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M E:. [86] K#34E%# RNA (long non-coding RNA, IncRNA) i i % %14 A /& RNA
(competing endogenous RNA, ceRNA)%F % #t 7 X L F & & 49 f4=1E A, 12% 4 IncRNA #) 42

RELIRABK, IncRNA EBHFRBEBAFHEAESRFE. KRR G BT F L Upis
cerana cerana, 8 # )4 Kot 5L E ¥ IR & B (Ascosphaera apis)1Z 4 8 %95 L2+ IncRNA #9
EARAAER A . Lk BRI B RTEENF A A1 & F 5 A LI, IncRNAL3164 5
ace-miR-4968 /4 fe¥eé) k & BB £ AL fe b s o 2ot BB ARy m . [F %] AR Lot
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E R BTG Y RIHE A IncRNA13164 69 &K%, KA ILoc-LncRNA #4777 IncRNA13164
89 Lt el € 42, B RNAhybrid. Miranda #= TargetScan #2441 IncRNA13164 ¥215] 49 miRNA A
miRNA ¥ 49 mRNA. @i PCR #= RT-qPCR #2E IncRNA13164 F= ace-miR-4968 #9 A 52 & A &
—HE AKX FA, BiTHR dsSRNA A EHRE AR LG T RIHE A IncRNA13164 BEAT
RNAi, #t @m0 IncRNA13164 #7033 & & ace-miR-4968 F= 3 A~ %95 2 B (sth e3ul A= orl) &40
stkiAE, [4R]) MR TFREFLZ, IncRNAI3164 B9 R AT A EEREFEAE 4 0B 2 H
WAL, ES5f6 B4 RMHiE A 2 F 8. LncRNA13164 7T ¥26) ace-miR-4968 % 15 A~ miRNA
FH AR AN EIE N %, ace-miR-4968 L ¥ed) 79 ANIRE, TEFE] 17 AN E A4KiL(gene ontology, GO)
4B A= 85 AT A Ao K F 405 A4 F (Kyoto encyclopedia of genes and genomes, KEGG)i# 34,
LncRNA13164 5 ace-miR-4968 /£ ¥ ¥4h ki M ¥ A kK. AR T REFM, #4040 5 A%
4 R M i A ace-miR-4968-y # 2 F T Kk, 5 IncRNAI3164 #) R XM H AR . &R T
dsRNA-egfp 47"& 408, dsRNA-IncRNA13164 47"R40 5 F= 6 B #£4%) R A8 A IncRNA13164 49 KX &
R R ZE T IR(P<0.01), LRI ELH A 66.05%F 56.45%. JLEK IncRNA13164 /&, ace-miR-4968
AL TAE S O Y RMENBEE LB, stk e3ul F2 orl ¥ kA FH T F THP<0.05)., [£
# 1 %% dsRNA T H XK T H 4 RMHiE A IncRNA13164 5 &k X, IncRNA13164 i@ iT
ace-miR-4968 4% £ R B 7 R B & @ B (serine/threonine-protein kinase Doa isoform X4)3 B stk.
E3 ;2% & & £ 48 (E3 ubiquitin-protein ligase, MYLIP)A B e3ul fodi 8 E @ 1 A X6 (oxidation
resistance protein 1 isoform X6)& B orl &L, #tdmi~$18 T BHRE AR L0 LB &,

