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————— MWIN----LLVLVLLVAVFWVWQRFSYWKRRNIPYITPSFPQGNLTGVGK-KRHM
————— MLIY----LLLIAVSAAVWYVHRKYSFWVDRGVPYVQPRFPFGNIQGIGR-RMHS
MWFLTIEAL---VAVLALLGGLVYLVKRKQSYWKDRNVPHPSTTFFLGSEFKDAGT-KMHF
MWFLFVEIL---VALVALLGGLVYLVKRKQSYWKDRNVPHPSPAFFFGSFKDTGT-KIHF
MWFLSLEAF---VALLVLLGALVYFIVRKQSYWKDRKVPHPSPTFLIGSFKDAFS-KVHF
--MEPLDIL---ISVLMVCFGVYLLIDRRFQYWTNRNVPQSKPELVFGNVREVSQ-TIHL
--MEFTDVA---ITLGMLCIILYLILVRRFQYWTERNVPQLKPELLFGDAREVGK-VCHI
-MLSLFDFT---FLVAALVAGLYYYLDRKRSYWKDRDVPGPKGELLLGNFGKVGT-KEHI
MYLQVVG———---— ILVAVVVTCLAWIKRRYQYWKARSVAFIAPEFPYGNEGTLGK-LEHI
MELVVASLVSLGAILATFCLGVYLFVTRKYSFWRAHNVPYVEPELPYGNFKEMGK-SIHP
—-MFVHLLL----VASLALLWIYLHFKQRYRFWADQNVPYMEPAFPAGNVADTLKPTIHF
—--MLIPAVL----VACFGLVWLYIHFKRRYLFWLKRDVPYLEPTFPVGNVVDIFSPTIHF
--MLPVLWLLLTVSSFLTFLMCVIHIRKKYSFWRELGVPYIPASFPLGNIQHTSH-—-—-—
————— MILY----AIAVLPVIVFLALKYVYSYWDRHGIPNLKPEIPYGNLRILAEKKESL
————— MFVY----TLALFPIVIFLLLRYIYSHWERYGLPHVKPEIPYGNLRTVVEKKESF

SATILONCYKQLKSSGQS-YGGIYFFINPVALLIDPELIKVVLVKDEFPYFHNRNLYYNDRD
SQLMTKEFYNELKPSGRS-FGGIYFFTNPVALALELDEFVKNVLVRDFAHFHDRGVYYNEKD
SDYLEQYYTTYK-GKHP-FTGAYMLISPIVLPTDLELVKSILVKDFQYFHDRGTYYNEKH
TEYLEQYYTTYK-GKHP-FMGLYMLVSPIVLPTDLELVKSIEFVRDFQYFHDRGTYYNEKD
SEYLEQYYTTYK-GKLP-FMGVYMLVSPVVIVTDLELVKSILVRDFQYFHDRGTYHNEKH
ADKFREIYNELK-GKHP-LVGVYLFFKPVALITDLELLKCVEVKDFQYFHDRGTYYNEKH
GEKIHQLYNELK-GKHP-FGGIYLFTKPVALITDLELLKCVEVKDFQYFHDRGTYYNEKH
TVPMKKIYDENK-GKHP-FAGIYQFVKPVALITDLELLKCVEVKDFQYFHDRGTFYNERD
APITQRHYNYFQQLKVP-YGGVEMLTTPLLYIFDTKLIKTLLVKDFHYFPNRGVYFNERD
AHLSQRFYEQYKSDEGPGFVGLYIFVNPVLLVTNLRLAKRILIEDFHHFPDRGVYYNEKD
AHITEKLYKKLK-SRGD-YVGIYFFRDPVLLVLSPDFARTILVKDENYEVDRGVYSNEEV
AHLIEKLYRRLK-GRGD-YAGIYFFRDPVLLVLSPDFARTILVKDENYEVDRGVYSNEEV

-—-LMVELYQELK-GKHP-FGGLFQFTEPVALITDPEMVKNVLVRDCREFFYDRGGYTDGKH
NIAVNNLYTRST----DRLVGVYLEFFRPAILIRDAHLAKRIMVNDFQHFHDRGVYCNEHG
GIAINNLYHRSS----DRLLGVYLFFRPAILIRDPQLAKRIMVNDFQHEFHDRGVYCNEKG

