP_026479659.1mM

Big 4 NW_020539725 -
QVAO01003571

-41800080 - 41797623 3 CYP6WN3a >Ctenocephalides_felis-3571-41800080-CYP6WN3a
MALIFDTVLKDITATLAVIFAIIYIYFLNAFSYWSRRGIPTIKPSFPFGNVAPMF
TLRKSMGENVTDLYNRIKAPFFGMYVFATPRLVIKDPQIVKLVLVKDFQHFQ
DRGNEIDPEKNALVAHLFSLAGNHWKNLRNALTPAFTSGKLKMMMNTVIK
CGENLQLYLEEKAKGQEVLEFKDLAARYTTDIISSVAMGIDVNSIKNPNDEF
RNIGRRIFDFSTTWEAIKNIMFFTSPEYLKTLNISVVKPDVHDFMTNVVEQT
VNYREQSGVMRNDFMQLLIQLRNTGKIRDDDDMKVEIQKEKQMSLEEITA
EVHLFFLAGFETSSITMSSFFYEMARHPEIMRKAQAEVDSCVAKHGGFTY
DAMNEMKYLENCINETLRIYTALPFLLRQCSIDYKIPGHDAVIPKGTRVLIPL
MGLHRDPEYFPDPLKYDPDRFSDERKGSIVPYTYIPFGEGKRACIGMRLG
KMQVKVGLAMVLQKYDILKCSKTSTEFQHDPTTAGVVHLGGIWLKVAPRK
Q

XP_026479659.1mC

Big 4 NW_020539725 -
QVAO01003571

-56889288 - 56883820 3 CYP4193A1b >Ctenocephalides_felis-3571-56889288-CYP4193A1b 
MAYVGLILAALLAIFMWCYRRSKEAQQYWQNRGVAVPVPPMIFLGNLGKR
LTMRCSFHEMQKELYDEMKEYRYAGYYEGARRLLMLIDEELVRTVLIKDFD
YFCDRPTLDLREDNYLRHMLISLKGTHWKKVRSVMTPTFSSGKIRAMTEL
LRHSAKQIVQFLDERDVTGKNGHSVDLKDLFGRYAMDIIANCAFGVQCDS
LTNPNADFIQRASHIDEVSIPQRFLIFFVMICWPGLARYVPLNMFHHETLQF
LAEVVIQTRKYRELDTKNRRNDFLQLLLDAASSGTEESAVLSDDRVLVAQA
LLFMIAGYETSSSALSSTAYELARHPEIQEKVRQETAELGHDSPYLEMVILE
AMRLHPTVARLDRSVTASYELDPSTGLILQPGDIVSINVIGMHFDERHFPE
PNRYDPERFSPEEKAKRSPYVYLPFGAGPRNCIGARFAMLSIRLALSEILR
VYKFKVGDKTEIPMKLSTRSLLHKAANGVWVDIVPLQKEEK

XP_026479918

Big 4 NW_020539725 -
QVAO01003571

+56993067 - 56998466 3 CYP4193A1a >Ctenocephalides_felis-3571+56993067-CYP4193A1a
MAYVGLILAALLAIFMWCYRRSKEAQQYWQNRGVAVPVPPMIFLGNLGKR
LTMRCSFHEMQKELYDEMKEYRYAGYYEGARRLLMLIDEELVRTVLIKDFD
YFCDRPTLDLRDDNYLRHMLISLKGTHWKKVRSVMTPTFSSGKIRAMTEL
LRHSAKQIVQFLDERDVTGKNEHSVDLKDLFGRYAMDIIANCAFGVQCDS
LTNPNADFIQRASHIDEVSIPQRFLIFFVMICWPGLARYVPLNMFHHETLQF
LAEVVIQTRKYRELDTKNRRNDFLQLLLDAASSGTEESAVLSDDRVLVAQA
LLFMIAGYETSSSALSSTAYELARHPEIQEKVRQETAELGHDSPYLEMVILE
AMRLHPTVARLDRSVTAPYELDPSTGLILQPGDIVSINVIGMHFDERHFPE
PNRYDPERFSPEEKAKRSPYVYLPFGAGPRNCIGARFAMLSIRLALSEILR
VYEFKVGDKTEIPMKLSTRSLLHKAANGVWVDIVPLQKEDK

XP_026479926

Big 5 NW_020537646 -

Big 6 NW_020537758 - 
QVAO01001604.1

+4604584 - 4606129 4 partial gene : NNN gap into exons 6 to 10, exon 11 with frameshift CYP4G273 CYP4G15 type XP_026468386

Big 6 NW_020537758 - 
QVAO01001604.1

+4604622 - 4605786 4 exons 6 to 10 CYP4G273 CYP4G15 type

Big 6 NW_020537758 - 
QVAO01001604.1

-4640653 - 4622724 4 CYP4G273a >Ctenocephalides_felis-1604-4640653-CYP4G273a
MSTEFEMNGGPTETLIQTGTASRAFVMLLFPALILWFVYWKLSRRRMLEL
AERIPGPKGYPVIGNLLDFVGSSPDIFSNIYNSSMEFDRIARVWVGPKLLVF
LFDPRDVEVVLGSHVYIDKSPEYRFFKPWLGNGLLISTGHKWRSHRKLIA
PTFHLNVLKSFIDLFNANSKAVVEKMKKEGSKTFDCHDYMSECTVEILLET
AMGVSKKTQDRSGFEYAMAVMKMCDILHLRHTKVWLYPDFLFNLSKYAK
EQVKLLDIIHGLTKKVIRSKKEEFAKGNRGSLAINTYEELAKKVKEKEDEKE
KHLANGKTTTVEGLSFGQSAGLKDDLDVDDNDVGEKKRLAFLDLLLESNQ
NGVVISDTEIKEQVDTIMFEGHDTTAAGSSFFLSLMGIHQHIQDRVIQELDE
IFGDSDRPATFQDTLEMKYLERCLMETLRMYPPVPIIARQIQEDLKLVSGDF
VVPAGCTVIVGTYKMHRMPEHFPNPDVFDPDNFLPERTANRHYYAFVPFS
AGPRSCVGRKYAMLKLKIILSTILRNFRVHSDLTEKDFRLQADIILKRAEGFK
VRLTPRKPGSSVRTLKA