g, PAeg, FTHIREHE; IncRNAL13164; ace-miR-4968; F 4 M Ak RNA; %5 &
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Abstract: [Objective] Long non-coding RNA (IncRNA) usually functions as competing
endogenous RNA (ceRNA) to play crucial regulatory roles. As no study of the function of bee
IncRNA is available, the role of IncRNA in the immune response of bee is unclear. This study
aims to reveal the regulatory function and mechanism of IncRNA in immune response of Apis
cerana cerana larvae to Ascosphaera apis infection. Through deep sequencing and
bioinformatics analysis, we have found that IncRNA targets ace-miR-4968 and involves in the
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response of A. c. cerana larvae to A. apis infection. [Methods] Real-time fluorescence
quantitative polymerase chain reaction (RT-qPCR) was performed to quantify the expression of
IncRNA13164 in larval guts of A. c. cerana after A. apis inoculation. ILoc-LncRNA was
employed to predict subcellular localization of IncRNA13164. RNAhybrid, Miranda, and
TargetScan were applied to predict target miRNAs of IncRNA13164 and miRNA-targeted
mRNAs. PCR and RT-qPCR were performed to validate expression of IncRNA13164 and
ace-miR-4968 as well as their potential binding relationship. The larvae which had been infected
with A. apis were fed with dsSRNA for RNAi of IncRNA13164 in larval guts, followed by
determination of the silencing effect on IncRNA13164 and relative expression of ace-miR-4968
and three immune genes (stk, e3ul, and orl). [Results] The expression of IncRNA13164 was
up-regulated in guts of 4-day-old larvae and significantly up-regulated in guts of 5- and
6-day-old larvae in the inoculation group as compared with that in the non-inoculation group.
LncRNA13164 targeted 15 miRNAs including ace-miR-4968, which formed a regulatory
network. ace-miR-4968 putatively targeted 79 genes which were involved in 17 gene ontology
(GO) terms and 85 Kyoto encyclopedia of genes and genomes (KEGG) pathways. Both
IncRNA13164 and ace-miR-4968 were expressed in A. c. cerana larval gut. The expression of
IncRNA13164 in guts of both 5- and 6-day-old larvae was significantly down-regulated as
compared with that in the dsRNA-egfp-fed group, and silencing efficiencies were 66.05% and
56.45%, respectively. After the silencing of IncRNA13164, the expression of ace-miR-4968 was
up-regulated (P<0.01) in guts of 5-day-old larvae, while expression of stk, e3ul, and orl was
down-regulated (P<0.05). [Conclusion] IncRNA13164 in 4. c. cerana larval guts can be
silenced through the feeding of specific dsSRNA. IncRNA13164 regulates the expression of
serine/threonine-protein kinase Doa isoform X4 gene stk, E3 ubiquitin-protein ligase (MYLIP)
gene e3ul, and oxidation resistance protein 1 isoform X6 gnen or/ via ace-miR-4968 and further
mediates the immune response of host to 4. apis invasion.

Keywords: Apis cerana cerana; Ascosphaera apis; IncRNA13164; ace-miR-4968; competing
endogenous RNA (ceRNA); immune response
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AH G FEATS b T8 25 B B o BTN X 5 B Y
IncRNA #1717 —2ebit5y, H ELE PG
B, 1 Humann U058 R 3
IncRNA Inccov1 7E P 5 % ¥ (Apis mellifera) T .4
g EIRIR R il 22 5 %iK, Inccovl 7E T
B R R T A0 52 e B9 SR A5 A0 Y B s 5 R T
Jayakodi 25/ WE 4 )7 B (Apis cerana) NG J5 5
Berh AR BT 2 470 #1514 4% lincRNA,
H1 11 4% lincRNA R 5 PR AL 8 X4 SBV i
BEIR YR . BIHAT ML, # IncRNA 12
REFIBLTI B FRATI SR B R

EP%%Q%(APZ'S cerana cerand, f‘Eﬁﬁ(EF'ﬂ%)
AT E TR 2 WA, SRR EREE IR
WD, O RIS N TR E A AR MR , RSP
1 A 5 R4 A P42 Ry 45 )y T & 5 EE AR U,
BN FRPE R (Ascopshaera apis)f&— & PHEIZ Y
L) B TR R, B0 R A SR e A
FEHREAE R KA R R AR AT
2 5 1A BT U I S5 2 e K A AT X e e 1 e R
T W 4y W ELAT R Y RS I o 2 e R A R A P
R IncRNA HEAT T R4 !™?, hii,
IncRNA 2 757 K ey 23 55 9] 15 v i 4y ool 2 e
BRET B B NS R . PR RIS R
miRNA & i JC £ (miRNA response element,
MRE)#Y IncRNA fg# 1 W fff miRNA #7557 T Iff
LR ZRIR, SEmE T AR A2 R,
FRsEfENTE RNA (competing endogenous
RNA, ceRNA)HLHI, &7 A7 /B (Mus
musculus)*2 F % 7l (Solanum  lycopersicum)™!
EW R RUESS . HAEE BT ceRNA AL AH
KHFFATIIR BRI

