THE DROSOPHILA COPPER TRANSPORTER CTR1C FUNCTIONS IN MALE FERTILITY

Dominik Steiger, Michael Fetchko, Alla VVardanyan, Lilit Atanesyan, Kurt Steiner, Michelle L. Turski,
Dennis J. Thiele, Oleg Georgiev and Walter Schaffner

Supplementary Information

Supplementary Figure and Table Legends

Supplementary Figure 1
Indicated are the proportions of test crosses with offspring numbers of 0, 1-50, 51-100 and <100 for the

genotypes whose average offspring numbers are shown in Figure 4C.

Supplementary Figure 2

Clustal W2 protein sequence alignments of the insect Ctrl genes. A: Alignment of human Ctrl and
Drosophila melanogaster CtrlA, CtrlB and CtrlC. B: Alignment of drosophilid CtrlA genes. C:
Alignment of human Ctrl and insect CtrlA genes (of the drosophilid CtrlA genes, only Drosophila
melanogaster CtrlA is shown). D: Alignment of drosophilid CtrlB genes. E: Alignment of insect Ctr1B
genes (of the drosophilid CtrlB genes, only Drosophila melanogaster CtrlB is shown). F and G:
Alignment of drosophilid Ctr1C genes.

Red vertical lines denote exon-exon junctions. Gray vertical lines in the CtrlC alignments
denote splice sites of coding introns. The three transmembrane domains are indicated in yellow (based on
the Uniprot annotation of human Ctrl (entry: 015431)). Clustal W2 amino acid color code: red: small and
hydrophobic (including aromatic, excluding Y) amino acids, blue: the acidic amino acids D and E,
magenta: the basic amino acids R and K, green: hydroxyl, amine and basic amino acids, excluding Q.

Consensus symbols: ™ * " amino acids identical in all sequences in the alignment. " : ™ conserved

substitutions. " . " semi-conserved substitutions.

Supplementary Table 1

Gene location and synteny of the drosophilid Ctrl genes. Indicated are the scaffold or chromosomal
locations of the drosophilid Ctr1A, CtrlB and CtrlC genes. The arrangement of genes flanking the Ctrl
genes is shown (genes within 50 kb on each side of Ctr1A and Ctr1B, genes within 100 kb on each side of
Ctr1C). Homologous genes (as identified by BLAST searches) have matching colors.



Supplementary Data

Fly Genotypes

Figure 1A:

CtrlA (AttP51D): y w; UAS-Ctr1A[AttP51D]/actin-GAL4; +. CtrlB: y w; UAS-Ctr1B[AS24e]/actin-
GAL4; +. CtrlC (AttP51D): y w; UAS-Ctr1C[AttP51D]/actin-GAL4; +. CtrlC (C34): y w; UAS-
Ctr1C[C34]/actin-GAL4; +.

Figure 1B:
GFP: y w; UAS-GFP/actin-GAL4; +. CtrlC (D19): y w; UAS-Ctr1C[D19]/actin-GAL4; +.

Figure 1C:

Ctr1A (AttP51D): y w; UAS-Ctr1A[AttP51D]/GMR-GAL4; +. CtrlB: y w; UAS-Ctr1B[AS24e]/+; GMR-
GAL4/+. CtrlC (AttP51D): y w; UAS-Ctr1C[AttP51D]/GMR-GAL4; +. CtrlC (C34): y w; UAS-
Ctr1C[C34]/+; GMR-GAL4/+.

Figure 1D:
GFP: y w; UAS-GFP/GMR-GAL4; +. CtrlC (D22): y w; UAS-Ctr1C[D22]/+; GMR-GAL4/+.

Figure 1E:

w CtrlAZ/Y; UAS-CtrlA[AttP51D]/+; tubulin-GAL4/+ and w Ctr1AZ/Y; UAS-Ctrl1A[AttP51D]/+;
MKRS/+. w Ctr1A®°/Y; UAS-Ctr1C[D19]/+; tubulin-GAL4/+ and w Ctr1A®/Y; UAS-CtrlC[D19]/+;
MKRS/+. w Ctr1A%/Y; UAS-CtriC[D28]/+; tubulin-GAL4/+ and w Ctr1A®/Y; UAS-CtriC[D28]/+;
MKRS/+.

Figures 2A and 2B:
y w hs-flp/[y w or Y]; UAS-Ctr1C[AttP51D]/+; actin>CD2>GAL4 UAS-GFP/+ (">" designating FRT
sites).

Figures 2C and 2D:
y w hs-flp/[y w or Y]; UAS-Ctr1C-FLAG/+; actin>CD2>GAL4 UAS-GFP/+.

Figures 3B and 3C:
y w; +; Ctr1C®P.

Figure 4A:
Contr%lz y w. CtriC®®: y w; +; Ctr1C®®. Ctr1B**: w; +; Ctr1B**. Ctr1B** Ctr1C®®: y w; +; Ctr18**
Ctr1c®.

Figure 4B: _ _

Control: y w. Ctr1B-GFP%"°™ Ctr1B** Ctr1C®®: y w; Ctr1B-GFP*"™™[AH3b]/+; Ctr1B** Ctr1C®.
Ctrlcge:"m'c Ct2|1383'4 Ctr1C®P: y w; Ctr1C%®™™°[D5]/+; Ctr1B** Ctr1C®P. CtriB** Ctr1C®: y w; +;
Ctr1B** Ctr1C®®.

