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FEE B i n] AL 2 P O S At S AL PR BB MBSO M S IR SR, BT 2R, PR, X
AR R U A BB B RS AR HP AN T A2 Ry Tk (0 B SR R o RN T AR e L A B SRR B B A TR,
BT 3SR s AR TR . PR RNA (Circular RNA, circRNA) & —FhERAR & 00 885 RNA 43 7, HAE4 ik
WAT L 2 Foy 502 5B TR A 2 M EZ Y2 ThRe, Hor 7450 5 DhReE RN A BAT — 58 DRy P . AR FL T
RINT AL Aedes albopictus WEITH 5585763 1) circRNA-407, AT DU 47 545 & miR-9a SKSEMA L R e 5L B X Sk AE
A L (Fork head box L, FoxL) , AT SEBL MM M4 )5 50 8K B IPEM - {3 cireRNA-407 7EICHR fE B8 IB A7 12, DIfE
RBRTFARM . AFEET circRNA-407 JHEF (Host gene) HHAT T H:F 45 59 F AL/, 83 RT-PCR % AR K]
[E] Y5 circRNA-407 HBEAT T 3800F, B4 P1{5 B2 515 circRNA-407/miR-9a/FoxL 43 —F i #4538 B (¥ f1 57 M 47 T3R5 .
RT-PCR 525 R & UIESE T cireRNA-407 TR RS AETE . 43 FHEAL 5 BRI 45 1) 73T 7R circRNA-407 flFR T HU5 Ak
(K] 4 ANRSFAMNEF, BEA R HH LT XU IR L [RAL S AR5 227 3 W UE 5 2 ZE0R circRNA-407 5 FoxL 2 B A7 fR“F miR-9a
TBTEMSE G AL, ISR circRNA-407/miR-9a/FoxL 43 ¥l 2 5 MEIC 0 SR & IR R AR SFAEAE I o 20T FONRR T U
FAEFH AL cireRNA 43 T IRE AR IR S IR SFRAE, RIS 5 T AT E bR 4 T REAT Pl R bR AL T BR et
KR R RNA; IR boRh R

TS Q963 SCHRARIRAG: A

Molecular evolution and function analysis of circRNA-407 in mosquitoes

ZHOU Wan-Kui'?2, WANG Yan-Hai’>, GAO Yong-Hui**, GU Jin-Bao?" (Department of Clinical Laboratory,
People’s Hospital of Nanhai Economic Development Zone in Foshan City, Foshan 528000, Guangdong Province,
China; 2. Guangdong Provincial Key Laboratory of Tropical Disease Research, School of Public Health, Southern
Medical University, Guangzhou 510515, China; 3. China National Institute for Viral Disease Control and
Prevention, Chinese Center for Disease Control and Prevention, Beijing 102206, China)

Abstract: Mosquitoes (Diptera: Culicidae) are undoubtedly the most important insect vectors for the transmitting
parasitic and viral infections to humans and animals, posing persistent public health risks globally. Following
blood ingestion, female mosquitoes initiate ovarian development and undergo repeated blood feeding and
oviposition cycles throughout their lifespan. These biological traits serve as the foundation for the transmission of
mosquito-borne diseases and significantly contribute to the global expansion of mosquito populations. A

comprehensive understanding of the molecular regulatory mechanism in ovarian development post-blood meal is

HEETH: BRERRFESE LHH (82372285 3 ) RAE AR FEEM FIH (2022A1515010721)

e fifr: AW, L, RN, BEFA, B8 R RIE, E-mail: 373072739@qq.com

“IL[A @ IAE Author for correspondence: &R, Y, 4, #I%, FEHFICITROVBUERT], E-mail: gujinbao@smu.edu.cn; mkHE, B, fHt,
BRI, ETERF T A Ui, E-mail: 787052744@qq.com

Wk H 3 Received: 2024-12-18; 4&[8] 3 Revision received: 2025-02-21; %52 H I Accepted: 2025-02-24



