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Cloning and spatio-temporal expression of the developmental gene

AmWntl in Apis mellifera (Hymenoptera: Apoidea)

LIANG Li-Qiang, GUO Yong-Kang, ZHU Ya-Nan, LI Qiu-Fang, LI Zheng-Han-Qing, WANG
Ruo-Hong, HOU Meng-Shang, GONG Jiao, LI Biao, ZENG He-Quan, NIE Hong-Yi’, SU
Song-Kun~ (College of Animal Sciences (College of Bee Science), Fujian Agriculture and

Forestry University, Fuzhou 350002, China)

Abstract: The objective of this study is to clone and identify the AmWntl gene related to
development from Apis mellifera, and to analyze its gene expression levels in different
developmental stages and tissues in newly emerged workers, which will provide a theoretical
reference for further study of the roles of AmWntl. According to the sequence information of
AmWntl gene in NCBI, specific primers were designed using Primer 6.0 and the complete CDS
sequence of AmWntl gene was amplified via RT-PCR. This sequence was analysed by
bioinformatics, and its deduced amino acid sequence was used to construct the phylogenetic tree.
The relative expression of this gene was investigated in different development stages and 8 tissues
of newly emerged workers by fluorescence quantitative PCR, including eggs (1-day-old,
2-day-old, 3-day-old), larvae (1-day-old, 3-day-old, 5-day-old), pre-pupa (1-day-old and
3-day-old), pupa (0-day-old, 2-day-old, 4-day-old, 6-day-old, 8-day-old), newly emerged workers,
nurses, foragers. The Wntl CDS sequence of A. mellifera, which was submitted to NCBI
(GenBank accession number MT993937), was cloned and named AmWnt1. The total length was 1
239 bp, encoding 412 amino acids. Predictive analysis showed that the isoelectric point and the
relative molecular weight were 9.48 and 46.40313KD, respectively. Sequence alignment and
phylogenetic tree analysis showed that AmWnitl was clustered into one group with the sequence
of other Hymenoptera insects, of which has the closest relationship with Apis cerana and the
sequence similarity is 99.50%. The spatio-temporal expression profiles of AmWntl showed that it
was expressed in all developmental stages, with the highest level in the late embryonic
development and a relative higher expression in pre-pupa stage; the expression of AmWntl gene

was higher in the head, thorax and antennae than other tissues. AmWntl may play a crucial role in



the nervous system development during the late embryonic stages and limb development during

pupation embryogenesis, providing reference for further study on the function of Amwntl.
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Sharma & (1976) 352 0A S0 155 A B 1 G B L (K] wingless,  HH 1% 3 PR 58 7% 1) SR g
BRI R SR RRAE, PRI, wingless FE R YRR Y TERIEA . Nusse 2 (1982) K ¥l
SOMEDEEIE AR G BE R D) int-1, 2k DR /0 B L R PR 0 75 805 S T LS BURRE o 5 SR 5
BRI int-1 SRR SR8 ) R AL A2 wingless,  [RIAEIXRIE I 48— An 44 9 Wit
FEIK, int-1 (wingless)3E R E #r iy 4 - Wntl £ [5] (Rijsewijk et al., 1987; Nusse et al., 1991) .
Wnt & B M08 Wntl, B & E AR, J8 T W 846k 55 3 (Cadigan and Nusse, 1997) . Wnt
FN T IR e YR s AR, MREESI VIR 28 B S S5 s M N3, JE R A 1A
Wnt £ (Miller, 2001; Kusserow et al., 2005) . 7EARF/NRAH, Wnt EEHZS 5 Z MR K
AL R JUE A RS T TR 2 M AR AriE S, BT Wint EEEA R T AR T e
REF R AR AR . 0 (Miller, 2001) . S8 HESIIAALL, RHRPIRL Wnt Kk
FERRA T ER (Murat et al,, 2010) . HRTCA/EGHAE . XUHE . ##HE. HE. B
HEZFERTHRAEMEE T Wnt ZEFEFERO, W57 Bombyx mori. 4 Drosophila
melanogaster. [X] b IV #% 4 Anopheles gambiae. 73#1%%# Tribolium castaneum. i 5 &f
Acyrthosiphon pisum. P77 B gL HE 2Rl %EE T 8. 7. 7+ 9. 6. 7 4> wnt E[H
(Anonymous, 2006; Bolognesi et al., 2008; Anonymous, 2010; Murat et al., 2010; Ding et al.,