CYP4G15 type XP_026468773

Position CYP
clan

CYP name Sequence Fragment(s) 
matches:

comment best RefSeq match  
(bold is confirmed 

by manual curation)Scaffold

�11



Big 6 NW_020537758 - 
QVAO01001604.1

-4666222 - 4652990 4 CYP4G273b >Ctenocephalides_felis-1604-4666222-CYP4G273b
MSTEFEMNGGPTETLIQTGTASRAFVMLLFPALILWFVYWKLSRRRMLEL
AERIPGPKGYPVIGNLLDFVGSSPDIFSNIYNSSMEFDRIARVWVGPKLLVF
LFDPRDVEVVLGSHVYIDKSPEYRFFKPWLGNGLLISTGHKWRSHRKLIA
PTFHLNVLKSFIDLFNANSKAVVEKMKKEGSKTFDCHDYMSECTVEILLET
AMGVSKKTQDRSGFEYAMAVMKMCDILHLRHTKVWLYPDFLFNLSKYAK
EQVKLLDIIHGLTKKVIRSKKEEFAKGNRGSLAINTYEELAKKVKEKEDEKE
KHLANGKTTTVEGLSFGQSAGLKDDLDVDDNDVGEKKRLAFLDLLLESNQ
NGVVISDTEIKEQVDTIMFEGHDTTAAGSSFFLSLMGIHQHIQDRVIQELDE
IFGDSDRPATFQDTLEMKYLERCLMETLRMYPPVPIIARQIQEDLKLVSGDF
VVPAGCTVIVGTYKMHRMPEHFPNPDVFDPDNFLPERTANRHYYAFVPFS
AGPRSCVGRKYAMLKLKIILSTILRNFRVHSDLTEKDFRLQADIILKRAEGFK
VRLTPRKPGSSVRTLKA

CYP4G15 type XP_026468774

Big 6 NW_020537758 - 
QVAO01001604.1

+5441588 - 5442049 4 exons 10-11 CYP4G273 CYP4G15type

Big 6 NW_020537758 - 
QVAO01001604.1

+5479518 - 5480055 4 exons 10-11 CYP4G273 CYP4G15type

Big 6 NW_020537758 - 
QVAO01001604.1

-37451344  - 37451156 4 exon 11 CYP4G273 CYP4G15type

Big 6 NW_020537758 - 
QVAO01001604.1

-40966521- 40965056 4 partial exons 7gap-gap8-9-10gap-gap11 CYP4G273 CYP4G15type

Big 6 NW_020537758 - 
QVAO01001604.1

+42093248 - 42093660 4 exon 10 (partial) - exon 11 CYP4G273 CYP4G15type

Big 6 NW_020537758 - 
QVAO01001604.1

+44237359 - 44239765 4 exons 7 to 11 CYP4G274 CYP4G1type

Big 6 NW_020537758 - 
QVAO01001604.1

+44234717 - 44239780 4 CYP4G274a >Ctenocephalides_felis-1604+44234717-CYP4G274a 
MSMIIESTTWGWGMGLSSTPILAALLVVSAVLYAIHYYQMQSRLRKLGDKI
PGPPTVPFLGNALMALGKSPHEVLQTALKMSMDIKDSVGRAWFGNKLIVF
LWHPDDVEIVLGSHVHIDKSDEYRFFKPWLGNGLLISTGEKWRAHRKLIAP
AFHQNVLKSFIRVFNNNSRAVVQRLQKEVGKEFDVHDHLSQTTVDILLETA
MGISRKTHDQSGFDYAMAVMKMCEILHLRHYKLWLRFDTIFNWTNFAKKQ
EQLLGIIHGLTSKVLKLKKEEFIQNSIDGKYSPDYFKKITAETERENARELNT
NQPKTGLRDDLDDIDENDVGEKRRLAFLDLMIESAQNGAPITDKEIKEQVD
TIMFEGHDTTAAGSSFVMCLLGIHKDIQDKVYQEIYDIFGDSDRDCTFADTL
QLKYLERVIFESLRMYPPVPIIARTLKQDVPLKSKNLVVPANCTVVIPTLKM
HRNPDIFPNPDVFNPDNFLPENSSSRHYYSYIPFSAGPRSCVGRKYAMLK
LKVLISTILRNYRIKSNLTEKDFVLQGDIILKRTDGFRIEIEPRTTKVC

CYP4G1type XP_026468846

Big 6 NW_020537758 - 
QVAO01001604.1

+ 44257623 - 44262265 4 pseudogene misses 2nd half of exon 3 CYP4G274 CYP4G1type

Big 6 NW_020537758 - 
QVAO01001604.1

-44285521 - 44283483 4 exons 7 to 11, CYP4G274 CYP4G1type

Big 6 NW_020537758 - 
QVAO01001604.1

-44288271 - 44283467 4 CYP4G274b >Ctenocephalides_felis-1604-4428827-CYP4G274b 
MSMIIESTTWGWGMGLSSTPILAALLVVSAVLYAIHYYQMQSRLRKLGDKI
PGPPTVPFLGNALMALGKSPHEVLQTALKMSMDIKDSVGRAWFGNKLIVF
LWHPDDVEIVLGSHVHIDKSDEYRFFKPWLGNGLLISTGEKWRAHRKLIAP
AFHQNVLKSFIRVFNNNSRAVVQRLQKEVGKEFDVHDHLSQTTVDILLETA
MGISRKTHDQSGFDYAMAVMKMCEILHLRHYKLWLRFDTIFNWTNFAKKQ
EQLLGIIHGLTSKVLKLKKEEFIQNSIDGKYSPDYFKKITAETERENAKELNT
NQPKTGLRDDLDDIDENDVGEKRRLAFLDLMIESAQNGAPITDKEIKEQVD
TIMFEGHDTTAAGSSFVMCLLGIHKDIQDKVYQEIYDIFGDSDRDCTFADTL
QLKYLERVIFESLRMYPPVPIIARTLKQDVPLKSKNLVVPANCTVVIPTLKM
HRNPDIFPNPDVFNPDNFLPENSSSRHYYSYIPFSAGPRSCVGRKYAMLK
LKVLISTILRNYRIKSNLTEKDFVLQGDIILKRTDGFRIEIEPRTTKVC

CYP4G1type XP_026468844

Big 6 NW_020537758 - 
QVAO01001604.1

-45330243 - 45330063 4 exon 11, with stop codon and frameshift CYP4G273 CYP4G15type

Big 7 NW_020539726 - 
QVAO01003572.1

+25503437 - 25507218 3 exons 3 to 10, stop codon in exon 4, CYP4190A5 XP_026481487

Big 7 NW_020539726 - 
QVAO01003572.1

-25554419 - 25549925 3 partial gene, exons 1 to 10 but lacks exon 7 CYP4190A5

Big 7 NW_020539726 - 
QVAO01003572.1

-25558575 - 25557480 3 exons 7 to 10 CYP4190A6

Big 7 NW_020539726 - 
QVAO01003572.1

-25570211 - 25564696 3 >Ctenocephalides_felis-3572-25570211-CYP4190A5aP
MFFVLIATALALFLGYIWHLGGHWARRKVPAPEPSEFFGRLWKNITLAEHF
GLLVHEAYKRFQDRPYFGTFSCFKPLFVVKDLDLVKTVLQTEFNSFQKND
FDLNEELEPIFATNPFTQTGQRWKRSRTQITPAFTSGRMKAMYPLMLEVG
EKMNKYLEKNEKLPDGIDVKELNEKFAMDNVASCAFGIDVESFQDQDSDF
IRAAKKIFEPSFSNMIKFLLTFMAPTITKILKFRIMPPETANFMSQIVNQNIKY
REEHNITRDDFLQGMLNSRSKXQGEFPPLTNKEMTGHAVSFLTDGYETSS
GVMAFTFFVVAKYKDIQNKLREEIEEVLNKHDGQMTYEAIXMEMSYLEKIIY
ETMRMYPPALMLQKRCTQECTLPGKSSEDITLXQRDAVVIPVYSFTXDPE
FYSDPEKFDPERFSEEEKTSRHSYAFLGFGAGPRTCLGMRFALLQMKVAL
MSAVKNFELSVNSKTKEPLVFDSKSFTLRAKGGLWIDFKKL

