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# E [BM] Ywhae 5 Notehl TEVETTR BRI EB AT P EAEZEMN . AR S 7EIIH
Ywhae 5 Notchl J&=75 N KAE Calliptamus italicus PIVERVFFEIEA , [ ik ] FETRERFVEME | MR
WS BE , 125 B3 Ywhae 5 Notchl 9 B RFI W MERE 22 5 308 FE H, i —20 R AT qRT-PCR $ AR %
WX 2 AFEIEME , HESRCEORFIEZ (FRBE . il . SRS AREE ) LURCRIRI L F B Be i B v A 2 kB
(&R ] Ywhae 5 Notchl 1ol HA R FK, HEdrAHLE PR Ywhae Fikin B 2w THEd
( P<0.05 ), Notchl 33k i 1EME RUARE 505 5L il il 25 w5 T ME SUARE RGP 5 P<0.01 ), ME U7 IE T Y Notchl
FIR AR 5 25 v T HErE (P<0.001 ), 1851 L Fidfed, BRI EWBRMEEE K EWE Ywhae Rik i
W TR BB (P<0.01), HERBEXENBRBEEN ZiE (P<0.001); Notchl TERIMKEN
B (P<0.01), MI2URit AR g R B BN D E TR (P<0.001), WHRABMBEILELE
Wi BT (P<0.01), [ 48] Ywhae 5 Notchl ¥ MFIESEH , H 50800 % BRVIMC, TEIRIGH
WA EMEMTRES S HFWMNMBEERT . TR IR AR 2R AP 5 e pL il $E 2 & o
R BORANE; MEBIFIE; Ywhae; Notchl

Expression analysis of Ywhae and Notchl in different adult tissues
and eggs of Calliptamusitalicus
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Abstract [Objectives] To determine whether the Ywhae and Notchl genes, which play important roles in the regulation of
embryo development and fertility in insects, are differentially expressed in male and female Calliptamus italicus. [M ethods]
Transcriptome data of adult male and females indicated that Ywhae and Notchl are differentially expressed in the sexes of this
species. We used qRT-PCR to detect the expression pattern of these two genes in different tissues (cuticle, intestine, ovary and
testis) of female and male adults, and in eggs at different stages of development. [Results] Both Ywhae and Notchl were
expressed in different adult tissues. Expression of Ywhae was significantly higher in male than in female tissues (P<0.05).
Expression of Notchl was significantly higher in the cuticle and testes of males than in cuticle and ovaries of females (P<0.01),
and significantly higher in the intestines of females than males (P<0.001). Expression of Ywhae was significantly higher in
eggs in the early-stage and in post-diapause stage, than in the diapause stage (P<0.01), and was highest in the post-diapause

development stage (P<0.001). The expression of Notchl was highest in eggs in the early development stage (P<0.01), and
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decreased significantly after eggs entered diapause (P<0.001). Notchl expression increased significantly after the termination

of diapause (P<0.01). [Conclusion] Both Ywhae and Notchl are differentially expressed in the sexes of C. italicus, and both

genes are involved in the development of eggs. These genes are also involved in the development of the male reproductive

system in the early embryonic stage. These results may provide clues revealing the mechanisms responsible for the

differentiation of the sexes in C. italicus.

Key words Calliptamus italicus; sex character; Ywhae; Notchl

ATEA T E YR IR B 25 R, 2K
LR EAFRE (2RI, 2021 ),
XTI R B SRS O X ( sk,
2019 ), XFF2RBTR AL, wlaE i e R R
ZFRAER , WA B A 1Y 28 A Bombyx mori I HL
JIT 7 B A 22 o e S R R Y T, PR A
#r, APHOREFR 2T (£, 2009).
TR FERM, AT 2T, F
HAPBERNBE AT, ZEJLA AR P AT R A 4L
o JE R SR P R K T M SEE Ceratitis
capitata ( Rendon et al., 2004), HARJHKTIK
SEWR Bactrocera cucurbitae ( FAEZ, 1992 ),
I, TR AN AR LA B T T R A £
B B AR A E B o