2019) »

FER U, B A WntEE R S5 I AR BE DD AR T B IR AN o FESR IR, WintlEkhk 2 33
BRHGEEH K, I 5 RIRIG M A R G E ARG AT 70 A 57 8 55 R AL B (Sharma
and Chopra, 1976; Bejsovec, 2006) ; DmWnt5FE R IhREBC A E 4%, ZEERETT . B R,
FIE. FIREMBAREES A RE, BS 5 RRMERARIER . AR 2 R G R R TEAEY)
iR (Murat et al., 2010) ;s DmWnt7 VB K H « HEVE A S A B 0 ORI R 1T 5% 25 B 22
AP R (Kozopas et al., 1998; Llimargas and Lawrence, 2001; Harris and Beckendorf, 2007) ;
A IK AR R IL DmWnt8 s o S B M A U2 FH . W R B I, JF H.DmWnt8 e Agis
H A DAL MK (Michael et al., 2005) ; DmWnt6 )} 7E IR i F1 %) H i 55 2% DmWint10E
AR A M B IR IRE . XM RS, WpiERE, HAE=H%) dur R 4



ik g5 (Qanson et al., 2001) o HAth 2 R T-Wnt S5 RAIT 7t 32 A hAEWnt LR [H] . 7E 5
Hi, FIFICRISPR/CasOiiiWntl g, SRR IRIG LR AE . BRE FH . TiEE R
PRATEC S AR KA, I Hk 2 5 #ultrabithorax, abdominal-A, abdominal-B&FHOX 5 j ik
PRIFRIE B BRI U XPHOXIE PR Bt — Dk Ja, LGSR UTRR RIS 70 19 7 o SE AR R AR,
2 BIBmWnt1 ] B I i i 42 58 Zi HO Xk B 2 ) ¢ F JUR I I B934 75 5 B M4l iy 1) 2R iR

(Zhang et al., 2015) . £ FL %Ki Oncopeltus fasciatus 1, 3#iT RNAT-HE R Wnt1 5 K] (1) 5%
H, AbTRZH AR A /INF IR Ak T 1 % B kI (Angelini and Kaufman, 2005) . /£ 5% A&
H Dendrolimus punctatus™, HARWnt12: SRR H . VSR AESLE R RS S
K ZEBMWnt1Z 28 (A AR LR B (Liu et al., 2017) - 7E 774145 ¥ Tribolium castaneum, FJ
RNAITERTCWnt L R 30K, 20T RIS AL 52k« M ERPr s o AU Sk i f sk 2% (Ober
and Jockusch, 2006) . 124 A1k, BEIRCEAGHTHE BRI TE 1 V57 B AWt K 505
7ANFER (Wntl, Wnt4, Wnt5, Wnt6, Wnt7, Wnt10, Wnt11) (Anonymous, 2006) , ZRTfijix £6Wnt
BEIRTE VG 75 B e b R AR (0 AL BT BE M AR AR IE . BT Wt BRI 7E R . SR A Al R0y i At
NERER A B IR PR EZE, AT 70 %5 € 1 7 B IEAmMWNELEE R, JFXIZE AR
FLIR 7 HIHEAT AL B S T, RJ I R T2 0 R B PCRGHIN 2 5 R 72 AN [F) A 7 I SR EES s
TR BN IR, AR TG SR N 0 S e A AR B R wnt1 D) R f

5%,

1 MR 5 R

1.1 SEIMR R EERF
1.1.1 skt

VU7 B AR S E AR B MOR 2R o e (oo B ) SEIGiRYs . IR FERE IR, &
B 76 2 ELUERER 1 BRI e At o Sy T YA SCER AN IR 7 I A S Bt R B 7=
R 2 ) = ORI [R], FEEDDIRINT . FIMITTEESE (72 mm <51 mm) K% 3 HI7E
—iRHTEM E A2 08, 3h)E, BUNMREME, Ffrig FICRIEM S —Abf5, FREET R E™
5, 3 hEEEL LD, HIMUUEW R SARL . Ry, AR E AL E S5 A
SERLII (). MIRRG AR B E5 1 HES (240, 2 Hi® (48h) f13 HEE (72h) B, H
NI AR R DI B, 7RG T AN AN dueHE IR = 1.5 mL @0, A
WEIRIE 20 s 5, TRE-80°CHEAE: MRILER Er=Opmsa], #Efifdighh (1. 3715 Hi).



