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BAHEZEE MAPK 2@ KEX
ERMEKERRKEERSH

SeANE LT o T B OB EeR wkEm!' WA
EFx FRAEY BAEY FERDET ozm oy AT

(1. fREAMAR 2 S Y E 2R, F8M 350002; 2. KARAEYTFREFH A TRELEE, #IM 350002;
3. WEAEEITIIRRT, M 350002; 4. FMREFRERIAIISIPT, HAK 132000 )

# E [H#] FHYKS (Nanopore ) 7 HHE L RE B KM% ¥ Apis mellifera ligustica 22 24 JFi% 1L
FE A ( Mitogen activated protein kinase, MAPK ) 1553 [ AH I R M K74, FH &4 MAPK {5
S AR DG IL R 1y v AR 2 B AR H R 1L (Alternative polyadenylation, APA ) i 5 K A] 788782 ( Alternative
splicing, AS) FF, DUSIIERA B R FIE % MAPK {5 5B AT, O FFELIR AT JRAH JCHE R Ry 4 04
(Tsoform ) [INREWFFTIRILEE R MEERT . [ Ak ] R Blast T ¥ ITH K54 54 T 2] Nr 5
JEFI KEGG B4R, FRARIE I RB(E B il MAPK {558 BEAHSCEEE Al K 54 5 AS . FI A gffcompare %
1 MAPK {758 A 2 R FA G # %S Z B EA (Amel HAV3.1) FIFERBMG AT ILE
PIEAL BV E BRI 454 . S ] TAPIS pipeline Tl APA i &5, @1t MEME %k %852 BT A APA 37 5 3%
50 bp MIELIF (motif) . {#i Astalavista #IF 42 AS LIRS AFIZRAIR AS FH45H . it PCR &
TE MAPK {5538 B AR CHE R 1 AS Fif, [ SR ] MSew B OF % % MAPK 553l B AHOCH) 83 -4k
N5 443 &4 KEBFEA, RERKT 1 ARKEE 5 UTR #13' UTR, EK T 12 NFEFEAY 5 UTR, IEKT
10 MEEERY 3" UTR. JLEEEF] 52 4~ MAPK {55 @ BAHRZFSH 1 AU R APA 45, JF7E APA
7 55 _EUFSE R 2 4> motif, FLYEEF] MAPK {5 5l B AHICH) 13 NEER 21 W AS Fiff, HrhEFEER
FA R A FBEK (Exon skipping, ES) . PCR &5HHIESE T-HIEA LA HIAZA 1b FHM 4 K ES FF
1 Ets DNA 254 8 11 pokkuri 259 1 K ES A EIE, [ ] HkEe 88 KR % % MAPK 5
Sl AN S 83 MNIERF 446 A KL SEAS, Pifk TS Sl R v & S SR A B E R 21 -3
R4S H, KA T MAPK {5538 BAH G EL R B 406 4> APA i 51 52 Y AS i, IESE T MAPK {5-5#
BEAASERED] AS AR E S,
REBIE BAAIEE; MAPK 55, R4, nlasnii:; nE 2RIk
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genes and full-length transcriptsin Apis mellifera ligustica

FAN Xiao-Xue"**" JING Xin'"" KANG Jing' GAO Xu-Ze' ZHANG Yi-Qiong'
YAO Yu-Tong' MAO Yu-Li' NIU Qing-Sheng* CHEN Da-Fu'%?
FU Zhong-Min"**"""  GUO Rui"*¥""

(1. College of Bee Science and Biomedicine, Fujian Agriculture and Forestry University, Fuzhou 350002, China;

*Y$ W) H Supported projects : IR [ SARL 24 34 T E 30 H (32372943 )5 HE IR 7= Ml HE AR AR R L 10195 £ 75 H( CARS-44-KXJ7 )5
TR BARL ARG EBTE (2022]01131334, 2023101133656 ) 5 ARAARMA R LA RITABRITH (3674 ) 5 AR
FH LIRS (KFb22060XA ) ; MERMA AR b (Berrbe ) BRI E (382, fHhR)

*x L[] 5 —/E#H Co-first authors, E-mail: imfanxx@163.com; jingxin6662022@]163.com

=L [G]H IAE# Co-corresponding authors, E-mail: ruiguo@fafu.edu.cn; zmfchina@163.com

Wik H 4 Received: 2022-09-01; #:5% H A Accepted: 2023-11-25



24 /NS TR i MAPK {5530 AT 5 5 DR N 4 R SR AR S Je b * 247 -

2. National & Local United Engineering Laboratory of Natural Biotoxin, Fuzhou 350002, China; 3. Apitherapy Research Institute
of Fujian Province, Fuzhou 350002, China; 4. Apiculture Science Institute of Jilin Province, Jilin 132000, China)