essential for development of novel strategies for mosquito population control. Circular RNA (circRNA) represents
a single-stranded RNA molecule characterized by their covalently closed circular structure. They play the critical
biological roles through diverse gene regulatory mechanisms and exhibit strong cross-species conservation. In our
previous study, we identified a highly expressed circRNA-407 in the ovaries of Aedes albopictus females. This
circRNA was found to regulate ovarian development by specifically binding to miR-9a, thereby influencing the
expression of its downstream target gene Forkhead Box L (FoxL). However, the prevalence of circRNA-407
across mosquito species and the evolutionary conservation of its functional role remain to be further elucidated. In
this study, we conducted gene structure and molecular evolutionary analyses of circRNA-407 and its host gene.
Homologous sequences of circRNA-407 were detected in multiple mosquito species using RT-PCR, while
RNA-hybrid tools were employed to predict potential miRNA binding sites.. Our RT-PCR and Sanger sequencing
results first confirmedthe conservation of circRNA-407 within the Culicidae family. Molecular evolution and gene
structure analyses revealed that circRNA-407 comprises four conserved exons derived from its host gene, with
evolutionary origins tracing back to a common ancestor of Diptera. Bioinformatics analysis further demonstrated
that both circRNA-407 and FoxL in major vector mosquitoes harbor conserved miR-9a binding sites, suggesting
that the circRNA-407/miR-9a/FoxL regulatory axis governing ovarian development is evolutionarily conserved.
These findings establish a foundation for using the conserved essential gene involved in mosquito reproduction as
potential targets for population management.
Key words: circRNA; ovarian development; Culicidae; mosquito control

I B 2N Insecta XU H Diptera 4/ 1. H Nematocera #{F} Culicidae. Rl LRl : 42 ¥ A}
Anophelinae 5 IO R} Culicinae, 3£+ 113 ANMEZ) 3 726 F1 (Sukupayo ef al., 2024) , FRE 512 20
J& 63 NILJE 419 Fiie HHA 3% WU&E Anopheles. TR Aedes S514WUE Culex 7 i N HE E LRS- 2L
J& TN 465 Bl 70 Bl fe 4k AZEE U (Dalilah ef al., 2024) , 2022 i RL 2.49 {0 NE G
it 60 Ji4ET: (Miura et al., 2024) , i&r] DAL YL G2 L 5 )8 5-J8 555 (Brault ef al., 2004;
Manguin et al., 2010) . U@L EZE-RRHE .. SFmE. B EMRE S HAREEE. B3 2024
F10 A, UEFEREERCHST 1300 £ 7395 (https://worldhealthorg.shinyapps.io/dengue_global/) o JFHY
JE& A& LRI (1) E AL RN F BEAATE LM R PO S AR SR . PJe DR, L% 5 Wi 20
H 5L E#EY% (Madhav et al., 2024) o 56, BUREERRRATIES R 08, BT InABkARmg |
WA, N R AR ISR KR4, R AR R 2R RN, MR R AR B A ) R A RE
WS ERy KM EZATE, R B AR RRIOR AR . R T RIS S 5P 5K E 2T IR LR
A BT IS SRR A AR R T AR A

IR RNA (Circular RNA, cireRNA) il id —#fF gAY i) /e [m) 878277 20 (Back splicing) f#f RNA Fif
PRBER 5% AN 3 S 8 T LA B 45 5 TE B — A BRI T RNA. circRNA JEilF Y 5° A1 373, i 32 AZ R Ak
VIBG M, TR EL 2 E RNA ke e L= H K (Patop et al., 2019) . circRNA Al id 454 miRNA,
RBP 5 8 H Jit B0 B 1 22 IR R S5V E I 7 S SRR 3 R SRk 4 . it ek AR5 2 A
FidfE (Li, 2023) . S5WFLEIAHLL cireRNA 7RI AP KB FEATIAL TR By, ASHIE ST RTIIIESE T H
LU — ™ circRNA 43T aal-circRNA-407 ]/ 4 miRNA 47 (miRNA sponge), At 45 73 M 45 & miR-9a,
M S X I $EJE IR YRR &R (1 L 3E K (Forkhead Box L, FoxL) [WIVATEIER, A& A% M i 4 5
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IR E (Gaoetal., 2023) . —MiAA cireRNA BAT—5& ) Fha fr<r it (Patop et al., 2019) ,
{H H 1 circRNA-407 /2 75 75 I d0 8 3 47 76 [ H T fe /& 5 Ok 57 R 45 BESE o AHIE 50k T A4 11 80f i
circRNA-407 S HCIFAEIN (Host genes) #EAT JHERIAG 5 73 1 AL XM, @3 RT-PCR b Hofik B B[R] 95
CircRNA-407 BEAT T Bk, 3 AE (5 B2 /0 Tt cireRNA-407/miR-9a/FoxL 43§ AT BES () (R < 1 HEAT IR
e

1 #MR5RE;

1.1 kSR

AU k111 Bk Aedes albopictus Foshan Strain, T 1981 EREHT RE ML 58 &AL LR
Ae. aegypti Haikou Strain T 2016 K45 H G AW L1 80 FE LU MM Culex quinquefasciatus
Guangzhou Strain J- 1993 F-REH " RAT M, DL EBURBI AR ZEEFE . i iz b [tk Anopheles
stephensi Hor strain H1 91 1L K F 5K AR U HER 0 s HH 4% I An. sinensis China strain FHE PRITE K 7 Rk
PO . RIS SR A N E BRI TR - SIS E]=12h 12 h, IEE 28°C, BFE 70%~80%; %hHFH &K
TFREAENEE T, FHRE AR, STE PGB ZE 30 c®BUET, 45 10% 8 & HEK TR, #Ei
TEF=OPRT 3 d WA BT SRR 2 100
12 BEtkS A&