Tl (1 A0 3 H#E). WH (0. 2. 4. 6 A1 8 Hi®) Mkl Ko T IE T 35°CHFRM T,
BEIEIRE 6 h WSO H 55 1) e A I 55 28 it o 4 Sk N\ &)y B8 55 rh RR i )RR I 10 s ) T
WEVEAWE B s TESITO, PREUS 535 0 IR S TR R e . TEF UK b, 435
SR By Ttk MR, REED. M. BRER. filfe. RRUEIRE. REAREES (BI4140 H
3L ER, REMPEARERI 20s J5, HE-80CHEfE, T /54 RNA #2851,

1.1.2 FESLIGA AR AR

Trizol &7 v Bk {4 pEASY-Blunt Zero . KT 7 /& 52 & 40 i Trans1-T1 Phage Resistant
Competent cell. I5fERE. TAE 2209, Trans2K. 6x Loading Buffer. GelStain 4457 (1t
HaEXNEEMBARAIR /AT ; Phanta Max Super-Fidelity DNA Polymerase. ChamQ SYBR
Color gPCR Master Mix. HiScript 11 Q RT SuperMix for gPCR (+gDNA wiper) I [ F5 51 i 4k 4%
HEVIRHEA IR A, YIREGRF & Gel Extraction I [ Omega A5 LB %553k, &%
BRWHETAEYTRE (L) ARAE; RNA RBORIEE L Z R EMEARERAF .

1.2 314mgit:

7F NCBI W3 T #7477 % 1% AmWint1 mRNA J751]( GenBank 3% 5 : XM_026444306.1),

FH Primer 6.0 ¥ it T 5@ % AmWntl CDS 741 F1 qRT-PCR KR #5141 (£ 1.

%= 1 BT 5% AmWntl CDS F51#1 qRT-PCR HI4FZ 1454

Table 1 Specific primers for cloning AmWntl CDS sequence and gRT-PCR

E-3| S5 (5-3) PP (bp) Hig
Genes Primer sequences Product size Purpose
AmWntl_ ¢ F: GAATACCGTGTGATGTTCTTCGTAATCC 1509 R e
Gene cloning

R: CGTTGTATGTGGATCATCGCATGGA

AmWntl_g F: TCGGCAAGATCGTGGACAGAGG 138 7 E & PCR

Fluorescent




quantitative PCR

R: GATTGGTGAGTATAGTCGCAGGAACAG P E & PCR

Fluorescent

quantitative PCR

AmActin F: CCTAGCACCATCCACCATGAA 87

R: GAAGCAAGAATTGACCCACCAA

1.3 Amwntl EER R EREVEEZED
1.3.1 & RNA HEBUR S 5%

K AR R B IS STRE AR L o ke - 2L 2300 il 78 70 WY B, 44 MR Trizol X700 &0 3 W 45 07 %
FEHL RNA. BX 1 pg RNA BT, 2 HiScript 11 Q RT SuperMix for gPCR (+gDNA wiper)
VLT, A A cDNA 5 1 8.

1.3.2 BHF kST

FE NI 5 % % cDNA #ike 3 55 /AR, LD AmWitl_c 9514, § 83k Amwntl
FINF) CDS FF4ll. PCR MK ZR (50 pL): 2>Phanta Max Buffer 25 pL, Phanta Max
Super-Fidelity DNA Polymerase 1 pL, dNTP Mix (10 mmol/L each) 1 uL, £ Ri#514(10
umol/L)#% 2 uL, ¢cDNA 5 uL, ddH,O 14 pL. PCR MW 4fF: 95°C A4 3 min, 95°CASE:
15s, 60°CIE-K 155, 72°CHEf 1 min, fF3A% 35; 72°CLAIEM, Smin. SMNMEH A, 1%
Gel Extraction HI S HEAT IR RIS AiA, PP RIS BE TR AT e &, R Bk FE
50 ng/pL. K446 S5 ) PCR =¥ 5 Blunt Zero #ifAi%H:, AL A Transl-T1 /K2 &4M, X

AR

1.3.3 EMME B0

BioEdit # fF it W Amwntl %t 9 B4 ) = K B ¢ 4], ProtParam
(https://web.expasy.org/protparam/) Tit Wil & B 2 4L % 5T ;. 4 A Al A NetPhos 2.0