CYP4190A5aP Pseudogene: four 
frameshifts at X

Big 7 NW_020539726 - 
QVAO01003572.1

-25578858 - 25573268 3 CYP4190A6 >Ctenocephalides_felis-3572-25578858-CYP4190A6 
MVFLLLIATALTLFLGYVWHVGSYWSKKKVPAPCPGESYARLWTNFTLSEH
FGLLLDKTYNFRRFQGKPYFGAFSFFKPLFVIRDLDLVKTVLQTNFNSFQK
NDFDIDEELEPIFATNPFSQSGQKWKRSRTQITPAFTSGRMKAMYPLMIEV
GDRMKKYLEKNEGIPEGIDTKSLSEKFAMDNVASCAFGIDVESFTDKDSD
FIRVAKKIFEPSFTNMIKFLIAFMVPFLSKILKIRLMPKETADFMTQIVTQNVK
YREDHKIVRDDFLQGMINSKGKGQGEFPPLTNLEMTGHAVSFLTDGYETS
SAVMAFVFYAVAKHKHVQDKLRQEILDVLKKHDGQVTYEAIMEMQYLEQV
LYETMRLYPPGMILQKRCTQDCTIPGKSLGAEDITLREGDAVVIPLYSIQRD
PEYYPDPEKFDPERFSDEEKASRHSYAFLTFGAGPRMCLGMRFALLQMK
VALMSAVKSFELSVNPKTKEPLELDNKSFIIRVKDGMWVDFKKL

XP_026481493

Big 7 NW_020539726 - 
QVAO01003572.1

+28166551 - 28166715 3 exon 10 CYP4190A5

Big 7 NW_020539726 - 
QVAO01003572.1

-29555000  - 29551400 3 CYP4190A4 >Ctenocephalides_felis-3572-29555000-CYP4190A4
MLWITLLAAALSLAYFYAKKRTEHWSRKNLKANTADTFFKDFFNNITIKENF
ANILDGYYKRFREEPFFGSFAFFRPSLVLVDLDVIKTVLATDFTSFQKNDFE
FDEELEVLLNTNPFALSGAKWKRARNQVIPAFTSGRMKVMYPLMTEVAQK
LTKYISEQNDATTSTGLDAKDLSEKFAMDNVATCAFGIDAESFTNPKSDFIR
LGRKLFETTALNIIKFIIIFMAPWLTKLLRIRFVPKETSDWMVAVINQNVEYRE
KNNVSRDDFLQGMMNLRNKTHIDYQPLTNLEMTGHSLSFLTDGYETSSG
VLAFALYAVAHNKDVQEYLRREIEEVSEKYDGCLNYEAIMEMHYLERIIYET
MRKYPPLMFMQKXCTQQCTLQGKGNETLTMEPDDSIMIPVMSIHNDPEY
YPDPERFDPDRFTDDEKSARHPFAFLGFGGGPRMCLGMRFALLQIKVALL
HTVMNYELTVAPKTQNPIKLDKKAFLYKAEGGLWINFKKLKNN

frameshift at X  but 
TSA 
GAYP02007449.1 
shows X=R

XP_026481527

Position CYP
clan

CYP name Sequence Fragment(s) 
matches:

comment best RefSeq match  
(bold is confirmed 

by manual curation)Scaffold
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Big 8 NW_020539724 - 
QVAO01003570.1

+978335 - 985744 mito CYP315A1a >Ctenocephalides_felis-3570+978335-CYP315A1a 
MLLEKCIKSGLRSCSTLARAELRGGLRDIPAPKGLPLLGTLPQLLAAGSAS
RLHEYIDNRHRSLGPVFREAVGPVRAVFLCDPDDMRAVFSPRAEGRRPR
HVLPDSWLLHNRRSGAERGLLFMDGEEWWHFRRLMNKLLMGKDLNWL
GAPLDICLDKLITDWGKDLQTGESKNIVDLEQNLYRLSIDVMVAALLGSAYK
PSRDILEPTLEKFGRIVHEVFLHSAKLTVIPAEIAEKFQLPAWRRFVRAVDTT
LSLGNMLVNKILDECPEGDGLMAGMINEGVSRSDIQRIVTDLVIAAGDTTAF
TTQWALLLLAKNSHQQNKVRNDILNGNRGLTKGVLRETLRLYPVATFITRF
LAQDMLLGGYSIPEGTLTICSLYTAGRDPENFARPQEFLPERWCRNDALA
GEGLLRAHASIPFALGSRSCIGQRIANMQIQETLAKLLESFTIECTNTNKIE
MVMRMVAVPSEPVKLKITKL

XP_026477073

Big 8 NW_020539724 - 
QVAO01003570.1

+1045035 - 1052503 mito pseudogene, stop codon and frameshift in exon 1 CYP315A1 XP_026477076

Big 8 NW_020539724 - 
QVAO01003570.1

-1119248 - 1111795 mito CYP315A1b >Ctenocephalides_felis-3570-1119248-CYP315A1b 
MLLEKCIKSGLRSCSTLARAELRGGLRDIPAPKGLPLLGTLPQLLAAGSAS
RLHEYIDNRHRSLGPVFREAVGPVRAVFLCDPDDMRAVFSPRAEGRRPR
HVLPDSWLLHNRRSGAERGLLFMDGEEWWHFRRLMNKLLMGKDLNWL
GAPLDICLDKLITDWGKDLQTGESKNIVDLEQNLYRLSIDVMVAALLGSAYE
PSRHILEPTLEKFGRIVNEVFLHSAKLTVIPAEIAEKFQLPAWRRFVRAVDTT
LSLGNMLVNQILDECPEGDGLMAGMINEGVSRSDIQRIVTDLVIAAGDTTA
FTTQWALLLLAKNSHQQHNVRNDILNGNRSLTKGVLRETLRLYPVATFITR
FLAQDMLLGGYSIPEGTLTICSLYTAGRDPENFARPQEFLPERWCRNDAL
AGEGLLRAHASIPFALGSRSCIGQRIANMQIQETLAKLLESFTIECTNTNKIE
MVMRMVAVPSEPVKLKITKL