Abstract [Aim] To identify genes and full-length transcripts associated with the mitogen activated protein kinase (MAPK)
signaling pathway in Apis mellifera ligustica, and explore alternative polyadenylation (APA) sites and alternative splicing (AS)
events in MAPK signaling pathway-related genes. [Methods]  All full-length transcripts were aligned to the Nr and KEGG
databases, after which MAPK signaling pathway-associated genes and full-length transcripts were screened out. MAPK
signaling pathway-associated full-length transcripts were compared with those annotated in the reference genome of A.
mellifera (Amel_HAv3.1) to optimize the structures of annotated genes. APA sites were predicted using the TAPIS pipeline,
followed by identification of motifs 50 bp upstream of all APA sites. AS events were identified using Astalavista software
followed by statistics on the number of various kinds of AS events. PCR was used to validate AS events in genes related to the
MAPK signaling pathway. [Results] In total, 83 genes and 443 full-length transcripts relevant to the MAPK signaling
pathway were identified. 5’ UTR and 3’ UTR of one gene were prolonged, and 5’ UTR of 12 genes and 3’ UTR of 10 genes
were prolonged, respectively. 52 genes associated with the MAPK signaling pathway contained one or more APA sites and
there were two motifs upstream of the APA sites. Twenty-one AS events in 13 genes related to the MAPK signaling pathway
were identified, of which the most abundant was exon skipping (ES). PCR confirmed the authenticity of four ES events in the
Bone morphogenetic protein receptor type-1B gene and one ES event in the Ets DNA-binding protein pokkuri gene.
[Conclusion] Eighty-three genes and 446 full-length transcripts associated with the MAPK signaling pathway in A. m.
ligustica were identified for the first time, structures of 21 annotated genes in the A. mellifera reference genome were
optimized, 406 APA sites and 52 AS events of genes related to MAPK signaling pathway were discovered, and the authenticity
of AS events in MAPK signaling pathway-associated genes was verified.

Key words Apis mellifera ligustica; MAPK signaling pathway; full-length transcript; alternative splicing; alternative

polyadenylation

W IE AR B ORI Bk B B2 R A NEEWALNY, B Ay s s A R .
&, & LR ES RSN B jiﬂéﬂ% Ryan 4 (2021 ) W55 & SR Drosophila Hriy
Apis mellifera ligustica F N 74 )5 % % Apis  p38Kb nli#ijd 5 starvin F1 BAG-3 B AFE R4
mellifera WAz —, WHEAREBPSEIHEET, £ AFREBEEABRERS. HAT, 2% MAPK
B R i e DL SR G R A P TR {558 A5 159 {rrﬁ’}: HRAEEBEZ . Wang
FrEME A P I R RN, AN TR MOl R T (2018 ) AR 4% 1% Apis cerana cerana T.
AT 25 I, SRR AR 0T L R kAR g v 351 ) ﬁﬁﬁc—a@]éﬁﬂﬁfﬁkﬁﬁ{gﬁﬁﬁ{ﬁﬁ 6
ZREVEME I T EE ST (BB, 2017) . FEH AccMKK6, Jfifiit RNAi #B/R 112k AccMKK6
22 F R AL B H P ( Mitogen Activated AE A% T ST M AR PN N B i B e 8 4k
Protein Kinase, MAPK ) 2%k 5 & EAZ A W i) fiti ( SOD ) Flid %A ALY ( POD ) 3 M i 2R AR
— AR T s, HAE NG B s ) Nlumina i3 A AR 9 AP HR BAT
B, AR o SR A AR NS S, 8 B RS TE A 2%, 7R SR DR 3R 3K 1y THT A RS
‘ﬁiﬁ%éﬂﬁﬂﬁﬂvﬁﬁ G B B ) A G A — &R 5 FERSE, PR32 o FH 7 25 DR 2 R SR A1 Ao
G sl , M5 A AR B A BRI AE AL SOV, B O A T A iy B 2% S AN T Bl sk 1 B R T B
%%H@EE%%@:H‘JK%qjﬁﬁzﬁ]lu%@ﬁﬂ T ( Meyer and Kircher, 2010) . fEA{H AR T
IEHINRE (Asl et al., 2021) o MAPK IR TEE  prr: B, KE—BATF 100-400 bp, 76
fI, & ERKs ( Extracellular signal regulated A KT SR R 1 S8 RE AT O TRT A% 31 A% K B Al
kinases ) . JUKs ( Jun amino terminal kinases ) Fl ( Yoshinaga et al., 2018) . HAj, =ACIFERY
p38 MAPK., MAPK {553l f§AH CHFIE 245 h 7 FE AR PacBio HL4> 5L ( Single molecule
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real-time, SMRT ) 54 AR F144 K £ ( Nanopore )
KB FHOAR , i i 10 sk 2 EhR e A% T
FRTE DNA REBHER TIRIKBA . & AR
Bt A, SEEXT DNA P80 SCET eI, a4t
FTYORFLHAT SR B I F 73BT DNA 4rF
YR FLET L E S AR L, AT SEEE DNA 1Y
AR . 48 6T PacBio SMRT ¥, Nanopore
B T R MER b 2 KL SRAS NS5 28 57
W BEHEA T I PR 4 A M BT AR I R 2 734 (van
Dijk et al., 2018) . It#, Nanopore il ¥ i% 7%
INTERE | R ICA LG RO RE TAE, P SE
Y58 M) 72 (van Dijk et al., 2018 ) . Nanopore
22 1 F A2 Homo sapiens., /)Nl Mus
musculus, flFG7F Arabidopsis thaliana, S,
T 5} Saccharomyces 45 sfAE ) A AE ) i AH DG BF
5, TEAALIENZEM (Treitlietal., 2021) , %&4&
AR Z R AT (Alternative polyadenylation,
APA ) fii 5 (Wang et al., 2022 ) F1%E n] 288y
$% ( Alternative splicing, AS) F{4 (Shuetal.,
2022 ) f& 75 E B SRR RE Sy . R FHAT, 7574
J7 W KB SR A I IF 5T 40, R FH Nanopore
WP HAR AT R AR HG . Hoh, He %%
(2022) M| Nanopore M ¥4 AR X} P 5 % i v
) e T TG A 40y R 1) = D SR [ e i
1T T3 AW BT fn LA o B R A RIASY, il
TS I R B T8 T4 b 35 25 R R IA I Y
LA X R A & 1 FRATT0 2 0 B [
FIR AR, SRR T X BT A AR
TIPS WP Ik oAb 2 (] A B 250Gk, itk
— 2 TR B W () A ) S R E AT AL R AL T
ERMLR; T EFEM Nanopore 1152 Bl
JPEHE RS AE T KR 5 0 22 2 IR/ 9y A PR B
FA P4 . 40 P9 5 AT Hippo 15518 B8R 26 JE XA
BRI EA, X AS FHA R AT T T
A (YU, 2022, 20235 TRAEREE, 2023 ),
PR TAZ S AR 7 S A = AR P AR,
Nanopore 7 HA WA EAL . BBHE K AIGTH
PCR §" #4453 (van Dijk etal., 2018) ., AHf
FER R KA e MAPK {5530 B%OAH DG KL PR RN 42
KEFARMITRGLEE, S HEFAC R