(http://www.cbs.dtu.dk/services/NetPhos-2.0/) N NetOGlyc 4.0 Server



(http://www.cbs.dtu.dk/services/NetOGlyc/) il NetNGlyc 1.0
(http://www.cbs.dtu.dk/services/NetNGlyc/) Tl &5 FH ) N BEERALAL i O BERALAL s N A
FALAL ;. TMHMM-2.0 (http://www.cbs.dtu.dk/servicess/TMHMMY/) 73 #7545 44 . ProtScale
(https://web.expasy.org/protscale/y it W B oK P SignalP 4.1
(http://Awww.cbs.dtu.dk/services/SignalP-4.1/) it Wl fF & Bk SMART
(http://smart.embl-heidelberg.de/) 7l 45 #435 . F BioEdit #1 GENEDOC ¥k {147 £ 7 51| LL X,
it MEGA 6.0 Hicft, [l AR EAMEE R G -

1.4 B EE Amwntl EEERE L SFHEAFIRIL B T & EAhREEEN

DL 1.4.1 5 i SRARAF I VG 7 B AN TR R B IR AT H s T %4 2410 cDNA SARBEAR,
HEAT 96 E & PCR. 6 7E & PCR % (10 uL A% ): 2>xChamQ SYBR Color gPCR Master
Mix (Low ROX Premixed) 5 uL, 1E&X[AI5I4)% 0.2 uL, ¢cDNA 1 uL, ddH,0 3.6 uL. &M%k
f£495°C 3 min; 95°C 10s, 60°C 30s, 39 MEM. M T AN E A MM Z: 65°CTHR
$95°C, 455 FHE 0.5C. RMERG, Gt AFEFEAN Ctil, H 27 kit H K
Ik RIE R, ERASVIRE 3 NEYEEGN 3 MIARESR,

1.5 BIRES R

Fi A 4 FH SPASS 7.0 B Hh 1) B R 35 7 22 43 i R AT SIEIG MR 1 G vk 2E o, H
GraphPad Prism 6.0 1 &4

2 ERS0H
2.1 Amwntl EERYY 12, SREFNF

PANIH 55 25 6 1) cDNA AR, 33865 AmWntl JE X 52 %21 CDS /541, PCR F=411]
FRAIAL S5 Be 2987 BB SRS LA I, 7E 40 1500 bp AbKII I B — 27, 738 BER/
FETM (B D, %75 Blunt zero B, EAMA RN . FIF BioEdit HAFK
FE R B HEAT HF 4, 22 BRaAA 7 51, TI0IIes B2 2 B2 IR 7 51 (18 2) . 5 NCBIL Tl i Amwintl
FAIEEA—E, CDS o4y 1239bp, Zwtd 412 MR, JPHIC F4E NBCI, &x'5

A MT993937.



P 1 Amwntl JE[X PCR 450015 (Bl W0 B R W S0 52 P 9k

Fig. 1 Agarose gel electrophoresis of purified PCR product of AmWnt1 gene

VE: ¥kiE M 2 DNA Marker DL 2000; ¥ki#& 1 & AmWntl S1J5 R 464k J5 1 PCR 724 . Note: Lane M was DNA Marker DL 2000; Lane

1 was purified PCR product of AmWnt1 gene.

2.2 IBIEEFMETIUN

i ProtParam Z3H I, AmWntl 4L AN 9.48, 7rf &N 46.40313KD, 41
A C1991H3158N6300579S38, L 6 396 MET4H k. MalWife%Ch 61.31, Afwiatih
43.20, KT 40, #HZE AR E (Guruprasad et al., 1990) « AS[F LB 5 AN, K4

R R IR N 9.5% (3R 2) o K I 2 AT 38 B : AmWntl 25 [ 55 40 7 2 S5 R 15 40 I Ik -2.978,

5 24 R FEIRAT 7y e N 3533, BT IRAKMEER A
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1
91
31
181
61
271
91
361
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451
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541
181
631
211
721
241
811
271
901
301
991
331