K IR Z A TransSold B AL R{ 404 A A, PR3 #4 pLB vector I H L5 RIR A ] . & RNA
FEEGR 7 TRIzZoI™ Reagent. 3 K4 2B 71 TURBO DNA-freeTM Kit Il [ 25 [# Invitrogen A #]; %%
AR & GoScript Reverse Transcription System 1 [ 3% [€ Promega A 7 ; #J5 5)) DNA % &l DreamTaq
Green PCR Master Mix. DNA F B 4li fk i 7] & GeneJET PCR Purification Kit I | 3% [E Thermo Fisher
Scientific /2 7 .

1.3 RT-PCR

fii i TRIzol iR FFZHURE i s RNA, TURBO DNA-free™ il £ % B 2 K 41 DNA 7 F . [H circRNA
iz 2 R RATIRE (Ploy A tail) , AR HRIZME K cireRNA 7> 735£ HEEHLFY) (Random Primer) f§
F GoScript Reverse Transcription System 7l & 17 W 5t . DL B AR 34 A S BHaEAT o circRNA
RT-PCR (B M 171 5149 (Divergent primer) 4 38 Hix, XA 514 (Convergent primer) #7383
Xt ER T2y 1, 2> S ] cDNA ALK 4] DNA (gDNA) JyftR. PCR 41 (1757148 1% fig it i iy
¥ el
L4 S5

FT circRNA PCR 73 #5195 FHig ik 1.
x1 BT circrna $EERMSIMEEREERASH

Table 1  Primers used for circRNA identification and cycling parameters

Yol SIAATR S5 (50-3Y) S & (B2 214
Species Primer ID Primer sequence(5' -3") Primer usage Cycling parameters
2 Je i aae-circ407 F TCACTCCGAAAAGTGCCCTC
R B AP GBI 94°C 3 min, 35 M
Ae. aegypti aae-circ407 R AGTTTTTGCGCGACCCTAGA

) ) Divergent primer ¥ (95°C 30's, 55°C 30
B E cqu-circ407 F TGCCACCCTCCTCCAAACTC



Cx. quinquefasciatus cqu-circ407 R AGTTTTTGCGCGCCCCGAGC s, 72°C30s) , 72°C
7 G e ast-circ407 F CTGGAGGACGGTAACACAGC SE40 5 min.
An. stephensi ast-circ407 R GGCCAACTCCTTCGTCATCT
EEIZE TV asi-circ407 F TCCAACAAACCGTCCCTTCC
An. sinensis asi-circ407 R TCCTTCACGTACGCCTGGAT
e Je P aae-circ407 LF GGAGATAGCGCTGCTTGGAC
Ae. aegypti aae-circ407 LR TTCCGTGGCCACCATTTTGA
B PR cqu-circ407 LF CGGAACGGTTGTGCTTTCTG 94°C 3 min, 35 M
Cx. quinquefasciatus cqu-circ407 LR AATCCCCGTCAGCCTTGATG ot ] 51 4 FR(95°C 30 s, 54°C 30
7 EC e ast-circ407 LF GTCGGTGCCAATGGAGAAGA Convergent primer s, 72°C305s) , 72°C
An. stephensi ast-circ407 LR ATTGTGCCGAATTGTGGTGC ZEAH 5 min.
EEIZE Ve asi-circ407 LF CGACTGACGACACTCTGCTT
An. sinensis asi-circ407 LR CCTCCAGGATGAACGCTACC

{# i} GeneJET PCR Purification Kit 71 & X DNA & Bt 47 [l {# A Lethal Based Fast Cloning Kit
AR DNA R BOd T &Rz, BB YA 5900 TransSa: PCR 31851 ¥4 1l S Sanger /5 Hi
¥4 T Sango Biotech /A & 58 .