BN BOEEH, o M IEAR LA 1 AS FF,
RARFITHIA IR APA f5, DIFEE
RV S MAPK 5510 A 53 PR (B o
AAFE, SEB VT S BRI AR, I
NFFEERATT R D REWT I B3 5E Sl

1 #MR5HE

11 #hlEmae

AT I FH AR TR e T B9 A A b
ReEpidesr 5 W) B 25~ e o e I SR I R

12 MAPK EEEREXERMSKEREN
TEIE RS AT

EH AT O il & R E e 7 B
10 Hip T iakesh (n=3) , FF5Em RNA #
I, cDNA # %1 Nanopore M7, FiksCgisk
B 1EYEER (NS5, 2022) o RIGW
e K BUBE 7T AR MAPK /%
T [ A G I PR RN 2 KB SRAR R S L A S
WE. 383 Blast T HKE %5 B 4 K5 AR 751
Xt 2| Nr %48 % ( https://ftp.ncbi.nlm.nih.gov/
blast/db/FASTA/ ) 1 KEGG %t 4 & ( https://
www.kegg.jp/ ) , PR 4 B0 2 R 4 SR O
MAPK {55 53 A S FE PR 4 K A A

13 AFEESEERATCEERMAPKES
EEEXBEENEARL

Z WA B AFT I O B AR R (FEF
4, 20205 YU/, 2022; FRIEES, 2023)
1) 5% MAPK {5538 [ AH G K e se AR kA T
KE. K gffcompare T.H ( Pertea and Pertea,
2020 )RR B A5 A 5 VG 7 e S 5 HE R A
(WA . Amel HAV3.1) b B A TH
AT, AR e B X i R R LA X 3k
D)3 ok ] QB U e f IR B X ( Untranslated
regions, UTR ) XJFER AT TEIE

1.4 MAPK ESEREXEREN APA iR¥
TS5

K H TAPIS pipeline ( Abdel-Ghany et al.,
2016 ) %5 MAPK {5 il B AH G R N APA fif
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H, SIRATEE (2021) $EECHTTEBRCESEL

# MEME #/4: ( Bailey et al., 2006 ) ¥} MAPK
15530 % AH G 3 (K] APA {7 #5110 50 bp 7 5114E
TESEAT 4347 LSS 52 motif,

15 MAPK #HXxEEMN ASHH

AS FRA F A . HFAMNE T Mutually
exclusive exon, MEE ) . W& 1% % ( Intron
retention, IR) . ZMEFBkEK (Exon skipping,
ES) . Al4Z 398y ( Alternative 3’ splice site,
A3SS) MnJAr 5" uBi4E ( Alternative 5' splice
site, ASSS) , ZMPRIERSE (2020) KT,
{§iF] Astalavista ¥4 ( Foissac and Sammeth,
2007 ) %8 HOAF|% # MAPK. 5530 AH DG
RIS AS FAF2ERY, SR 5 AR 0 45 SR S 14525
IR AS FHUEH .

