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Fig. S1. Phylogenetic distribution of sex peptide across Diptera. Maximum likelihood tree based on sex peptide receptor sequences. The red branch represents species in the family Tephritidae. Bootstrap values (500 replicates) indicate branch support. Solid black circles: sex peptide presence; open circles: sex peptide absence.
[image: H:\2024王峥豪\SCF调控雌虫交配的机制\For nature\Figure S1.tif]
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Fig. S2. Seminal fluid proteins and male inner reproduction organ transcriptomic differences across different developmental stages.
(a) SDS-PAGE protein profile of seminal fluid proteins (SFPs) reveals distinct banding patterns between stages.
(b) Quantitative analysis of seminal fluid proteins (SFPs) content (n = 3 replicates, F(2, 6) = 396, P < 0.001, ANOVA). Different lowercase letters above bars indicate significant differences (P < 0.05, one-way ANOVA). The hollow circles represent individual replicate data points.
(c) NMDS plot based on Bray-Curtis distances, showing clear segregation of transcriptomes by age. 
(d) PERMANOVA analysis confirming significant differences in transcriptome composition between groups. 
(e and f) Count of differentially expressed genes for each comparison against the 0-day-old baseline.
(g) Expression profiles of the genes in inner reproduction organ across different developmental stages.
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Fig. S3. RNA-seq and qPCR validation of transcription factor expression.
(a-i) FPKM value of each transcription factor in male inner reproduction organ across different development stages. One-way ANOVA results: (a) F(2,15) = 59.65, P < 0.001; (b) F(2,15) = 27.26, P < 0.001; (c) F(2,15) = 18.61, P < 0.001; (d) F(2,15) = 28.77, P < 0.001; (e) F(2,15) = 12.43, P = 0.001; (f) F(2,15) = 7.963, P = 0.004; (g) F(2,15) = 26.88, P < 0.001; (h) F(2,15) = 5.862, P = 0.013; (i) F(2,15) = 11.81, P = 0.001.
[bookmark: OLE_LINK1](j-m) mRNA level of each transcription factor in whole body of male and female across different development stages. One-way ANOVA results: (j) F(5,12) = 24.07, P < 0.001; (k) F(5,12) = 18.45, P < 0.001; (l) F(5,12) = 31.54, P < 0.001; (m) F(5,18) = 26.49, P < 0.001.
(n-q) mRNA level of each transcription factor in inner reproduction organ of male and female across different development stages. One-way ANOVA results: (n) F(5,12) = 14.32, P < 0.001; (o) F(5,12) = 30.11, P < 0.001; (p) F(5,12) = 39.56, P < 0.001; (q) F(5,18) = 42.06, P < 0.001.
The number of hollow circles on the bar chart represents the number of repetitions. Different letters above the bar chart indicate a significant difference at the 0.05 level by ANOVA. 
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Fig. S4. Effect of transcription factor knockdown in male on the mating of female.
(a-c) mRNA levels confirm successful RNAi knockdown of DM (t = 2.942, df = 4, P = 0.042), ZF75a (t = 9.416, df = 4, P = 0.001), and Forkhead (t = 8.979, df = 4, P = 0.001) compared to control males (n = 3).
(d-f) The mating ability of DM (t = 1.035, P = 0.325), ZF75a (t = 0.141, P = 0.892), and Forkhead (t = 0.933, P =0.373) knockdown males was comparable to control males (n = 5-6).
(g-i) The mating rates of females injected with seminal fluid proteins (SFPs) from DM (t = 1.779, df = 10, P = 0.106), ZF75a (t = 0.537, df = 8, P = 0.606), and Forkhead (t = 1.604, df = 10, P = 0.14) knockdown males, compared to seminal fluid proteins (SFPs) from control males (n = 5-6).
(j-l) The remating rate of females that mated with DM (t = 0.526, P = 0.613), ZF75a (t = 0.748, P = 0.476), and Forkhead (t = 0, P > 0.999) knockdown males showed no significant difference from the control group.
The number of hollow circles on the bar chart represents the number of repetitions. Asterisks (*P < 0.05, ***P < 0.001) denote significant differences and “ns” indicates no significant difference, as determined by independent samples t-tests.
[image: H:\2024王峥豪\SCF调控雌虫交配的机制\For nature\Figure S4.tif]
Fig. S5. Inner reproduction organ transcriptomic differences between Pax-6 knockdown male and control.
(a) NMDS plot illustrating global transcriptome profiles among Pax-6 knockdown (dsPax-6) and control (Ctr, dsGFP) groups.
(b) PERMANOVA analysis confirming significant differences in transcriptome composition between groups.
(c, d) Volcano plots depicting DEGs in the (c) Ctr vs. dsPax-6 and (d) dsGFP vs. dsPax-6 comparisons.
[image: H:\2024王峥豪\SCF调控雌虫交配的机制\For nature\Figure S9.tif]
Fig. S6. Analysis of SCF transcription and origin in Tephritidae.
(a) Analysis of transcriptional signals of the SCF in B. dorsalis and its homologous sequence in C. capitata. The red boxes showed the RNA-seq signal of SCF in B. dorsalis and B. cucurbitae.
(b) Alignment analysis of the SCF B. dorsalis and its homologous sequence in C. capitata.
[image: H:\2024王峥豪\SCF调控雌虫交配的机制\For nature\Figure S10.tif]
Fig. S7. Expression of SCF in B. cucurbitae. 
(a) Expression of SCF in female and male of B. cucurbitae (n = 4 replicates, t = 19.08, df = 6, P < 0.001, independent sample t test). 
(b) Expression of SCF in different part of mature male (12-days-old) of B. cucurbitae (n = 4 replicates, F(3, 12) = 62.67, P < 0.001, ANOVA). 
(c) Expression of SCF in male of B. cucurbitae at different development stages (n = 3 replicates, F(2, 6) = 225.8, P < 0.001, ANOVA). 
The number of hollow circles on the bar chart of the figures represents the number of repetitions. Different letters above the bar chart indicate a significant difference by ANOVA. Asterisks (***P < 0.001) denote significant differences determined by independent samples t-tests.