ATGCACACCACCCCCATGATTGCATTCGATCGTCAACAGAAGATGAGGCTTTGGGTGATTATCTGTGCCCTGGTGGTGGCGATTCACGCG
M HTT®PMTIAFDRQQKMPRLWY I I CALV VA THA
TCCATCGCCGAAATGCCAAGGAACAAGAATCGTGGTAGAGGATCGATGTGGTGGGGAATCGCGAAGGCAGGAGAGCCGAACAATTTTTTG
S TAEMPRNIEKNRGRCGSMWWGTI AKAGEPNNTFEFL
CCAATGTCTCCAGCCTCCCTTCACATGGATCCCACAGTGTACGCGACCTTGAGGAGAAAGCAACGCAGGTTGGCCAGAGAAAATCCAGGA
pMSPASLHMDPTVYATLIZRRIEKA QRRILARENTPG
GTGTTGATGGCCGTGGCCAGGGGCGCGAATCAAGCGATCGCAGAGTGCCAACATCAGTTTCGCAATCGTCGATGGAATTGTTCCACCAAG
vV L MAVYARGANQATAECQHQFRNRRWNTCSTEK
AATTTCCTCCGTGGGAAAAATCTGTTCGGCAAGATCGTGGACAGAGGTTGTCGAGAGACCGCGTTCATCTACGCCATCACTAGCGCTGCA
NFLRGEKNTLT FOGKTVDRGCRETAFTITYATTSAA
GTGACTCACAGCATCGCGAGAGCGTGCAGCGAAGGCAGCATCCAGTCCTGTTCCTGCGACTATACTCACCAATCGCGACCACCGTCCACC
vV THS T ARACSETGS T QS CSsS CDYTHQSZERKPPST
ACGCGGGATTGGGAATGGGGTGGTTGCTCGGACAACATCGGCTACGGTTTCAAATTCTCCCGTGAATTCGTGGACACGGGCGAACGTGGT
T R DWEWGGCSDNTIGYGFEKZFSREFVYDTGERG
CGAAATCTACGCGAAAAGATGAATCTTCACAATAACGAGGCAGGTAGAGCGCACGTGTCCTCGGAGATGCGGCAGGAGTGCAAGTGTCAC
R NLREIKMNILHNNEAGRAHNVSSEMRAQETCZKTCH
GGCATGTCCGGCTCCTGCACGGTGAAGACCTGCTGGATGAGGCTACCCAACTTTCGCGTGGTCGGGGACAACCTGAAGGACCGATTCGAC
GMSGsCTVEKTCWMERLPNZEFRYVYY GDNLIEKTZDTR RFEFD
GGCGCGTCCAGAGTTATGGTGAGCAACTCGGATCGGGTGCGTGGCAATGGGAACGCGATCGTGAGCAATTCGGCGAGCAATTCGGTGCAC
GASRVMVSNSDIRVRGNGNATVSNSASNSVI
GGGCATCGGGAAGGTCTGGGTCGTCGACACCGGTACAACTTCCAGCTGAAGCCG TACAACCCGGAGCACAAGCCGCCCGGACCGAAGGAC
G HREGLGRIRHRYNZFQLIEKPYNPEUHEKTPPOG?PKID
CTCGTCTACCTGGAACCCTCACCCCCGTTCTGCGAGAAGAACCCGAAACTCGGCATTCTCGGCACCCACGGTAGACAGTGCAACGACACG
L VvVYLEPS®PPFC CEZEKNTPIEKTILTGTITILGTHGRQCNTDT

1081 AGTATCGGTGTCGACGGCTGCGACCTGATGTGCTGCGGCAGAGGCTACAAAACGCAAGAGGTGACCGTCGTCGAGAGATGCGCCTGCACG

361

S 1 6vDbDGCcbLMCCGRGYKT®QEVTVVERTC CATCT

1171 TTTCACTGGTGCTGCGAGGTCAAGTGTCAGCTCTGCAAAATCAAGAAGACGATACACACGTGTCTCTAG

391

FHWCCEVEKCQLCKTITKEKTTITHTCOCL *

P2 D977 E i AmWntl PR S AR S RO R IR IR 41

Fig. 2 Nucleotide and amino acid sequences of AmWnt1 of Apis mellifera

VE: RIZEER S N Wintl Z5#43k. Note: The Wnitl domain was underlined.