1.6 ASEHH PCR IE
BEALEEE P K2 1 Fh AS 2850 (ES) 11 2 4

K17 PCR $iiE, HiGEIESEAREZIE 16
( Bone morphogenetic protein receptor type-1B )
JH BMPR-1B ( GeneBank ID: LOC408442 ) il
Ets DNA 254 & H pokkuri ( Ets DNA-binding

protein pokkuri ) £ AOP ( GeneBank ID:
LOC100576369 ) . F|H Primer premier 5 {4
(Singh etal., 1998 ) S5 By Hef s (45 5
S (£ 1), FFRFEETAEY (L) AdAE
WM. VIHLBhE F & actin ( GeneBank ID:
LOC107999330) fEANZ . {fi/f] Promega ( 3
) $EAERY RNA Sl 0] S 42 B Bk T g
B &Y B RNA 3T Hifair® 11 1st Strand cDNA
Synthesis Kit ( Yeasen, i) 4 [iAAY. RNA
Wik S cDNA o F B B 45 037 s 51 Wy it A7
PCR, RNAERMFMS I NES (2022) 1Y
il . SN SE U, R 3%3 R B R K H Tk R
W5, P PR BE AR AL ( Bio-red,
K ) FATUEHII

*k1 S5MFIER
Tablel Information about primer sequences

K Name

J¥% (5'-3') Sequence (5'-3")

ONT.6802.5-ONT.6802.1-F
ONT.6802.5-ONT.6802.1-R
ONT.6802.5-ONT.6802.7-F
ONT.6802.5-ONT.6802.7-R
ONT.6802.3-rna25751-F

ONT.6802.3-rna25751-R

ONT.6802.3-ONT.6802.9-F
ONT.6802.3-ONT.6802.9-R
ONT.4398.1-ONT.4398.2-F
ONT.4398.1-ONT.4398.2-R

CAGGTCGGTGCGGATGTAAATA
TCTGGTGGTAAACAGCCAAATG
GCTGCGCTCTTTGCTACCCCAG
TTTGCATTGCATGAAACCTTGT
TGGCTGCGCTCTTTGCTACCCC
GCATGAAACCTTGTTCATCTGG
GGTCGGTGCGGATGTAAATACG
ATTTTTTCCTTGTAAATGTGGC
TGGGTAAAAACATGTTATACTT
GTCTTTCTCCATTACATTCTGA

actin-F TTATATGCCAACACTGTCCTTT
actin-R AGAATTGATCCACCAATCCA
2 ZR5454H 5 443 FRHERAS AT T ASHEE D R 207 Z0T

21 BAHEEMAPK FEEREXERNS
KERKTELETE

U85 B MAPK {5 538 B AH Y 83 LA

A o Horp R B A o 2 AL T

( Mitogen-activated protein kinase, MAPK ) [ 3
A K sk AR m e 2, 35 1A 35 5%
HU R iERE] 14-3-30 #11 ( 14-3-3 protein zeta,
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14-3-30) HYZEN (2 4) M RFEGRA (32 5%)
J B #) Ras tHK GTP 454 M ( Ras-like
GTP-binding protein, Ras-like GTPases ) &
(1A PRk (25 %) o MAPK {5538
PEIEPURN K SR AR R TR S B L3 2,

22 SEEFAACTFEMAPK (EEEBEERE
ES[:upagialy R A4

XF 83 NP S N A O IERR
MAPK i f§ 5 R AT 45 Ptk o dir, Horh 58
21 ARG, 46 13 AN IERERT 9 4> 1k
PR 1 ANER R 57 UTR F1 3" UTR

xr2

Iy HIFER T 48 1 1054 bp; 12 DIEFAY 5 UTR
PR, SERKKEAT 3-14 644 bp Z[0]; 10 4~
PRI 3" UTR BEE K, SERK K AT 75-2 163 bp.
MAPK il B AH I R 25 A LA 5 S 04 3 B o

23 MAPK ESERBEXEERN APA IE#
ERIFE

MAPK {55, 52 MR EGHE
/1A APA f s, g 7 AN EEUR 11 APA
i, 6 N IEFNIEH 6 1~ APA i, 25 3k
R 1 APA Bt 6 > (K 1: A) o APA
P A BTEILER 40 BEAN, 175 MAPK {55 %A

