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EAFERARANEERER
54+ KERKTETE

BT ZERT ASAT M R BELT FRES
WiEE® fpag' KAEY AERY RE4T B &N

3. T FREREBISE T, AR 132000 4. TLPEA FREBFRIT, TEE 330000 )

B E [BH] FACIHEMIKIL (Nanopore ) KB - RE % 2 KA 2 ¥ Apis mellifera ligustica
FA 20T N 5 R D TR RN A K SR AR AT 5 | M FIRAIE , IR ATT R M EIE SR I S % Fikd . [ B3k )
5 Blast T H B RH B i 4 K38 AR LUK Nr F KEGG BICH 12 LA 97 356 H 4 i A 75 4H 56 35 R 4 1 i %
A, R gffcompare FAH 2 K s A 570 )7 8 1% Apis mellifera 2% FE M4 ( Amel_HAv3.1) IR
SEARPEAT OB LI AL B R IE R B9 4548 . (] Astalavista 008 %8 5 200 9 75 A 56 35k IR (0 v 78 59 32
( Alternative splicing, AS) S8, FIH IGV WYX BY VAL EF 7 rf M4k, i PCR Kk AS &
R ESPE . R TAPIS pipeline #1771 28 £ R IR 1k ( Alternative polyadenylation, APA ) v & T Al
M, FEE it MEME S5 APA s LRI IET (motif ). [ SR ] 3% e 8 R 2 e 20 il N
HAIFRY 170 NEER S 991 K5 FA, AL T 89 MM EAICIL R AGLsH, FHod SURIE K AL R A
36 A, 3K LR 35 4>, S 3 EIRE K L F A 18 A, KB B AN AR IE Y 28 AN FEH
1) 666 X AS Hff, HAiRF RN AS AR 3] A5 BT 42 ( Alternative 3' splice site, A3SS). PCR 453
WS T W R AR Bnu FEFARILN | Ras K GTP Z54E HHELN M rabl 1 FEMTAEHEN 4 2£WMY 2
FhIERIAY 4 IR AS FESEM, LU 3 120 NMHMENEMHCHERSH | KU ER APA i, JFE
APA i 5 F %2 B £ motif, —B(HEF%1 7 NBMNHHHBMNSNNCBNVSNNNNNNNNNNNVNNNN,
[ &5t ] %m s KM E S AN SCH 170 NEEFE & 991 LR, KA ATTHEIER &
RN AS FFFEHRETH APA (i, LT T8 %S % A FIE RN B AR 4514
REIE BARFEKE, MEARE; FORILINT; 2REEEA; T2
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Apis mellifera ligustica using previously obtained Nanopore long-read sequencing data, thereby providing a foundation for
further functional study of these genes. [Methods] All full-length transcripts available for Apis mellifera ligustica were
Blast-searched in the Nr and KEGG databases to screen out endocytosis-related genes and full-length transcripts. Structures of
annotated genes were optimized by using gffcompare software to compare endocytosis-associated full-length transcripts with
annotated transcripts in the A. mellifera reference genome (Amel HAv3.1). Types of AS events in genes related to endocytosis
were identified using Astalavista software. Visualization of isoforms’ structure was performed with an IGV browser. The
authenticity of AS events was verified using PCR. Prediction and investigation of APA sites were done using a TAPIS pipeline,
followed by identification of motifs upstream of APA sites with MEME software. [Results] In total, 170 genes and 991
full-length transcripts relevant to endocytosis were identified. Structures of 89 annotated genes were optimized, among these,
5' ends of 36 genes were prolonged, 3' ends of 35 genes were prolonged, and both 5' ends and 3' ends of 15 genes were
prolonged. In addition, 666 AS events in 28 genes were identified, the most common of which was an alternative 3' splice site.
PCR results validated the authenticity of four randomly selected AS events involving an integrin beta-nu-like isoform, ras-like
GTP-binding protein and Ras-like GTP-binding protein. Moreover, 120 genes were identified containing one or more APA
sites in endocytosis, the most abundant of which were genes containing three APA sites (14, 11.67%). Several motifs upstream
of APA sites were observed, with the consensus sequence: NBMNHHHBMNSNNCBNVSNNNNNNNNNNNVNNNN.
[Conclusion] 170 genes and 991 full-length transcripts associated with endocytosis in A. m. ligustica were identified. A

number of AS events in endocytosis-related genes that also contained abundant APA sites were detected, and structures of

endocytosis- related genes annotated in the reference genome of A. mellifera were optimized.