DPLSHHLVAMEGTKWRNLRAKLTPTEFTSGKMKLMEFSTVTAVAEQFHKCMAEEIRHS-SVV
DPISGHLFNIEGTKWINLRKKLIPTEFSSGKMKMMCPTIVSVGGRFRECLERCIAND-GEV
DPLTTHLENLEGOQKWKNLRNKLTPTEFTSGKMKMMFPTVVAAGKQLKEFMDENVQKN-SEL
DPLTAHLENLEGOQKWKNLRNKLTPTEFTSGKMKMMFPTVVAAGKQLKEFMDENVQKN-SEL
DPLTAHLSNLEGORWKHLRNKLSPTEFTSGKMKMMEFPTVVAAGKQLKEFMDENVQKN-SEL
DPLTAHLFNIEGOKWKNLRNKLSPTEFTSGKMKMMEFPTITAAGKQFKDEMEETVHEQ-VDF
DPMSAHLFNLEGOKWKRLRNKISPTEFTSGKMKMMEPTIVAAGKQFKNYMEDTIQQQO-GEQ
DPLSAHLEFNLEGQKWRSLRNKLSPTFTSGKMKMMFPTIVTAGKQFKDFMEETVKRE-NVFE
DPLSAHMFATEGQKWRTLRAKLSPTFTTGRIKMTLPLVKEVCQRFCDHLHQSLQTS-AEV
DPLSAHLFATEGORWKDLRAKITPTFTSGRMKAAFPLVLDIAEQFCDFLRERYTSS-DMV
DPLSANLFFMEGNRWRKLRSKLAPTEFTSGKLKAMFHTIVDVGNRLDQYLAERCNQE-QRL
DPLSANLFFMDGNRWRKLRSKLAPTFTSGKLKAMFHTIVDVGNRLDQYLADRCIRL-QRI
DPLTGHMLNSESERWCALRHAASPIFSTGRIRAFLPVMLEKLNHFREYLNGKVNTEGTKV
DPMSANLFALPGORWKNLRGKLTPTEFTSGQLRNMLPTFLDVGKKLOQFLDNLAMDH-QIV
DPFSANLFALSGDRWKNLRAKLTPTFTSGOLRNMLPTLIDVGSKLNDRMNTLADEK-TVV