BARAMEE MAPK BREMEKERANFRER (UET101)

Table2 Detailed information of genes and full-length transcriptsrelative to
MAPK in Apis mellifera (only 10 presented)

$E[A 1D §e kA D HHRR Nr {EF KEGG il 7 B¢
Gene ID Transcript ID Protein family Nr annotation KEGG pathway annotation
o serine/threonine-protein Lo
LOC413504 ONT.5105.3 kinase mig-15 isoform X16 MAPK signaling pathway
. ras-like GTP-binding protein . .
LOC552419 ONT.3435.3  Ras family RhoL-like isoform X5 MAPK signaling pathway
o bone morphogenetic protein MAPK signaling pathway;
LOC408442 ONT.6802.1 receptor type-1B isoform X5  TGF-beta signaling pathway
. . . bone morphogenetic protein MAPK signaling pathway;
LOC408442 ONT.6802.3  Protein tyrosine kinase receptor type-1B isoform X5  TGF-beta signaling pathway
- . bone morphogenetic protein MAPK signaling pathway;
LOC408442 ONT.6802.5  Protein kinase domain receptor type-1B isoform X5  TGF-beta signaling pathway
. . . bone morphogenetic protein MAPK signaling pathway;
LOC408442 ONT.6802.7 Protein tyrosine kinase receptor type-1B-like TGF-beta signaling pathway
Activin types I and II bone morphogenetic protein MAPK signaling pathway;
LOC408442 ONT.6802.9 receptor domain receptor type-1B isoform X5  TGF-beta signaling pathway
- . bone morphogenetic protein MAPK signaling pathway;
LOC408442 ma25751 Protein kinase domain receptor type-1B isoform X1  TGF-beta signaling pathway
Sterile alpha motif ets DNA-binding protein MAPK signaling pathways;
LOC100576369  ONT.4398.1 (SAM)/Pointed domain pokkuri-like isoform X1 Dorso-ventral axis formation
LOC100576369 ~ONT4398.2  Ets-domain cts DNA-binding ~ protein  MAPK signaling pathway;
pokkuri-like isoform X3 Dorso-ventral axis formation
®3 BAMEE MAPK FSBEREXERSHALIFHRER
Table3 Detailed information on genes' structure optimization in MAPK signaling
pathway of Apis mellifera ligustica
B ID AR B 1k EfsE Rin BUARAE (nt) A HALE (nt)
GeneBank ID  Start and end sites after optimization  Strand End Original site (nt) Optimized site (nt)
LOC105201154  NC_037641.1:5916546-5919072 - 5 5917 130 5916 546
LOC552419 NC 037643.1:16462333-16474082 - 5! 16 467 405 16 462 333
LOC408442 NC_037651.1:10615924-10622270 - 5! 10 616 724 10 615 924
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#E3k 3 (Table 3 continued)

HE[A 1D AL A (AL EfEE R¥w EIR(AIE (nt) AL HIALE (nt)
GeneBank ID  Start and end sites after optimization  Strand End Original site (nt) Optimized site (nt)
LOC411173 NC_037643.1:8913923-8936273 + 3 8936 198 8936 273
LOC105149689  NC_037640.1:12014498-12069261 + 5 12 034 869 12 014 498
LOC727101 NC_037645.1:12367501-12375441 + 3 12 373 748 12 375 441
LOC409286 NC_037640.1:1491011-1633745 + 5 1 505 655 1491011
LOC550710 NC_037643.1:16587668-16592974 + 3 16 592 025 16 592 974
LOC406154 NC_037645.1:2752056-2759474 - 5! 2 754 403 2752056
LOC410184 NC_037647.1:11430743-11434281 + 3 11433 826 11434 281
LOC726958 NC_037646.1:1299408-1324277 + 3 1323291 1324277
LOC410622 NC_037652.1:5093633-5097486 + 5 5093 681 5093 633
LOC410622 NC_037652.1:5093633-5097486 + 3 5096 432 5097 486
LOC410808 NC_037639.1:15609862-15615734 - 5! 15612 068 15 609 862
LOC409498 NC_037640.1:4307932-4313442 + 3’ 4312959 4313 442
LOC413018 NC_037638.1:18436494-18443147 + 3 18 442 344 18 443 147
LOC725374 NC_037641.1:5889184-5893292 + 3 5891 784 5893292
LOC724793 NC_037641.1:8528604-8533910 - 5! 8530 002 8 528 604
LOC552718 NC_037649.1:8084895-8093728 + 5 8 084 898 8 084 895
LOC410671 NC_037638.1:21701665-21729619 - 3’ 21727 456 21729 619
LOC409523 NC_037640.1:4939424-4943048 - 5! 4 940 307 4939 424
LOC411915 NC_037645.1:6317022-6321552 - 5! 6317172 6317022

x4 MAPK ESEBMEXERERN APA LREEME (VER104)
Table4 Summary of APA siteswithin related genesin MAPK signaling pathway (only 10 presented)