WREW, Ywhae J& T Ywha EAZKK, =
T EZENMRLRE, GRS gL
7ok JT L EHIEHAE (Porter et al., 20065
Shandala ez al., 2011 ; Stevers et al., 2018 ). Ywha
FEAZREUZ P B B A 2 A (4
M5, 2022), (HERRAUA Ywhae 5 Ywhaz iX
2R R, HZWies R R b BA 2R
fig ( Tabunoki et al., 2008; Yoo et al., 2011;
Ngetal., 2017 ), W Ywhae T£58 2 %)) A AL ZH
Pz Rk, TERERMW Drosophila
melanogaster [NMLEICoME . IR UG A= 58 40 LT %
R EEZAEA (Tien et al., 1999; Shandala
etal., 2011; Tsigkari etal., 2012), & 55K
PRI Aedes aegypti MIEEH) . Tenebrio molitor 1Y
Fe KA et (Yoo et al., 2011; Trujillo-Ocampo
etal., 2017 ),

Notchl FEANNLAE K 53 it B8 v & 4% 224
W, 250G AT 56 5L BGOSR H i 20 i
HA%E o34k RS S 2 AP A A Bl( Hayashi er al.,
2001; hE%E, 2021), Notchl #r—3ER, )

[RIEFER N Notch, W5 KB Notch 5 535 K fj
ISCER ¥~ 1) B FLIE O ) SR e | SRR iR Y
T SR ETTIE L. AW RIE Locusta
migratoria manilensis WU IH [FIIE B LA K H ] 1]
W Artemia sinica Wi A B R AEIR | S L
i 2% B (I 155 H 2 AE 4w 1% 3 ( Baonza and
Garcia-Bellido, 2000; #Mi Y7, 2011 ; Chang et al.
2018; TR¥I5F, 2022), it X LB Notchl
515 IEYPIENE Schistocerca americana ) Notch |7
TR 1K 78% , th UL A BIESE R T 56 (Y Notch 1
118 Notch (%) [FIIFIE AT o 3R] a2 35 8 s I 1)
PRFE M, EBIN Y MR R AR IR,
T35 2 K MUK ) B B 22— (BRI Ak
2000 ), A5 R P ) LA 0] AR T R R
SRR, E H HTA R B Sl R ik 35 PR A5
BB Z o BT PR i b o A R
WE | R SR L R S M AR AR O
FLH Ywhae 5 Notchl , %56 CHRIE , APLX 2
AR TE R IR R F | AR BR AR ) AL T kAR
Jiik i BAT B, (E A SR W TR Dy e
AW NIEARPTFER A qRT-PCR H AR K
Ywhae Fl Notchl TEME . Tl 7 I B8 Bl HOAS [F] 41
U (fRBE ., il . BRELADRG I ) SR E
FAwE, T H SR AIRIG K TR LR,
SRy I 52 T e ) R A R A el A L K A R
sy

1 #R5HE

1.1 HmRE

T 3 0 T L DX R A R R L B
W, BEATHE SRS, DIBEETE Medicago
Salcata TAWE T R ASHC 7 P e WO AR B e, JTH
PRI TR A HARAME T B3 EA o AR H 5
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=5 (2018 ) M fif 7 v AN o3 bR MER 2 2 B By
B, MR DA 22 56 22 S0 RO B 0R 1 7 it ) O 40X
WS (SMZ745T, HAJEHE ) TSNk &
B, WEERIARBTHE ., WaME . WaEA
BT EBHIS IR T - 80 CARAFASIH ., MM . MERL
U, RO . AR (fE | fgaE L o
SRR S ), A RNA-Be-Locker A ¥ ( 4= T2,
i), 4 CHCE 120 J5T - 80 CRHEIETE .

1.2 A RNA REl5S cDNA §H

FREUS AR A Z2URAS [7) 2 5 B B i O 4%
100 mg, A5 Trizol Reagent ( 5E[H ,
Invitrogen ) $#£HUE RNA, NanoDrop2000 il 2
RNA WREEFIAERE . 1 %S0 A i Dk I o ot
Ji G I RNA {52 i 5780 & PrimeSeript™
RT reagent Kit with gDNA Eraser ( H 4%, TaKaRa )
4 cDNA, 7=¥4ifbidif & BioFlux Biospin
PCR Purification ( 1§ H A}, BSCO3M1 ) #1740
b, 4lifk cDNA T - 80 “CHRA7F