£ 2 AAZE AmWntl SRS EBRMENEKE

Table 2 The variety and number of amino acids of AmWnt1 protein in Apis mellifera

Tk HH (%) e #H (%)
Variety Amount Content Variety Amount Content
Ala 27 6.6 Leu 22 5.3
Arg 39 9.5 Lys 22 5.3
Asn 26 6.3 Met 14 34
Asp 15 3.6 Phe 14 34




Cys 24 5.8 Pro 19 4.6
Gln 13 3.2 Ser 28 6.8
Glu 20 4.9 Thr 21 51
Gly 34 8.3 Trp 8 1.9
His 16 3.9 Tyr 8 1.9
Ile 18 4.4 Val 24 5.8

2.3 LT

CERJIER TR B . AmWntl BB E7ESS 73 A1 412 MEIERRZ 18— Wntl 2543, )&
T Wnt FKERHO . ZEALE SR, G 1 AN, 8 17-36, N i L 405 .
AmWntl FEHEAE 12 4> O BERAL AL, 7B 73858 6. 72, 76, 172, 175, 179. 180,
181, 292, 294, 296 #1 298 {7 & FEFR; JL 2 AN N WEILALAL 5, 7B N5 116, 358 {7 &L

BRRRALAL i SE AT 19 A4S, Mo D ANERERR AL AL 7 DN TREBRAL AN 11 S22 R AL A

2.4 FFHILERT

i AR LR B NCBIL 1) BLASTP 1 BioEdit Lttt 51677 B4 Wintl 2% [ [FIJ5 5 e i 1
VIRPR AR T B, AR 99.50%; FLUR/NEIE . RRINAERE. DI, iEARHIg, AR
FE53 515 99.26%- 96.56%. 97.24%. 83.71%, FH] Wntl 45 7E 5 H B H R 202
AERSE (B 3.



K3 P77 E i AmWntl SRR 7 51 R F Al IS H B BRI 47 Eext

Fig. 3 Amino acid sequence alignment of AmWhnt1 proteins from Apis mellifera and other Hymenoptera insects

VE: wWntl FEAKIE K GenBank H3t5 . AmWntl: 745 %1% Apis mellifera, MT993937; AcerWntl: #5J7Z1% Apis cerana,
XP_016904766.1; Aflowntl: /N4 Apis florea, XP_031776435.1; BterWntl: FXii{fiti% Bombus terrestris, XP_003393164.1;
MrotwWnit1: )it Megachile rotundata, XP_003707885.1; PdomWnt1: i&4%#1& Polistes dominula, XP_015178534.1. Note: Origin
of Wntl proteins and their GenBank accession numbers. AmWhnt1: Apis mellifera, MT993937; AcerWntl: Apis cerana, XP_016904766.1;
Aflowntl: Apis florea, XP_031776435.1; BterWntl: Bombus terrestris, XP_003393164.1; MrotWntl: Megachile rotundata,

XP_003707885.1; PdomWhntl: Polistes dominula, XP_015178534.1.

2.5 RGHAS

I FH VG 77 2 i Wntl 25 (I 2UERR P 57 NCBI AT Blast i %, 1HEIGAFEB#H ., &
WRH . SURE. E#E. G5 E R E % 16 SR Wntl O NRERTA, KSR
B EIERR Y53 E] MEGA 6.0 BEATFRAILLXT, R JG M I SBHGE M & R Gt e . Rgeit
W T SR B H . HEEE AN H 23] ROy — AN 3, (HXUE H R K BN R
JEL SR, 730 5 BE R A S PO AN B H R XURB IR SR Oy — e, ELE R 00)) 09 50 A1 38. T4
U5 E g Wntl B 5 R H AR DT EIESRGOR R, S H RIS PR GOR R iR (18 4),
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Fig. 4 Phylogenetic tree of Wntl from Apis mellifera and insects reconstructed based on amino acid sequences

