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A 1AMV ER AR Z B IRERRIL(APAYA 5, HiF & 14~ APA LR B i £ . il i TBtool R {F % &
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Identification and investigation of genes and their full-length transcripts
relative to Hippo signaling pathway in Apis mellifera ligustica

ZHANG lJiaxint, GAO Xuze!, CHEN Mengjun, SONG Yuxuan!, JING Xin?,
LIU Zhitan!, FENG Peilin!, CHEN Daful?, GUO Rui%?"

(1.College of Animal Sciences (College of Bee Science), Fujian Agriculture and Forestry University, Fuzhou, Fujian
350002, China; 2.Apitherapy Research Institute of Fujian Province, Fuzhou, Fujian 350002, China)

Abstract: The previously identified full-length transcripts of Apis mellifera ligustica were aligned to the Nr database by
Blast tool, a total of 49 genes and their 550 full-length transcripts relevant to the Hippo signaling pathway were
identified. The identified 550 full-length transcripts relative to the Hippo signaling pathway were compared with the
annotated transcripts in the Apis mellifera (A. mellifera) reference genome (Amel_HAv3.1) using the gffcompare
software, the 5' UTRs of 9 genes and the 3' UTRs of 7 genes annotated to the Hippo signaling pathway in the A. mellifera
reference genome were respectively prolonged. Based on the Astalavista software, 7 alternative splicing (AS) events in 4
genes were identified, including two exon skipping, two intron retention and three alternative 5' splicing sites. The
authenticity of AS events in 1 gene was verified by PCR. On basis of the TAPIS pipeline, 24 genes associated with the
Hippo signaling pathway were identified to contain at least 1 alternative polyadenylation (APA) sites individually; among

IgFSBEA: 2023-03-21 &= HEf: 2023-08-25

ES&WB: EEA KBRS B0 H (32172792); EIZEIACAR M = M H AR R L9 435 H (CARS-44-KXJ7); HREE A REl2EL 40 -
il H (2022301131334); ARERMIC2 AR BT & WL 4101 H (KFb22060XA)

EE®SY: ERK@998—), &, BIdbTHEA, Wi, EURMNEEESFAEYEDIT, jiaxin19981005@163.com; *#EfFfEH, %,
Wi, R, FENFRRIRIEE/ENSE, fafu_ruiguo@126.com
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them, the genes containing 1 APA site were the most abundant. By using the TBtool software, the consensus sequence of
HVNCCNBNDYVDVVHVNDBVDYCNBBDNNNHNNVNNVMNN was identified.

Keywords: Apis mellifera; Apis mellifera ligustica; Hippo signaling pathway-related genes; full-length transcript
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Hippo 15 5 18 #% 7F 2 8 A 1% (Drosophila
melanogaster) 4 B L BB, A — &R bR
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5 BmMN-SWUL(NS)ZH A H 4458

HHET, KA AT R R A S D5
A WigdkiE, Z8E R ASCHIAR B
B KRB SRAAITEICAUA 2 IRIE : ZHENG
SGEUNE L RFLINT , & AL P 7 5 M e 1 R T e
RIVR B IR P SRR i R S, K
IR R A5 22 B8 I R Ak (APA) AT ] ZE B 1] (AS) T84
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2.3 EtHippo ESEEREXEENASEHERE
X PCR 383iF
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Table 1 Detailed information about genes and full-length transcripts relative to Hippo signaling pathway in Apis mellifera ligustica

A ID A D Nr B0 TR
LOC408951 ma22499, ma22500, ra22501, ra22502 , ra22505, ra22504, ma22503, 14-3-3 &[] ¢
ra22506, rna22508, ra22507, rna22509, rna22511, ra22510, rna22512
LOC408616 ma613, rmabl4, rna6l5, rna6l6, rnabl7, rna6l8, mabl9, ma620, IR HE T TEF-1 % X4
rna621, rna622, rna623, rna624, rna625
LOC552413 rnal0228 SRR
LOC551176 rnal1068 WUshEE, FekE 205 &
LOC725404 rnall069 Wsh&ER, I
LOC551659 rnal2505 22 RT3 R 114 STE20
LOC552419 ral2889 %5 RasGTP 55 %M
LOC725708 rnal3360 REFEE
LOC411327 rnal7403 G/ s RStk AR EL
LOC408431 rna23947 LIM &5#4
LOC552637 rna27385 KTk 403 1 3

LOC107964603 rnall771
LOC113218545 rnal8892
LOC413502 rna2829
LOC724888 rnag8593

REFEE L, 55k X3
HAEE 12 RIP3-like

FE I wnt-1

Ras SCIRAE MR [ 2

32 MmAEESEREFEFED Hippo F5EEK
R EEE AL
X P B e 2 B R 2 VRS Hippo 5518
% 16 NPT T k. Hdr, IR

e G (A3 TR 4500 R 10 ANFT 6 ) 5 5 i K 3
HA 914, HERKKJF 69 445~1 863 562 bp; 3'iitE
KEFEFA 74, SEKKFE 1474~1 179 780 bp( 2).
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Table 2 The results of structural optimization of genes annotated to the Hippo signaling pathway in A. mellifera reference genome