1.5 S5 mim 5 41 Ak o i

F| F NCBI fE £k 1. B Conserved Domain Database ( CDD)  Chttps://www.ncbi.nlm.nih.gov/Structure/
cdd/wrpsb.cgi) PAERIN S HON S aal-circRNA-407 LR (GenBank: LOCI109412837) 5 A ¥ 5145
Ry AT ot . DA QIR R 541 (GenBank: XP 062703436.1) @it tblastn J7i2:#F NCBI ¥4
J2 L R R AR R BT 41 o T2 Tl b 5 B R 5 0 20 i () R R )P (GenBank ZE[H 5 58 5 WIF:
R 25150 An. coluzzii (LOCI120953771, XP_040229956.1) X ELIEAZIL An. gambiae (AGAP003084,
XP 312769.5)  HEWHZI An. merus (LOCI121591062, XP_041767348.1) . #rIKi%r (LOCI118505424,
XP_035897074.1)  "FHEAZIL (ASIC014696, ASICO14696-PA) + B Hs FEIL (LOC6033921, XP_038105627.1)
HEUR I (LOC109412837, XP_029707757.1) « & KA (LOC5576154, XP_001662501.2)  HAKi#r
Hermetia illucens (LOC119653267, XP_037913815.1) . RHERELUL Sciara coprophila ([F¥) 5+ % Bradysia
coprophila, LOCI19085529, XP_037051843.1) . Z 7% Bombyx mori (LOC101744503, XP_037871273.1) .
KWL Galleria mellonella (LOCI13512141, XM026895946.2) . V45 % & Apis mellifera (LOC410867,
XP 003251195.1) . Wit IFHEE 4 /NE Nasonia vitripennis (LOCI100123495, XP_003425305.1) . 7R{ABE
Tribolium castaneum (LOC658498, XP_969974.2) . 4} kWMl Onthophagus taurus (LOCI11424101,
XP_022913298.) . WHILEN I Zootermopsis nevadensis (LOC110829223, XP_021918426.1) « % 2 HEfib
FY Cryptotermes secundus (LOC111874158, XP_023725175.1) « # K &\ Nilaparvata lugens (LOC111063429,
XP 039294500.1) MK &\ Bemisia tabaci (LOC109031724, XP_018898965.1) o kLA MM/ f Sk it
Rhipicephalus microplus (LOCI119177604, XP_037284800.1) 5 it SUALLH| B 46 Centruroides sculpturatus

(LOCI111633488, XP_023233837.1) MM, {HH ClustalX %4 1.83 fiiA, BRINSHL, #ATHIEIERZ
FEER T A 2 B X, X 45 SR8 Mega 6.05 314 LASR 4% (Neighbor-joining, NJ) #%# R4k B M,
L 1000 AT bootstrap K25
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2.1 circRNA-407 ZEB R P IRFFTE
NCBI CDD Tl 45 3 i 7s LOC109412837 R 8 H e A H 54 3 AN S5 s (BT 1), 7370 A2 T 10~399

P LR VAR B A 45 #03 (Cold Shock protein Domain A, CsdA) Ja Al It iz 1 2% i/ ~F I 22 I it s ity

(Selenocysteine lyase/Cysteine desulfurase) FEIJEE NS 5 BRI E AR, 1187~1264 fir 2 5 (1) i
TR a/K AR B K (Adenine nucleotide a-hydrolase, AANH) Z5#45 547 1097~1300 72 3L prk10696
MR (K 1-A) . tblastn £5 R B8 LOC109412837 AANAERH X ZR S = @0t . FEE S
P, E F AR L4 Z%I50E Sabethes. Fi[ISUJE Armigeres. # 7 I0J& Uranotaenia. J=jRISJE Topomyia.
BLISC B Malaya. S8 Wyeomyia F1EIJE Toxorhynchites Y4776 FIJRIE R . DL QUL 5 K AFHRE
B . W7 IR S R e o AR, D IR AT T T, 45 R B ORIX 4 IR
LOC109412837 [FIIREERIH ZAHMEFALRG, B 2O - & AR R g8, Hd gt
IR IFANE TN 5-8 ANE T, X VYNGR T E L e o AR sy (B 1-B) o Bk, ABFFFIH circRNA
PCR VEIR FEAELR B AL B i 307 IR A ISR A48 4 AMRSF AN R T Bl . 1 deidiid ik
T SR B BE B R [ HE% AL A (Backspliced Junction, BSJ) S [ 5| ) A4t 28 11 73 1 (o 1) 51 3k 47
RT-PCR 5ilE. K gDNA EASHFHNE BSI T, F A5 GEFE cDNA SR b3 38 =4, it
7] 51 ) MI7E cDNA 1 gDNA BAR H 4R 5 724 . PCR 25 R 7R 4 FRisthy cDNA # i ) 1) 5 1E
SR A TN, 1 gDNA FEGAUIE [ 51 3RS U % (&l 1-B) , PCR =& FriiE 8y
¥5 BSI FEHI TR 51 (& 2-A) , BRIHGIESEIAD 3 AR Y &4 3 UL cire-407 [ [FEJJE cireRNA 731
LA Clustal X j8id PA b 4 FRISOIIARR& 22 4% 1K) A% 50 5 488 it 3 b it i1 A A 2 758 — 4 B 1 1Y
5E AN R HIA - 9 T B A S L BSY WP FU AT 2 X, 45 SR S 1 00 B 5 87 pd BRI A%
B 7515 BST PN A R~y PR, 45 R 7R 0 72K UE Y circRNA - (Exonic circRNAs, ecircRNAs) it
A W FEJRSE R I B K aal-circRNA-407 [1) 4 ANFM T KA 3 A& T R F SR R (K 2-B) .
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Superfamilies CsdA AANH_like
PRK10696