CIESEZ 3555
FE:H ID IEEE AR AR KA A AR Z B TRIL AL E (bp)
GeneBank 1D Strand Number of APA Position of APA (bp)
sites

10 560 641,10 557 497, 10 560 663, 10 560 769, 10 560 641, 10 557 491,
LOC411566 ) 8 10 560 663, 10 557 591
LOC100577174 - 7 4712 541,4710 187,4 709 893, 4 710 114, 4 710 238, 4 709 895, 4 712 541,
LOC413946 + 1 1879 811
LOC100576527 + 1 3593077
LOC550857 + 4 5172 180,5172 181,5 171 088,5 171 807
LOC105201154 - 4 5915964,5916 544, 5916 732,5916 545
LOC409925 - 1 9 264 608

10616 132,10 616 227, 10 616 252, 10 616 197, 10 616 632, 10 615 924,

10 616 727,10 615951, 10 616 571, 10 616 796, 10 618 361, 10 618 380,
LOC408442 ) 23 10616 282,10 616 396, 10 616 543,10 616919, 10 618 187, 10 616 229,

10 616 202, 10 616 555, 10 615 946, 10 618 185, 10 61 6791

5007 532,5 012 253, 5009 427, 5012628, 5012 628, 5007 533, 5 012 387,
LOC105247762 ) 10 5017 103,5012 450,5 012 602

1 2 271 4 4

LOC4111T3 N 14 8936 179, 8 936 273, 8 935 888, 8 935 271, 8 935 640, 8 936 604, 8 936 603,

8935270, 8 926 299, 8 926 854, 8 935 886, 8 935 627, 8 936 056, 8 935 249
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B 1 BEAFEE MAPK FSEREXER APA IR/ S0
Fig. 1 Satisticsand analysis of APA siteswithin genes associated with MAPK signaling
pathway in Apis mellifera ligustica

A. % APA P ERECR ST B, C. APA fii s 11i# 50 nt /Y motif J¥ 41
A. Number statistics of genes with APA sites; B, C. Logo of motifs identified at 50 nt upstream of APA sites.

KL APA 5 IS 2 3] 2 A motif, — 2
PE ¥ 51 43 51 5 NNNBNBNNNYNHNNBNNV-
SDHYNMBNBSHSBNHNNMHNSSNHVHHBN

HH (A 1: B) #1 CCTCCTMTTCMWCCTCC-

MSCT (Kl 1: C) .

24 MAPK ES5@EHEXERN ASEHERE

RO
25 21 MAPK {5538 B AH G 13 A5 HA

*®5 MAPK &

[ 21 % AS ik, Horl & A R ) AS H

A ES (9 %), Hk&E ASSS (7 %) . IR (2
W) . A3SS (2 %K) MIMEE (1% ) . ik 13

AL 21 R AS SRS B WL 3,
25 MAPK ESEBBEXERN AS EHBHE

T Nanopore I3 454s i A= P15 B 2 Tl
5N, MAPK {55 i AH 3 BMPR-1B
(LOC408442 )1 4 /R ES; AOP(LOC100576369 )

SEREXEERNATEEZEEFEAER

Table5 Detail information about AS events of genesrelativeto MAPK signaling pathway

HE[A 1D ¥ A 1D AS HFRA X3
GeneBank ID Transcript ID AS event type Region

LOCA408442 8§¥2§8§; 8§¥2§8§; ES NC _037651.1:10615947-10622233C ")
LOC408442 8§¥2§8§; 31;%1'523529 ES NC_037651.1:10615924-10622235C
LOC100576369 ONT.4398.1, ONT.4398.2 ES NC_037646.1:1373151-1417286C
LOC552419 ONT.3435.32, ONT.3435.6 A5SS NC_037643.1:16466684-16474043C
LOC552419 ONT.3435.9, ONT.3535.11 A3SS NC_037643.1:16466684-16474043C
LOC550710 ONT.3443.10, ONT.3543.1 AS5SS NC _037643.1:16587855-16592972W @
LOC550710 ONT.3443.9, ONT.3543.1 ASSS NC 037643.1:16587822-16592974W
LOC406154 ONT.3985.10, ONT.3985.11 A3SS NC_037645.1:2751939-2759445C
LOC408894 ONT.3204.2, ONT.3204.3 IR NC_037643.1:7288068-7289375C
LOC105248031 ONT.5069.10, ONT.5069.4 MEE NC_037647.1:10017432-10036036C
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#E3k 5 (Table 5 continued)