Figure 4C: _

Control: y w; [AttP51D]/[[AttP51D] or CyO, y*]; Ctr1B** Ctr1C*®/TM6B. Ctr1C-GFP*"™° Ctr1B**
Ctr1C®: y w; CtrlC-GFP®™ ™ [AttP51D]/[Ctr1C-GFP¥*™™ [AttP51D] or CyO, y*]; Ctr1B** Ctr1C®P.
Ctr1B** Ctr1C®: y w; [AttP51D]/CyO, y*; Ctr1B** Ctr1C®®.

Figure 5A: _
y w; CtrlC-GFP¥*™™[AttP51D].



Figures 5B and 5C: _ _
Control: y w; [AttP51D]; +. CtrlC-GFP%"™: y w; Ctr1C-GFP*"™ ™ [AttP51D]; +.

Figure 6A: _ _

Control: y w/Y; [AttP51D]/+; +. CtrlC-GFPY"™° (AttP2A): y w Ctr1C-GFP¥*™ ™M [AttP2A]/Y; +; +.
Ctr1C-GFP¥*™™ (AttP51D): y w/Y; CtrlC-GFP¥*" ™ [AttP51D]/+; +. CtrlC-GFP¥*"™™ (AttP86Fb): y
w/Y; +; CtrlC-GFP*"™ [AttP86Fb]/+. Figure 6B: y w; UAS-lacZ[AttP51D]/armadillo-GAL4; +.y w;
armadillo-GAL4/+; UAS-lacZ[AttP86Fb]/+. y w UAS-lacZ[AttP2A]/y w; armadillo-GAL4/+; +. y w;
UAS-lacZ[AttP51D; +. y w; +; UAS-lacZ[AttP86FDb]. y w UAS-lacZ[AttP2A]; +; +.y w.

Insect Ctrl protein sequences

Species abbreviations

D_mel Drosophila melanogaster
D _ana Drosophila ananassae
D_ere Drosophila erecta

D_gri Drosophila grimshawi
D_moj Drosophila mojavensis
D_per Drosophila persimilis
D_pse Drosophila pseudoobscura
D_sec Drosophila sechellia
D_sim Drosophila simulans
D_vir Drosophila virilis

D_wil Drosophila wilistoni
D_yak Drosophila yakuba

A aeg Aedes aegypti

A_gam Aedes gambiae

A_mel Apis mellifera

A _pis Acyrthosiphon pisum
B_mor Bombyx mori

C_pip Culex pipiens

N_vit Nasonia vitripennis
P_hum Pediculus humanus corporis
T cas Tribolium castaneum

Drosophilids: CtrlA homologs, protein sequences

>D mel Ctr1A
MDHAHHSAPGVDHSMHHDHVGMHHDHSGIPAATASPMDAASMFDLIPDTSDLQASHAGHAAH
GAHNHGGGSGTGMEHMMPMAFHFGYNETILFSWWHIETVAGLIGSMIAIFLLALMYEGLKYYR
EYLFWKTYNLLEYRPVTGPQRNPEAPRIPSPAAAAPSPVQYVGEVVHKQPPSMLSINHLLQTLLH
VLQVTLSFLLMLIFMTYNVWLCLMVVLGAAVGYFLFCWKKSVIVDVTEHCH



>D _ana_GF22272_[Ctr1A]
MDHAHHNTGGVDHSMMHHDHPGMHHDHMSAAVATATTEDPAAILAPLFTGTSDVLQAAADV
HAGHHAGHHGGSGTGMEHMMPMAFHFGYNETILFSWWHIETVAGLVGSMIAIFVLALLYEGLK
YYREYLFWKTYNLLEYRPVTGPQRNPEAPRLPSPAAAAPSPVQYVGEVVHKQPPSMLSFNHLLQ
TLLHVLQVTLSFLLMLIFMTYNVWLCLMVVLGAGVGYFLFCWKKSVIVDVTEHCH

>D _ere_GG19602_[Ctr1A]
MDHTHHSAPDVDHSMHHDHAGMHHDHSGMAAATASPLDPASMLDLIPQTSDLQASHTGHVGH
GAHNHGGGSGTGMEHMMPMAFHFGHNETILFSWWHIETVAGLVGSMIVIFLLALMYEGLKYY
REYLFWKTYNLLEYRPVTGPQRNPEAPRIPSPAAAAPSPVQYVGEVVHKQPPSMLSVNHLLQTL
LHVLQVTLSFLLMLIFMTYNVWLCLMVVLGAAVGYFLFCWKKSVIVDVTEHCH

>D gri_GH24714 [CtrlA]
MDAHAHHSAPSIGVDHSMHGHDHAGMHHDHAHMAPMDTTTLSPPLETSHGDMGMGGHSSHH
HGSGGTGHGMEHMMSMAFHFGYDETILFSWWHIETVAGLIGSMIAIFLLALLYEGLKYYREYLF
WKTYNLLEYRPVTGPQRNPEAPRLPPPSAAAAPSPVQYVGEVVHKQPPTMLSINHLYQTLLQVL
QVTLSFLLMLIFMTYNVWLCMMVVLGSGVGYFLFCWKKSVIVDVTEHCH

>D moj_GI121812_[Ctr1A]
MDPHAHHNAPAVDHSMHGHDHANMHHDHDHMGLDATTLTPPLATTHGDLPMTMHAGHHHG
GGGTGTGMEHMMSMAFHFGYDETILFSWWHIDTVAGLIGSMIAIFLLALLYEGLKYYREYLFW
KTYNLLEYRPVTGPQRNPEAPRLPTPAAAAPSPVQYVGEVVHKQPPTMLSINHLYQTLLHVLQV
TLSFLLMLIFMTYNVWLCMMVVLGAGVGYFLFCWKKSVIVDVTEHCH