4%k Name J#4EHER Description i & Interval EffE-value
CsdA super family Selenocysteine lyase/Cysteine desulfurase 10-399 1.53e-19
[Amino acid transport and metabolism];
AANH_like super family Adenine nucleotide alpha hydrolases 1187-1264 5.99e-11
superfamily including N type ATP PPases, ATP
PRK10696 super family tRNA 2-thiocytidine biosynthesis protein TtcA;  1097-1300 1.49e-07
Provisional

H UL Aedes albopictus
LOC109412837(XM_029851897.1)

FRIHM BT 45 No. of cularized exon (5-8)

KA Aedes aegypti
LOC5576154 (XM_001662451.2)

1 L Lis

JRIRAM B 405 No. of cularized exon (6-9)

l FEBCEEL Culicinae

L— &Rl Culex quinquefasciatus
LOC6033921 (XM_038249698.1)

1 2

JRIRSME 74w 5 No. of cularized exon (6-9)

IR Culicidae

Wi G2 Anopheles stephensi
LOC118505424 (XM_036041179.1)

i HEHE

RIS T4 5 No. of cularized exon (6-9)

iR Anopheles sinensis

ASIC014696
4

ISR T4 5 No. of cularized exon (7-10)

WAL | Anophelinae

Bl 1 CircRNA-407 J54: [ ) 28 11 45 #4805 22 R 4544 73 1T CA ONCBI CDD Tl ) 1 8L 5 circRNA-407 Y5 Kl LOC109412837
HAFFURT IR (B) ARRIFRI LOC109412837 [F) Y55 Rl (14 = PR 45 44 7~ 7 ]
Fig. 1 Analysis of protein motifs and gene structure of circRNA-407 host genes (A) Conserved domains of LOCI09412837
predicted by NCBI CDD (B) Schematic showing the gene structure of LOC109412837 homologs of representing mosquito species in
Culicinae

VE: 5L OO 4 AT REIRL I AR 57 4 BT - Note: The purple, green, yellow and pink marked exons indicated the four putative circularized conserved

exons.
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R HHEN S Back- spllcmg junction (BSJ) sites

FILUML Aedes albopictus
ﬁ:&ﬁﬂﬁ( Aedes aegypti

W G2 Anopheles stephensi
AU Anopheles sinensis
FHE 253540 Anopheles coluzzii
RHE Wi Anopheles merus
X LEME4%40 Anopheles gambiae

4RI Aedes albopictus
15 R AL Aedes aegypti
B ML Culex quinquefasciatus
07 BG4 Anopheles stephensi
43 Anopheles sinensis
R 254 Anopheles coluzzii
48 Wi Hel Anopheles merus
I ELE 415 Anopheles gambiae

B2 SEIRIRUEMCRE circRNA-407 5 FLRFR MR F FIRHIE /M BT (A) RT-PCR Al Sanger JllFFAESE T 4ME T HIFAE (B) 8 ML
Fift e aal-circRNA-407 IR [R5 7 51 AT BE IR AL R 373 BTS2 4 K% 5”3 B e LA ¥ 22 31 LT
Fig. 2 Experimental validation of the circRNA-407 in Culicinae and Characteristic analysis of circRNA biogenesis related
sequences. (A) Validation of the putative circularized exons by RT-PCR and Sanger sequencing (B) Multiple sequence alignment of
the putative back spliced junction, splice donor and acceptor sites of aal-circRNA-407 homologs among eight mosquito species.

e mESA AT KR AN ST 3 & 5w sy fk, 657k A7R BSI A7 1. Note: The yellow and red arrows indicated the

3'and 5' splice sites, respectively. The purple arrow showed the BSJ.