EH AT O 455 58 TR 1 cDNA
ZEE RNA-Seq 5 small RNA-Seq £ A X} 48
BREETIHERD AR IERI R i 45 F1 6 H i 4l
W B A LHEATIE , A5 T Bt i s 412
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PEROR IR BRI 4. 5 F 6 H R4l igiE
N ace-miR-4968 ) 3 15 & W B % T W4
(P<0.000 1), H. ace-miR-4968 5 IncRNA13164
5 Z B ESS G R R (R KRBT . WIRTE
IncRNA 13164 BERAE M ceRNA # 1] ace-miR-4968
T R T e 1 EOX) S e R T 2 L P A g
2, AHFFERG N AR B e R A T R e i AR R s
IncRNA13164 (KK, X IncRNA13164 # 7]
) miRNA LA K miRNA #[i1] () mRNA #£47 Tiill ,
E O OE ok i ME dsRNA X 4 i g il A
IncRNA13164 #F 17 RNAi , Jf il & i 2K
IncRNA 13164 X} ace-miR-4968-y & 3 A~ g Ik A
FKIEW W, LI 728 IncRNA13164 i i
ace-miR-4968-y A5 15 5= oy 0 2&F 1) My g S A
FHBIL, I Ay v &y v 5 0 e R 30 77 P AR ELAE
PR LA

1 ARSI

1.1 R

Hh e 4y HRT 8 e BR A T DA BR PR AR R A R
REF SR 27 Bt (M 2727 ) 28 e O 4 DR 2
FEAERO,
12 ZBHKERERPELRESEE
IncRNA13164 #J RT-qPCR #&37

iz B2 3 I BAEL S R B AR AR A T
I BRPET TE AL S 1Tk, SR 5 A i BR 15X
MR A T8, A i sl A B T4
g4l e

TEPR RS o LA LA B (TG 11 S i bk L
PCR %5 M BAYE) 20 3 b e A A S B e e
P HESCHRP RS B 2 H iy %) e BT 1000 pL falfe
[ 6 FLANMIRE SRR, A TR AR IR A EA iR 7%
4R (35.040.5) °C, #H XTI B (relative
humidity, RH) 90%. 24 h J5¥% 3 Hid4hhisEsg =
48 FLANMIRE SR, ALFRZH 3 H R4t im I
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W ERPETR AL T (LR R 1x107 A~/mL) Tk},
XTREZH 3 H %4 RIS 5 6 p ARk} IS R
HIS Pk B, SR SR iaDRl o 4300 5 ok 2
HFXTHRAL 4. 5 Fl 6 Hi2h R fpia, &3 A
HEHCA 14 RNA-Free B.04 , WAMG G
£ 80 °CHRILVKFE IR A7 . _FIRILI AT 3 IE
YIFEE  BXTIRAL 4. 5 Fil 6 H k%) R iE A
s34 AcCK1, AcCK2 F1 AcCK3, 4b#
2H 4,586 Hikgh bz B S 53 a4 ATl
AcT2 Fll AcT3,

I RNA fli#i57) £ (Promega 23 F]) 73 5]
PRI AR 6 dIAIEAE SR RNA, 1R Bt
1705 515 8] cDNA BEHL . J W 7 ABI
QuantStudio 3 Z¢YE i PCR RG(ABI Ad]) L
W4T, JNRZ (20 pL)f3dE: SYBR Green Dye
10 uL, FEFi#E5149945 1 ul (2.5 pmol/uL), cDNA
Mz 1 uL, DEPC /KAMNZE 20 pL. S 440
95 °CHi A 3 min; 95 °C7AEYE 155, 58 °CiE k
30's, 72 °CHEAf 20 s, It 40 MEIR, KifEihiZk
BIFRIARGRE . EFENSIEAER acin
(GenBank %55 . 107999330)F NS, K
2 AR IncRNA 13164 (AR AR,
AN EAT 3 WOPATE R 3 IR E A A
H Graphpad Prism 8 #X {4 UEF T4 AL B K 22 4]
5 LA meantSD F/n I 1E1T Student’s ¢ K556 .
1.3 LncRNA13164 A9 2B 3E 3L T A2 $8
B934t

