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Cloning, analysis, and expression, of the Apis mellifera ATG5 gene
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Abstract [Aim] To successfully clone, and then determine the function and expression of the autophagy related gene 5
(AMATGS) in different tissues and developmental stages of Apis mellifera, thereby providing a basis for further investigation of
the function of this gene. [Methods] The CDS of AMATGS was amplified by PCR followed by Sanger sequencing. Relevant
software was used to predict and analyze its physicochemical properties, molecular characteristics and protein interaction

network. RT-qPCR was used to ascertain the relative expression of AMATGS in seven diverse tissue types and seven
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developmental stages. [Results] The CDS of AMATG5 was successfully cloned. AmATGS5 contains 265 amino acids, has a
molecular weight of approximately 31.41 kD, and a molecular formula of CissH216sN3720403S13. AmMATGS includes 31
phosphorylation modification sites and 7 conserved motifs, but there is no transmembrane structure and signal peptide.
AMATG5 mRNA was mainly distributed in the cytoplasm. AmATG5 and ATGS5 in Apis florea clustered into a single
phylogenetic clade. AmMATGS contains 110 random coils, 93 alpha helices, 48 extended strands, and 14 beta turns. AmATGS
has an interaction network with 9 other proteins, such as ATG1 and ATG6. AmATGS5 was differentially expressed in 7 different
tissues of A. mellifera workers, including the venom gland, midgut, hypopharyngeal gland, fat body, brain, antenna and cuticle.
Its expression level was highest in the brain and lowest in the cuticle. AMATGS5 was continuously down-regulated in eggs,
1-day-old larvae, 3-day-old larvae and 5-day-old larvae, but continuously up-regulated in 8-day-old prepupae, 11-day-old
pupae and 16-day-old pupae. Its expression peaked in 16-day-old pupae. [Conclusion] AmATGS5 is a hydrophobic,
intracellular protein that potentially functions by interacting with nine other proteins, including ATG®6. Its expression varies in
different tissues and developmental stages of A. mellifera workers, and it appears to be most highly expressed in the brain and
in 16-day-old pupae.

Key words Apis mellifera; autophagy; autophagy related gene 5; molecular characteristics; phyletic evolution; expression
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2 4 SAASCRE: VHJ5 0 ATGS SRR TERE | J0H K28 2 ik il <& - 373 -

2 THW X HG5)7 5] (CDS) ¥ 3 e 5
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K CHIRTE:) . 24K (1 HIBZIH) | 6 K
(3 Highdy) | 58K (5 Hig%hA) | 5 11
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Primer name
AmATG5-F CACTATTTGCCGTTGTAT CDS [l
AmATG5-R GGATCTTAATAATAAAGCCAGT Amplification of CDS
U6-F CCAGGAGATGAAGTGGATACTC SV 210 5 A7 614 B %o R
U6-R CTTGCTTGAACTGCTGCTT Positive control for subcellular localization
GAPDH-F CACCTTCTGCAAAATTATGGCG SV 200 2 A2 1) BEPEE X B . RT-qPCR [N S
Positive control for subcellular localization, reference gene
GAPDH-R ACCTTTGCCAAGTCTAACTGTTAA for RT-qPCR
AmATG5-F TTTCGATGTTATACAAGTGAGG RT-qPCR F7E it
AmATG5-R GGTGTTTCCAAAGGTGGG Quantitation by RT-qPCR
2 GRE59WH i 4.635) . JA (0.120) . HEARIX (0.112) |
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C1428H2168N3720403S13, THINEE SR IR IR RECH
86.30, FIIH/KREH - 0420, AFaEREN
48.78, ML NN 5.54; WEERALAL S TG
RE/R AmATGS % 31 M (K 2: A) , H
it = B RRAS A E SRk (| 2: B, C) o &
T 7, AmATGS 0] 8 [R) B 2 A7 20 ik ( 7

NI (0.092) FIAMEE (0.040 ) , 455 b v il
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23 AmMATGS ZEAMGRTERF

