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Analysis of highly-expressed IncRNAs function in regulating
midgut development of Apis mellifera ligustica worker
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Abstract: In order to explore the potential role of highly-expressed IncRNAs (HIncRNAs) in regulating
the midgut development of Apismelli fera ligustica worker, the omics data obtained in the previous at
7- and 10-day-old A. m. ligustica workers’ midguts were used to screen out the HIncRNAs. RT-PCR
was performed to confirm the real expression of aforementioned HIncRNAs and analysis the expression
pattern of them during the developmental process of 1~21 days old workers’ midguts, and bioinformatic
analyses of the regulatory function of HIncRNAs were further performed. The results suggested that the
9 HIncRNAs in the 7 and 10-day-old worker’s midgut were the same. These HIncRNAs were expressed
in 1- to 21-day-old workers’ midguts but their expression patterns were different. HIncRNAs regulated
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32 upstream and downstream genes and 18 co-expressed mRNAs via cis-acting and trans-acting manner,
respectively. Additionally, these HIncRNAs can target 55 miRNAs and further bind to 131 mRNAs.
These results reveal the 9 HIncRNAs potentially regulated functional terms and pathways such as the

stress response, sugar digestion and absorption through cis-acting, trans-acting and ceRNA network to

regulate the development of A. m. ligustica worker’s midgut.
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Fig. 1 RT-PCR validation of expression of XR_001706220. 1
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Fig. 2 Expression profile of nine HIncRNAs during the developmental process of the A. m. ligustica worker’s midgut

016005-4



5 14

I A&, & B IncRNA #¥E& KA FE 1% b 5 R F e 1E A g

%59 &

3.3 =T HincRNA IR (E AR
ERS
A AT 25 5 R . 9 4% HIneRNA W 7E
P 32 A4 LSRN, RAER A g R BoR .9
% HIncRNA 5323k 18 4 mRNA H A 1F (8]
FOMEH R, K HineRNA JF =X F1 5 451 -
TR A mRNA JE1T GO 4336, 45 5L iR X 48

FObRYY S — 2 2R M R R A E 6 55 9 AR
Py HEREARSC 2% H - 20 IR 5 | 40 0 JE 4 3 R A4 i 25
TAIREAL Y AR O A H B A R AL PR 4 4 A4
S FUIREMIC S H (E 32). KEGG il % & 4250 #r
R . BIREERR AT B A ABC Beas ik I
U ESEASTIT S Siil RN

(a) (b)
Protein pro Number of genes
-1
20 s )
"
n ®3
o4
15 -
131
g P value
2 o 0.6
S 1
Z >
= g 04
] R 02
- I L ()
S PO R G A I R S NEPCH SR )
& &F&E & & & & & és‘“s S \\‘4\ & & \\'ﬂ$ S & &
S FTHFFTFFT IS T ¢ FTF TSI
s S V& &S & S & & &
& & & & & & K & &S
& ¥ S & & ¢
o F & &S & &
R ~ &
S
&
‘»\"‘f
& GO term

0.00 003 006 0.09

Rich factor

B3 9% #kA IncRNA X A= R XA feir ) GO 4 % () 4= KEGG @5 F £ 547 (b)
Fig. 3 GO classification (a) and KEGG pathway enrichment analysis (b) of cis- and trans-regulating targets of nine HincR-