Key words Apis mellifera ligustica; endocytosis; Nanopore sequencing; full-length transcript; alternative splicing

e —FICEMESI Y, B AL SR
B EEA TS, A B R S8R 53 A R ey
A s, Jo 7 £ i AR T 0 S 4 A
WNARES N . U AL REFNA AT (R Eh AR
KA, 2009; Negrietal., 2016 ). 2 N7 nl gt
— 253 RS B A N & YE T ( Clathrin-
dependent endocytosis ) . 4 Bl & 7 AE M B
( Caveolae ) M 4% WA H ( Phagocytosis ),
G v o I A ol 2 R A W 4 L T B 1Y) I 2L R
g7e MM ATEE TN, SZARNAL . g s
FAR AR 5 i = A0 AR 31 OC8/FE H ( Hinze and
Boucrot, 2018; Mbengue etal., 2016 ), Wf5E
HH LA A W Rl  d PN A A A s S A
Y AAZ (Lin and Guttman, 2010). fFERHH,
4 N A B BHIESE S 5 L0 Drosophila Fll5 4
Bombyx mori 45 5L HUG g [ i 2B 0 1 O 088 7 A
(Huangetal., 2010 ), Chen % (2018) W5 %
PR A U 2 f iR 5 BmCPV & N HFAEHIAN &
EAGEAGN B BmN 4, PIIG-RYEM . S
JeRLR R PP2 3X 4 N A 4 ) 5 i BH B
BmCPV #E A4, I WL BmCPV
PR . HET, A0 A PN A T R SR R

i 57 o FRoB Y PG 7B Apis mellifera 25 55N
( Amel_HAv3.1 2 &AM, FER A K/NZ) 250 Mb,
A 12 374 RN, P S AN A e
1 168 EEA
PEAER , 55 =AM P H AR B 24k H A Rt
M, g0KFL ( Nanopore ) RS2 BOM 74 ARAE AR
e, A MR R A B S UL R I 1 1Y ik 2
LA E WL SIAE P AU ) 2 K S A S Y
AHTH (Luetal., 2016 ), AS R FEALHT S
i, 43590 8 5 % A 2 F-( Mutually exclusive exon,
MEE ). W& T8 (Intron retention, IR ). 4
5 FBkER (Exon skipping, ES). AJZF 3/ 545
( Alternative 3’ splice site, A3SS ) FITJAS 58
$ ( Alternative 5' splice site, AS5SS ), Nanopore
DN 5 A AN it 2 58 00 B 245 /) 728 S5 T e R
HERICH, T A(Jain et al., 2018),
% ILIE Capra hircus ( Bickhartetal., 2017). 7%
[l B FT-2k Ht Caenorhabditis elegans( Tyson et al.,
2018)5 Yy FH ¥ n] A8 B $22( Alternative splicing, AS )
5 Z R R TR 1K ( Alternative polyadenylation,
APA) WF5% . ILHT, £ FrfE A A H Nanopore
DU 5 R G 2 W 1 2 o R Dl e K T
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Ascosphaera apis Fl7: J7 # I A1 1 Nosema
ceranae #E4T T BRI LKL AW, 1
AR T ZH ARG SRA, SRS TS
7 B PRI T B R RS, 20205 #1545, 2021b ),
IER G T HE R 0 AT AR B H A R R A AR 2 R
PR RRAL AL BRAERLSE, 2021 5 #EF745, 2021a ),
Hii, PirsEseKE A s HAMR, He 55
(2022 ) F#:F Nanopore I /3 & 20 P4 5 % 1 T 0%
Fillge F 2 8] 22 7 A IR SRR YRR B, FR sk 4
1) RIGPER Z R R AL A 25 57 /NS 5%
(2023 ) it Nanopore My 8 7% R F) 2 i
Apis mellifera ligustica ( fAiFRE 14 ) 22 &R/ IR
T B, 11 93 it R O 356 PR A 4 K A S AR R A 7 68 A
ST o
A 5T T B 445 1Y i i Nanopore 7
B X T e 40 R A DG R TR R K B SR AR
T8, AL TE 7 804 27 L DR 40 v B A PN
B AHCEE DR A 548, 43 B 0 30 1 20 i A 7 A DG 35
) AS FHERT APA g5, DI R 20 i
T AHOCHE R e e s A5 BRI 25 b5, OF
R L PN A A OGS R RN B FE 4R ( Isoform ) A9 T
REAT 5% (LS % RN LAl