VE: Wntl & AR IE K& R GenBank B35 AmWintl: 57 Z i Apis mellifera, MT993937; AcerwWntl: 7577 ZE i Apis cerana,
XP_016904766.1; Aflowntl: /N4 Apis florea, XP_031776435.1; BterWntl: KKiHf&i% Bombus terrestris, XP_003393164.1;
Mrotwntl: YJii#% Megachile rotundata, XP_003707885.1; PdomWnt1: i 4G Polistes dominula, XP_015178534.1; Lhumwnt1:
B[R LMD 4 Linepithema humile, XP_012229142.1; SinvWntl: £k Solenopsis invicta, XP_025994453.1; NvitwWntl: &/
Nasonia vitripennis, XP_001603388.3; PaneWnt1: 3% ¥l KU Periplaneta Americana, AGG14205.1; AaegWntl: 3% & i Aedes aegypti,
XP_021702999.1; Dmelwntl: 2EJi§ 5% Drosophila melanogaster, NP_523502.1; GbhimWntl: XUEE#EE Gryllus bimaculatus,
BAB19660.1; TcaswWntl: 7714+ 1 Tribolium castaneum, EFA04660; PxylwWntl: /NS Plutella xylostella, XP_011568230.1;
BmorWntl: ZX# Bombyx mori, NP_001037315.1; HarmWntl: #4% Ht Helicoverpa armigera, AHN95659.1. Note: Origin of Wnt1
proteins and their GenBank accession numbers. AmWntl: Apis mellifera, MT993937; AcerWntl: Apis cerana, XP_016904766.1;
Aflowntl: Apis florea, XP_031776435.1; BterWntl: Bombus terrestris, XP_003393164.1; MrotWntl: Megachile rotundata,
XP_003707885.1; PdomWntl: Polistes dominula, XP_015178534.1; LhumWntl: Linepithema humile, XP_012229142.1; SinvWnt1:
Solenopsis invicta, XP_025994453.1; NvitWntl: Nasonia vitripennis, XP_001603388.3 ; PaneWntl: Periplaneta Americana,
AGG14205.1; AaegWntl: Aedes aegypti, XP_021702999.1; DmelWntl: Drosophila melanogaster, NP_523502.1; GbimWntl: Gryllus
bimaculatus, BAB19660.1; TcaswWntl: Tribolium castaneum, EFA04660; PxylWntl: Plutella xylostella, XP_011568230.1; BmorWnt1:

Bombyx mori, NP_001037315.1; HarmWhnt1: Helicoverpa armigera, AHN95659.1.

2.6 Amwntl EERIEZEDH

K8 & PCR #:45 AmWntl FERI7EAN A & & B HH AR 6 Rk = (B 5) . 45 K B



AmWntl K 7E VG 7 B g N R B I A RS . EIRIGH, ZEEREAE 1 HRIRG bRk E
BUR, BEERIGHIRE, RIEEREMM, BAE 3 HERIRARI 1ZR5 Ik 215K N
B KAE s B B 123 BRI B B E T, 122 R A RIA B B T s FEE
ZAEDIE 0 HERHII RS EARSIE N, 23 —MIEENES, REREEZHFEK.
AmWnt1 5 RI7E NI H 55 20 AN ] A 2RIE TR B - AmWintd & PRI7E I 1 s i Sk iy IS
fi . S BEFL Ay, RREAERIE, AR, Sk iRk (E6).

P 5 AmWntd J PR 75 75 7 B AN 7] A B I ST 0 3R ik

Fig. 5 Relative expression levels of AmWnt1 in different developmental stages of Apis mellifera

VE: E1-3: 4R 1-3 HURUF; L1, L3, L5 M98 1 R, 3 RAI5 RINZIH; PPL: 1 HFid; PO, P2, P4, P6, P8 4ilA
%0, 2, 4, 6,, 8 HIUSHIME: NE: WIHHP5 Lo Nur: WHEE; For: KA. EIhEURI R-FHMEHAER, NEFEARA
[ % B 3 AmWintl Ax ik B B B2 M2 F (P<0.05, Dunnett’s T3 #456) . Note: E1-3: 1~3-day-old egg, respectively; L1, L3, L5:
larvae of 1-day-old, 3-day-old and 5-day-old, respectively; PP1: 1-day-old pharate pupae; PO, P2, P4, P6, P8: pupae of 0-day-old,
2-day-old, 4-day-old, 6-day-old, 8-day-old, respectively; NE: Newly emerged workers; Nur: Nurse bees; For: Foragers. Data in the figure

were mean =+SE, different letters indicated significant differences among different developmental stages (P < 0.05, Dunnett’s T3 test).
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Fig. 6 Relative expression levels of AmWntl in different tissues of newly emerged workers

W He: Sk (Eif); Thilg (REEME); Ab: I8 (L7iE); An: filiff; Wing: W Gut: figiE; St ﬁﬁ'(%ﬁﬂzﬁ). Le:
JE lego AR FRHRE AR F A ST AmWntL HIXT 3805 & 2 AT 53 14 % 57 (P<0.05, Dunnett’s T3 £534) - Note: He: head (without antenna);
Th: thorax (without wing and legs); Ab: abdomen (with gut removed); An: antenna; Wing: wing; Gut: gut; St: sting (with venom gland);

Le: leg. Different letters indicated significant differences among different tissues (P < 0.05, Dunnett’s T3 test).