NAs

@ ncRNA
miRNA
mRNA

.y B... midlaox o b0 rowidoisan
o GBBto61 Toov.'ma
amediR s
o 32 XM_0085625712 _ 018910623 1 ,w.m; mig33-2 XM3a172 6
x_ 0088184122 b x4_ 0088580502 01, RRBIbs6: 2 xon_ 0168761 novei 43
o e X oy
xS 6 o xou_ 0088766 2 xii382517 6 xon_ 0085086 2 xn_.sn
¢ . 5 ok s ity
o 8161 i, amalfiz11 o 00bs 2
o 0988887011 o) s 1 2 X00_ 0168185451 R
sou §BMera 1 amoiRioss sl — o oo
- son 5082 X 100 X
o0 QBRes2 g . XM_Q065721922 x5 x_0108TB453.1
o iiee0s 1 K
amediars o i 2
ol P LT —
- o 0080 2 o, S ) o 8o 2
s TRy o o, R 7 o, 721
oS5 aneglli 53 oo B2 ez
ol midas. e 1a bas xgEse s . §08888152.2 o ofBB=70 1 on. BB 006566750 2
migdy XM_0065685:252 8 X_006560083 2 XM_001120193 3
e miR- 2630 XM_Q032496 19 3XR_( 1 - XM_008560595 2
o 2 o 2 o 00872 5 o o0+
mas midds: xin_iBHge5%
o QiHRs11.1 iy xiiSRs s
L T ame 305 midsy amodfiior 00 88HibT 1
iR 2
o (0B5Ro02 g noveiibgoa sy XVESESTTS
sou GHGB 2.1 on e s v4 modstx il x . Q08881 2
: ey
o QB2 1 novek a0 8 o G002
. e x o G801 o o s 1
it y 49 xon_ 000888432 ot XM_008561836 2
o 8811 IR o oy o G871 1
sor > g2 olEgihos
amediii-137 XM_01681de004_016814075 1 m_ee2 2
“*’ XM_3831416, 006560304 ame MIR-3743 XM_006568577 2
XIM_006563653 2 XM,OI’IHM b 91 x_008867774 2 XM_624975 5 mipd5- XM_008350005 2 i ;
a @ e 1
o G2 o 4
o 88672 o s 1 Y™ o QB8R BeRR 2 )
P R o QR 2
ofditss X
o G ame 2708 o 088852
: doeseze: o0 1
L 22 xn_GG81653s 7 o 0858402 o G 7s2
mgdStgy
ame 020 - e x [
e o 8B4 o 81
i 02 o Bss
o 68761
551800 ¢ XM_008254570 3 o ety 251
o G202
X_0065685412 NM_001142561 1
o (G 2

A4 FHIHEFHG I &5 EE IncRNA 4 ceRNA A42 W %4

Fig. 4 CeRNA network of nine HIncRNAs in the midgut of A. m. ligustica worker

016005-5



% 59 &

W KFFH/CA RAF R

%14

3.4 EiETiEhA7 HincRNA %8 5 7510 & 8 3
W 8% 53 T

S TR 25 T B, 9 4% HIneRNA 28 i) 55
A miRNA, #1454 131 4 mRNA. # 5 miRNA
B i £ (9 HincRNA J& TCONS_ 00006094 F
XR_001703498. 1,43 5|4 ] 33 Fl 6 4~ miRNA.
ZE 4 mRNA i £ 2 A miRNA & amemiR-
3477 Fl mir-283-x. 43 B 454 16 Fl 11 4 mRNA
(4. 2P e R R4S R 7 s ceRNA
P25 P A mRINA ] 9 21 20 it 0 A L ARk
TR E5 A AR IE MR R N S 30 AN DIRESRH
DL R A A FH S 4 0 391, Wnt {5 5 38 % | Hippo
55 % Noteh {5 53l B 5 70 2530 .

4 i it

B U B AN T AR IR A 1) 32 237 o, R o
B GRS BN, LncRNA RETER: 55K FliE 5%
Je KA 5 R TG ZRE R T RE . RS R
TR IncRNA FERIE & A4 e N & %5
I HA A DIRE. 10, Zhang S 5T &
B IncRNA CCND2-AS1 7 3P 5[5 98 20 25 1 41
i 1 2 8 o A v, T A A 9 0 A R B R P
Wnt/B-catenin {5 %5 i B {2 #F 5 5 958 41 i 1% 5 5
Valanne %57 F 77 4 B 24 5L i Jk e #E >4 FC FH M 40
B M. luteus J5, lincRNA-IBIN 4+ =325 H o]
s Toll M P& 1 2 518 RN . 5T
5 F N E RS0 5 i i IncRNA 21 2285085 , 3l
KB 9 % HincRNA 7E8045 7 f1 10 A& T4 s
5 oy i 3238 (FPKM {4334 F 75. 62~7353. 5
1 93. 47~2904. 95) , K71 X ¥ HIncRNA 7£ 1 i
KBNS AEEZEMN. AR5, RT-PCR 45
7R BiR 9 4% HIncRNA 7E &8 1~21 Hi® T 1§
i rP 4 ELSE R 5 A , RT-qPCR K6 25 5 i 7
EATHE 1~21 H % T8 b i b 22 3 AN R 2R 5k
FAE, XR_411315. 2 Y RIXRAE 5 H B &,
TCONS_00006094 AL AE 9 H #& B fz iy » H
4% 7 %% HIncRNA [ 5K F-7E 6 H & ik 5]
U s XR_001706220. 1 MFRIXTTE 2~4 HIRHFLE
AL HAy 8 45 HIneRNA 78 2-4 H g3 0
T B E o XR 001703498, 1., TCONS _
00004791, TCONS _ 00004790 F1 TCONS _
00007249 Wy Fk T 7E 15 H a5 A WA 4k, 2 78
17 21HiRIBEETRE BT THAER
SN AR IR Rl S AN A 2 SRR