1 MREAE

1.1 #hKEwHE

o T H AR R AR B W 2 B
(Serpople ) o Sesa et o

12 HARAFEXEERMEKERFNRES
S

RIS T, 2B Frfe BN E 58 UE &
FEM T4 . RNA #2850, ¢cDNA #J% & Nanopore
P GE/NESE, 2023)0 il e Bt ol HI T
AT S v 755 0 200 i Y A A S BE DR R A K B A
ISTE . BT AIBAIE . 8 Blast T H¥% 4 5E 2|
(R T A A e SR AR e 41) G 6T 31 N 50808 P hittps://
ftp.ncbi.nlm.nih.gov/blast/db/FASTA/ ) } KEGG
( https://www.omicshare.com/tools/Home/Soft/pat
hwaygsea ) B04la %, 85 A6 B 2 1 e A L i
TG A A AT AH G BE A A K B e

13 AFEESEERNATCERARNE
HEXERSRL

Z: BRE 545 (2020 )Y J7 5, (] gffcompare
R A 2 30 0 A0 M A A G e K B S AR Y
FEESZHHNH (Amel HAV3.1) HHE TR
JE PRI AN S AR AT Lo, AT A 2 i B A R 1Y
GERE o IR AE OB I AR AN B
Mapped reads 2 £F, ¥ 3 H W AE B X
( Untranslated region, UTR ) [a] [yl (F1) T
Tire S AF LA 1 6 PR 3

14 HARAEHEXERNTENZEEGHERES
S

ZHRBRAERT S (2021 ) 71, ilid Astalavista
RS A N A OCIE R 1Y AS SRR, B
FRYE T 25 SR g AR R 268 AS AR5 H .

15 HARAEFEHEXERN ASE4H PCR BiE

REAILZERE A AR ES 19 3N E I LOC100576742,
LOC409910 F11 LOC409274 ) fl & A IR (1Y 1 >3
(LOC409274 ) 47 PCR ¥1F., g ik 4
R FH], FH Primer Premier B4 (v.5.0)
BT B S RS (R 1), Tk
TAEY ( BF) AR TE . FIH RNA ffif
50 & (Promega, 3¢ [FEN)FEE A T8 v ik
f). RNA, Ffdi ] Hifair® II 1st Strand cDNA
Synthesis Kit (Yeasen, _['¥f)i47 cDNA &, VA
WLEh&E 3 actin( GeneBank ID: LOC107999330 )
fERNZ ., PCR ¥ HE7E T100 HAFGIHL AT,
SN AR ZR IRy 2 BRI /NS A5 ( 2023 )i TR
FENEE 3% REARE RS FEL UK S FH A% FR 8 e U154

( Bigssg, ) TR

16 #HMAEHEXEENAPAGSEESHHR

Z M FA (2021a) J7 75 TAPIS pipeline
( Abdel-Ghany et al., 2016 ) %5& 40l N & AH 6
FE APA {37 8, 280 & H-norc . -meme- minw
6. -meme- maxw 6., -spamo-skip. -fimo-skip.
Wit MEME #4: ( Bailey et al., 2009 ) XJ4HJii
P AH DG R APA 7 10138 50 bp 1T 51 FRIE
1150 Hr A ZE motif,