2.2 circRNA-407 i EEEH 57 Fi L

tblastn 45 R RIRTE T BT LOC109412837 [FIIEELR 2 AAAE, UER RIS T R BLZ 1. £
AR YRR R EAEAE T K A I H Nematocera, [ 74 /EMCRL AL 51 . HA K A W H I8 B 45 i R
Ceratopogonidae HIFZE 15 Culicoides brevitarsis, HRELUUR} Sciaridae FIARARE I, FEIEF} Psychodidae [1)
B M Phlebotomus papatasii~ B2 [ Phlebotomus argentipes 5K % ¥ Lutzomyia longipalpis. {B1E
ﬁ%ﬁﬁ&mmmmﬁgmﬁ¢ﬁﬁommmmi%%%%ﬁﬁ%ﬁ&ﬁ%%%%ﬁ%i&,ﬁ#ﬁ%
Kl mRNA Aif& (pre-mRNA) (1) 3'B{HAA S S'BIHEZ AR S [ FEA &4 o i VR L IR 1) 2 1 E AL RFALE 7T 1]
FEARAN circRNA (MBI, BRI A 7 ) B G H | %538 H Lepidopter. i3 H Hymenoptera.
#4538 H Coleoptera. ¥ FH Hemiptera 5 ¥ Wk H Blattodea 7~ H 20 # & () FIJE LK, #kIE4N Arachnida )
1 H Ixodida 515 H Scorpiones WM i M L] T circRNA-407 JEFE R RA K EW . AHAERSGR



REWER, A SRR RN — 03, ARG IBOT A S PR R AN TSR 2 AMRIXGH H R
SR SRR SO — AN 3. FERME R PR H 58 H RGO R BT (B 3-A) « NTEHRARS
circRNA-407 {25, AW it — 0 xt B RS BE BRI AT T BRI Z5 0 0 Hr, R R G R & W DA R &% ) Vs B R
AN - & TR R RS M T DO, JREHE B deh 322 HINAEAE LOC109412837 [RIRFEIA, SR,
B 7 A H KA H RBORE . IR EEISORE S B R LAAL, g5 RANKE A H I K AT DO 4% B
aal-circRNA-407 [FJRIIAMNE 454 (B 3-B) , iEW circRNA-407 EE LR T X0 H H LS -

A 55 FHHEEAL Anopheles coluzzii
10| It u ek Anopheles gambiae
s L @it Anopheles merus
1001 i i Anopheles stephensi . o
"R Anopheles sinensis cF} Culicidae
HEHSL Culex quinquefasciatus f—_
0] 5| HEM Aedes albopictus ® Diptera
0L i e 1 Aedes aegypti N bl
o AR He i KR iomyi T g
G LRI Mg P HR ¥R Sciari -~
&4t Bombyx mori %k F} Bombycidae . %8 H 3
™ i I
1 it Galleria mellonella R Crambidae P Lepidoptera | §
Wi s sisk Apis mellifera HUH Apidae ¢ H mme%f tera ¥
Wid44 /¥ Nasonia vitripennis &/MEF Pteromalidae hio v P
i s Tribolium castaneum 155 T Tenebrionidae pres W H
2 S ) Coleoptera
| @bt Scarabaeidae 22
Sh24E 18 Cryptotermes secundus KENUR Kalotermitidae v EL O
URASAL i R E180R} Archotermopsidae e et
KA Nilap: &k} Delphacidae @ Heﬁiﬁgra >
108 . Bemisia tabaci BF} Aleyrodidae A2 P 3 s
T BUNIH Rhipi iR Ixodidae ,& | el %
e X Centruroi HliFt Buthidae 25 | 5 50 2.3
- Scorpiones %
0.1
B . r— 3 1 L g 019085529 XM_037195065.1 o
RIRELEC ! Lt J HHHHHE No. of circularized exonsn (10-13/17) &lﬁl&l
Diptera
HUKAE Hermetiaillucens _— J || LOCT19653267 XM_038057688.1
\ No. of circularized exonsn (9-12/16)
& Bombyx mori ———— I Loc101744503 XM _038015345.1 PAlE]
] Lepidoptera
Kus# Galleriamellonella I—H—H—H-i!—I-H-I—}H LOC113512141 XM_026895946.2

ViJj ¥ Apis mellifera |—H—m LOC410867 XM_003251147 i H
{ Hymenoptera
Wi #4445/ Nasonia vitripennis — LOC100123495 XM_008203746.4
FMAW Tribolium B - I-.-I-I-_-I-I LOC658498 XM_964881.4 B
AN Coleoptera
|-k kM8 Onthophagus taurus ]—l—“—l—_ LOC111424101 XM_023057530.1

W2 W Cryptotermes secundus e - LOC111874158 XM_023869408.2 R H
X Blattodea

WHRILE) 1 Zootermopsis nevadensis —_— LOC110829223 XM_022062734.1

W&, Nilaparvatalugens |—|—|—i—|-H-H-H-H—H+H-H LOC111063429 XM_039438566.1 SEH
Hemiptera
U E. Bemisiatabaci I—H—H—J—HH—H-I; LOC109031724. XM_019043420.1
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Fig. 3 Evolution analysis of the LOC109412837 homologs in insects. (A) Phylogeny of the LOC109412837 homologs in insects (B)

Comparison of the molecular organization of the LOC109412837 homologs in insects.