EMKDLLARFTTDVIGSVAFGLECNSLODPDAEFRVMGRKVEFQSSPYRA-LKLEFLAAQFPH
EMKELLARFTTDVIGTCAFGIDCNSLNDPNAEFLRMGRKVFEVPRGRI-LKFEFFMATEFKD
EMKDIMARFTTDVIGTCAFGIECNSMRDPNAEFRAMGKLEVERQPSQ--FVNIMVQEFSHK
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ELKDLLARFTTDVIGMCAFGIECNSMRNPDAEFRAMGRKIFEISPGT--FKTMLMNGMPS
EMHDLLSRYTIDVIGACAFGIECNSFRDPDNEFRRYGKIAFDKLRHSP-LVVYLMKAFRK
EVRDLMARFTTDVIGSYAFGLECNSFRDPONEFRRIGRKHEDTPRNHP-LKVEIMKTEFRG
DIKELLARFLTDVIGSCAFGIDCNSIDNPNSQFRVMGKRMINLPKLKA-LKVFEFAMMERK
DIKELLARFMTDVIGSCAFGIECNSLDNPNSQFRLMGKRMINLPKLKA-LKVFFAMMERK
ELKEMIGKLNTDIAMSFVLGIEGNNLIAPDGDLHEALMREAFLLPNV--AKLFLMTCYRS
NMRDIVSRYVLDVVASVFFGFEANCLHDPDDPFRVALRDLTNPESFLNNIRSAGVFLCPG
DMRDIASREVLDTIASVFFGFEANCIHNSDDPFLKTLLQVNKRRSEFVDNIRTSGVEICPG
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IARAFHVTLTLPEVANFEFTGVVNDTIDFRKTNNVQ--RNDFMTLLMKILKEQEESGSIDD
FSRRIHIKGTSEDVSQFFFKVVRETIEYREQHNIQ--RNDFMNLLMQLKN----SGQLDD
LSRMLGIRLIDKEVSTFFLKVVKDTIDYRVKNSIQ--RNDEFMDLMIRMLON-——-—--— TEN
LSRMMGIRLIDKEVSTFFLKVVKDTIDYRVKNGIQ--RNDEFMDLMIRMLON-——-—-— TEN
LSRMMGIRLIDKEVSTFFLKVVKDTIDYRVKNSIQ--PNDEFMDLMIRMLON--—-——-— TEN
LAKLIGLRTLDPEVSDFFMKAVRDTIKYRVENNVQ--RNDFMDILIRMRSDK----ETKS
VAKMVGIKLIVPEVSDEFFMKVVRDTIKYRVENNVQ--RNDFMDILIRMRSDK----ETKS
LAKMLRMKQTDQDVSDEFFMNAVRDTINYRVANKVK--RNDEVDLLITMMSKD----ETKS
HANALGMKQLHDDVSSFFMRVVKDTIEYREREQIV--RNDEFMDLLLKLKNTG----RLES
LANRLGLKLLHDDVATFFQSVIRQTIEHRERHGIG--RSDFLDLLIRLKNTG----SLEG
QARALGIRFNDKDVSDFFLTVVRDTIRYREENNVR--RDDFMQLLIDMMKQD----GVGA
QAQLLGIRYNDKDVSEFFMNVVRDTIRYREEKGVR--RDDEMQLLIDMMKQD----GTGA
MAKKMRLKMEFSNYITELFQOVVRETIEHRKDISYLNRRTDLIDQLLAMPGEFD-——-—-—- GK
LLKFTGISALAPAMKKEFTMEVISSHLHQRETGQVT--RRDFIQMLTDLRRNAG-—-——-— NN
LLKLTGLTSLPTELINFVMEITITHQIDHREKNQIS--RKDEVQLLIDLRRDAS————-— SO

G--QKDHLTLDDIAAQAFVFFLAGFETSSTAMSFCLYELALHQDLODKARONITEVLKKY
SGETVGKLSLNEIVAQAFVEFFLGGFETSSTTMSYCLHELALNEQIQQRARQCVLDAVKKH
PEE---SLTFNEVAAQAFVFFFAGFETSSTLLTWTLYELALNPEIQEKGRQCVKEILEKH
PEE---SLTFNEVAAQAFVFFFAGFETSSTLLTWTLYELALNPEIQEKGRQCVKEILEKH
PEE---SLTFNEVAAQAFVFFFAGFETSSTLLTWTLYELALNPEIQEKGRKCVKEILEKH
DDG---TLTTNEIAAQAFVFFLAGFETSSTLLTFTLYELALNQDAQDKGRRCVKEVLERH
DDG---TLTTNEIAAQSFVFFLAGFETSSSLMTFTLYELALNPEIQEQARNCVKEVLDRY
DDE---SLTFNEIAAQAFVFFLAGFETSSTLLTWTLYELALNPEVQEQGRKCVREVLKKH
GGEDLGRLTFEEIAAQAFIFFTAGYDTSSTAMTYTLYELALKQDVQODKARQCVKETLQKY
SNEIVGRLSGDEIAAQAFIFFTAGFETSSSAMTYTLYELALNQELQQRARDCVMDALEKH
GEC----LTFEEIAAQAFVFFFAGFETSTTTITCALHLLAKHPEVONEARKCIRETLIKH
GEA----LTFEETAAQAFVFFFGGFETSTTTITCALHLLAKHPKAQRKARKCVRSVLAKH
S————- TLTLSOMAAQVFLFLGA-YDATGITTFFCLYELAQRPAVQERARACVLEALEKH
AED---SLSEAQCAANVFLFYAAGADTSTAAISFTLHELTHNPEVMGKVQREIDEMMNRY
GEQ---ALSIEQCAANVFLEYIAGSETSTAAISFTLHELSHNPDALAKLQQEIDEMMERH