- 828 - o B 3244 Chinese Journal of Applied Entomology 60 %

F1 FAARPERYSIMFEIER
Tablel Information of primer sequencesused in this study

5|44 Fi Primers

JFFI{EE (5'-3") Sequence information (5'-3")

ONT.593.23-ONT.593.27-F TGCGTTACGAATCCAC
ONT.593.23-ONT.593.27-R ACCATCACCCACAATAA
ONT.593.33-ONT.593.27-F TGCGTTACGAATCCAC
ONT.593.33-ONT.593.27-R TCCACTTGTTTCCCATC
rnal4121-ONT.3771.4-F ATTTATGTGCGGGTGT
rnal4121-ONT.3771.4-R GTGCTCGGTAAGATGG
ONT.5590.10-ONT.5590.12-F ACATTTCGCTGGTGAT
ONT.5590.10-ONT.5590.12-R ACTTCTTGGCTTCCTG
actin-F TTATATGCCAACACTGTCCTTT
actin-R AGAATTGATCCACCAATCCA
LOC551888 j= A= [k A m i /b, AU 1 5%,
2 HRERH B 2 R T RSN P TR S R 4 K

21 BEXANESETHARANSHEHIERNEK
HRESH

5w B 20 A A OCHY 170 L RTRT 991
SRR A, JLrP AR AR A SCSE R R 4 K A St
ARGy R 57 ASF 397 45, ARVEFHAHSCIE K AN
A RKEEEARA R 113 /4N F1 594 2%, LOC413409
PR SREAR ERZE (46 K ), HIRKN
LOC100576742( 28 4 ), LOC724950 . LOC410614
LOC551369 . LOC410632 . LOC725700 i

ABITEANE B

22 SEERACERAMAFTEXEEANS
i

X VY5 eSS 2 B IR 89 4l
AT AHSCIE R AT A R AL, HG b I 4 97 i
LER AL Y FE IR 0 31 O 53 K 36 A4~ Ji5k, 5
Ui A B R 36 A, 3 S Y BE A 35 4,
59 A 3% [ I AE R AR 18 A, SR
SR TEANEE R A0SR 3 B o

x2 BEXRMEEMBMANFHEHXEANMEKERKFFEREE (RRT104)
Table2 Detailed information about endocytosis-related genes symbol and full-length transcripts
in Apis mellifera ligustica (only ten presented)

WA A D KEGG BCifiFiEiE e Nr HCli e

Gene symbol Transcript ID KEGG database annotation Nr database annotation
LOC100576742 ONT.5590.10 Phagosome integrin beta-nu-like isoform X1
LOC413394 ONT.1542.2 Phagosome vesicle-trafficking protein SEC22b-B-like
LOC724188 ONT.1755.2 Phagosome protein transport protein Sec61 subunit beta
LOC409495 ONT.2145.2 Phagosome lysosome-associated membrane glycoprotein 1-like isoform 2
LOC552528 ONT.3916.2 Phagosome calnexin isoform X2
LOC409910 ONT.593.23 Endocytosis ras-like GTP-binding protein Rhol isoform X1
LOC107965281 ONT.5680.2 Endocytosis GTP-binding ADP-ribosylation factor ARF6
LOC551100 rna24386 Endocytosis endophilin-B1 isoform X4
LOC724991 ONT.658.6 Endocytosis il;ofz};}r;at)i(dlyiinositol 4-phosphate 5-kinase type-1 gamma
LOC411857 ONT.6597.9 Endocytosis charged multivesicular body protein 4b isoform X1
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®3 HMENEFEXEESHELHFEAEE (NEBR61T)
Table 3 Detailed information about structure optimization of genesrelated to phagosome
and endocytosis (only six presented)