2.3 circRNA-407/miR-9a/FoxL i@ E& TEM s iR B R SFHE S 4

AR FEAEBR LOC109412837 [R5 3 [R] 1) J5k [R] 45 44 v 251 I 42 B {57 1) circRNA-407 BIA SIS A7 1E,
HiExk PCR S FPIESE 1 3% A i, Bufs FEic, By BRIt A A8 4220 v cireRNA-407 [A]J circRNA 731
(AEAE,  EH T 3K oA g P EE A0 S FAT 75 BRI J5 AT O SR & ISR AR, BRI, RIER AR AL E AL
B aal-circRNA-407/aal-miR-9a/FoxL 731 Fl il B§ AR A e R W OR S ARAE,  ASHIE T 1 a3k B 1 1 S A
U, S5 Hs FE AORT I G420 miRNA 5048 A 1) miR-9a J7 41 (il /b i A% 50 1) miRNA Kt R 4
f i} miRNA 3 K] 700 % 4% )22 RNAhybrid Chttp://bibiserv.techfak./rnahybrid/) 4341 &% ICF ) circRNA-407
B EA R miR-9a WIEM LA 55, FoxL [FYFIER 3°JE4wI5 X 4% (3’ -untranslated region, 3'UTR)
R BAEAE miR-9a WELE (L5 AL . SR 4-A BoR, FRCH circRNA-407 11551 35845 57
miR-9a &5 &0, H/NE HfE (Minimum Free Energy, MFE) J<—24 kcal/mol, FH.iX%£ miR-9a 5 &1



http://bibiserv.techfak./rnahybrid/

b Y) FoxL [RIYRALEIY) 3°UTR J7 41 _E 0 B A LRSF 45 &7 5 MFE) 14<22 keal/mol (B 4-B) . DA b4 R
7~ circRNA-407/ miR-9a/Fox L 1 FH a8 M 7E - BAL R i AR 7 A7 1E

A % KA. Ae. aegypti
¥E3LH target: aae-circRNA-407
miRNA: aae-miR-9a
/N H1fiE mfe: -24.6 kcal/mol

position 4

target 5- C GAAACU c-3
HOoAST GEocSe
AUCUGC UGGUUUCU

miRNA 3- AGU AUCUAU -5

B E Cx. quinquefasciatus

$uJL[A target: cqu-circRNA-407
miRNA : cqu-miR-9-5p
It/ E H 2 mfe: -27.5 keal/mol

position 5
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L T O I O | rrrrrrrni
AGUGCCG UUAUGGUUU

miRNA 3'- AUA CU-5
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$mILPY target: ast-circRNA-407
miRNA: ast-miR-9a
e/ H HIfig mfe: -24.2 kcal/mo1

position 32
GAAGG G G-3
target 5'- CGUAC GU AGAUGAC AAGGA
[N} rtrrrrna LI I I O
GUAUG CG UCUAUUG UuuCuU
miRNA 3'- A u A G

BEARIL Ae. aegypti
$JLER target: LOC5566982 forkhead box protein E3 3'UTR
miRNA: aae-miR-9a
I5/IN E Hi fi mfe: -22.0 kcal/mol

position 402
target 5~ C GU A A A-3'
U CE GO (TR
1
AU CG AUCU UUGGUUUCU
miRNA 3'- AGU GU A =4

M EI Cx. quinquefasciatus

EEDK target: LOC6033007 protein fork head 3'UTR
miRNA: cqu-miR-9-5p
I/ HE A% mfe: -25.2 keal/mol

position 38

target 5- A GGCAGC u-3

CUACGGC UGCCAGAG
RN NN

GAUGUCG AUGGUUUC
miRNA 3- A AUCUU u -5

Wi G An. stephensi

§uJLA target: LOC118509707 forkhead box protein 2 3'UTR
miRNA: ast-miR-9a
I/ E Hifitmfe: -22.3 kcal/mol

position 1375

target 5'- u CAC c-3
UAGC GAUAGCCGAGG

T RN
GUCG CUAUUGGUUUC
miRNA 3'- AGUAU AU UES
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Fig. 4 Conservation analysis of circRNA-407/miR-9a/Fox pathway in mosquitoes. (A) Putative binding site of miR-9a on
circRNA-407 predicted by RNAhybrid (B) Putative binding site of miR-9a on FoxL.
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B 1 85 e A M R T e W A SRR S5 L T S R 1% R P B AR U R A R SR A )
BLhit, DA SEMERCR BT TP 4% 1 N R . BB, WO AEEEATRE Sy, X R RS AE A BRI
PR EER N2 —. WEME—E AT 2RI 2R 00, BRSO S ORI O, (HA] 2R A 2R
fl (Rezende et al., 2008) . [k, T fif I i B BEI 51 S 0GR I R R 7 S 72 o ¥ 20 IR L, % T