Table S1 Probes used in EMSA
	
	
	Sequence
	Score

	Pax-6 vs SCF
	Probe 1
	tttcgtaaactattttgattaagaagaaaa
	9.9

	
	Probe 2
	ggctgtccgtaaataaattattttaatacc
	8.9

	
	Probe 3
	gccactcttttatcgaactaccctctcgtt
	8.8

	
	Probe 4
	gcgccatccctgattgaattttatttcgtc
	7

	
	Probe 5
	gcattaaatgattaattacatttcttattc
	6.8


Note: The red sequence is the Predicted binding sites (PBSs).
Table S2 Primers used in the study
	
	Gene
	Primer name
	sequence(5’-3’)
	Product size

	Primers used for gene quantification
	ZF75a
	ZF75a-F
	TGTTGTTTGCGCGAGAATCC
	204

	
	
	ZF75a-R
	GCGTAAACGCACCAAACAGT
	

	
	Pax-6
	Pax-6-F
	GAATGCGCTCATGTCCCAAC
	207

	
	
	Pax-6-R
	TCGCGCTTGTACTGTTCGAT
	

	
	DM
	DM-F
	CCAGCACAATCGCTAGAAGGTTC
	204

	
	
	DM -R
	TGGCATCATCTCCCATGGATATCG
	

	
	Forkhead
	FH-F
	CTACACCATTACTGGGTGCGAAT
	199

	
	
	FH -R
	TGTAAGGCAAATTGCTTCTGATAACTG
	

	
	Bd-SCF
	Bd-SCF-F
	TTGGGACACCGTTCAGATGC
	128

	
	
	Bd-SCF-R
	CACACGATGCATTGGTCCAG
	

	
	Bd-RPL
	Bd-RPL-F
	CGATTTCTCCGCAGTATTCAC
	147

	
	
	Bd-RPL-R
	GCCAGTACCTCATGCCTAACA
	

	
	Bd-α-TUB
	Bd-α-TUB-F
	CGCATTCATGGTTGATAACG
	184

	
	
	Bd-α-TUB-R
	GGGCACCAAGTTAGTCTGGA
	

	
	Bc-SCF
	Bc-SCF-F
	CCAGCCTTTTAGCGCAGCAAG
	252

	
	
	Bc-SCF-R
	TGCCGGACGTCCAATAAGCAAA
	

	
	Bc-RPL
	Bc-RPL-F
	ATGACGATCCGCCCCGCATA
	222

	
	
	Bc-RPL-R
	CTTGAAGCCTGTTGGTAGCATA
	

	[bookmark: _Hlk197102646]
	Bc-α-TUB
	Bc-α-TUB-F
	ATGTCAAGCCGCGGTGAAAT
	220

	
	