1.3 EHFAXEER PCR

i Primer 5.0 4%t Ywhae 1 Notchl
FERMY GG (£ 1), R qRT-PCR HEARK:
DR HOAS [T ZURUR R & B B BOs on ik 2 A4~
LA X R IEE, A& TB Green®
Premix Ex Taqg™ II ( HA, TaKaRa) #17 PCR
R o Lh 1.2 K135 cDNA NKHR, S-actin N
IWSELH, BB BEATS BUAS [F 4 SV 61T 3
WAEYFEE, 2 RERELE . 15 pL PCR
KZMTF: ddH,0 53 uL, FTFiFES141% 0.6 pL

(10 pmol/L ), 2% TB Green®Premix Ex Taq TMII
7.5 uL, DNA ##) 1 pL. Ywhae JEK PCR JZJf
M. 95 °C 5min; 95 °C 30s, 59 °C 30s,

72 °C 15,40 MEH; 95 °C 105,65 °C 60s,
97 °C s, EREMINZ . Notchl 3K PCR
& 95 °C 5 min; 95 °C 30s, 63 °C 30,
72 °C 15s, 40 MEH; 95 °C 105,65 °C 60,
97 °C 1s, Hmiiafihsk,

*1 s5MER
Table1l Primer information

319 1S (51 -3 P H R BEKEE (bp)
Primers Primer sequences (5’ — 3') Length of amplified fragment (bp)
Ywhae-F AAATCAAGACGGAGGGT 130
Ywhae-R TGCCGCACAGACATAGA 130
Notchl-F AAGGAGAAGTGCCAGACGAAA 162
Notchl-R GCAACGAAGTCCAGTGTAATC 162
B-actin-F AAGGCATCAGGGTGTGATGG 177
B-actin-R GCCACCCTAAGCTCGTTGTA 177
14 HHESH
2 HEREHSH

PL 2" MY Ywhae FI Notehl FE DR B9
Xt ik, i SPSS 26.0 21 AR K
72 ( One-way ANOVA ) H1AYJ Duncan’s K50k
AT IR A B Be s B[] (9 L R 3R Gk i 25 5
o I ST AEAS T R 301 0 BT fE . 8 L ) 2 2
AP R R EES, 4R LY E R 3R
R o P<0.05 fURZER B, P<0.01 fUFRER
D ETEN

21 EXFEFERAAFAAD Ywhae RiLER

RORFIREE | MR P RRE | AT, DRES
K SN S RERIN R Ywhae BRI, Hr,
Ywhae TEME RUARRE I8 (1.20£0.10 ) B3
B TR (P<0.05); FEMEH A IE SRR
KA (3.07£0.15) F1 (2.07+0.37 ), H i
FETHER (P<0.01) (K1),
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Fig. 1 Ywhae expression fold in different tissues
of Calliptamu italicus

HEBRRA* RT3 5 3R RTE 0.05. 0.01 F10.001 7K
FREFRE. TEIE,
Histograms with *, ** and*** indicate significant
differences at the 0.05, 0.01 and 0.001 level, respectively.
The same below.

22 BXFEAFEEZEHEIEME Ywhae RiE
=X

Ywhae TEERFIIEIHHEEA kB4
ik (E2), HERESEREETES, Hi,
HH L BB EIEONE Ywhae FikB3m, Hi2EH
HARB R B, HIFREN B EFIL (P<0.01),
WA MERIG, Ywhae kBN B E LIRS

(1.62+0.12) ( P<0.001 ),
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Fig. 2 Ywhaeexpression fold in the development
of Calliptamusitalicus eggs

2.3 BEXRFEEHARR Notchl RiAER
Notchl 5 &R WEME B R H RO IARRE A |

P BRI S H AUh A Rk HAFE 2 5, Hrp
Notchl TE M HUARE 545 8 b (1) %38 5753 51 R

(1.27+0.07 ) 1 ( 80.52+5.80 ), B i 25 72 - e
REERIDNE (P<0.01), {HAEME S IE iy RA
1 (1.7120.09 ) #2555 T AL (P<0.001 ) (& 3 ),
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100 - Notchl y —
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N |
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Fig. 3 Notchl expression fold in different tissues of
Calliptamusitalicus

24 BARAIERREZEHBI2IA Notchl ik
N

Notchl T£R I FIE GRS & B LR
ARk, BAEFFGES Hi, Notchl Fikit
FEME N R B B B s (2.25+0.24 ), # i
fm FHARY B (P<0.01), e W Btk B &K%
Ak (P<0.001), W& R G X 2T =&