TR A SRS A R TR R A HE RN S R X
FOX ZKEEH & —REA “EIRIEE (Winged helix) 7 25

¥ DNA 45 & D REIIN e s as I 1 ik

REAMEEZEYH R, EEEKE R RZRT. MR REREBNEZSEEY) IR R
EE/ER (Carlsson et al., 2002; Coffer et al., 2004; Jonsson et al., 2005) . fE%wh, &AY

FOX Hesk e & & oh 2 5 BIA R 1 1%

R, 0 FOXC M=kl % E (Hacker et al.,

1995) , FOXG &5 R HILIGH4nM 422 (Grossniklaus ef al., 1992) , FOXN (&2 1] LL5| EHLAA

WA ERE I RS (Strodicke ef al., 2000) .
(R 3% SRR SO T R B, R I Ve BRI R Bh Tl

TEXT IR IR B IR (Vitellogenin, Vg) it

[T 3 X 3 A7 A2 FOX B A M4 440058, IF Hidd



PR AN SR IGAIE S T AT AR S FOXA # sk Rl F45 & 3 R RIL, VIR T FOX #k T iS5
Py A G AR (Kokoza et al., 2001) o BfJ5, %R KB FOX FIEMH BT T8 E 543, I
HAFSE T FHute LA FoxN1. FoxN2. FoxL A FoxO FE[F T LLEEH Vg FEPR 2Rk,  f 2 S0 ik doe =
§i% & (Hansen et al., 2007) .

CircRNA J VZAF/E T HZA S, RIETHEFMIEFEE NS TR, Eaafh Kefe, A
[ Z o THEMZRE, ¥ circRNA BRI HAER & R R, —seik s, (R HERA R
THHEER) circRNA i REWS TEA [F] (Al b R Thae (Rybak-Wolf et al., 2015) o i B AR5 1)
circRasGEF 1B 7E &4 MEZh Y oh m] LUl miR-21-3p/MITA 3l B 38 3 HUAA 0% 2 1 e 6 ) (Chu et al.,
2021) ; FEWASPIRMI L, cireSLCA5A4 R AERFM 2 A AL TAHANIRESPTL T 1) (Suenkel et al.,
20200 . AHFFURTHISE TR T A SO O S A 4R R IA Y aal-cireRNA-407, FHESE T H Al LA
miRNA #3475 g5 57 aal-miR-9a i & 83 aal-circRNA-407/miR-9a/FoxL 438 i 5 1 1148 i 1) 51 8 %
H. AWFFE S LA AT RT-PCR 1ESZ T circRNA-407 57 FIFEAE T FBIR % A 4,  H il pre-mRNA
TRAFH) 4 NAMEETI 3BT Eft A S 5'BTHEZ AR S im) B 5™ AR 1 ol 7y 1A SEER A5 R 0 priiE s, R
& circRNA-407 HJ3E R ) RIS R R 2 AR T B, {HJ2 circRNA-407 GR5T B A H0 2 1A A AE U
HHHBUE A I, 1 B AR A H AR EoKie A I, XS5 RIS 7R circRNA-407 54 1§58 H BL7E X
HHIE, (HROUEK AT B LARAE, KEZHOEM I H B R R0 o lftisg o A7 4
[FJ§ 5+ . 18 id RNAhybrid T H ik — 5 K I EdURh ) circRNA-407 5 FoxL %:[5 3> UTR ¥ B A fR5F
miR-9a V& TE 145 607 1 IX LEHE 7R circRNA-407 1E A Y8 3% 4+ RNA (Competing endogenous RNAs, ceRNA)
i3S miR-9a YR4% FoxL MM 25 HECIN 8K & IR 2 CR S AATE

AHIF T YGIESE T S RSP AFAE 1 cireRNA, IR IR F 00 FHEEARE, Ui 7 32 50k i 48 5 o
BRE D IR BEBRO R BT TOBRE circRNA-407 (45T BIS XX B ] siRNA, 5iIE
72 R 5 AL ISR 1) 9N B (A AR, e Ik 66 (R 2w 8 7 VAR mT AT [ 7 circRNA-407 1% FE A
WU R, ABEFIA cireRNA 73 FVE RS 70T EAT ISR BE R ] SR AL 1 30 SR
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