XP_026477077

Big 8 NW_020539724 - 
QVAO01003570.1

+10041417 - 10043830 4 CYP4VG1 >Ctenocephalides_felis-3570+10041417-CYP4VG1
MLFWLVLIFVLCFFAYFRLNRVRRFADKIPGEQPWPIAGNALDIGTDHTKLL
QKLMQYLDKYKFSRFGIWLGMDYFVFLVEPDDVEIILSNTTNITKSKEYDFL
HKWLGSGLLTSTGDKWRHSRKIITPTFHFKILEEYAEVMNRCSDTLVKKLE
EHADGTVTDIHQFVSLCALDVVTESAMGIKINAQDQPNSAVVKSIYDMCYI
LMQRTFSSWKRFGFLYKFSDTFKLEQKALNIISTFNEKVIVERSNILRNKKG
IDNNEPNDTNSNNDDDKISGMKKRTAFLDMLLTTTTDGENLPDQMIRDEVA
TFMFAGHDTTTAALAFGLYCLANYPEAQEKAFAEQFELFGSDRNKHPTSQ
DFQNMKYLDRFIKEVLRLYPSVPMIARKIETDTNINGAIVPTGAYVMIFIYAM
NRNPKYFDDPERFDPDRFLPENRTNKHPYEYLAFSAGPRNCVGQKFALL
EIKSVLSKVLRNFELLSAGPENAVKIYDEVTMKSVNGAKIKIKLRNY

XP_026477215mN

Big 8 NW_020539724 - 
QVAO01003570.1

+10045263 - 10049724 4 CYP4VG2 >Ctenocephalides_felis-3570+10045263-CYP4VG2
MMFCLILVLIMVFTVYVYTRINRVRRYADKLPGETPWPIVGSAFEVGTDPV
EFLRWLMVLWNKYNRKLFGLWMGMDYFVVLTQPDDVEVILSSTTHITKMR
DYQFLEPWLGSGLLTSSGNKWRHSRKIITPTFHFKILEQYAEVFNRCSDIMI
KKLSDKADGRVVDIYQYVTLCALDAVTESAMGIKINAQDDPSSDIVRSIYDV
CYVMMQRGFSAWKRFEALFRLSVCYRLQKKALSIIFSFNDKVILNRAQLIR
ENPHLITEHVVENDGSKTKKKTAFLDMLLTTTIEGKNLPDKMIRDEVATFMF
EGHDTTTAALAFGLYCFAKNPEVQQKALEEQIAIFGTDKHQHPSYKDFND
MKYLDRFIKETLRLYPSVPIIGRLAEEDIDLNGKLIPAGADLVILIYAMNRNPD
IYENPEHFDPDRFLPENRTNKHPYEYVSFSAGPRNCIGQKFAMLELKSVF
SKMLRNYEILPAGPENEPIVYAEVTLKSKNGVSVRLSPRKL

XP_026477215mC

Big 9 NW_020539727 - 
QVAO01003573.1

+2296227 - 2299213 3 CYP9FH1a >Ctenocephalides_felis-3573+2296227-CYP9FH1a 
MWGLLSLGIFLLWVFYKYATWTFDRFKGTNVPYLKPVALIGNSLKFLLKQE
DMIESIGKPYTKFPRARFVGIFQMRLPSIMIRDPELIRQVAVKDFDSFTNHR
PFVDPALEPLFGSSLFLLKDQKWRDMRSTLSPAFTGSKMRLMYEFIIECAE
QLTDHLHEEVEKKGTLDLEVKELVTKYANDVIASSAFGIKVDTLKDPDNIFY
KMGRKVSNFSGFWVSLKFFAFLLIPHIMRVLRITLLDQDCGKFFRTLVHDT
MDEREKKGIVRPDMINLLMQAKKGGLKHEADVDESSGFATVTESSITKSS
THKRVWSDDEITGQAMIFFLAGFESISTSICFVAYELAINPEVQKTLQDEIDA
VCVELEQSNQKLVDYERLHKMKYLDMVISEGLRKWPAAPFTDRVCNNGY
TLEDYEGNKFEVKKGEALMIPIYNIHHDEQYYENPHKFDPERFSEDNKQNI
KPFTYMPFGVGPRNCIGSRFALMEMKALLFNILKEFDIVPSEKTQIPLKLSR
NSIQMRPEKGFWMKLKPRKSRN

XP_026482122mN

Big 9 NW_020539727 - 
QVAO01003573.1

+2304820 - 2309460 3 CYP9FH4a >Ctenocephalides_felis-3573+2304820-CYP9FH4a
MIALILLGAILLWRLYKYGTWNYDRFKGTVVPYLKPVPFIGNSLKFILRQED
MIESMGRSYIAFPNHRFVGNFQMGLPSVLLRDPELIRQVAVKDFDNFPNH
RVFFDPAAEPLFGSSLFALQDQKWRDMRATLSPAFTGSKMRLMYEFIIEC
AQQLTDHLHEEVSKKGTLDLEIKDLVTRYANDVIATSAFGIKVDTLKDPDNE
FYRMGKKVTNFSGVLVNLKFAAFLMMPQVMKFFKITLLNQECGQFFRXTL
VHGTMDEREKQGIVRPDMIHLLMQARRGALKHDAGADATQDTGFATVTE
SSITKTPTPKRAWSNDEITGQALLFFLAGFESISASTCFIAYELAINPDVQKT
LQDEIDEVCEDLEQSNQKLVDYERLHKMKYLDMVVSEGLRKWPAAPFTD
RVCVNGYSLEDYEGNKFEVKKGEAVLFPIYNIHHDEKYYDNPHKFDPSRF
SEENKNNIKPFTYMPFGVGPRNCIGSRFALMEMKTLLFNILKEFDIVPSEKT
QIPLKLAKGLMQMKPEKGFWVKLQPRKTIK

indel (fs) of 17 nt  at 
FFRXTLVHG. 
transcripts do not 
have this indel

XP_026482122mC

Big 9 NW_020539727 - 
QVAO01003573.1

+2318530 - 2324061 3 CYP9FH2b >Ctenocephalides_felis-3573+2318530-CYP9FH2b 
MLEYILLVAVLLFALYIYGTWTFDRFKGTIVPYVKPVVLVGNSLKLALRMENV
IESIGRSYDAFPQSRFVGVFQMRLFSVLLRDPELIRQVGVKDFDSFTNHRP
FFDVDVEPLFGSSLFALQDQKWRDMRATLSPAFTGSKMRLMFEFIVECAE
QITHYLHQEVNKKGALDLEVKDLVTKYANDVIATSAFGIKVDSLKDPENIFY
RMGKRVTNFSGVLVSLKFFAFMMLPRVMKFFRVSLLDRTCGQFFRTLVHD
TMETREEQGIVRPDMIHLLMQAKKGALQHDAAGDVAHDAGFATVTESAIT
KTHTPRRVWSNDEITGQALLFFLAGFETISTASSFTAYELAINPDVQKTLQE
EIDAVCEELKQSNHKNVDYERLHKMKYLDMVISEGLRKWPAAPFTDRVCN
NRYLLEDHNGNKYEVKKGETLFISIYHIHHDEKYYDNPDKFDPNRFSEENK
HNIKPFTYMPFGVGPRNCIGSRFALMEMKALFFNILKEFDIVPSEKTQIPLK
LAKSAVQMKPENGFWIKLQPRKIN