>D_per_GL13345 [Ctr1A]
MDHAHHTAPNVDHSLHHDHAGMHHDHSGMDSSISPTTTTTDSTTHDMHAVHHHSGGGGGTGT
GMEHMMSMAFHFGYNETILFSWWHIDTVSGLIGSMIAIFLLALLYEGLKYYREYLFWKTYNLLE
YRPVTGPQRNPEAPRLPSAAAAAPSPVQYVGEVVHKQPPSMLSVNHLYQTLLHILQVTLSFLLM
LIFMTYNVWLCLMVVLGAAVGYFLFCWKKSVIVDVTEHCH

>D pse_GA17816_[Ctr1A]
MDHAHHTAPNVDHSLHHDHAGMHHDHSGMDSSISPTTTTTDSTTHDMHAVHHHSGGGGGTGT
GMEHMMSMAFHFGYNETILFSWWHIDTVSGLIGSMIAIFLLALLYEGLKYYREYLFWKTYNLLE
YRPVTGPQRNPEAPRLPSAAAAAPSPVQYVGEVVHKQPPSMLSVNHLYQTLLHILQVTLSFLLM
LIFMTYNVWLCLMVVLGAAVGYFLFCWKKSVIVDVTEHCH

>D sec_GM12509_[Ctr1A]
MDHAHHSAPGVDHSMHHDHAGMHHDHSGIAAATASPMDAASMFDLIPDTSDLQASHAGHAA
HGAHNHGGGSGTGMEHMMPMAFHFGYNETILFSWWHIETVAGLVGSMIAIFLLALMYEGLKY
YREYLFWKTYNLLEYRPVTGPQRNPEAPRIPSPAAAAPSPVQYVGEVVHKQPPSMLSINHLLQTL
LHVLQVTLSFLLMLIFMTYNVWLCLMVVLGAAVGYFLFCWKKSVIVDVTEHCH

>D sim_GD16812_[Ctr1A]
MDHAHHSAPGVDHSMHHDHAGMHHDHSGLAAATASPMDAGSMFDLIPDTSDLQASHAGHAA
HGAHNHGGGSGTGMEHMMPMAFHFGYNETILFSWWHIETVAGLVGSMIAIFLLALMYEGLKY
YREYLFWKTYNLLEYRPVTGPQRNPEAPRIPSPAAAAPSPVQYVGEVVHKQPPSMLSINHLLQTL
LHVLQVTLSFLLMLIFMTYNVWLCLMVVLGAAVGYFLFCWKKSVIVDVTEHCH

>D_vir_GJ16985_[Ctr1A]
MDAHAHHSAPNVELIDHSMHGHDHANMHHDHEHMGLDATTLSPPLATPHGDLAMGMHAGHH
HGGGGGGGTGTGMEHMMSMAFHFGYNETILFSWWHIETVAGLIGSMIAIFLLALLYEGLKYYR
EYLFWKTYNLLEYRPVTGPQRNPEAPRLPTPAAHAAPSPVQYVGEVVHKQPPTMLSINHLYQTL
LHVLQVTLSFLLMLIFMTYNVWLCMMVVLGAGVGYFLFCWKKSVIVDVTEHCH



>D wil_GK25589 [CtrlA]
MDHHNHGAPAVETIDHSMHHGHAGMHHDHSGLGSGTVTDPTVLASDISATTPMSMGMQHGAG
HYHGGGTGTGMEHMMSMAFHFGYNETILFSWWHIDTVAGLIGSMIAIFLLALLYEGLKYYREY
LFWKTYNLLEYRPVTGPQRNPEAPRLPSPAAAAPSPVQYVGEVVHKQPPSMLSLNHLFQTLLHIL
QVTLSFLLMLIFMTYNVWLCLMVVLGAAIGYFLFCWKKSVIVDVTEHCH

>D yak GE16762_[Ctr1A]
MDHAHHSAPGVDHSMHHDHAGMHHDHSGMAASTASPSDSASMFDLIPDTSDLQASHAGHGAH
NHGGGSGTGMKHMMPMAFHFGYDETILFSWWHIETVAGLVGSMIAIFLLALMYEGLKYYREYL
FWKTYNLLEYRPVTGPQRNPEAPRIPSPAAAAPSPVQYVGEVVHKQPPSMLSVNHLLQTLLHVL
QVTLSFLLMLIFMTYNVWLCLMVVLGAAVGYFLFCWKKSVIVDVTEHCH

Non-drosophilid insects: CtrlA homologs, protein sequences

>A_aeg AAEL013309_[Ctr1A]

MDHSEHHDY SHQMNHSSDADMMHHGHEGHHGSMEHSLQDHTMDQGASAHAAAGHSGHAG
MVHHMMSMAFHGGYNETILFEQWKIDSLSGLLWSMLLIFIMAALYEGLKYYREHLFWKTYNAL
QYRPVTVTEKSPGNGNVANNNGLAANGSGDEASRVVHMVGEVIHKQPRPTMLSTMHLFQTFLH
ILQVTLSFLLMLIFMTYNTWLCIAVVLGAALGYFLFGWKKSVIVDVTEHCH

>A_gam_AGAP002109_[Ctr1A]
MDHSEHHDYSQHANMSSGGAHAGHTGHGTVDHSAHDHTMMDHGAHDHHHGAAGGMGAAS
PAGMVHHMMSMSFHGGYDETILFEQWKIDSLSGLLWSMLLIFVMAALYEGLKYYREHLFWRT
YNALQYRPVTVTEKSNGNGVTVAGGTATDDRAGGAGVGDGLNGASGTGTSAEEGARIVHMVG
EVIHKQPPTMLSLMHLFQTLLHILQVTLSFLLMLIFMTYNTWLCLAVVLGAALGYFLFGWKKSVI
VDV