1 AmATGS HUEER] 7 MRSFIEIT, 403
J& Motif 1. Motif 2, Motif 3. Motif 4. Motif 5.
Motif 6 il Motif 7 (& 3) ; ik 7 MESFILF
[FIREAE/NEE W | K LT RERSE | UK NS | E AR
AENG | RRUNAEME | SRVYRFLAEME | [l SR fIm fa
FIERY ATGS HEEER] (K13) .
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A bp DNA marker AmATG5
2000
1000
750

B Sequence 1 1 53
Sequence 2 1 GGTTCGGTGGACTCAGACTGCRAATCGCGTGTCGCCCTTCACTATTTGCCGTT 53
Sequence 2 53 GTATTCAT 105
Sequence 2 105 157
Sequence 2 157 209
Sequence 2 209 261
Sequence 2 261 313
Sequence 2 313 365
Sequence 2 365 417
Sequence 2 417 469
Sequence 2 469 521
Sequence 2 521 573
Sequence 2 573 625
Sequence 2 625 677
Sequence 2 677 729
Sequence 2 729 781
Sequence 2 781 833
Sequence 1 833 885
Sequence 2 833 CCARATTGARATAGCCAGTTGATT 885
Sequence 1 885 937
Sequence 2 885 AATTGTCAATGAAAATTCTATAAATTGTGAATTCAGTACTATTTTCTCTTGT 937
Sequence 1 937 989

Sequence 2 937 CAGTAAATAACTGGCTTTATTATTAAGATCCAAGGCGACACGCGATTGCAGT 989

B 1 ¥ AmATGS EF CDS XAZRIEEREREK (A ) 72 Sanger F (B)
Fig. 1 Agarosegel electrophoresis (A) and Sanger sequencing (B) of the amplified product from CDS of AmATG5 gene

25 AmMATG5 mRNA F43F 28 Bl 7E {iL 26 AMATGS B REH R EIEME
T B S 64T RT-qPCR A&, 255 B R TR EER TN ZE R B R, AmATGS 17 93

FHYES IR GAPDH F 250 T4, U6 F % (35.09% ) > o-42JE, 48 (18.11% ) IEfd4E,
SRR TYMEAZ , AMATGS 7640 A% 5 41 it i rh 1 14 (5.28%) 1~ B A 110 (41.51% ) DM
FFE, BEEMTAHEE (ES5) . Bl (K 6: A) o =ZEEHHmLE 8 BN,
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Fig. 2 Phosphorylation sites (A), transmembrane
domain (B) and signal peptide (C) present in the
AmATG5 protein
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AmMATGS 5 HAEA 4gdk.1.B BUAHLIMEN 57.31%
(Bl 6: B) . H4F, AmATGS5 5 STRING $#E
JEE R ATG1 . AUTI ( Autophagy-related
protein 3 JF1 ATG8a £ [1 . ATG6 M AT R IRD1
LOC726637 . AOA087ZXY6 . AOAO0SSAERO .
A0A087ZXZ0 Fll LOC413467 EHZ ST 1
/\EVEIW% ZHAEMZE 1 R 9.82, U
S A, SHECh 54 &, SEHRITRERE RS
7%;0.982 (Kle6: C).
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RT-qPCR 220, AmATGS |2 /04 T 1
WA HBUh, (BRI B
T, SEEMRAEL, i, BT g T ) AmATGS
FirEENEE LFHESE (P <0.05) 5 Hri,
Jiki 2 27 1 2 38 ik B i g, T K 2 2 3Rk
AL (K 7).