XP_026482123

Big 9 NW_020539727 - 
QVAO01003573.1

-2634415 - 2628568 3 CYP9FH2a >Ctenocephalides_felis-3573-2634415-CYP9FH2a 
MLEYILLVVVLLFALYIYGTWTFDRFKGTIVPYVKPVVLVGNSLKLALRMEN
VIESIGRSYDAFPQSRFVGVFQMRLFSVLLRDPELIRQVGVKDFDSFTNHR
PFFDVDVEPLFGSSLFALQDQKWRDMRATLSPAFTGSKMRLMFEFIVECA
EQITHYLHQEVNKKGALDLEVKDLVTKYANDVIATSAFGIKVDSLKDPENIF
YKMGKRVTNFSGVLVSLKFFAFMMMPRVMKFFRVSLLDRTCGQFFRTLV
HDTMETREEQGIVRPDMIHLLMQAKKGALQHDAAGDVAHDAGFATVTES
AITKTHTPRRVWSNDEITGQALLFFLAGFETISTASSFTAYELAINPDVQKTL
QEEIDTVCQELKQSNHKNVDYERLHKMKYLDMVVSEGLRKWPAAPFTDR
VCNNRYLLEDHNRNKYEVKKGETLFISIYHIHHDEKYYDNPDKFDPNRFSE
ENKHNIKPFTYMPFGVGPRNCIGSRFALMEMKAFFFNILKEFDIVPSEKTQI
PLKLAKSAVQMKPENGFWIKLQPRKIN

XP_026482127

Position CYP
clan

CYP name Sequence Fragment(s) 
matches:

comment best RefSeq match  
(bold is confirmed 

by manual curation)Scaffold
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Big 9 NW_020539727 - 
QVAO01003573.1

-2671637 - 2665699 3 CYP9FH4b >Ctenocephalides_felis-3573-2671637-CYP9FH4b 
MIALILLGAILLWGLYKYGTWNYDRFKGTIAPYIEPVPFIGNSLKFILRQEDMI
ESMGRSYTAFPNHRFVGNFQMGLPSVLLRDPELIRQVAVKDFDNFPNHR
VFFDPAAEPLFGSSLFALQDQKWRDMRATLSPAFTGSKMRLMYEFIIECA
QQLTDHLHEEVSKKGTLDLEIKDLVTKYANDVIATSAFGIKVDTLKDPDNEF
YRMGKKVTNFSGVLVNLKFAAFLMMPQVMKFFKITLLNQECGQFFRTLVH
GTMDEREKQGIVRPDMIHLLMQARXGALKHDAGADATQDTGFATVTESSI
TKTPTPKRAWSNDEITGQALLFFLAGFESISASTCFIAYELAINPDVQKTLQ
DEIDEVCEDLEQSNQKLVDYERLHKMKYLDMVVSEGLRKWPAAPFTDRV
CVNGYSLEDYEGNKFEVKKGEAVLFPIYNIHHDEKYYDNPHKFDPSRFSE
ENKNNIKPFTYMPFGVGPRNCIGSRFALMEMKTLLFNILKEFDIVPSEKTQI
PLKLAKGLMQMKPEKGFWVKLQPRKTRK

frameshift at X, but 
TSA 
GAYP02014785.1 
shows X= R

XP_026482128

Big 9 NW_020539727 - 
QVAO01003573.1

-2688928 - 2683039 3 CYP9FH3 >Ctenocephalides_felis-3573-2688928-CYP9FH3
MIALIILGAILLWGLYKYGTWNYDRFKGTIAPYIEPVPFTGNSLKFILRQEDMI
ESMGKSYTAFPNHRFVGNFQMGLPSVLLRDPELIRQVAVKDFDNFPNHR
VFFDTSADPLIGSSLSVLQNQKWRDMRATLSPAFTGSKMRLMYEFINECA
QQLTDHLHEEISKKGALDLEIKDLVTKFANDVIATSAFGIKVDSLKNPDNEF
YKMGKKVTNFSGVLVNLKYAAFVMMPQVMKFFKMTLLDQECGQFFRTLV
HGTMDEREKQGIVRPDMIHLLMQARRGALKHDAGADATQDTGFATVTES
SITKTPTPKRAWSNDEITGQALLFFFTGFETISASTCFIACELAINPDVQKTL
QDEIDEVCENLEQSNKKLVDYESLHQMKYLDMVVSEGLRKWPAAPFTDR
VCVNGYSLEDYEGNKFKVKKGETVLFPIYNIHHDEKYYDNPHKFDPSRFS
EENKNNIKPFTYMPFGVGPRNCIGSRFALMEMKTLLFNILKEFDIVPSEKT
QIPLKLAKGVMQMKPQNGFWVKLQPRKTKK

XP_026482201

Big 9 NW_020539727 - 
QVAO01003573.1

-2705927 - 2701098 3 CYP9FH1b >Ctenocephalides_felis-3573-2705927-CYP9FH1b 
MWGLLSLGAFLLWVFYKYATWTFDRFKGTNVPYMKPVALIGNSLKFLLKQ
EDMIESIGKPYTKFPRARFVGIFQMRLPSIMIRDPELIRQVAVKDFDSFTNH
RPFVDPALEPLFGSSLFLLKDQKWRDMRSTLSPAFTGSKMRLMYEFIIECA
EQLTDHSHEEVEKKGTLDLEVKDLVTKYANDVIASSASSAFGIKVDTLKNP
DNIFYKMGRKVSNFSGFWVSLKFFAFLLIPHIMRVLRITLLDQDCGKFFRTL
VHDTMDEREKKGIVRPDMINLLMQAKIGGLKHEVDVDESSGFATVTESSIT
KSSTHKRVWSDDEITGQAMIFFLAGFESISTSICFVAYELAINPDVQKTLQD
EIDAVCVELEQSNQKLVDYERLHKMKYLDMVISXGLRKWPAAPFTDRVCN
NGYTLEDYDGNKFEVEKGEALMIPIYNIHHDEQYYENPHKFDPDRFSEEN
KQNIKPFTYMPFGVGPRNCIGSRFALMEMKALLFNILKEFDIVPSEKTQIPL
KLSRNSIQMRPEKGFWMKLKPRKMRN

frameshift at X, but 
TSA 
GAYP02006496.1 
shows X=E

XP_026482129

Big 9 NW_020539727 - 
QVAO01003573.1

+25463321 - 25478683 4 CYP4VH1a >Ctenocephalides_felis-3573+25463321-CYP4VH1a 
METYGREGPFRIWFGHQLYVIVCKPKDIQIVLNKALQKGDVYRFSEPWTG
HGLFTAPVSKWRSSRKLLSPAFNMKVLEGFVPVFQQQNRILVEKLRDVAD
KELAVDMFGYVSAATLDVICETAMGTRLHAQNDDTYTKLAQRTLKIESER
MYNIFYYPDFIFYKSLAGKEFMKGIRYFRDLTDKVIKRKRLELNEKEKSTSF
AAGTESEKVLYNNAKNLERERAERDDDDIPLFTRKRKAFLDLLFEYTKQE
GQTWTDQQLNDEVSTMMIAGNDTTATVACFTMMMLGIHKSYQDLVVNEL
KEIFSGPDRNRDPEISDLQNMIYLDLAIKETMRLFPVGPFIVRKCMEDIKLE
SCTIPKGASIGIGIFGLHRDPELWPEPEQFRPERFANGASSYETVGIVQNG
YATTNGKIIQNGDVKSIAINGDVKENEFSNEIKTTNVPNGSDGYSMNNDNS
EKSIFNKPRHPYAYIPFSAGPRNCIGIKYAKISLMMMLSSILRNYEISCDYKIK
DIKLQNDIILKPSEGYIVKLKHRKL