D-SISYEALHEMKYIDMCINESLRKYPPATTLTRRVEKDYRVPGT-DQVLOQKGIMVAIPV
G-GLSYEALMDMPYIDQCINESLRKYPPGANLIRQVSQDYRVPGT-DVTEFPKGMNVMIPV
NGEMTYEAILDMKYLDQILKEALRKYPPLPIHIRVAKQDYRVPNT-DSVIEAGTLVLVPI
NGEMTYEAILDMKYLDQILKEALRKYPPVPMHFRTAAQDYHVPNT-DSIIEAGTMILTPT
NGEMTYEATILDMKYLDQILNEALRKYPPVPMHFRMTTQDYHVPNT-DSIIEAGTRVLIPT
NGELTYDAVMEMHYLDQILKESLRKYPPVPVHEFRTTSKEYQVPGT-KTVLEAGTSVMVPV
GGELTYEAALEMDYLDRVLKECLRKYPPVSVHFRITAKDYLVPGT-NSILERGTSVMIPV
NGEMSYDAVVDMKYLDQILNESLRKYPPVPVHFRVASKDYQVPGT-KSVLEAGTAVMVPV
DGKLSYEAVSDMSYLDQCINETLRKHPPVAILERNADKDYRLPDS-GLLLRRGQKIMIPI
AGVLSYESSKNMLYLDQCIYETLRKYPPVAILERTVAKPYRLSDT-NIVLHRGMKIMIPA
NNLLSYDAVMEMEYIGWIINETLRMYPPVATLHRITTQPYQLPN--GAVLPEGIGVILPN
GNQLTYEAITEMDYIECIINETLRLYPPVATIHRMTSQPYQLPN--GKILPVGVGVIISN
D-GITYDALADMPYIDQCLNETLRMHPLAINLVRVVTKNYPVPDASGVVLPKGLNIVVPV
NGEITYDNITELKYLDMCIKETLRMYPALAVLNRECTIDYPVPDS-DITIIRKGTQVIIPL
NGEITYENINELKYLDLCVKETLRKYPGLPILNRECTIEYAVPDS-DVVIRKGTQVIIPL
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YATHHDPDIYPNPATYDPDRETPERMARRDPCAYL LREGMMQARIGLAL
LAFONDPDYFPNPRDFKPERESTIKNDFKNN-FSYL RFGLLQTRLGLAM

LAFHHDPTYFPDPHLFKPERFEDKAFGKNN-PSYL RFGQOLOTRLGLAM

YATHYDPQYYPEPERFDPDRELPEACRQRTPYTFEL YROGKIQLRAMMAV
LGISMNEKYFPNPELYSPERED-EATKNYDADAYY LRQGLLLSKIALVL
LSLSMNEKYFPNPELYSPERED-EATKNYDPDAYY LRQGVLVSKIGLVL
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CYP6N1 LLKHFRFTLATDKTSVPLKITPSSTILTIDGGLWLNVEKL-—-———— 501

CYP6N2 LLMHEFSFTRCS-KTNVPLVISSRHAVLTPEGGLWLKVEKLQA---- 500
CYP6Mla LLOGFSFAPYE-KTSVPMKEVINNILLSPKDGLWLKVNKL---—--- 498
CYP6Mlc LLOGFSFAPYE-KTSVPMKEVINSEFMLAPRDGLWLKVNKL---—--- 497
CYP6M1b LLOGFSFTPYE-KTSVPKKEFIKNNIFLSPKDGLWLKVNKL-—-———— 498
CYpeM7 LLTGFREVPGA-KTMVPMKLDVKSFILSPQGGLWLKVEKLST---- 500
CYP6M4 LLTSFRFACCS-KTPIPMKFDITNTILSPKGGMWLRMEKLTKDCE- 503
CYP6M8 LLDGFQFAPSS-KTVIPMELSTESFIMAPKGGLWLKVDKI--—-—--- 499
CYPo6Y1 MLDREFQFSTCE-RTQIPVQYSRTNFILGPANGVWLRAEEL-—---—-- 502
CYPeY2 LLKHFQVLPCK-ETDEPLTYSTQAFVLTPVNGVRLRLAKYELNEP- 514
CyYpesl LVRNYNFTIDPSDAERPLRIDPINLLHGPAGEVWLNVKRIVDM--- 500
CYP6S2 LLRNYNFAIDDCDADRPLLIDPINLMHGPAGAVWLNVERTVEKNS- 502
CYP6R1 LLSSYEFTKCP--NITQGSRSKAHTVLKLDGDLWLNVKPINRTNDD 498
CYP6Z1 MLTKEVEFSATI---PRKLCFEPVAVTLAPKGGEFPMRIERRV-—--- 492
CYP6Z3 LLSKYNFHATI---PAKVKFAAINVGLTPEVGLPMRIEHRK-—-—--- 492