S5 & HIneRNA 2 58 35 Rl 25 ] Ry itk — 25
(T REMT 7 B2 AL HLE AN S 0 A 4.

LncRNA BY3HES HARIT () 8 H g s 36 K 25
YIAH R, 7] 380 20 5% ) 35 PR 1) e sl kLAt X 7
FHTCH B A VR EAE s BeAh s IncRNA W] DL g5 &
B B At i R PR R B 5i  580UR BF- 2 T o 4 3
PR, 2B A BRI A 5% & BTG IS 7 28 % T
W v iy Ak AR A R T M T v i e 10 AR T
WA T R P i R, 22 53858 IneRNA 1]
AT LA g 0 X s 2R R T TR R 4 )
REL S ARBFIY KB, 9 4% HIncRNA [ | i3
RT3 2 38 mRNA A 50 A4S, o] dE B2 T4
WA SRR 3 1 MR S W VR 2 T AL 5 TR A5 T AR
W ISCAR DG 2% B 5 DL SN 5T 9 2 1 00 T 2 e 2 e Fn
2 TR AU Sy oy A A Qs 45 1y o Al A DG 3l
B, DL SRR N A HincRNA 7F 504 T 0%
g & B R BRI Aol S B A
WEAE FLAZ A W T2 AR AE G A ) A 8 o R ik
Z R SRR T O RR P AR T AT DA H
T T 3] S A Y IR R T R ARBIFSE R, Hin-
cRNA AT I 48 i #E bR w3 g 2] 240 i (9 -
LY/ S e R N ) O S B T
AHRE ) HineRNA 0] Bg 38 4 0 55 [ WAL 1 F 1 =
HEE TR gr LB .

CeRNA HLHIIA N & AH RIS miRNA J i
T4 (miRNA response elements, MREs) ) A [A]
ZA) RNA B igil 78 1455 miRNA S 5L
Fik. Feng S5V il XHHt T SUB6R 5 T s 1
THURR it R I A A Il e S 2000 e R LGB0 A i
e 5 T U R BT ME A G 1Y lineRNA_ Tel3743.
2, 1F F IR 45 HE W] lineRNA_Tel3743. 2 7] if
HS5AMHK SEBEEHFE Tc GSTm02 35444
A miR-133-5p 4T A A I i %k T 60 1 1) B .
AAFFEH,9 45 HineRNA AJ# i 59 4~ miRNA #
Mi%h4 131 4 mRNA. #F—3 200 &3, TCONS_
00006094, XR _001703498. 1, TCONS_ 00004790,
XR_001706220. 1 F1 TCONS 00004791 ¥ 1] %
miRNA 5%, 735l h 33.6.5.3 Fl 3 4>, ixX LL i
miRNA Y He43 B0 75,14,12,16 Fl 4 4% mR-
NA; iR 5 4% HIncRNA JE i 9 38 45 ) 4% 358y &2
Z%; 1 TCONS_00034036 /L #a] 4 4> miRNA, XR_
001702285. 1 AT # ] 2 4~ miRNA, #4541 4%
mRNA; 25 {2l #, TCONS 00007249 w] 88 [i5] 2 4>
miRNA, #1454 1 4 mRNA; XR 411315, 2 {2