XP_026482628

Big 9 NW_020539727 - 
QVAO01003573.1

+25532707 - 25547129 4 CYP4VH1b >Ctenocephalides_felis-3573+25532707-CYP4VH1b 
METYGREGPFRIWFGHQLYVIVCKPKDIQIVLNKALQKGDVYRFSEPWTG
HGLFTAPVSKWRSSRKLLSPAFNMKVLEGFVPVFQQQNRILVEKLRDVAD
KELAVDMFGYVSAATLDVICETAMGTRLHAQNDDTYTKLAQRTLKIESER
MYNIFYYPDFIFYKSLAGKEFMKGIRYFRDLTDKVIKRKRLELNEKEKSTSF
AAGTESEKVLYNNAKNLERERAERDDDDIPLFTRKRKAFLDLLFEYTKQE
GQTWTDQQLNDEVSTMMIAGNDTTATVACFTMMMLGIHKSYQDLVVNEL
KEIFSGPDGNRDPEISDLQNMVYLDLAIKETMRLFPVGPFIVRKCMEDIKLE
SCTIPKGASIGIGIFGLHRDPELWPEPEQFRPERFANGASSYETVGIVQNG
YATTNGKIIQNGDVKSIAINSDVKENEFSNEIKTTNVPNGSNGYSMNNDNS
EKSIFNKPRHPYAYIPFSAGPRNCIGIKYAKISLMMMLSSILRNYEISCDYKIK
DIKLQNDIILKPSEGYIVKLKHRQL

XP_026481939

other scaffolds:

QVAO01000097.1 -8231 - 5501 mito CYP12AH2b >Ctenocephalides_felis-0097-8231-CYP12AH2b
MFCTKSSRLCNAASHLNLEIYTLTTRNFSETVTLLATSPVLKKKTQISWHEA
KPYCEIPGPKSALKSIRNFLPGGKYYKISLKDLHILLNEECGDLVRLKGFLG
RPDFILSFNPEDFEQIYRNEGPWPNRREFETFKHFRKNLRPDIYGDNAGL
LVEHGEKWKELRGKVNPVMMQPRVIKPYVKPVEEVAEEFIERMLHLRDSN
NKLPNDFSKELNKWALESIARIALDSRLGCLADDSEMNYDSKIMIQAVHDF
FHLTFKLEVLPSLWRYIKTPAYTKLMAALDVMTNISLKKIDEAIIRINRNTNSE
SESEISVLEKLLKIDKNVAIIMAMDMLLAGIDTTSNTTAILLYFLAANQRCQD
KLREEIFTILPDKDSQLKNDSFNHIPYLRACMKEANRILPIAGGTIRKLAENV
VLSGYQIPNGNEVVMSHLTTSLRENQFSNPKTYLPERWLTGEAAQGCPS
AKSAHPFVHMPFGFGPRSCVGKRFADLEVETLIVKLLRNYKVEWSYGDLK
VETKLLTIPVSPLKFKITEL

QVAO01000097.1 -16485 - 14253 mito complete pseudogene, multiple frameshifts CYP12AH3 

NW_020536278.1 
QVAO01000124.1

+929 - 5458 mito CYP302A1b >Ctenocephalides_felis-0124+929-CYP302A1b 
MIRLKKQFSYKSFFSVLRNELSTSSVKEPRPFNEIPGPKPIPVLGTLWMYW
PIIGKYRWSALHHTGMKKYKTWGSLIREPVAPGVTLLWVYEPDDIATILRD
EGQNFFPERRSHLALQKFREDRPHVYNSGGLLPTNGAEWWKLRSEFQK
GLSAPHCARQFFKSADQITSEFCHHINEIASDCKDFLPEISRLNLELVCYMA
FDTRMNSFSKEELDSHSRSSRLIKAAEDTNSCILGTDQGIGLWKFIPTLKY
KKLERAQKYMESVAVDLVSQKFSYYTDATAAESGSKSLLENYIYNPKLDFR
DIIGMAADLLLAGVDTTSYATSFALYHLAINPHVQEKLYEESLKILETKNSPM
TLESFQNASYARAVLKESLRLNPISVGVGRIIKKDTILSGYHIPAGTVAVTQN
QVICRLEKNFPEADKFLPERWLKSNKSVSRMRNKDSQNFTNEINKFDIKD
TFQVPHPFLSLPFGYGMRSCVARRFAEQNIQVLLLRLIRNFEISWGGTTLD
SKTFLINKPDQPLNFKFRLRSN

XP_026472738

NW_020537187.1 
QVAO01001033.1

-6046 - 3428 3 CYP6WN1b >Ctenocephalides_felis-1033-6046-CYP6WN1b 
MIFLNNVLTVIIAIIVIIITVIYSYFLYSFTYWKRKDVPYIQPSFPFGNISAMFFR
KQSMSQVMSNLYNSVQKPFFGIYVFLFPRLVVKDPELIKMIMVKDFQNFQ
NRGNEFDPKTNALASNLFSLSGEAWVKLRNVLSPAFTSGKLKVMMETITK
CGEQLQEHLSEKAKNSEVVEFKDLAARYTTDIIASVAFGIDVNSVKNPDDE
FRQIGKKIFQVSNYKDFIVKLLFHNCPELINLLRISIINADVYKFIMNIVQQIVT
LREKKGVVRNDFMQMLIQLRNSGKVNEDDGMKVKIKDAKLLSIEAIAAEAR
LFLAAGFETSSMTMSSFFYEISQNPYIMKKVQNEIDTCVKRYGGFTYEALN
DMKYLENCISETLRLYPVLPSLTRECLTDYKIPGSKTVIPKGTRVLIPLLGLQ
RDPKYFSNPEKFDPDRFSDDRKDSITPYTYMPFGEGRRACIGMRLAKLQ
MKVGLAMTLYKFDILKSAKTSQKFRHDPESSGVSLLGGIWLQIAHRK

XP_026462801

Position CYP
clan

CYP name Sequence Fragment(s) 
matches:

comment best RefSeq match  
(bold is confirmed 

by manual curation)Scaffold
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NW_020537187.1 
QVAO01001033.1