SN AT el e k00 IE A Kwm  JRERALE DR RYNLE
Gene symbol Start and end sites after optimization Positive or negative strand End  Original site  Optimized site
LOC412886 NC _037652.1:7852048-7855293 + 3 7854763 7855293
LOC551721 NC 037652.1:3786740-3789791 + 3’ 3789477 7855293
LOC413200 NC 037652.1:1978802-2073463 — 5 1980801 1978802
LOC410620 NC 037652.1:5231539-5237271 + 5 5231544 5231539

NC _037652.1:7760742-7762128 + 5’ 7760756 7760742
LOC552410

NC_037652.1:7760742-7762128 + 3’ 7761556 7762128

NC _037642.1:194671-197231 — 5' 194928 194671
LOC552720

NC 037642.1:194671-197231 — 3’ 197230 197231

23 WERMAEFHEXEERN ASEHEE. SR

U S B A0 N AR 28 IR 666
W AS FHE, W% ES. A5SS. A3SS. IR fl MEE

5FhEAL; KA AS FAF R Z AN A3SS

(298 ¥ ), HK M ES (190 ¥k ). ASSS (84 1K)
IR (80 %), F/L Y AS FH4h MEE ( 14 1% ).
BB LU N A DRI R Y AS FEA IR 8 a3k
4 IR o

x4 HRAFHEXEENTEZHESHFEARFE (XERTRSA)
Table4 Detail information about alternative splicing events of endocytosis -related genes (only five presented)

HFFFE Gene symbol

SR ID Transcript ID - AS Hi4:25%1 AS event type

X3, Region

LOC409481 ONT.472.2,0NT.472.1
LOC409910 ONT.593.37,0NT.593.38
LOC413683 ONT.4867.2,0NT.4867.1
LOC413409 ONT.7405.10,0NT.7405.4
LOC727630 ONT.4448.1,0NT.4448.5

Intron retention

Exon skipping

Alternative 5' splice site  NC_037638.1:11885371-11888982W
Alternative 3’ splice site  NC_037638.1:14864282-14868679C

NC_037647.1:5780037-5785078W
NC_037653.1:6250113-6261700W

Mutually exclusive exon NC_037646.1:2812469-2848141W

C RFEMM ek, WRFEIE X4, C represents nonsense strand, and W represents sense strand.

FEF Nanopore 75 19 A W15 2.2 T
SRR, AMEANFAHCERNE SR pnu HER
Mgk £ B ( LOC100576742 ) i it ES 74k
ONT.5590.10 ( #j 371 bp) Fll ONT.5590.12 ( H
MR B /N2y 842 bp ) (Bl 1: C); Ras £ GTP
A HEAFNE (LOC409910 ) it ES j=4
ONT.593.6 (£ 342 bp ), ONT.593.27( £ 386 bp )
1 ONT.593.33 (#7303 bp) (K 1: E), @it ES
F=A: ONT.593.27 ( £ 268 bp ) Al ONT.593.23 ( £
181 bp) (K 1: G), rabll FEMEAEHEN 4
P (LOC409274 ) it IR 74 maldl121 (2
439 bp ).ONT.3771.4( HIYH BR/NAZ) 518 bp )

I ONT.3771.7 (#7489 bp) (& 1: 1), Fik%E
RULH] PCR SIE45 R 5 4: W15 B w25 5 —
0, R T AN N A AR OCHE R Y AS S
SR,

24 MAAEHEXEERNAPACSREESH

JEER 120 NN TR &6
1 046 1~ APA i, HHEA 3 4> APA fi siiy
HEHERLZ, 144 (K2 A); SH24
APA i SR E IRz, 124 (Bl 2: A);
A 1A 4 ANHTT A APA o7 5 0 R ECR A R
I 104 (2. A). BEAN, TEANPN A AL
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A SMBTBEER Exon skipping (ES)

D
R ES
—}
— =
— »
—
F
R ES
>
— =
—
H
IR
R il
P a— 2 l 1 L . 3 _

W& T4 8 Intron retenton (IR)