>C_pip_CP1J018594_[Ctr1A]
MDHSEHHDYSQHMLMNHSGAGSGAGMHDHSDHHGSMEHSLQDHTMNSGGVATGHGGHGHG
HGAASSGGMEGMVHHMIMVGEVIHKQPRPTMLSVMHLFQTFLHIVQVTLSFLLMLIFMTYNTW
LCLAVVLGAALGYFLFGWKKSVIVDVTEHCH

>A pis_LOC100165693_[Ctr1A]
MSHDHHNHNHQAIENHQHPTESSDSCCSGSEAPASSGQHMMHHMMSMSFHFGTNETVLFDWW
TFSTTSGLVYSMIGIFLMATLYEGLKYFREYLFWKSYNAIQYRSVQIPLEKGPNDPVSQMVGKVL
LKQPLPTMFSLTHLLQTFLHIVQISISYLLMLIFMTYNVWLCLAVLFGATLGYFLFGWKKSVVVD
VTEHCH

>B_mor_LOC692872_[Ctr1A]
MDEHHEHHNMDMGHAGHEHHGIDHSRHIGHQMPINGLLNSSYNRIVHNTDMNDHNVHTFSGH
GDHSSHNMGMSMTFHGGYIETILFSWWNVTEVGEFVGSFFAIFIIALLYEGLKYYRKHLLWKTY
AGLQYCAVAPPDKGVANICAADEPPIVQPIPHMLERNVPTMMSTAHAWQTILHGVQVLVSYMS
MLVFMTYNTWLCAAVVLGSATGYFLFGWRESVVVDFTEHCH

>P_hum_PHUM339810_[Ctr1A]
MDHAGHGVSHGDSHVGPHVGPHGGDTSRMGPPSHGVSSHVDHASHNHIIHETNDSHNGSHCHG
MSMEFHFGYTETILFSTWKIDSVGGLIGSMFGIVLLAALYEGLKYYREYLFWKTYNSLQYKSVRF
PGDKVVESSSDGNKIVHLVGEVIHKQPPSMWNLMHGYQTFLQAVQMVLSYFLMLIFMTYNVW
LCTAVVLGATIGYFLFGWKKSVVVDVTEHCH



>A_mel_LOC551217 [Ctr1A]
MSHNHMAHMMNATNGHSAHGIHASHQAIDHLNMHGNMHNSMDHANMDHGSHLTSDTNPCA
NMGMHGMSTMWFHGGYCEHVLFESWKITSISGLIGSMVGIMIMAALYEGLKYYREYLFWKMY
NSLQYRSVTMPQEKNVVAEDNRVVHMVGEVIHKQPPTMLSWMHTFQTCLHIVQIVLSYFLMLIF
MTYNVWLCFAVVLGAAIGYFLFGWKKSVIVDVTEHCH

>N_vit_LOC100122867 [Ctr1A]
MAHHDHMAHMMAMNTSGSPDMTGMDHMDHGHMANTNHHMDHGSMSHDHGSAQGSSDAC
SAMSHAMHGMSMAFHGGYCEKILFETWQISSVAGLIGSVIGIVIMSALYEGLKYYREYLFWKTY
NALQYRSVSMPQEKNVVNDDNRVVHMVGEVIHKQPPTMLSWMHAFQTLLHIIQILSYFLMLIF
MTYNSWLCAGVVLGAAIGYFLFGWKKSVIVDVTEHCH

>T_cas_LOC660576_[Ctr1A]
MEHHNHDMHEPLDHNMHQGMGHMGHDMGGTTMPKHDMMSHMMSMAFHTGYNETVLFDQ
WKFSTIGGLIGSMIGIFFMAALYEGLKYYREYLFWKTYNALQYRAVTLPEKGVVSEDNQIVHMV
GEVIHKQPPTMLSGMHFYQTLLHMIQMVLSYFLMLIFMTYNVWLCLAVVIGAGVGYFLFGWKK
SVIVDVTEHCH

Drosophilids: CtrlB homologs, protein sequences

>D mel_CtrlB
MDHGSDDSTSTAKSCPMIMVFHAGHCERILWRGWVASTVTEFVLSALAIFLVSFLYEALKFLRQ
QLARREARRASEQLAAEQRRKNEAPAAGGCCSEAPLAEPREQTYWQRLFASSHIVQSLLNLLQI
VISYLLMLIFMTENYWLCLAVILGLGLGYFFFGWNKKNPDESECCP

>D_ana_GF18342_[Ctr1B]
MDLMAMDHDHDHGTSDDDDTTKSCPMIMVFHGGHCERILWRGWVAYTVTEFVLSALAIFVVS
FLYEALKFLRQHLARRDARKESERLAEEQRRKNENPTAGGCCSETPLAEERDPSYWQRLFASTHI
IQALLNLVQIVISYLLMLIFMTEFNYWLCLAVILGLGLGYFFFGWNKKSPDESECCP

>D ere_GG25028 [Ctr1B]
MDHNHDHGSDDSTSTAKSCPMIMVFHAGHCERILWRGWVASTVTEFVLSALAIFLVSFLYEALK
FLRQQLARREARKESEQLASEQRRKNEVPAAGGCCSETPLAEPKEQTYWQRLFASSHMVQSLLN
LLQIVISYLLMLIFMTENYWLCLAVILGLGLGYFFFGWNKKNPDESECCP