( P<0.01 ),

B Notchl
31 Notchl ok )
*kk
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Fig. 4 Notchl expression fold in the development
of Calliptamusitalicus eggs
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3 g A (AR, 2022 ), SFERHICHTIT & B

Ywhae 5 Notchl J&E HRIR L E I F &
A TR, Ywhae REfE R M2 0T
oAb, AEAETE RAMLERS 5441 Notchl Wi
P R JiEs 1 200 M A A B R A B3 5, ARG R O
TRE U SIE S B i oy EmEZ (P
¥, 2011; X458, 2013: Changetal., 2018;
BT IAE, 2022), i@t R AT B ROFI R |
T B U B SR A B . R BR Ywhae 5 Notchl &
W g R 25 RN R N, it — A R 2 A~
BE DR A R B R M A ) 2 S R T, OFR R
HAEWREZ B HYI6E, AR 17X 2 S5
PRITE R R A M | e J3C A T ZH 21 (AR | Tl
DIELFIRT S ) LA IR IIR IR & B B Rs A,

Ywha ZKIGIER R EACH 2 i, Ywhae
YEAH T Z —TfE 2R B fuh g e ki, BAHt
WP . E AR . S S S
WG RGEZFIRE (R, 2018 ). CA B
FRM, Ywhae FE1E T CHEIRT RIS 8 T
Bt (Jones et al., 1995), HRRFZIAE T HE &
R, BURS T8, T IR EIE S R
Wi, &Y/ NERE (Eisa et al., 2021 ),
AR LI, Ywhae TERERFIEME R 71E | (ARE
KT SR 23K 1 1 W 5 i Tl PR W] 2R
HH 32 35 R ) 28 3 R (%) e ) AR e SR TR K
Hh Ywhae [EFRIBVRES 5 R AR 5
RBINE T WAk, Ywhae TER IR A H
b rh Rk BAREMRIBAEAE . HEW Ywhae 1
Z: 5 RS O BRI ) K 7, BTEMENE S b
FAREREEH, X5 Berendt (2009) %
Ywhae TE4F 19 ONEE 4 A 77 78 I T 3 B -BE 20
BRI S5 SR — 30 TE R RIS A RE Rl iE rh
Ywhae FZik &8 HHEYER 5 FHiME, T
Ywhae TEFMEITA L AILL S 5 4 4y W S i B 2]
A rpERAE 21k ( Acevedo et al., 2007 ; Tabunoki et
al., 2008 ), FHULHEN Ywhae )2 2518
KAMEH AR AT, BEESHEERLT .

Ywhae TEANMEAER . TS UM M5
e PR ZRRR IR, TEM S X AR T

Ywhae NMUAEFEAN KB LA FRE, HAEHR
JH J e 22 5 DO 38 B S 9 B 1 3R 2 (Acevedo
etal., 2007; lkedaetal , 2008; Shandala et al.,
2011 ), AR, ZRECHE R 7E R R 7 M Bedh 22
R C AT Z Wk T IE U 2285 (R
., 2021), 254 Ywhae 16 KFEI A HEA %
AU HE R B R IA A, HED
Ywhae Z 5B RKAERRIMARE LT

UG Ywhae TEANMRACHEHS fE & HEN h A
ARHAEN, Ywhae SRR TR . —FRIRTG
R AR Z AL, s T 2 Re AR
I 4y T ] R U AR R T AE TS, I8 EcR
( Ecdysone receptor ) AHHEAEH T2 EcR #ibr &
LRI (Ngetal, 2017 ), 40 R IAF 5T
KRB IE KB BARINE EcR Fiki B ETH
e, M7 3 (Ecdyson, Ecd) 5 HAUARIERH
EcR 4545 REfE e 7 5 ORISR i 1 53 J2 14 AR 7
(FEkR), MBUZTER BRI KF 5 %Lt
e — 2R O 4 R B (Lagueux
et al., 1979 ), A5, Ywhae 1£3KF|IE P
T A5 KB W Bekas i fm , HED R = A i
SR B MEER, MG E KT, Ywhae FERF B G K
B BBy KA AT RE R R 2 5 A, ok
HZAea NI K B HLAE, HARME EcR £k H 1Y
M, S5HEZ Ecd 454, ML & RS BIR
JGABUER , SRR A, Ywhae TEEIH]
WE DR W SRR R RS, RN RS
PR R R B A F