~ONT.5590.12

el — ONT.5590.10

 ONT.593.27
—ONT.593.6
“ONT.593.33

—

_ONT.3771.4
«~ONT.3771.7
“mal4121

100

B 1 SXAEEARNEEXH IITEEN ASEHREIE
Fig. 1 Validation of AS events of three genes associated with endocytosisin Apis mellifera ligustica
A.ES, IR /R EE; B, D, F, H. BTSN EIE ;s C E, G L BTy 34 ™ Wy i) Br AR B L Uk

A. Schematic diagram of ES and IR; B, D, F, H. Diagrams of structures of isoforms; C, E, G, 1.
Agarose gel electrophoresis for amplified products from isoforms.

R APA i /5 IR E RN Z A motif, —EkF
%1% NBMNHHHBMNSNNCBNVSNNNNNNNNN
NNVNNNN (K 2: B),

3 itig

VU7 S 5 — AN JE AL A ( Amel 4.0)
HAE 2006 AL C 56 B ¥ I A4 ( Honeybee
Genome Sequencing Consortium, 2006 ), 315

T NS ALY, Wallberg %5 (2019 ) &
i PacBio JllJF4 A . 10xChromium. BioNano
I Hi-C ZFhopiH R S48 T 82 Y o ik
P 1 S SE R AR ( Amel_HAv3.1),
FERZH RN 250 Mb, A7 12 374 A~ gmth 31,
Ho S A0 AR Y 168 AR L AHIFFEH)
1 Nanopore Il 57 A I 5 21 241 i Py 7 AH S 1)
170 DL AT 991 Fr KL sfAs, Hh A g A4
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FFE %2 Number of gene
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T
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APAf 5% Number of APA sites
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B2 BEXAEEMAMAEFHEXEERN APA LRBE2% TR motif £7E
Fig. 2 Satistics and analysis of APA sites and motif identification of genes associated with
endocytosisin Apis mellifera ligustica
A. THAR APA LR RECESE T B. APA AL [ 50 nt {7 %5 $1 1Y motif,
A. Number statistics of genes with APA sites; B. Motifs identified at 50 nt upstream of APA sites.

R HE PRI A 2 I S B o il R 57 R 397 2%,
PR A A DG 356 R R 2 K Bt S 2 B30 43 oA 113
H1 594 S, Sy AH G PR R B H2 04 11 v e 2 T e AT
FEHRAE TR IR
i A% 51 1 UTR K BE 52 i 3k [ 363k

miRNA F¢ K i 11 45 & mRNA 19 3'UTR FI( 5% )
5'UTR 853K %55 (Barrett et al., 2012 ), #|
1 Nanopore {555 s 5 35 5 DR 45 44 7 2 e Bk
W CFETRAF, 20205 BERFSE, 2021) FIAR T &%
T T (BRAEAEE, 2020) ZEypRh b B g R
B, ABFFEIENT 89 AN AR AH SCRE IR 4544 1F
Tk, KT 36 DRI 5%, 35 IR
B 37, 18 ANFERAY 5om A 3%, BB B X

°@%ﬁﬂ%lﬁdgﬁ%l%$wmﬁﬁ—
e 2s (], i Nanopore Il 7= A iR B
— MBAF BRI, 5 B R 51w 3 s fE LR Rk
PTGV E R, R SR gL fe Xt T ikt
— 25 R AR T 06 240 L PR A R OG5 TR A R 3K A
BEHAREREE L,