Figure S1. Alignment of the amino acid sequences of fifteen An. funestus CYP6 P450 proteins from the
rp2 BAC clone. The sequences were aligned using ClustalW. The membrane targeting/anchor
hydrophobic N-terminal region is in bold and underlined. The conserved C-helix WxxxR motif is in green
while the other conserved EXLR and PERF motifs are highlighted in yellow and grey. The haem-binding
loop (P450 signature sequence) is highlighted in dark grey with the cysteine residue involved in haem
coordination is in bold and underlined.
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Figure S2: Neighbour joining tree showing the phylogeny of P450 genes from the sequenced BAC clone

of An. funestus and orthologs in An. gambiae. The g letter beside a P450 indicates that it belongs to An.

gambiae. Genes with a, b and c designation are copies of a triplication event from CYP6M1 and have not

yet been assigned individual gene names.



CYP6Mla MWFLTIEALVAVLALLGGLVYLVKRKQSYWKDRNVPHPSTTFFLGSFKDAGTKMHESDYL 60
CYP6Mlc MWFLFVEILVALVALLGGLVYLVKRKQSYWKDRNVPHPSPAFFFGSFKDTGTKIHFTEYL 60
CYP6M1b MWFLSLEAFVALLVLLGALVYFIVRKQSYWKDRKVPHPSPTFLIGSFKDAFSKVHEFSEYL 60

Akhkkhkk ok ekhkkeeo hhkk Khkhkkeo khhkkhkkhkkhkkhkkhkkhkkhkeoekhkkhkkhkkhkkhk okeookhkhkhkhko ek e kK o o kK

CYP6Mla EQYYTTYKGKHPFTGAYMLISPIVLPTDLELVKSILVKDFQYFHDRGTYYNEKHDPLTTH 120
CYP6Mlc EQYYTTYKGKHPFMGLYMLVSPIVLPTDLELVKSIFVRDEFQYFHDRGTYYNEKDDPLTAH 120
CYP6M1b EQYYTTYKGKLPFMGVYMLVSPVVIVTDLELVKSILVRDFQYFHDRGTYHNEKHDPLTAH 120

hkhkhkkhkkhkhkkhkhkkhk K,k Kk kkhkkekhkkekeoe K hkhkkhkhkkhkkhhkkhkoekehkhkkhkhhkkhkhAhkhhkhohkkhk K*hkkkoxk

CYP6Mla LENLEGOKWKNLRNKLTPTFTSGKMKMMFPTVVAAGKQLKEFMDENVOKNSELEMKDIMA 180
CYP6Mlc LENLEGOKWKNLRNKLTPTFTSGKMKMMFPTVVAAGKQLKEFMDENVOKNSELEMKDIMG 180
CYP6M1b LSNLEGQRWKHLRNKLSPTFTSGKMKMMFPTVVAAGKQLKEFMDENVQKNSELEMKDIMA 180

R b b b b SN b ST b b b I SN b b b b I b b b b b b b b b I IR b b b b b b b b b b b b (I b S b b b b b b b b I I 4

CYP6Mla RFTTDVIGTCAFGIECNSMRDPNAEFRAMGKLEVERQPSQFVNIMVQFSHKLSRMLGIRL 240
CYP6Mlc RFTTDVIGTCAFGIECNSMRDPNAEFRAMGKQFIDRQPSQFVNLMVQFSTKLSRMMGIRL 240
CYP6M1b RFTTDVIGTCAFGIECNSMRDPNAEFRAMGKQFVDRPPSQFVNLMIQVSPKLSRMMGIRL 240