£ 1D (RIS EfEE PUE AR SN i V= R o AR LA
LOC411327 NW_016019231.1:443246-444877 - 5' 443387 443246
LOC409286 NW_016017900.1:795882-799534 + 5' 796182 795882
LOC552413 NW_016018566.1:2975098-2990710 + 5' 2978716 2975098
LOC413669 NW_016018200.1:291402—-294039 - 3 293860 294039
LOC550710 NW_016019064.1:739924-743671 + 5' 739945 739924
LOC550710 NW_016019064.1:739924-743671 + 3 743303 743671
NM_001185145.1 NW_016019108.1:1863259-1878104 - 5' 1863562 1863259
LOC726958 NW_016019208.1:22990-29197 + 3 28972 29197
LOC408292 NW_016019319.1:69445-71528 - 5' 69657 69445
LOC408292 NW_016019319.1:69445-71528 - 3 71484 71528
LOC412617 NW_016019663.1:1175720-1179708 + 5' 1175731 1175720
LOC412617 NW_016019663.1:1175720-1179708 + 3 1179171 1179708
LOC552637 NW_016019852.1:164382-167797 - 5' 165067 164382
LOC413502 NW_016017548.1:148-4067 + 3 1474 4067
LOC413440 NW_016018245.1:132423-165928 + 5' 132500 132423
LOC413440 NW_016018245.1:132423-165928 + 3 164375 165928

3.3 EtHippo ESEEEEXEERAS EHRIE
WEER

H I Hippo {55 BgAHOCH) 49 R, %

FER AL P 7R AS 4, ¥ KA B FBRER(ES) |

W& IR (IR AR 5' Ui By $2 (ASSS) 5 3 Fizle Al

(% 3), Hp, Wsh&EA . wpE 205 &4t IEA

(GeneBank &35 LOC551369) k4= 2 IRYME Tk

BR, K FAEE M g0 85 5L N (GeneBank & % 5
LOC107964603) &2k 2 IRIN T FIR A, 222 PR IR
PR £ R R 2a 11 (b 7 I 2 i JE ] (GeneBank %5 5
2 LOC550710) 1 14-3-3 2 1 ¢ 4t 3L [A (GeneBank
ks LOC408951) 73l A A 2 YA 1 WAl 78 5
BE(ER 3).

&3 E Hippo [FSREEEXEER AS EHER

Table 3 Detail information about AS events of genes related to Hippo signaling pathway in Apis mellifera ligustica

LR 1D A ID AS FFSER XI5, Nr B e e

LOC551369 ONT.2960.15/0ONT.2960.21,0NT.2960. 4} 7Bk  NC_037642.1:1313313 UL/, wife 205 [
16/ONT.2960.20 3-13145381C

LOC551369 ONT.2960.15/0ONT.2960.19,0NT.2960. 4} F-Bkik  NC_037642.1:1313313 Iz, wifE 205 &1
18/ONT.2960.20 5-13145387C

LOC107964603 ONT.3171.2,0ONT.3171.1 ME TR NC_037643.1:6522201 SASALE 1

~6530388C

LOC107964603 ONT.3171.1/ONT.3171.2/0ONT.3171.4/ P& F{78  NC_037643.1:6522199 FAHEE
ONT.3171.5/ONT.3171.8,0NT.3171.7 ~6530388C

LOC550710 ONT.3443.1/ONT.3443.4/ONT.3443.8/ 7 5 s NC_037643.1:1658785 444k i e i 1 HsaiiG
rna12889,0NT.3443.10 5-16592972W 2a AL 3K

LOC550710 ONT.3443.9,0NT.3443.1/ONT.3443.10 u[7p 534 NC_037643.1:1658782 4244k i sl TE 11 Bk ol
JONT.3443.8/ma12889 2-16592974W 2a EALTT 5

LOC408951 ONT.3584.2/ONT.3584.3/ONT.3584.5/ w7 5 i NC_037644.1:2330021 14-3-3 [ ¢

ONT.3584.6/0ONT.3584.9,0NT.3584.1/
ONT.3584.7

—2336448W

C W 4 B2 6 S T S

Bl 1-A R F KBRS . SRR HEEAL FL K
Gi0LEOR, J#LE PCR ¥ % e BINSI & 1 S A
X2 B 2 ~H B, KANAI297h 659 bp Fl

375 bp(/&l 1-B), 55T Nanopore I 464 ) i
ZERL(& 1-C)—3L, UESE T % AS FHIFMELIE,
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Fig.1 Validation of variable splicing events in the actin isoform X2 gene of Apis mellifera ligustica

3.4 Ei£ Hippo (55 BEEXERER APA LR %
EER
FEIE I Hippo 55 @ B AHCHY 49 AL

YER 24 NEEAEA 1KLL E APA 7 (K 4).
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PIA GRS 2, [UESR 4 ThR/RE % Hippo
(F 5B AH M) 5 ML R R i A, Hp
H 1. 2. 3. 4F15 1 APA o R AH G K 43 5 f
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Table 4 Information about APA sites in five genes associated with the Hippo signaling pathway in Apis mellifera ligustica

FH 1D IF i FXT b AR BE APA i 55 APA {37 55,
LOCA09286 . 24 5 1633356, 1633111, 1633390, 1634215,
1624172
LOC725404 + 2 1 967
LOC408951 - 25 3 517460, 526295, 526000
LOC552419 + 129 4 743655, 743427, 74123
LOC552545 + 232 2 13154403, 13154067
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g 15 3
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APA {7 i 5o
A SRR APA I S IIERE ST

motif [ & /nt
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2 Ei Hippo FSEEMEXERESH APA i = R E FiFH motif

Fig.2 APA sites included in genes relevant to the Hippo signaling pathway in Apis mellifera ligustica and motifs located at upstream of APA sites
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