	Bc-α-TUB-R
	CTGTTGGTTCCGTGTCGACG
	

	Primers used for RNAi
	ZF75a
	dsZF75a-F
	GGATCCTAATACGACTCACTATAGGNTGAACACTGTTTGGTGCGTT
	492

	
	
	dsZF75a-R
	GGATCCTAATACGACTCACTATAGGNTCCTGTGAGCTGTCCGTATG
	

	
	Pax-6
	dsPax-6-F
	GGATCCTAATACGACTCACTATAGGNCATATGTTGTCGCAACAGGG
	500

	
	
	dsPax-6-R
	GGATCCTAATACGACTCACTATAGGNGTCAACAGACCACCCGAGTT
	

	
	Bd-SCF
	dsBd-SCF-F
	GGATCCTAATACGACTCACTATAGGNAGGATGCCGACTACTTGGTG
	300

	
	
	dsBd-SCF-R
	GGATCCTAATACGACTCACTATAGGNGTGCTTCTTCGCGGTTATTC
	

	
	UP1
	dsUP1-F
	GGATCCTAATACGACTCACTATAGGNCGACAACCCAAACAACAATG
	458

	
	
	dsUP1-R
	GGATCCTAATACGACTCACTATAGGNATGGCACACTATCCGATTCA
	

	
	DM
	dsDM-F
	GGATCCTAATACGACTCACTATAGGNGTCCGATTCGGACATGCATGACTC
	540

	
	
	dsDM-R
	GGATCCTAATACGACTCACTATAGGNGGTGGTGGCACCGACCCAGGTACA
	

	
	Forkhead
	dsFH-F
	GGATCCTAATACGACTCACTATAGGNCACCGGAAAACCCTTGTGCAGAA
	523

	
	
	dsFH-R
	GGATCCTAATACGACTCACTATAGGNCCGGCTATTGTCTGTGTGGGTATC
	

	
	Bc-SCF
	dsBc-SCF-F
	GGATCCTAATACGACTCACTATAGGNTTTCCACTAAAGATGCTGACTACATAATTGT
	413

	
	
	dsBc-SCF-R
	GGATCCTAATACGACTCACTATAGGNTTAGTGAGGACTCTCGCAAATAAAAAGATTC
	

	
	GFP
	dsGFP-F
	GGATCCTAATACGACTCACTATAGGNACTACCTGTTCCATGGCCAAC
	468

	
	
	dsGFP-R
	GGATCCTAATACGACTCACTATAGGNGAAAGGGCAGATTGTGTGGAC
	

	Primers used for luciferase assay
	SCF
	SCF-R
	[bookmark: _GoBack]CCGCTAGCAATATATGAGAGGCACGTCGATCTCTCAAT
	2133

	
	
	SCF-F
	CCGGTACCGCTCTACCCGATAGGTGGCAC
	

	
	Pax-6
	Pax6-zF
	CCGGTACCGGCACCATGTCCCAACAGCGTTTACTCGAG
	1929

	
	
	Pax6-zR
	CCGGATCCACCACCGCCGCTTCCACCACCTCCGCGATCATGCTTGGTGAGTTGC
	

	Primers used for EMSA
	Pax-6
	Pax-6-TF
	GGATCCTAATACGACTCACTATAGGNATGTCCCAACAGCGTTTACTCGAG
	1929

	
	
	Pax-6-TR
	TCAGCGATCATGCTTGGTGAGTTG
	

	Primers used for protein expression
	SCF
	SCF-YF
	GGTGGTGGATCCGAATTCCGGACTATGC
	433

	
	
	SCF-YR
	GTGCTCGAGTGCGGCCTTATTAATGCGGTTT
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b [T GGG T TAT TR TG AT GG AT T ToCCAGTC TR GC A AT AT TAAATCA AT T TATTCCTCOGTAATTTCTTTTACGTTGTGGATAGGT T TTGTAAARARATCTTGAARCTCAGCTARAAATATGT T TGARGARTTRAARACATCTATACTACCGTTCARCTAT
B TTTCGTACATTTG-TTGITATIRAGRATCAGTAGCARAAT T TRTRAGL-~TARTAACAT-TRTAATTARTATRTATGTA
Concensus|i TaTTocoladi TToTgTa.osoo.. ATTTORCCagaal T ol TalceeTcteTaalTalTcaTACgTT, TTTc6Thafaaaa, TGaafcTafbaaaaRaaaachfial Taghta, . RRGFACAT, ATHaT aaagal aafcgaa