JLH D A D AS R X 5k
GeneBank ID Transcript ID AS event type Region
LOC409498 ONT.1616.3, rna6376 ASSS NC_037640.1:4307956-4313439W
LOC551725 ONT.740.1, ONT.740.4 IR NC_037638.1:20580996-20587559W
LOCS551725 ONT.740.4, rna2962 ES NC_037638.1:20580999-20587554W
LOC550685 ONT.4912.3, ONT.4912.1 ASSS NC_037647.1:6400643-6406028 W
LOC412916 ONT.4984.1, rmal8801 ES NC_037647.1:8211109-8325208C
LOC412916 ONT.4984.1, ONT.4984.4 ES NC_037647.1:8211109-8325218C
LOC412916 ONT.4984.1, ONT.4984.3 ASSS NC_037647.1:8211109-8325208C
LOC412916 ONT.4984.4, ONT.4984.3 ASSS NC_037647.1:8211109-8325218C
LOC413809 ONT.2488.1, ONT.2488.2 ES NC_037642.1:564402-571240W
LOC726947 ONT.6727.1, rna25484 ES NC_037651.1:9363150-9373402W
LOC726947 ONT.6727.1, ONT.6727.5 ES NC_037651.1:9363150-9373402W
C RFM XaE, WHRKIEHE, C represents nonsense strand; W represents sense strand.

KM 1K ES (F 2) . PCR ¥ 8824 1 B g b
BEIE L vk 45 3R s, BMPR-1B iid ES j=4F
ONT.6802.1 ( £ 234 bp ) il ONT.6802.5 ( ZJ 329
bp) (2. C), ONT.6802.5 () 329 bp) FlI
ONT.6802.7( #5278 bp) (¥ 1: E), ONT.6802.3
(#5322bp) Al ma25751 (£5273bp) (& 2:

G) , ONT.6802.3 ( H 472 340 bp ) Fl
ONT.6802.9 ( HIWZ&72y291bp) (& 2: 1) ;

AOP it ES 74 ONT.4398.1 (£ 498 bp) #
ONT.4398.2 (#1452 bp) (K 2: K) . %ZHR
UL B3R 2 > MAPK {5538 B AHOCHE I 1) AS

F5EYE B ES LAY A, dE— RS
TAHFIEYE E RN AS S B SR a] SE b
3 g

Wallberg %5 (2019 ) iz H %5 =1t PacBio
P4 R . 10xChromium. BioNano #1 Hi-C 5%
BRI AL PR T O e S S SR A

( Amel_HAv3.1) , ZMUAC & E#E LI r gL

EARIKT-, B ATT R VU 5 % W I AH ST 5% 29
TIRSzELA . R Nanopore I r= A KL B
BE v N A RO AR S g R
Nosema ceranae ( BiRFERISE, 2020 ) FIsE Rk
B Ascosphaera apis ( fE524¢, 2021 ) EYFp

DLIE I , H 6T 5 IR 2 0 () AH S 5T SR ik
o AMFFEETEHIFH Nanopore 13BN ¥
B 55 5 B 3 KA 2 % MAPK {55 A 5 1Y
TASHHEE R 207 S50 A, VU TR S %
FERA SR T AT s 4b 7T

UTR 7E5E N 3 I8 45 07 THIE 2 SR, il
W miRNA Al “FFIX” 5 3" UTR L/
miRNA [ JCPEEs & aEm s (BOE )
LK 5K (Rouleau etal., 2017) , 5'UTR HEil
I AR A E A RN i 2 0 T ) B R R
( Hinnebusch et al., 2016 ) , 7ERMgH, Dscaml
FEP 37 UTR AR ZR 25 ™m0 3 4l o8 i A K
(Zhang etal., 2019) o BT P Eds fa 3
PR IR, ZHCERAERILHE) UTR J¥51
A 5Es, ABFSERTTE e S % N A
FERY 21 4> MAPK Gl #§AH OC BE R 47 T 45 M40
fb, Hrp 1 ANEEFERY 5 UTR #1 37 UTR [ i}
BEIEH: 48 Fl 1 054 bp; A4 12 FEK K 5" UTR
PEIEK, FER KA F 3-20 371 bp; A 10
AR 37 UTR R, K KEN T
75-2 163 bp. % 7% B B ) T 42 30 e (5 44 7K
-1 R B S R A, 475 BE M A Nanopore £
iE— 20 5t RS IR W 454 o DL, ZEHE ITE
A BAF]F Nanopore Il 204l L4k 1 78 7 i =
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A BT
Exon skipping
AEFIHN BT
Constitutive exon
A AR BTSN T
Alternaticely spliced exon
ak 1B
B C PRA T etin gMPR
ONT.6802.1 For «r 000p
«— ONT.6802.5
ONT.6802.5 250 bp «— ONT.6802.1
D E o acﬂ“ BMPR’
500 bp [
ONT.6802.5 F—
«~—R
ONT.6802.7 250p
F G
500 bp
ONT.6802.3 F—
«—R
— T S - «— ONT.6802.3
ma25751 250 bp «— ma25751
H 1
500 bp
ONT.6802.3 F—
«~—R
ONT.6802.9 250bp
\‘ s
7 K D“P‘ Ctm AOP