FR Y R kA AS, AS S 5TETY
mRNA Fae P A (R, 3L P 7E S AR
(R R B T IR 4R 1R T SR 2 AR TR Y 2 BRI S
5 Z% ¥k ( Venables et al., 2012 ). 7E#IFIF
Arabidopsis thaliana "848 2 NEFTER, 2 4>
A3SS, XFHMATHRLE Y], ;A KE R
B AR, RS2 ALY 1E % & & ( Cabezas-Fuster
et al., 2022 ), A5 B4 N A AH DG Y
28 ML) 666 UK AS FHA1, KAV HE ES (ASSS .
A3SS. IR Fl MEE. %40 P& A G SE R Y
AS Ffhh i FE AW A3SS, ik E]
44.68% , I8 M4 22 G IR /95 Z IR B G h fe At
M AS KA ES (JE/hE4S, 2023 ), 7EANH
F P KA R A i Aa vh L BAEAS R A 22 0] K 4
FEAVEHM AS RAIAIE], A3SS FE4IAfL A H Y
YEHIT Bl — 5T . H4h, AMF5EiE L PCRIE
SRR Bonu FESAIAIEN (LOC100576742)
KA1 IR CES FHFEM Ras #E GTP 4545 F A K

(LOC409910 ) &R 2 YK ES FH4F, UK rabll
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FIGAHEAEF B 3L (LOC409274 ) KA 1 IR
IR F4, ERH T AR5 Nanopore W 1
AR S EERR AS TR E M. BRAEERSE
(2020 ) WF5E & BA A Nanopore il 54 A% 5
S ( Miller et al., 2018 ), #IF 7T ( Michael et al.,
2018 ) FIAR Ty 2 W At 1 HU S DA ) AN A= 0 1
AS FHEAREWAETTE, AN ZE R R
T X —flE,

AHFSE %5 B Rab 8 FIAHOCH) 2 A2 :ras
AH T 1 gn s 3L Rab-5C ( LOC100577764 ) Fil
ras FHOCHE 1 4 fiB%E M Rab-7a( LOC724873 ), Jf:
R ZH TS AS S0l A 18 Fl 5 475 A,
Hrbfuds 12 F1 4 505 %4 RabGTP BN
rab5 Fll rab7 Z 5T HFIERR G SR iE,
TEFF WA A FE P B OCEEE ) ( Gutierrez,
2013; EI55, 2019 ), WFFEEM rab3 WS 5
PEFEARES L Helicoverpa armigera ZWgfEM (25
7%, 2014 ), rab7 i rabl14 5 i fin SR AR X 45
{08 % 3R 1 Saphylococcus aureus AU
RN A REVER ( Garg and Wu, 2014 ), %
T H A% 1% Rab-5C #il Rab-7a BB 5T A/59R Bl 2%
T AR T A R e LIk 2 NI
KRR 2K P8, dF s RNAL SFHAR
A HAE AR KT Rz i rh i ohae

APA JEZ BT L T XF 2 R IR AL
fFoBEtyNz)a, IR m L2 R
EL, PPAERKERRIAESRA, 23 RNA 7315
PR MEARAAEZES (25, 2018), A&
AL A ) 120 RN A AR OG5 A 14>
K UL 1) APA figi, H & 3 4> APA fisif)
REHEmAFEE, HICHEA 2 1 APA i g
(B 2: A)o k3% IH M4 40 A P A A DGR T
12 KA APA S ASBIF 53 7 5 0 0 i PN A AH DGR R 7Y
APA {7 5 % B2 motif, —EMEFHI N
NBMNHHHBMNSNNCBNVSNNNNNNNNNNN
VNNNN (Kl 1: B), 5C4iEMAF/NE Mus
musculus, =% Sorghum bicolor (L.) Moench
FIAR Jy 8 Wi ftl 1 1. Nosema ceranae 4[]
(Tian et al., 2005; Abdel-Ghany etal., 2016;
PRAEAE 55,2021 ). 3k R BN [ AL W AR SE R ) APA

A7 5 B3 motif HA YRR FPE, BaRSEERIN
motif A& 75 K AR]85 BRI 4 15 APA i 5 AR
KA M N FFE AT — 25T

25 b, AT R A 3 7 e 200 P A A O
[ 170 LRI F 991 55 A, Ak T V8 75 2 i
S22 FL R 2 LR BE R AR A N A AH SR 89 AN FE A
SERE, A A P AR AR DG SE R Y 666 YR AS FE
4 F1 1 046 1~ APA 37 5,
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