>D_gri_GH14206_[Ctr1B]
MDHGSGGTTAKSCPMIMVFHGGHCERILWRGWVASTVVEFTFSAIAFFVLAFIYELLKFLRNYLL
QREARKVAEQTAAEIRRKREINDCAGCSETPLAEIREETYWQRIFNSAHIIQSLLYLVQVIISYLLM
LVFMNFNYWLCLAVVLGLAAGYFFFGCFKKDAQDSDCCP

>D moj_GI124869_[CtrlB]
MDLMSMAHDDGHTGAAAHTCPMIMVFHGGHCERILWRSWVAYTVTEFAFSCIAFFAMSFLYEL
LKFLRVQLVRREARKEAEQLAEEQRRKALGDCNGCSETQLAEIKDKTYWQRIFNMPHIIQTLLTF
IQLIISYLLMLVFMNFNYWLCLSVILGLSFGYFFFGYVQKDPKDSDCCP

>D_per_GL23430_[Ctrl1B]
MDMDHNHGSDDSTSTAKSCPMIMVFHAGHCERILWRGWVAATVTEFVLSALFWFLVSFLYEAL
KFLRQHLARRVARKERLAEEQRRKNDNPSGCTGCSDTPLAEAREKSYWQRLLDSTHIIQSLLNLL
QIVVSYLLMLIFMTENYWLCLAVVLGLGFGYFFFGWNKKTPDESECCP



>D pse_GA20368_[Ctrl1B]
MDMDHNHGSDDSNSTAKSCPMIMVFHAGHCERILWRGWVASTVTEFVLSAIFWFLVSFLYEAL
KFLRQHLARRVARKERLAEEQRRKNDNPSGCTGCSDTPLAETREKTYWQRLLDSTHIQSLLNLL
QIVVSYLLMLIFMTENYWLCLAVVLGLGFGYFFFGWNKKTPDESECCP

>D_sec_GM23723_[Ctr1B]
MDHDHDHGSDDSSSTAKSCPMIMVFHAGHCERILWRGWVASTVTEFVLSALAIFLVSFLYEALK
FLRQQLARREARRESEQLAAEQRRKNEAPAAGGCCSETPLAEPREQTYWQRLLASSHIVQSLLN
LLQIVISYLLMLIFMTENYWLCLAVILGLGLGYFFFGWNKKNPDESECCP

>D_sim_GD15144_[Ctr1B]
MDHDHDHGSDDSTSTAKSCPMIMVFHAGHCERILWRGWVASTVTEFVLSALAIFLVSFLYEALK
FLRQQLARREARRESEQLAAEQRRKNEAPAAGGCCSETPLAEPREQTYWQRLLASSHIVQSLLN
LLQIVISYLLMLIFMTENYWLCLAVILGLGLGYFFFGWNKKNPDESECCP

>D_vir_GJ24513 [Ctr1B]
MDLMTMDHDDHGSESVTAAKSCPMIMVFHGGHCERILWRGWVAATVTEFAFSCIAFFVLSFLY
ELLKFLREHLIRREARREAELAAELRQKNSVNDCGGGCSETPLAEIREKTYWQRILNTPHIIQSLL
NLVQIISYLLMLVFMNFNYWLCLSVVLGLGVGYFFFGWIKKDPQESECCP

>D_wil_GK13179 _[Ctr1B]

MDHNHGSDTSTTSCHSMSMSFHAGY TEIILWNGWTTKTVAEFVLSAIAIFVVSFLYEALKFLRQN
LMRIEARKLAQRLAEDQRRKNNVSDCGGCSDTPLADPREKTYWQQLVEYSHIVQSLLNLLQIIVS
YLLMLIFMTYNYWLCLAVVLGLGVGYFFFGWNKKDAQESECCP

>D_yak_GE25868_[Ctr1B]
MDHDHDHGTDDSTSTAKSCPMIMVFHAGHCERILWRGWVASTVTEFVLSALAIFLVSFLYEALK
FLRQQLARREARKESERLAAEQRRKNEAPAAGGCCSETPLAEPREQTYWQRLFASTHIVQSLLN
LLQIVISYLLMLIFMTENYWLCLAVILGLGLGYFFFGWNKKNPDESECCP

Non-drosophilid insects: CtrlB homologs, protein sequences

>A_aeg_ AAEL013263 [Ctr1B]
MDHNHGGPDDMEMLCPMKMSFHGGTCEVILFPSWATTKTGQFVGAWIGFFLMALLYEGLKFY
REILAQKEAEKHCSPGTKRSMRHFMTDKLHILQSLLHLIQVSVSYILMLIVMLENLWLCLAIVSG
AAVGYYFFGWIRRSKMDPNECCN

>A_gam_AGAP000100_[Ctr1B]
MDHNHGGPDDMEMLCPMQMSFHAGSCEVILFPSWATTEVGAFVGAVIGFFLLAFAYEGLKYGR
ELLHFSDASKRGGEVNDKRTLRNHLRQALLNRVHIIQTLLHLLQVSVSYLLMLIVMTYNCWLFL
AVVCAADYYVFGWVRNSSVDPTENCN

>C_pip_CP1J016468_[Ctr1B]
MDHNHNHGGPDDMEMLCPMQMSFHGGTCEIILFPSWATTEVGQFIGAWIGFFLMAVLYEGLKF
YREVLAQRERKPCSEPASEKKSISLLHHLTNKLHIVQSLLHLLQVSVSYVLMLIIMLFNLWLCLAI
VTGAALGYYIFGWIRQSTIDANECCN