016005-6



% 14 ER

B &k IncRNA B ¥ & XA B % TP 1 2 7 o946 7 i ar % 59 &

AERE] 1 > miRNAHEEH — 2255 16 55 mR-
NA. R ceRNA HLHI Y SR EE, 2b T4 M 25 Hhos
H 2R 1 B0 B 22 CHVIDGH M85 19 RNA
AT B B B MR, I TCONS 00034036, XR_
001702285. 1, TCONS_00007249 F1 XR_411315. 2
TER IS T e i B 1 A% v /R AR HoA 5 4%
HIncRNA #:55. 3@t D e: B &k LR R 2% i
A mRNA A 3RS0 A SC I8 B anw) ARy A
Y& i, X R W] HIneRNA AN AT 38 52 07 = A1 iz 5K
YEFA ] LL3E i3 ceRNA ML XF o iz A6 14 4k W I
AT s e AR . 8 & B HIneRNA (1] 322 8 45 1)
mRNA "8 #] Hippo #l Wnt {5 5l #%. Hippo
T P — R DR ST I ZE B 8 A A5 2
B SR TR 28 B RN Wnt f5 Sl K B
BEUE AR R AR R R A T 470 U e A
. BT, A RNAGHAR Y R AU IncRNA i
FTd ATy BERI 5T B DL R A N — 3R]
FEEXT 9 %% HIneRNA 4357 8% 145 BUR? 51 siR-
NA, SR 5 (RN sIRNA [ 5 o0 i T b g
A 2% HlncRNA 347 B 8% 2 45 HIncRNA [A]
AT R, 1 — 2P 49T HIneRNA 1T fiE.

25 BN ARBFFGIESE T 9 45 HIneRNA i H
SEFRIRTERI T e A T R T i ) Rk,
#5787 HineRNA ] 3 a5 H AR L e =48 A1
ceRNA 42 % 28 8 775 T A W e A g o A Qg » 3 i
Z 5 ER IR

SE Lk

[1] Kopp F, Mendell J T. Functional classification and
experimental dissection of long noncoding RNAs
(7. Cell, 2018, 172, 393.

[2] ChenDF, Chen HZ, DuY, etal. Genome-wide i-
dentification of long non-coding RNAs and their reg-
ulatory networks involved in A pis melli fera ligusti-
ca response to Nosema ceranae infection[]]. In-
sects, 2019, 10. 245,

[3] Fatica A, Bozzoni 1. Long non-coding RNAs; new
players in cell differentiation and development[ ] ].
Nat Rev Genet, 2014, 15. 7.

[4] Mchugh C A, Chen C K, Chow A, etal. The Xist
IncRNA interacts directly with SHARP to silence
transcription through HDAC3[J]. Nature, 2015,
521. 232.

[5] Salmena L, Poliseno L, Tay Y, et al. A ceRNA
hypothesis: the Rosetta Stone of a hidden RNA lan-

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

016005-7

guage [J]. Cell, 2011, 146 353.

Xue C, Zhang X, Gao P, etal. L.ncRNA 1oc339803
acts as CeRNA of miR-30a-5p to promote the migra-
tion and invasion of hepatocellular carcinoma cells
[J]. J Cancer, 2021, 12: 1061.

Wang J, Chen MY, Chen J F, etal. L.LncRNA IM-
Flncl promotes porcine intramuscular adipocyte adi-
pogenesis by sponging miR-199a-5p to up-regulate
CAV-1 [J]. BMC Mol Cell Biol, 2020, 21: 77.
Yuan C, Meng X, Li X, et al. PceRBase: a data-
base of plant competing endogenous RNA [J]. Nu-
cleic Acids Res, 2017, 45. D1009.

Young R S, Marques A C, Tibbit C, etal. Identifi-
cation and properties of 1, 119 candidate lincRNA
loci in the Drosophila melanogaster genome [ ] ].
Genome Biol Evo, 2012, 4. 427,

Wu'Y, Cheng T, Liu C, eral. Systematic identifi-
cation and characterization of long non-coding RNAs
in the silkworm, Bombyx mori [ ]J]. PLoS One,
2016, 15; 11.