B3l CoMRTTARTT AR TG-GAGAGAG ARG GEATTAGATGGTC TG TCATACTCACATRRACTAGACARATCAACCATGAG TGCGATCCTGCCR-AAGTTAGCGAGECARAGC TTGTTTGATTGE TCTCATRATATTACRAGTCARGAACAGAARRAAGGAGAGTEATAATTATGTATATRRRTAATTTGTTTGLTGACTTAGTCCAG
C.CCATRTATATRTATATRT GTAAGAATGTAGGTGOGTGGTACARAC~~GCCCARRAATC T TATACAAACGTAG~AACCARAAGT 6AGAGGGARAGARGT GBATGAGGLATTRCCCGECTECCAGTTGAAGACARABETARC TATGAGCGGAGCARAAGH-AGCARGACTTGCCARCARAGTGATATCTARGTGCGATTTAGETGACLT
Concensus CaslasfTacha TG, AGRaqGTRaGTGGageTaghcasal,, 6CcCRaRaacaCalafaachCaofe, AACCRaaRGITGaGhgocgaaaa, AGTaacGRGECRaaal cchcTGacabeT: aGRaaRifaG, Aicafhal T TaabTGalag

Cl 1T CAC AR ARG GGG GAG AT TAAACGARAGEACC GGG LG CGCGTCTATTTGAAAAT T TAAAAT T TATTATATGGTTAATATAATATAACTATATTTCAGARRAGG T TGATTGAGGARRRARTCAGC TGATTRRTAATTTT-~TGTGCCRCCTCTTACRRRRATTTGATATTGTAGATGGARAGEGAATGGAGGRRAT
C ATATTARAGCCCACRCARCATTTCTIGTACTGTT I TTAGCCATGAAGTCTTGGTARTR=~=~TTTTCAGARAT TGTAGTTCARRGIC~CCRCTACCCARRAGCAACG-~~CCCARARRGTAGTAT T TTICCTCTICARGCTCATARACCATCTACARRRGAGRAGL TCTTTGCCTCTCTGCATAICGTRCTAACRAAR--AAAGGTCTCTCA
Concensus alacfaalcaCaailalgecgecghcgioalTahaCcasafabaCegSiTaala, ., Tal TcaafTTTaafal TcfaaaTal , cohaAcaaafiafaCafica, . CachffiatTaGoaTgaggasaaaacali TeATafcafTa,  aaabacaficl TCTTacaaaaac TecATATCGTAcaaachffa, . AaiGacgaaaa

GGG TAACARAAGANGATATCTCCGCC TATGAGC A AAAAGGGTC GG TAAATC AR TG GARTAGECAGGLAGAGAGAAAG AAAGAGAGAAARAACACCCAAGTARTTGTGATAGAARGTGAGTGAGTTAAGTCATAGGTCGCTGTGGTTACACT-ATTTRGCGLTTTGGAGGGCTTCGTTTTTTGTCARRTTATATITA
Cc AT AT TGAT—mre AT TG A CTTAOCAG-GOCE TG TR GRS TTCTGSAGNCTCTCTAGTGATTT e CTTTTTAGRGHAGACTGLTTG
86, ol

Concensus st . TaaRaCcARRa 3k 11, TGaTacaRAGTafal gacTgfgTaRcaleTc6lTggGagaRaRCT ATTCTAGCGATTT, CeTTTTTa6agchAaaaalacTTa

Bd TRRTGMTTGLETTTICCTTTTTTTATTT
CC GUTGTRCTIGITTRLTTGECTATTRCTGTACT
Concensus gaalasalTicgTeclececTal TgalgTe

RGAAT A TTATARAGTHGTTCTATCTACCCTTTRTARATAARAATTARATAATTTCEARRCACTACTATACCTGARACGATRARAGTTGTTCARGTTAAGGAGRARATAATTRCTGACTTATITG
CRATTTAGTCAGTCT-CAGTTARACCCAAGRAGAGTACATGACAGCCAGACAGTGECTCATTTTCACATRTCTGTCATCATTTCTTARTCTGTATCAATCGTGTCARGGGCTTTCCACAGTCCACR
AGTTaafcl acaccCasaalcggaholaal: MaCcaaagT:

B GG TG CARATCGAGaCGTGC G T T T AT CGGAG AR T GAACAT TG TAAATAGAGT T TCGAGAG~GTGT TG ATATTTGTATAY T TGTATTTCCTTTAACTTCGGTGGAGAATGGIC TTGARTGGEL T TAC-GTCCTGTAGTATAARGT TCACGAGAMATCARCLTGATCCCRLCCGTCAT
C_ GTTCAGTTTCARTARACTCTGAR~~~-==~=GCTTTCACRRTAACGGTGATCTCAACGTGTGARRCT T TGARATATCARATAGC TGATGETGGGTTCTAGRRATCECTGCTTGAGATGACAGRACTRTCCH-~~~~~ARACTTCC TTGCTACCACTTGCTATCTGCCAGCRCTTTCCTICCGCTEGAA~~CTTTGTTTCCGORACTGTTGT
Concensus GITCAGTTTchaaaaalCaoha.. ... g TTeacaaRalabagCeatfic TcgGRaaTTgaahaRaTaahaT agCalhaat. GeGTTcThghaalcgal ac T TgaghTialagaaadalcCa. .. AfcgecC TTGasaccal TTal alCcocaacaal aaac TCabcaoff, CasaccTgaclcCaalcTcal

exon 3
%d COATTTARAGTATGTACC TRGTGATAATRGTAAAAATGAT T TTATAC-CACAAGACTAGTTACTCCACTAGTTTGGTTAGCATTCATGARR~~=T TRAGTAGTTGTCACACAGAGTTCAT T TGATTTTHAGCTTTTTHRC TTTTATTCCGTTATTTTTTTGCCTICTTICATTTCCARAATCGTGEGARGACGL TARRRRATATTGTARAGA
C mxmmmmcmnmmmmmmnmmmmrmImnmlmmrvmr.nmnmnmmmmmmmmmwmwmmm—mm 3TTCGRGGTTCCCRAATRARRAARRTT~~ARRRA
TCGaGiigaacaaaa AAAARRAATT

Concensus C.fgasaablaabTactTacct & T66TTRacaTaalahf, ,TTaabTAGeTcTCasach, abegCATagacasaalaablalagT. .CTeaaacTCaaaRaTal T, CagaacTCacagCC
exon

A AAGCAGA T CAAC AT TTCTTTCGAGACACAAGAAAAACTGGT 1ARAT AT RTATT T TATATARATATG3TARAGTGTTACAACT T TTTATAATTTATTTATARRCGGGARAAATAT T TTARRCTTGCATCACCARTCATRTTRCAGRCTTTCTACHARG ICARARTGIACATCLAGACAGTCL TTTGTATI=CGCTIATIGHN
C | TTRCe=eme TGGHGTTGGRATTTTTGGACAAGGATTTTGTACAGTATTGCTICHGCTCATGTAGACCCARAT=TGf TTGARTAT T TARRTATTTTTTCHAT TmmsemmemsmsGGTGTRATATTTTReme-T TTCATTHARAATTTTATTGTRGGTTCCTR-~GHGTCARRRRT GAACCCARTCAR=~CTRRCGCCTTRCGCATATGEA
:TTcCTh, ,oAGTCARRRagTaahcCCRaaCRa, CTaactical T, CECATRATTGEA)

%d
Concensus .

ichacTaGaalcT T abgalaaaT TCAgcacATg TaghcachAT, T6fTaahalaT TaaMcal TTTTachTT, < GiaaaMTHTITTa, . TeCATchaaRTcalAT
exon 4

B | CHTCTGCAACAATCTAGARAATCCCAATARATTCRTTTGGGACACCGTTCAGATECCGGTAGHATATTTTCATTGGLTGAATAACCGCGARGAAGCACCTGGGGGTARGGGCTGCAT T TATGGGCCTGAAGRCTTTTGGCCGLTGGACCAR-—=TGLATCGTGTGATGAGCCTAATCTT TATC=~TGTGAGAGCLTCATTAA
COCCCGGCARTAATCETGBCAATCCCARGAAATTCATTTGGGAGACTATACGTCTTACCATCGACTATATCCATTGGT GGBAGACTAC-ACGTCETGLCATCGACRATTTYCATTGGTTCAACARAGTC~GAGE~TTATRCCAGLTGECACTGGTTGCATTC CATAGGTTCGARAGCTTTTGCACGTTGGABGAAGGCGLCTTGN|
CoNCENSUS)| CacleGCRcTCeabaaMTCCRAARATTCATTTGGGACACca aLagaTgalcalabRaTATaTcCAT al flabaatical CagebacafaggeC. Tgcal TCaRlaaaabieC, GRaG, . ITalacCaGlTG6aaCaa, , TGCATccTcaghgGagCoaRfigl TTTTgaal, ‘glalTaa)
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