>A _mel_LOC725845 [Ctrl1B]
MHDDELTKSPNSSTMSARYILPMSFHIGENEVILFDEWHPVDWQGLGWSMVGVILIASIYEGIKN
YRDHLYINTTRLWKNKEINNRGTLLFSKIHFLQTIHVVQLVIGYCLMLIFMTYNIWLCIAVAFGT
ALGYWLFSWDKSNGDSDDCCL



>N_vit_LOC100120065 [Ctr1B]
MSFHWGFGETILFEGWKTTDVGGIVGSMVGVILLGMIYEALKNYREYLNVSNAVHNPKEALSR
NEAMFSLIHVVQTLLQGIQIVGYFLMFIFMTYNTYLCIAVVAGSMLGYFLFAWKNSKCDISECCS

Drosophilids: Ctr1C homologs, protein sequences

>D mel Ctr1C
MDHHGVDASEGHVHHHASHGSPEPVPPSSGHEGHHSPEMNHHGNHGEHTKHGHHEGGAHDMS
MAMFFHTGDSETILFKFWRTESAMALTLSCLLIFMVAVLYEALKFFREWLFSWDRKRLAGGRD
QYNRPRRYREANYNYNQPTYPPRTNQQSGTQVYAYRPRSPSMPPLQPPGRSSPQAQSSLILTQHT
HHHVQENTPPAGRTTKLKVFCSGMHILQTFLHVLQVLISFLLMLVFMTFNVWLCVAVLLGAGV
GYYIFCAFRTNVQEHCN

>D_ana_GF23301_[Ctr1C]
MVNRGATYHHGHAVTTSEVHSIANKLGHGHNSHNTMDHDMHSDSNHHHHPMPEPEDSMSHEN
SAGGHHSHHGDHGTGDGGGHHDMSMSMFFHTGYTETILVKFWRTESTLAIVLSCLAIFMVAVF
YEALKFFREWLYAKQNKRLAAGKEMKKSSGRVSYNQPTRLPPTMQQGSSQIYVNRPRSPSMPPL
RSGTTAANSISNPHAGHNRVHNHPGRGQGRGRRILPEAIPPAQVPCHKVWCSRMHLLQTFLHVI
QVFISFLLMLVFMTFNVWLCVAVLLGAGVGYYMFCAFSTRIHEHCN

>D ere_GG11899 [CtrlC]
MNHHGVDASEGHVHHHGAHVPPEPAPPSSAHEGHHSPEMAHHGHHGEHTKHGHHDGEGHHM
TMAMFFHTGDAETILFKFWRTESAMALTLSCLLIFVFAVLYEALKFFREWLFAWDRKRLAGGRD
QNNPPRRYREANYNYNQPTYPPRTNPQSGTQIYAYRPRSPPMPPLQPPGHSSPQAQSSLILTPHTH
HHVQESTPPAGRTSKLKVYCSGMHILQTFLHVLQVLISFLLMLVFMTFENVWLCVAVLLGAGVG
YYVFCAFRTNVQEHCN

>D_gri_GH14352_[Ctr1C]
MDLGYDNGQLYTALSREPRHHPDHHHHDEHHEPGSTAGSEDGSPVTRNTHAEPRCGHGGHGGS
MIFHFGCTETILFEFWQTKSTDNLLLSCLIVFIMAVFYEALKCYREWLKKCEKQRLDGGANPTRH
FRSAVPIPQRIDAPPPSAQQISVPLTIAAESVLQPPMAVPPIGELALSQRYPWLDLRHWFQTLLHM
LQVTISFMMMLIFMTFNVYLCIAVVAGAGVGYFIFFARRENISDHCN

>D_moj_GI110446_[Ctr1C]
MDLRYDRVPFPTGFTRESRHDHSHEHHEAASSGQAAERQTENPQPEHSCHGSAGHGGSMVFHV
GNRETILFGFWTTSTTTSLVLSCLIVFIIAVGYEALKCYREWLKKCYKKRQEGGSDRGGTTATQL
APAPTLIDAYSSPLSPVVLSGVGAGAGADQSQNQRPPLTTRVPWLAPIHWYQTLLHMLQVTISFL
LMLIFMTFNVWLCIAVVMGAGVGYFIFFARSENVSDHCN

>D_per_GL13975_[CtrlC]
MSLRHDHYGGIEYFQEAEALPHPQHGPADKMADDHVGRGHDMPMVFHGGYNETILFKFWQCD
TRLALAFSCLSIFILAILYEALKFFRDWLFRKRKRRIQGGYDNYSPSRNRPYNYYDYYRQPHPQM
QRHLQPHLQPRLQPQPQLQPQPQLTGRIQTYVYRPPQVRRPAQTQSPAPTAAPTAAPTSITYFSDG
ESISTLGDLPTSSSSDQAVPRSASNRSATTDAQAIQTSDFQAATASDDKSPKTSLISQAWKKLRLD
ASSASRSGGQGTSTSAAQGVSTANAHTHIRRPGPPGPPGPPGPSRLLAAVESQDTGESFTCDFYLS
PLHIAQTFLHMLQVLISFLLMLVFMSFNVWLCLAVLLGAGMGYFLFFPLCTSVQEHCN



>D pse_GA13809_[Ctrl1C]
MSLRHDHYGGIEYFQEAEALPHPQHGPADKMADDHVGRGHDMPMVFHGGYNETILFKFWQCD
TRLALAFSCLSIFILAILYEALKFFRDWLFRKRKRRIQGGYDNYSPSRNRPYNYYDYYRQPHPQM
QRHLQPHLQPRLQPQPQLQPQPQLTGRIQTYVYRPPQVRRPVQAQSPAPTAAPTSITYFSDGESIS
TLGDLPTSSSSDQAVPRSASNRSATADAQAIQTSDFQAATASDDKSPKTSLISQAWKKLGLDASR
ASRSGGQGTSTSAAQGVSTANAHTHIRRPGPPGPPGPSRLLAAVESQDTGESFTCDFYLSPLHIAQ
TFLHMLQVLISFLLMLVEFMSFNVWLCLAVLLGAGMGYFLFFPLSTSVQEHCN