500 b «— ONT.4398.1
ONT.4398.1 F— «R p «— ONT.4398.2
ONT.4398.2 250 bp

B2 BARMEE MAPK ESEBMEXH 21EEHN ASEHRIE
Fig. 2 Validation of AS events of two genes of Apis mellifera ligustica MAPK signaling pathway

A ESJ5UHIE; B, D, F,H,J. STHEREEHIE; CE, G 1, K. SYHAAY 1™ Py 9 BEIRE it vk 141
A. Schematic diagram of ES; B, D, F, H, J. Diagrams of structures of isoforms; C, E, G, I, K. Agarose gel
electrophoresis for amplified products from isoforms.
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PRI 20 2 1 e 1) 22 IR/ 95 2 R A 1 A AE DG 1Y 14
LR LS E/NESE, 2022) , DIEg5RIE
[vi] Shy PG 5 8 W 2 25 S DR 241 11 6 D)) 1) 3 e A A
THMNEMENE,

FiiA mRNA 7EH N T #2dal i@ i APA JE
AR 5 AR R 37 UTR, #EfiiK
WERHE TN S AU RN B AL 2 24 (Elkon et al.,
2013 ) o W58 3R BIAEAZE 6r i BY HE TN 22 R MR AT TR
1k ( Cleavage and polyadenylation, CPA ) &%)
YERTF, 5081 DmAtgl #1 DmAtg8a k4= APA
PR UE AMEVERT (Li et al., 2022) . AHF5E
He e o 3] 25 R F) 25 M MAPK {5538 A 561 52
MEHFEGH 1AL ER APA {745, Hp&a
1-6 1~ APA ViYL & A0 13.46%
1.92%. 9.62%. 7.69%. 7.69%F1 11.54%, 54
25 DML (48.08% ) & 6 LA E Y APA i/ 5

(Kl 1: A) o XSEMERRER (FF5, 2021)
IS ( Vallejos Baier et al., 2017 ) Z£¥)Fhad
FEMGEARRL, RBLE EAZ Y APA BLAH)
PEFN APA 137 51 =F 8 M. Motif ] 52 & (A f1%
JE e . B EAE &R s g

( Rajasekaran, 2009 ) . Zhao FlI Zhou (2019 )
R R BRI ZIP KGR Z—, ZIP13, &f1
1 MR ) motif ( DNXXH ), i% motif ffi ZIP13
12 FAR B T BE ) 83 0 T A SO L o A
i, TERE KA MAPK 155 18 B A G 3 K
f) APA 7 i L5 3 2 A4 motif, —EBHEy
511435 NNNBNBNNNYNHNNBNNVSDHYN
MBNBSHSBNHNNMHNSSNHVHHBNHH( 4] 1:
B) Hl CCTCCTMTTCMWCCTCCMSCT ( [ 1:
C ), 571 AfE R4 ( Bandyopadhyay et al., 2016 )
FiR K A Aedes aegypti ( Wu and Cho, 2014 )
A B S5 B MAPK B H Y motif £E7E 2%
S, Ui APA v 5 L UiF motif HAT YRR
RME R B motif S 75 B Aa] Y RO
1% APA 17 5 JE B S MAPK {5 51 g (8 15 33— 4
W5

FURZAE W R R A A 5 A BRI i JE T, {HGE
if AS T s e nT LR AR BT, DT AR K M1
S St M AR H R4 ) &2 A<M (Ule and

Blencowe, 2019) ., ES & FIREN 5 B
FFIC B EHE ( Open reading frame, ORF ) # i
SE R WL —Ff AS 287 (Kim et al., 2020 ) .
Tong % (2022) 5% &M K KE. Laodelphax
striatellus () INK2 £ @ 1 ES =R 3 k5 4%
PR AE 7K AR 2% B0 Al B 8% e aod 78 v B R EL Y
AFAL ST EARNFENRIEE, IFE A
PRI G T SRR S PERR ) INK2 BT dsRNA
REAR K R A SO Al B AE K CEVR NI R 2R
A5 M B R % MAPK 5538 % AH
Kl 2 D (LOC408442 1 LOC100576369 )
() 5 I ES JE AL 8 458V 42k, T —4UXT ik 8
AROTHAR AT v RE | )R A% R IR S e BRI
%, NEARTE EN D se AL LAt

25 b, AT RS B KR % 1% MAPK
{F 5 PEAR I 83 MNIELRI AN 446 5574, 1
16TV R S I N EF BN MAPK {55
WA 21 AN IEFZ5H, A48 MAPK {5
S PR AE LN 52 YR AS FHAEHT 406 1~ APA
(A=
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