28 WHAEETIHEAIRALZBHE AMATGS IR
ik
AMATGS 7E T IEMEE . 1 Higghd . 3 Hig

Lhdi, 5 Hidghdl, 8 HiIRWlE. 11 HIRWA 16
Hibliirh 22 B 263k, AmATGS MUERIARTEDN ., 1

Motif 1 I MANDREVLREIWDGKIPVCFTLDSEEICEL (ﬁPDPFYLMVPRLSYFPLCT

Motif2 ] S GLLND

% % KFD FWSVN
Motif 3 MWL FNGIPL WHYPIGVLLDI ELPWNIVVHE (%-I
VFPDNENVTVFTHGISPPLETPLQWMSEHMSYPDNFL

Motif 4 s G

Motif 5 ] \% EAYFLSCIKEADVLKHRGQ
Motif 6 @ RKHFI Kg E
Motif 7 Il EDKYVQ VKP

ASN"II;EEGFKYIPF RCYTS

B3 LEAMEFEESHMWT ATGS WRTES
Fig. 3 Conserved motifsin AT G5 across Apis mellifera and additional species
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70, ‘KZLREME Bombus pyrosoma 8 1.5 mm ZHfR% Nucleus
86| MR B Bombus terrestris - .5 mm )T Cytoplasm
83 MR R Bombus impatiens /:13 g
50 BRYN B Bombus pascuorum oo 107
87 INEEWE Apis florea ;&? é
99 | P& Apis mellifera ue g 05
—————— B E 2L Eufriesea mexicana % %0
[7] 4% Habropoda laboriosa 3
0.0050 WA E W Dufourea novaeangliae ~ 0 GAPDH AMATGS Us
o H[H Gene
PEE5 SEX3 g
Ha Q'?*’:;?"fg ;.)mmi 5 WHEH AMATGS MR
100X SR TR X Ak T

Fig. 4 Phylogenetic tree utilizing neighbor-joining

method (1 000 replicates) Fig. 5 Relative expression levels of AMATGS5 in the

cytoplasm and nucleus of the Apis mellifera
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Fig. 6 Structure and interaction network of AmATG5 protein

A, THEEM; B SRS C EREAEMZ,

A. Secondary structural elements; B. Three-dimensional structure; C. Protein interaction map.
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X RBE
Relative expression level

#H#H Tissue

B7 AREETE7NTRAR/HR
AMATGS5 B HEXT RiLE
Fig. 7 Relative expression levels of AMATG5in 7
different tissues of worker beesfrom Apis mellifera

P g - bR, A B AR ING R
FoRERBFE (P<0.05, Tukey K ) . FEIH,
Data in the figure are mean+SE. Different lowercase

letters above bars indicate significant difference
(P < 0.05, Tukey’s test). The same below.

Hitghal . 3 Hidghmm 5 Hik 4 i Beise T
R, 76 8 HIRTNG . 11 HIBWA 16 H i iHH B
s b Th; AmATGS 75 5 H 4l b iy 3k i
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300 [ a

200
100 b
207 -

1.5 ¢

1.0 b

ostll » b
S Tl
B, A2\ \as‘l oo \&Q o2
‘@‘é *3' KOS *!‘ \60\6 \6‘0\6 :;g% NP9

X RB R
Relative expression level

(=]
<]
—_
o

R E Bt Development stage
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Fig. 8 Relative expression level of AMATG5 in various
developmental stages of Apis mellifera worker

3 HFit5itie

AW, NS5 R AmATGS 1453 F&
2554 31.41 kD, 43 FH CraosHa168N3720403813, PR
WAL R 5.54, AFaxE 5L 48.78, NV A%
1 86.30, “FHIH K RECH - 0.420, HZ 155K,
Fi7R AmATGS 2 — i EA i K PE B ) i N 2R
Mo AmATGS W] [RlB & 7 FAMLST . J55T . il
Ah . BRSNS, EoRH AmATGS AT 1z
PE; AmATGS FEPAMTEAMIfT, L%
JBT 4 B Fl RT-qPCR 6 I 45 5L 4E 52 AmATGS
mRNA FZ50 i FAIM, & AmATGS J&—
ﬁPB@WEE YT AN P B R A