>D sec_GM12117_[Ctr1C]
MDHHGVDVSEGHVHHHASHGSPAPAPPSSSHEGHHSPEMTHHGSHGEHTKHGHHEGGGHDMS
MAMFFHTGDAETILFKFWRTESAMALTLSCLLIFVVAVLYEALKFFREWLFSWDRRRLAGGRDQ
YNRPRRYREANYNYNQPTYPPRTNQQSGTQIYAYRPRSPSMPPLQPPGRSSPQAQSSLILTQHTH
HHVQENTPPAGKTTKLKVYCSGMHILQTLLHVLQVLISFLLMLVEFMTENVWLCVAVLLGAGVG
YYIFCAFRTNVQEHCN

>D_sim_GD16719_[Ctr1C]
MDHHGVDVSEGHVHHHASHGSPAPAPPSSGHEGHHSPEMNHHGNHGEHTKHGHHEGGAHDM
SMAMFFHTGDAETILFKFWRTESAMALTLSCLLIFVVAVLYEALKFFREWLFSWDRKRLAGGRD
QYNRPRRYREANYNYNQPTYPPRTNQQSGTQIYAYRPRSPSMPPLQPPGRSSPQAQSSLILTQHT
HHHVQENTPPAGKTTKLKVYCSGMHILQTFLHVLQVLISFLLMLVFMTENVWLCVAVLLGAGV
GYYIFCAFRTNVQEHCN

>D_vir_GJ10633_[Ctr1C]
MDLRYNVGRVQTAFTRESRHHHQHNHHQGPGSPGSGSAAEAGHAETVETRNAQGCGHGGHGG
SMIFHCSDRETILFKFWTTDSTTSIVLSCLVVFIMAILYEALKCYREWLKKCNKKRLEGGENRPRS
ILTQLSSIPSTPISEAALSMAEQFPPPLPVAAPTAPENSRAGPAAPWLSPMHWYQTLLHMIQVTISF
LLMLIFMTFNVWLCIAVVLGAGVGYYIFFARSENVSDHCN

>D wil_GK13100 [Ctr1C]
MDIGHEPHTVQPHEHHQDHHEQHHHHHHHDGHAESPSDASEISFKTDHESHYKEHHDEMSGHE
HGHHMSMSFHEGVDETILFKFWHSQTTLVLVLSCVIIFLVAVMYEGLKFYREWLFKKCKRRSEG
GNERYQHYENQQYPPQYPQPTAQTFVFRPRTPATSPRPSKIAPRQSIRTTNPTHVDIPPIFHNASAP
EPSPPDGTPKRKQCSKFKAWFGKFHLFQTFLHMLQVFVSFLLMLVFMTYNVWLCMAVVLGAGF
GYFIFFAYSDKFYDHCN

>D_yak GE23348 [Ctr1C]
MNHHGVDASEGHVHHHGSHGSAEPAPPTSVHEGHHSHDMSHPGSHGELTKHGHHEGGGHDMS
MAMFFHTGDAETILFKFWRTESAMALTLSCLLIFVFAVLYEALKFFREWLFAWDRKRLAGGRD
QYNPPRRYREANYNYNQPTYPPRINPQSGTQIYAYRPRAPSMPPLQQPLQPPGPGSPQPHSSLILIP
HTHQHIQENTPPAGRTSKLKVYCSGMHILQTFLHVLQVLISFLLMLVFMTFNVWLCVAVLLGAG
VGYYIFCAFRTNVQEHCN
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Figure S2

A  Alignment of human Ctr1 and Drosophila melanogaster
Ctr1A, Ctr1B and Ctr1C

hCtrl

D mel CtrlA
D mel CtrlB
D mel CtrlcC

hCtrl

D mel CtrlA
D mel CtrlB
D mel CtrlcC

hCtrl

D mel CtrlA
D mel CtrlB
D mel CtrlcC

hCtrl

D mel CtrlA
D mel CtrlB
D mel CtrlcC

hCtrl

D mel CtrlA
D mel CtrlB
D mel CtrlcC

MDHSHH-———————————— MGMSYMDE —————————————————— —— — NS TMQPSHHHET
MDHAHHSA PGVDHSMHHDHY GMHHDHS GI PAATAS PMDAASME DLI PDTSDLQASHAGHA
MDHGSD—————————=—————— DS TS ——mm—m e
MDHHGV ———————————————~ DASEGHVHHHASHGS PEPV PP SSGHEGHHS PEMNHHGN

TSASHSHGGGDSS——MMMMﬂ@TFYFGFKNVELLFSGLVINTA@EMAGAFVAVFLLAMFYE
AHGAHNHGGGESETGMEHMIME HFGYN-ETILFSWWHIETVAGLIGSMIATIFLLALMYE

———————————— TAESCFEMI HAGHC-ERILWRGWVASTVTEFVLSALATIFLVSEFLYE
HGEHTFHGHHE GAHDMSMAMEFFHTGDS-ETILFEFWRTESAMALTLECLLIFMVAVLYE

K k1 ok S .. : SRR w
GLEIARESLLRKSQVSTIR————————————————— oo YNSMP-———
GLEYYREY LFWETYNLLE-—————————————mm YREVTGPQR
ALKFLRQQLARREARRAS ——————————mmmmm e EQLARAEQRR