3 G5

AmWntl 3 AR R, 5O02M0ER Wet A2, Amwntl & A HRA R
Wntl S5 638 (A7 T35 73 A3 58 412 A2 5508 » B FE N, Wnt B[R 2 0 I AU RE 22 11
M0 22 8050 W84 2 1A 7E N 3 FL A 45 5 ik (Cadigan and Nusse, 1997; Zhao, 2006) . 12 #i% SignalP 4.1

BT RTEE R, AmWintl B E IR TN EE Sk, Ding 48 (2019) BFFERM], (EAUME.
K. A XIECIE R eSS o B L B m 0 21 Wntl 3 S SRR, A2/ Sk
Plutella xylostella £ fik 4 BEitE Danaus plexippus KM FIE S k: SHEN, 7EiX5 &
T, 2K Wnt8 A1 Wnit10 & FH ARKI 2E 5 Ik, 1EEIAJy, WXL A & R o (Y
G5 IKAEA, A5 SignalP 4.1 BAETCIE UM, PET5 EiE AmWntl & H AT R PRtk oA e il
FE k.



AmWnt1 7£ 75 75 S AN [ % B I I3 A 20k, ERRRI . Ui, T A Bl T
fETHA, JCHEEE G B T, RiAEEE A E, HAHEE. Zhang 55 (2015) Al
T BmWitl 7ER RGNk &, S FERITE IR IG K & B A Rk & TS . R ) g
Hr, AmWntd 7E P 5 B IR IR A B R WA B i, IR AmWintl T RE 232 b IR JIG B R Y]
KE . T ERERIG R BRI, RS K E (7~33 h). IR AR (33~40 h).
AT TR (40~55 h) FTFEK 45 5 Md e, =HEIN Amwntl BRI Fim, JHFIE
WoT IR TGRS B, XA B R R AL, SERE . #RE RGO ARSI IR E S5 (1 T
% (Fleig and Sander, 1986) , AmWntl 7] fe 2 5 4 ih—Fhal 2 M U ik, IF HE A0
FOUE I E R ME Witl RAGR T, 4 RGK E 7% (Chu-LaGraff and Doe, 1993) . — H# 5}
AmWntl BRI FIA BN R T = HIE N, M TR S R AR B R R DR E
Juwntl FEH, 4o LD BANIE 5kt . (L3200 W 45 R BRI (Zhang et al., 2015;
Liuetal., 2017); 7EPY 5 &gt , DB BUR AEAEMIIAT, R AmWntl RIA S L T4 —
AN, AN AT RS S DU BOR . POtE S PCR 455K Amwntl J&
PRIZE NI H s TSkl i) il B e T HABZH SN, X5 Wintd JERIZE 5K & 5 4 3 H4hduskiim
L4525 (Ding et al., 2019) .

ARG T A RERY], Amwintl 5[FEBSHE H BB wntl o832, Hih 5R75 Hig
PRGRFGOL, RW Wntl S AERRE H BB B EON IR . X0 H . B3 H A1
@ H R, Wintd 2[5 Dh g LR ST R IR, PRI H AT BOA S8 TR H BB Wintl ZEPIAH
RARIE . ABFCE RAEEH H B s B2 T AmWntl ZER, B 123 RIFEAN R R B
BRI S 75 2 e ) AN [R AL R SRR AL, SEIL T BE S 5 T 06 7 S IR R B A A A 22 R G
BAEIE R T A DU IR B AR DR, DR H Al L Wintl BERIRORITFUAR Bt T 2% .
FEEIE AT FUR B AIREE ], R NI H 35 A e i A B R LB e 5%

LK, BE% CRISPR/Cas9 Jk K4 AR HMi e, R 11 T B R L A
Rt e h. AP 7B igt, C4RIhiE ] CRISPR/Cas9 3 K 4w#E 1 A i Ihiis 7 mrjpd,
mKast, pax6, doublesex, fruitless, feminizer 1 10552773 45 6 /2 [A] (Kohno et al., 2016; Kohno
and Kubo, 2018; Hu et al., 2019; Roth et al., 2019) . #% >k, EAVEEB T AL EFHC
2SI CRISPR/Cas9 e 4t B AR EE Amwintl R, HE— BRI ZEE R TE R K &
AT AT RE, NIAE Wit SO0 At R R S R R 22, Dbt Fo i 3 Ho B Je i) wintl
BEIA T B8 LA
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