-9367 - 7017 3 CYP6WN2c >Ctenocephalides_felis-1033-9367-CYP6WN2c 
MFDFIQYVFEVLVAVLVLVLAATYVYFKHSFTFWEKRNIPSIAPTFPFGNVE
PVFRSKKSMSQNIADLYNSIKAPFFGIYVFCIPRLVVKDPELIKLILVKDFQYF
QNRGNEFDSKSNALQSNLFSISGDSWQKLRNALSPAFTSGKLKAMMEIIIR
CGKNLQEFLEEKSNSKEELEFKDLAARYTTDVISSVALGNEVNSVKNPNH
EFREIGRKIFNLPTRWDVVMSIMFFMSPEILNKFKLANISREVYDFMMNVV
RQTVTFREENNITRPDFMQLLIQLRNGGEITDDDDMKIKVQGEKQLSLDAI
ASEVNLFFLAGFETSSITMSSFFYEMAQNHDIMRKAQADIDASVAKHGGF
NYEAMNDMKYLENCINETLRIYTTLPFLVRECSIDYKIPGHNAFIPKGTRVLI
PLMGLHRDPDHFPNPMKFDPDRFSDERKGSIKPYTYFPFGEGKRACIGM
RLGKMQVKMGLAMVLHKFDILKCSKTSEEFQHDPTTAGVVHLGGIWLKVA
KRKV

XP_026462802mC

NW_020537187.1 
QVAO01001033.1

-12694 - 10144 3 CYP6WN3c >Ctenocephalides_felis-1033-12694-CYP6WN3c 
MALIFDTVLKDITAILAVIFAIIYIYFLNAFSYWSRRGIPTIKPSFPFGNVAPMF
TLRKSMGENVTDLYNKIKAPFFGMYVFATPRLVIKDPQIVKLVLVKDFQHFQ
DRGNEIDPEKNALVAHLFSLAGNHWKNLRNALTPAFTSGKLKMMMNTVIK
CGENLQIYLEEKAKGQEVLEFKDLAARYTTDIISSVAMGIDVNSIKNPNDEF
RNIGRRIFDFSTTWEAVKNIMFFTSPEYLKTLNISVVKPDVHDFMTNVVEQ
TVNYREQSGVMRNDFMQLLIQLRNTGKIRDDDDMKVEIQKEKQMSLEEIT
AEVHLFFLAGFETSSITMSSFFYEMARNPEIMRKAQAEVDSCVAKHGGFT
YDAMNEMKYLENCINETLRIYTALPFLLRQCSIDYKIPGHDAVIPKGTRVLIP
LMGLHRDPEYFPDPLKYDPDRFSDERKGSIVPYTYIPFGEGKRACIGMRL
GKMQVKVGLAMVLQKYDILKCSKTSTEFQHDPTTAGVVHLGGIWLKVAPR
KQ

XP_026462802mN

NW_020537190.1 
QVAO01001036.1

-1243 - 1 3 exon 1 with 2 frameshifts, partial exon 2 to edge of scaffold CYP6WN1

NW_020537190.1 
QVAO01001036.1

-4560 - 2212 3 CYP6WN2b >Ctenocephalides_felis-1036-4560-CYP6WN2b 
MFDFIQYVFEVLVAVLVLVLAATYVYFKHSFTFWEKRNIPSIAPTFPFGNVE
PVFRSKKSMSQNIADLYNSIKAPFFGIYVFCIPRLVVKDPELIKLILVKDFQYF
QNRGNEFDSKSNALQSNLFSISGDSWQKLRNALSPAFTSGKLKAMMEIIIR
CGKNLQEFLEEKSNSKEELEFKDLAARYTTDVISSVALGNEVNSVKNPNH
EFREIGRKIFNLPTRWDVVMSIMFFMSPEILNKFKLANISREVYDFMMNVV
RQTVTFREENNITRPDFMQLLIQLRNGGEITDDDDMKIKVQGEKLSLDAIA
SEVNLFFLAGFETSSITMSSFFYEMAQNHDIMRKAQADIDASVAKHGGFN
YEAMNDMKYLENCINETLRIYTTLPFLVRECSIDYKIPGHNAFIPKGTRVLIP
LMGLHRDPDHFPNPMKFDPDRFSDERKGSIKPYTYFPFGEGKRACIGMR
LGKMQVKMGLAMVLHKFDILKCSKTSEEFQHDPTTAGVVHLGGIWLKVAK
RKV

NW_020537190.1 
QVAO01001036.1

-7758 - 5171 3 pseudogene, 4 frameshifts in exon 1, 1 in exon 2, 1 in exon 3 CYP6WN3

NW_020537190.1 
QVAO01001036.1

-13582 - 10968 3 CYP6WN1c >Ctenocephalides_felis-1036-13582-CYP6WN1c 
MIFLNNVLTVIIAIIVIIITVIYSYFLYSFTYWKRKDVPYIQPSFPFGNISAMFFR
KQSMSQVMSNLYNSVQKPFFGIYVFLFPRLVVKDPELIKMIMVKDFQNFQ
NRGNEFDPKTNALASNLFSLSGEAWVKLRNVLSPAFTSGKLKVMMETITK
CGEQLQEHLSEKAKNSEVVEFKDLAARYTTDIIASVAFGIDVNSVKNPDDE
FRQIGKKIFQVSNYKDFIVKLLFHNCPELINLLRISIINADVYKFIMNIVQQIVT
LREKKGVVRNDFMQMLIQLRNSGKVNEDDGMKVKIKDAKLLSIEAIAAEAR
LFLAAGFETSSMTMSSFFYEISQNPYIMKKVQNEIDTCVKRYGGFTYEALN
DMKYLENCISETLRLYPVLLSLTRECLTDYKIPGSKTVIPKGTRVLIPLLGLQ
RDPKYFSNPEKFDPDRFSDDRKDSITPYTYMPFGEGRRACIGMRLAKLQ
MKVGLAMTLYKFDILKSAKTSQEIRHDPESSGVSLLGGIWLQVAHRK

NW_020537190.1 
QVAO01001036.1

-16898 - 14550 3 CYP6WN2d >Ctenocephalides_felis-1036-16898-CYP6WN2d 
MFDFIQYVFEVLVAVLVLVLAATYVYFKHSFTFWEKRNIPSIAPTFPFGNVE
PVFRSKKSMSQNIADLYNSIKAPFFGIYVFCIPRLVVKDPELIKLILVKDFQYF
QNRGNEFDSKSNALQSNLFSISGDSWQKLRNALSPAFTSGKLKAMMEIIIR
CGKNLQEFLEEKSNSKEELEFKDLAARYTTDVISSVALGNEVNSVKNPNH
EFREIGRXIFNLPTRWDVVMSIMFFMSPEILNKFKLANISREVYDFMMNVV
RQTVTFREENNITRPDFMQLLIQLRNGGEITDDDDMKIKVQGEKQLSLDAI
ASEVNLFFLAGFETSSITMSSFFYEMAQNHDIMRKAQADIDASVAKHGGF
NYEAMNDMKYLENCINETLRIYTTLPFLVRECSIDYKIPGHNAFIPKGTRVLI
PLMGLHRDPDHFPNPMKFDPDRFSDERKGSIKPYTYFPFGEGKRACIGM
RLGKMQVKMGLAMVLHKFDILKCSKTSEEFQHDPTTAGVVHLGGIWLKVA
KRKV