ALKFFREWLEF SWDRERLAGGRDOYNRPREYREANYNYHNOQPTYPPRTNOQOECGTVYAYREPR

LEE AL &

—————— VPGPNGTILMETHKT——————————————————Vq@Q———MLSFPHLLQTVLHI
NPEAPRIPSPAAAAPSPVCI(VG ——————————————— EVVHEOHPSMLSINHLLOTLLHY
FNEAPAAGGCCSEAPLAE-——————-———————————— PREQTYWQRLEFAS-SHIVQSLLNL

SPSMPPLQPPGRSSPQAQSSLILTQTHﬁENQENTPPAGRTTKLKVFCSGMHILQTFLHV
£ ke akae ke

IQVVISYFLMLIFMTYNGY LCTAVARGAGTGYEF LESWEKAVVVDITEHCH 190
LOVTLSFLLMLIFMTYNVWLC LMYV LGAAVGYF LECWEESVIVDVTEHCH 241
LOIVISYLLMLIFMTFNYWLC LAYV ILGLGLGYFFEFGWNEENPD-ESECCP 174
LOVLISFLILMLVEFMTEFNVWLCYVAYVLLGAGYVGYYIFCAFRTN---VQEHCIH 270

thr ks ahhhahhAek ahEs B K Ehaak : ® ok

26
&0
10
44

g4
115
57
103

107
146
854

163

140
151
125
223



Figure S2
B  Alignment of drosophilid Ctr1A genes

D mel CtrlA

D sec GM1250% [CtrlR]
D sim GD1e81Z2 [CtrlA]
D vak GEl1e762 [CtrlA]
D ere GG13602 [CtrlA]
D ana GF22272 [CtrlA]
D wil GK25589 [CtrlA]
D per GL13345 [CtrlA]
D pse GR17816 [CtrlA]
D moj GIZ181Z [CtrlA]
D vir GJ169%85 [CtrlA]
D gri GH24714 [CtrlhA]

D mel CtrlA

D_sec GM1Z505 [CtrlA]
D_sim GD1681Z [CtrlA]
D vak GE1&76Z_ [CtrlA]
D_ere GG15602 [CtrlA]
D_ana GFZ2272 [CtrlA]
D wil GKZ5585%_ [CtrlA]
D_per GL13345 [CtrlA]
D_pse GAl781¢ [CtrlA]
D moj GIZ181z [CtrlA]
D vir GJ16%85_[CtrlA]
D gri GHZ4714 [CtrlA]

D mel CtrlA
D sec GM1Z505 [CtrlA]
D sim GD1e812 [CtrlA]
D vak GE16762 [CtrlA]
D ere GG1%602 [CtrlA]
D _ana GFz2z2272 [CtrlA]
D wil GKZ558% [CtrlA]
D per GL13345 [CtrlA]
D pse GAl7816 [CtrlA]
D moj GIZ181z [CtrlA]
D vir GJ16%85 [CtrlA]
D gri GHZ4714 [CtrlA]
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D gri GH24714 [CtrlA]
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Figure S2

C Alignment of human Ctr1 and insect Ctr1A genes

A mel LOC551217 [CtrlA]

N vit LOCLl00122867 [CtrlA]
T cas LOCG660576 [CtrlA]

A aeg ARRLO13305 [CtrlAa]

A gam AGAP00Z105 [CtrlA]

P _hum PHUM338810 [CtrlA]

A pils LOCL00165653 [CtrlR]
D mel CtrlAa

B mor LOCG2287Z [CtrlA]
hctrl

A mel LOCS551217 [CtrlA]

N wvit LOCI0O0122867 [CtrlA]
T cas LOCeB0576 [CtrlAl]

A aeqg ARELO1330% [CtrlA]

A gam AGAPO0Z105 [CtrlA]

P _hum PHUMZ35810 [CtrlA]

A pis LOC1001656%3 [CtrlA]
D mel CtrlAa
B_mor_LOC6928?2_[Ctr1A]
hctrl

A mel LOCS551217 [CtrlA]

N vit LOCLl00122867 [CtrlA]
T cas LOCGEE05T7S [CtrlAa]

A aeg ARRLO13305 [CtrlAa]

A gam AGAP00DZ105 [CtrlA]

P _hum PHUM338810 [CtrlA]

A pis LOC1001656%3 [CtrlA]
D mel CtrlA

B mor LOCESZ87Z [CtrlA]
hCtrl

A mel LOCS551217 [CtrlA]

N vit LOCL00122867 [CEtrlA]
T_caS_LOC6605?6_[Ctr1A]

A aeg ARRLO13305 [CtrlAa]

A gam AGAP00Z103 [CtrlA]

P _hum PHUM33%810 [CtrlA]

A pls LOCL001656%3 [CtrlA]
D mel CtrlAa

B mor LOCG22872 [CtrlA]
hctrl

A mel LOCS551217 [CtrlA]

N wvit LOCI100122867 [CtrlA]
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A gam AGAP0O0Z105 [CtrlA]
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N vit LOCL00122867 [CEtrlA]
T cas LOCG660576 [CtrlA]

A aeg ARRLO13305 [CtrlAa]
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D sec GM2Z3723 [CtrlB]
D sim 3D15144 [CtrlB]
D mel CtrlB

D ere GGZ25028 [CtrlB]
D vak GEZ5868 [CtrlB]
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D_per GLZ3430_ [CtrlB]
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D wil GK1317% [CtrlB]
D gri GH14206 [CtrlB]
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