KAk hkhkAhhkkkhhkk ok hkkhkhhkkhhkhkhhkkhkkhkhkhhkhkhhkk, |eoeeok kkhkhkkhkkhkkeokeoekh * *khkhkkkokkhik%k

CYP6Mla IDKEVSTFFLKVVKDTIDYRVKNSIQRNDFMDLMIRMLONTENPEESLTEFNEVAAQAFVE 300
CYP6Mlc IDKEVSTFFLKVVKDTIDYRVKNGIQRNDEFMDLMIRMLONTENPEESLTEFNEVAAQAFVE 300
CYP6M1b IDKEVSTFFLKVVKDTIDYRVKNSIQPNDFMDLMIRMLONTENPEESLTEFNEVAAQAFVE 300

Rk b b b b b b b b b b b b b b b b b b b S S I SR S b b b b b b b b b b b b b b b b S b b b b b b b S i S 3

CYP6Mla FFAGFETSSTLLTWTLYELALNPEIQEKGRQCVKEILEKHNGEMTYEATILDMKYLDQILK 360
CYP6Mlc FFAGFETSSTLLTWTLYELALNPEIQEKGRQCVKEILEKHNGEMTYEATILDMKYLDQILK 360
CYP6M1lb FFAGFETSSTLLTWTLYELALNPEIQEKGRKCVKEILEKHNGEMTYEATILDMKYLDQILN 360

Ahkhk Ak hhkkhhhkkhkhhhhhhkhhhhhhhkhkhkhhhhkhekh bk hhhhhhkhhkhkhhkhkkhrkrkhkhkrkhkrkko

CYP6Mla EALRKYPPLPIHIRVAKQDYRVPNTDSVIEAGTLVLVPIYAIQRDPDIFPEPEKFDPERFEF 420
CYP6Mlc SALRKYPPVPMHFRTAAQDYHVPNTDSIIEAGTMILTPTFAIQRDPDIFPEPEKFDPEREF 419
CYP6M1b EALRKYPPVPMHFRMTTQDYHVPNTDSIIEAGTRVLIPTFAIQRDPDIFPEPEKFDPERFE 420

AKhkhkhkkhkkekekek o hhkkekhkkhkkhkkhkkhkkhkekhkhkhkkhkh ok * okhkkhhkhkhkhkhkhkhkhkhkhhkkhkhkhkhkhkh%k

CYP6Mla SPEEEAKRHPFAWIPFGEGPRVCIGLRFGMMQARIGLAYLLOGFSFAPYEKTSVPMKEVT 480
CYP6Mlc SPEEEAKRHPFAWIPFGEGPRVCIGLREFGMMQARIGLAYLLOGFSFAPYEKTSVPMKEVT 479
CYP6M1b SPEEEAKRHPFAWIPFGEGPRVCIGLRFGMMQARIGLAYLLQGEFSFTPYEKTSVPKKFIK 480
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Figure S3: Amino acid sequence comparison of the three genes orthologs of AQCYP6ML1 obtained from
the sequencing of the rp2 BAC clone in An. funestus. An * (asterisk) indicates positions which have a
single, fully conserved residue; A : (colon) indicates conservation between groups of strongly similar

properties; A . (period) indicates conservation between groups of weakly similar properties.
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Figure S4: Combined Linkage map of Family 1 (Qsusceptible x J'resistant) and Family 10 ({resistant x
Jd'susceptible).
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Figure S5: Alignment of the amino acid sequences of CYP6Z1 between FANG and FUMOZ-R strains
Conserved regions are highlighted as in Figure S1. Substrate recognition sites (SRS) are deduced from the
An. gambiae model (Chiu et al 2008).
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Figure S6: Alignment of the amino acid sequences of CYP6Z3 between FANG and FUMOZ-R strains.

Substrate recognition sites (SRS) are deduced from the An. gambiae model (Chiu et al 2008).