T HE— 20 BN T ARMEM , -9k iz i 20 H 7 2
MaZE#e . BTk, BRI AR R IR AR 2ok G
AmATGS WG, IFEfl & 2 sk,
5, 1T Western blot £ A, fE8EH )21 F
#iE AmATGS B9V 41 i % 7 o

R RE I I 2 IR AR AL 2 B] | S SRR AR A
5K 5y F Z [ WA B AE DR B2 A R T RE 1)
#3254, SR [ B s . DhRe KA e

( Choudhary et al., 2009) . —H%5H, HE o
WRE. B YTE . B A TR, 2
SEPA R AH BAE i — 2 854 &, KA IR
GRS, MEH A (CRERSE,
2019) , AR EIM, AmATGS (5 110 T
W, 93 4> a-lRfE, 48 FRILMEEFT 14 4> B-
A, A, AmATGS B =ZREEM5GE—

FFREIE, AmATGS 5HARM 4gdk.1.B & A 1HH
eI 57.31%. 7E L 2L & B RN Br 6 i 1 3o i v
H A CIE R ATGL . ATGS il ATGS ] & 54
H, Bl 25w 2 sh 828 96 h 5, KAEKNKK
ATGI, ATGS F1 ATGS % % FiR#Ek, H2
T WEINE] . 7E# K El Nilaparvata Iugens GREOI
FERIL, UUER NIATG3 J5 5 BUBT i 2 A S A8 K
T, R AN P T R HFDHE@&Z%DEM&
K EEML (Yeetal., 2021) . ABF5E L,
AmATGS 5 AmATG8a, AmATG1 fl AmATG3
10 MEAZBAAEBAENHEER, xR
AmATGS Al PR HAWE A EAES S5 )
R K H MBS S R, (AR — B IRARST
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I PR A 28 R GE R P B U A
0, FWEAE PR 28 o0 o i W PR R YT S i B 5T
FIZ 4000 20 o R e AN RS S RN RE , 2RI
F I 5 b 23R 4T 5 0 FRUAE P s 0K it 43 24
IiE FERARAE A 5% (Kuijpers et al., 2021 ) , =i
R (2022) &Z¥ NIATGI3 7E# KAECKHRHYZIA
pI =i N B 7R I DU R S R 2 E A O N
o, AMATGS 7E VY J5 %6 i T 04 11 i i b i 4 7 4
HArh 2 RRIE, BEEM PR E R R, KUY
AMATG5 518 KFEL NIATG13 k45 S 2510,
W Bt — BT LA T A R R @
TRTEAIL I B HXT R 22 28 5 4 B VR HE RE T

Jr B L AT B+ iE BR, R ATGS
o R /0N SR i T T A0 B v 3 1 AROKF BT, T
P4 8 T A0 ) FAE BE ) o WF9E 3R A e SR
e FAR %S dt Helicoverpa armigera H iz RO FE
AT FE A 2 e EE1EF ( Denton et al.,
2009; tglE, 2017) o AW AH AMATGS 7F
AR IBACPARTM, (05 TEER . TR
BEMTA | fioh £ e 3 je S5 A A1 2 i AmATGS
TEVG e T b i ny & & i S R
fig, T2t RNAL %545 T Bon

2 B 1 I R T A o 2 B AR T
fEMEESSEHMEERFTLRE (Quetal.,
2007 ) ., TERHZE K Laphygma exigua Fl1—fL i
Chilo suppressalis % BB By, ATGS ZER54A%
BRI, MFE AT, BEE (AR R % R
B SRR EE, ARIE 0 A1 1 d B ATGS 93R
ik B, W R AROKCE AR R K A,
2015) o AW AIAEIN . 1 Hid4h . 3 Hig
LA S HS SR B, AmATGS (A b R5e:
TR, B S H i REARRAL, R 55T LT,
2 16 HIeT A2 e, R LFE TR
IR FAEE o X AT R 5 V5 5 e T AN [A] IS Y
H A BN RS A R O, (H R
it — AR
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