frameshift at X, but 
tsa shows X=K

XP_026462807mC

NW_020537190.1 
QVAO01001036.1

-20121 - 17510 3 CYP6WN3b >Ctenocephalides_felis-1036-20121-CYP6WN3b 
MALIFDTVLKDITATLAVIFAIIYIYFLNAFSYWSRRGIPTIKPSFPFGNVAPMF
TLRKSMGENVTDLYNKIKAPFFGMYVFATPRLVIKDPQIVKLVLVKDFQHFQ
DRGNEIDPEKNALVAHLFSLAGNHWKNLRNALTPAFTSGKLKMMMNTVIK
CGENLQIYLEEKAKGQEVLEFKDLAARYTTDIISSVAMGIDVNSIKNPNDEF
RNIGRRIFDFSTTWEAIKNIMFFTSPEYLKTLNISVVKPDVHDFMTNVVEQT
VNYREQSGVMRNDFMQLLIQLRNTGKIRDDDDMKVEIQKEKQMSLEEITA
EVHLFFLAGFETSSITMSSFFYEMARHPEIMKKAQAEVDSCVAKHGGFTY
DAMNEMKYLENCINETLRIYTALPFLLRQCSIDYKIPGHDAVIPKGTRVLIPL
MGLHRDPEYFPDPLKYDPDRFSDERKGSIVPYTYIPFGEGKRACIGMRLG
KMQVKVGLAMVLQKYDILKCSKTSTEFQHDPTTAGVVHLGGIWLKVAPRK
Q

XP_026462807mN

NW_020537337.1 
QVAO01001183.1

+3032 - 8999 3 CYP9FH4c >Ctenocephalides_felis-1183+3032-CYP9FH4c
MIALYYXGAILLWGLYKYGTWNYDRFKGTIAPYIEPVPFIGNSXKFILRQED
MIESMGRSYTAFPNHRFVGNFQMGLPSVLLRDPELIRQVAVKDFDNFPNH
RVFFDPAAEPLFGSSLFALQDQKWRDMRATLSPAFTGSKMRLMYEFIIEC
AQQLTDHLHEEVSKKGTLDLEIKDLVTKYANDVIATSAFGIKVDTLKDPDNE
FYRMGKKVTNFSGVLVNLKFAAFLMMPQVMKFFKITLLNQECGQFFRTLV
HGTMDEREKQGIVRPDMIHLLMQARRGALKHDAGADATQDTGFATVTES
SITKTPTPKRAWSNDEITGQALLFFLAGFESISASTCFIAYELAINPDVQKTL
QDEIDEVCEDLEQSNQKLVDYERLHKMKYLDMVVSEGLRKWPAAPFTDR
VCVNGYSLEDYEGNKFEVKKGEAVLFPIYNIHHDEKYYDNPHKFDPSRFS
EENKNNIKPFTYMPFGVGPRNCIGSRFALMEMKTLLFNILKEFDIVPSEKT
QIPLKLAKGLMQMKPEKGFWVKLQPRKTRK

frameshifts at X but 
TSA shows X1 L 
X2=L

XP_026465830

NW_020537337.1 
QVAO01001183.1

+18941 - 24496 3 pseudogene, with 4 frameshifts, last exon off scaffold edge. CYP9FH2

NW_020537633.1 
QVAO01001479.1

+17093 - 23694 mito partial pseudogene, stop codon in exon 4 CYP49A1 

NW_020537633.1 
QVAO01001479.1

+35585 - 46239 mito last 3 exons of 11 missing CYP49A1

NW_020537859.1 
QVAO01001705.1

+20709 2 3 C-end exons with frameshifts CYP304U1 XP_026470216

NW_020537859.1 
QVAO01001705.1

+26722 2 3 middle exons with frameshifts CYP304U1

NW_020537722.1 
QVAO01001568.1

-12851  - 9794 2 partial gene, exon 1 missing, CYP18A1

Position CYP
clan

CYP name Sequence Fragment(s) 
matches:

comment best RefSeq match  
(bold is confirmed 

by manual curation)Scaffold
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NW_020539316.1 
QVAO01003162.1 

+105 - 1082 3 exons 8 -9 -10, with frameshift in exon 8 CYP4192A1 XP_026476322

NW_020539316.1 
QVAO01003162.1 

+14574 - 18504 3 CYP4192A1b >Ctenocephalides_felis-3162+14574-CYP4192A1b 
MIILSLVMILMTLVYVHYKYTFGQFRWRRVPHEKGLPLVGNMLDCILQKRHI
IDVMHEIYQKFPDFPYFGFYRFCTPVFVIRDLQLARQILVKDFNYFKDTDLH
CTDDDILLKKNIFMMKGEKWREYREKVAPMLSSGKIRLVFPLLYKTCEDLV
KHIRNAEGSSTTGLETRELSNKYTTEVIASCAFGLEANCLNNFREDSIFRE
MGKKIFEPTTWTSINITLVTAVPILSKFINIRFVPELVTDWIIKMVQDTVQYRK
DNKIKRDDFXLQNLMQLHDQTDGQKFTMEDIAAQCTSFLLDGFETSGSVI
CLALYEIAKNPDVQERMVKEIEEVLKGHEXKVTYDAMIEMTYLDAVINETLR
KWPIVAAFPRTCTEDYELPPFEGGPKRAIGIKRGDSVHVAIGSFHKDPQYF
SNPDKFDPSRFFEGSTETFTKDAFFPWGAGPRLCLGQRFAFLQIKTSVMA
VVRSFKLKISEGKDADPKLDPRSFMPRLVGGAWITYTPR

2 frameshifts at X 
but TSA 
GAYP02016187.1 
shows X1=- X2=N

NW_020539637.1 
QVAO01003483.1

+299 - 1399 3 exons 7-10 at scaffold edge, with 2 frameshifts CYP4190A6 XP_026476625

NW_020539637.1 
QVAO01003483.1

+ 4515 - 10006 3 CYP4190A5b >Ctenocephalides_felis-3483+4515-CYP4190A5b
MFFVLIATALALFLGYIWHLGGHWARRKVPAPEPSEXFGRLWKNITLAEHF
GLLVHEAYKRFQDRPYFGTFSCFKPLFVVKDLDLVKTVLQTEFNSFQKND
FDLNEELEPIFATNPFTQTGQRWKRSRTQITPAFTSGRMKAMYPLMLEVG
EKMNKYLEKNEKLPDGIDVKELNEKFAMDNVASCAFGIDVESFQDQDSDF
IRAAKKIFEPSFSNMIKFLLTFMAPTITKILKFRIMPPETANFMSQIVNQNIKY
REEHNITRDDFLQGMLNSRSKTQGEFPPLTNKEMTGHAVSFLTDGYETSS
GVMAFTFFVVAKYKDIQNKLREEIEEVLNKHDGQMTYEAIMEMSYLEKIIYE
TMRMYPPALMLQKRCTQECTLPGKSSEDITLHPGDAVVIPVYSIHHDPEFY
SDPEKFDPERFSEEEKTSRHSYAFLGFGAGPRTCLGMRFALLQMKVALM
SAVKNFELSVNSKTKEPLVFDSKSFTLRAKGGLWIDFKKL

frameshift at X but 
tsa shows X=F

XP_026476627

Position CYP
clan

CYP name Sequence Fragment(s) 
matches:

comment best RefSeq match  
(bold is confirmed 

by manual curation)Scaffold
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