Wang Y, Xu T, He W, et al. Genome-wide identi-
fication and characterization of putative IncRNAs in
the diamondback moth, Plutella xylostella (1..)
[J]. Genomics, 2018, 110; 35.

FRE, TR, BRIERR, 55, LncRNA 78% W2 il
ST RITIRE )], AW S A Y B
2015, 42, 750.

Chen X, Ma C, Chen C, et al. Integration of In-
cRNA-miRNA-mRNA reveals novel insights into o-
viposition regulation in honey bees [ ]J]. Peer J,
2017, 5. e3881.

Abou A E, Cools D, Vanden B J. Role of peptide
hormones in insect gut physiology [ J]. Curr Opin
Insect Sci, 2020, 41, 71.

Ellegaard K M, Tamarit D, Javelind E, et al. Ex-
tensive intra-phylotype diversity in lactobacilli and
bifidobacteria from the honey bee gut [J]. BMC Ge-
nomics, 2015, 16. 284.

REZRFS, BKVUME. T.0R, % AR TiEh
PR EEE g RNA BB 4387 B S e [0, I
FHE H244% . 2018, 55; 1034.

REFRIS, BRARRL, BRAAR, 4. B RORE i T
A FAR RNA KRR 4 LT B A4,
2018, 61. 1363.

A, B, AR, . BRFIEYG TG
KE SRR RIS RNA 122 2Rk,
rEA R, 2018, 51: 3600.

FREF, MRAERL, BERRIS, . BRI Tt g



v K FRCH RAF O % 1 41

RE DB 2E 72 RIBFRIR RNA N H R M 4 5
Bl s EL RS, 2018, 51: 4575,

Livak K J, Schmittgen T D. Analysis of relative
gene expression data using real-time quantitative
PCR and the method [ J]. Methods, 2001, 25. 402.
Zhang H, Wei D L., Wan L, et al. Highly ex-
pressed IncRNA CCND2-AS1 promotes glioma cell
proliferation through Wnt/B-catenin signaling [J ].
Biochem Biophys Res Commun, 2017, 482, 1219.
Valanne S, Salminen T S, Jarveld-Stolting M, et
al. Immune-inducible non-coding RNA molecule lin-
cRNA-IBIN connects immunity and metabolism in
Drosophila melanogaster[J]. PLoS Pathog, 2019,
15;: e1007504.

Glick D, Barth S, Macleod K F. Autophagy: cellu-

lar and molecular mechanisms [ J]. ] Pathol, 2020,

221: 3.

Feng K, Liu J, Wei P, et al. LincRNA_Tc13743.
2-miR-133-5p-TcGSTmO02 regulation pathway medi-
ates cyflumetofen resistance in Tetranychus cinna-
barinus [ ] ]. Insect Biochem Mol Biol, 2020,
123: 103413.

Meng Z, Moroishi T, Guan K 1. Mechanisms of
Hippo pathway regulation[ J ]. Genes Dev, 2016,
30: 1.

Steinhart Z, Angers S. Wnt signaling in develop-
ment and tissue homeostasis [ ] ]. Development,
2018, 145. dev146589.

Zhang L, Xu W, Gao X, et al. LncRNA sensing of
a viral suppressor of RNAI activates non-canonical
innate immune signaling in Drosophila [ ]J]. Cell
Host Microbe, 2020, 27 115.

RS i
Porh oSG RS, IS, BERS. 45 BAIK IncRNA AP ORI S Tl & B MR )] DI R R i

ﬁ SRBHFRR . 2022, 59: 016005,

iL H W, Wang J, Sun M H, Long Q, eral. Analysis ofhighly-expressed IncRNAs function in regulating midgut devel- Jr
+ opment of Apis melli fera ligustica worker [J]. J Sichuan Univ: Nat Sci Ed, 2022, 59: 016005, +
X

oo e e ee e ea e en e ee e se e e ee e es e sa e en e e se a0 e sa e ss —sa —sn s as e re e e se e ss —sa e ss e rs e re e e se e er e sa e e X

016005-8