Notch {5 il BT 508 L 20U HS 52
SR HLE TG E KT, FEH Noteh 21K
FifA | 5k TFE A ( Aguirre et al., 2010;
Chang et al., 2018 )., Notch /F Rl AYZ 14,
TE T 4Ess 500 IRiG & & 54 E IR S
CERIN 0T N s R N 7 QR =
2022 ), fEIRME . FHANEEATL A Caenorhabditis
elegans AR5 1 ASH 2 > Notch FEH
(Kidd et al., 1983; Austin and Kimble, 1987;
Greenwald, 1987 ), AHFSEEI Notchl TEME
T ORI ISR RE 18 | D S FIA B b Rk
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ULHH Notchl #5555 T2 A ZHLUL T o
WAL, BFFE R B Notch 11 R B MEPE IR GV IR 4 Hif
PR 4 2RE IF15 58 A 56 T 4 f( Germ-line
stem cell, GSC), #Mifeffi GSC H LT Hiif/™
HHEF (Kitadate and Kobayashi, 2010 ), 4S5
th BT AT HEVEZH LU Notchl Rk W%
e T e, (EAE MRS B b s R R T
PEOREL, A ULHEN Notehl FIHER S T &2 KA
WERREMERORE A [RIES, 7 Z2 b B HL Bl L b
K 2 Notchl WRIEAR,, W4 RILRPY Notch
Jo HCOP SR DR/ INE B K B BEAT T TR
AR Notch JaFLONFLIE B2 B, K+ JCiad i
GRLFE A OP ¥ B2 A IR 2 BHE T 5 | AN
B (22957, 2018; Chang er al., 2018), AHF
5EH Notchl TEERFIEON SRR &M,
MHZHEHAZ 5 TR RFE RSN &7, (H
BARTREIE A FE i — L9

R, IR AT, &R B b
YA A Ab AW B, Noteh 1 W64 7 Bt——Hd
JiiB¢ ( Notch Intracellular Domain, NICD ) #%%
i 2 5 R IR Kk R Y 20 i
] Ak CoRA A 45, 2011 )o ARBFFERLN T Notchl
TR B RN DA R % BB ik, 45251 s
WK F BB Notchl Rkt . FHAE
B B2 2 ) W B R T 285 JE ol P DG B A, 1k
FIF AP IR LS R, S R 8 41 25y ) e L 5 R
AIEK, HEW Notchl 1EHINL B R B R b
AUTIAASM RS E ER KT, X5 Notch
TEr I g g B LB PR — 2 CPhIdT,
2011 ),

AT, Notch 1 AXAETERFINEDP B & B
BORAIRAGIR 3K a] RBIE K i 5 ORI 40 LA 22 07
LA TR AR HLVR G 2B 44530  Slifer, 1931 ),
ARLEAE R A B s e, HTR PR IR
e LA (8 AR A o IR K S A% S T 8 i v
Notch FEAF EEALTAER B WK, Notch Wi
T VAR A Y SRR A M DA 2 R L 7 ) i
BIRESR IR FTWN LT (Haik, 2016 ).
PR DU 2 A L B B I Noreh 1 AR IA 2
R ARG ARG, TR IR e i & o i
Bl E BB Notchl FikwiiE, nIHE

J2 DKL Dy I L B 5 2 5 SR - BH PR 1 BT 22 Notehl
B DARE m GRS M, AT R IR IR IR R & F
M RERE T 2K o

TR AR Ay i e S A L34 e, I
PERVFRIERE, XTHBG B A REEE X, AFT
R U7 R SR o ASBIFIY R B R A i)
223N Ywhae 5 Notchl 1) ARIZHZ (&
BE . i, PGS ) DRI R B R
BERik, £ Ywhae 5 Notchl 257 B KA
KB, M2 ek g s i, U
NG FIB RN E S TR, U Ywhae
1 Notchl Wi VMRS IERE A . CA AR I 2
MERNENKR LT SEF LA R HEZ, H
AT FERIRAIREGT Ywhae 5 Notchl ) EAKT)
B, T I — 2030 o L PR TRl i B S5 R A T
DIRemuE, BRI N e B RAIE MR K 51
SR R VR, e 2 S H BB SR Y AT A
PR Dk .
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