FIFTEZE T H: ILoc-LncRNA (http://lin-group.
cn/server/iLoc-LncRNA/)fitjill IncRNA 13164 431
AL E Lo 2E 5 P BAETAFI T small RNA-Seq 4%
RN W PR A TR A SRR I rhi 40 5 Al
6 H W4 iz AL S AT I , $RA5 T s B
miRNA 225057, il i B F RNAhybrid®®) |
Miranda® F1  TargetScan®” #k ff i W
IncRNA13164 # [ Y miRNA & miRNA ¥ i i)

mRNA i@ 11 Cytoscape ZfF" (https://cytoscape.
org/)%t IncRNA13164 #E1 TR T L,
HIE N 454 A HRE/NT-22 keal/mol,
1.4 ace-miR-4968-y HY%EEE FE FM & #4E
JEE

KM BLAST T.H¥ ace-miR-4968-y (4Ll
mRNA X2 Nr %04 % (https://www.biostars.
org/p/235632/) LASRAS AN 1Y 2K 11 DI RE 1 B, [R] AT
¥ AR #E mRNA HEXT %] GO (http: //geneontology.
org/)fl KEGG (https: //www.kegg.jp/)EHE & LI 3R
5RH I 1) L) e R 3 R
1.5 LncRNA13164 #1 ace-miR-4968-y A%
FIEIE

AR 1.3 R LR, A Office
PowerPoint #f4:(Microsoft 23 i) )22l IncRNA13164
45 ace-miR-4968-y 2 W] A TETEAL 1] 4545 5 52 o AR
i ace-miR-4968-y FIAZIRFF 4, it 5k
stem-loop S|¥F1 L iiE5 | 9 (F) 8 H T g5 9
(R)o ¥ 1.2 W3RAT0 5 H L) HUE B RNA fE
R SR 2 4y, e 1 R BEALS |9 (random
primer) F1 2 R PR BERES [ 4 oligo(dT) s J2 s 5%
743 cDNA £} IncRNA13164 ) PCR FINZ

U6 (F: 5-GTTAGGCTTTGACGATTTCG-3, R:
5'-GGCATTTCTCCACCAGGTA-3")) qPCR 7

W, %5 1 R stem-loop 51#)8EFT S % 5645 5
cDNA 1>} ace-miR-4968-y i) PCR Fll qPCR #%
Hro PCR JZMIZE 1.5%BNE HHEE R HL KA I . R
F 2722 9E % ace-miR-4968-y HEA AN E it .
SN AR R FNEE AL BLE] 1.2 5, R AR
95 °CTZEYE 3 min; 95 °CAEPE 155, 55 °CiB k
FEf 30 s, 40 DMER, IEHEIMZETET AR
GKE.
1.6 dsRNA & 51ARE RNAI SUER&N
HPE 00 A9 IncRNA13164 741, F
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Primer Premier 6 #X{F5i4ERME 519,
DL 1.2 F3R15H0 cDNA M 4T PCR §71
FEPNZE 1.5%Bn I MR FL A 2 B g 2
() 3 B B B R BE(24 300 bp) IR HE1 T TA Saf,
W R T A (R ) B A B R R AT
Sanger M7 . B/ RO AT & LB AR 37
REE TP AERRE N 0.1 mg/mL), KRS
¥53% 16 h, H|F] FastPure Plasmid Mini Kit {7
& (R S MEE AR MR BR S wl ) $RERUBR . AR
P IncRNA13164 J35I TG A 38 T3 A B
WS, AR SN T7 A sh 7y
5 (TAATACGACTCACTATA)., [ v 1k & Fife T
[ 1.2 5. PCR “#ikAT 1.5%MBieMEEER HE
vk, W H 8 R B E A BAR , ] T7 RNAI
Transcription Kit 17 & (7 5t i MERELE WIRHCA
FRZSFD A IncRNA13164 ) dsRNA (dsRNA-
IncRNA13164) 4% #8_F 3R 510G BUBATE X BE egfp
LR dsSRNA (dsRNA-egfp).

FE 2 Hidghh % 48 FLIEF MR, 7RI
(35+0.5) °C, AHXHEEE(RH) 95%F &4 F 1 %
24 h, AP 3 HS 4 d B 1 g
dsRNA-IncRNA 13164, XFHaZ 3 Hi¥4h i sk
TAME 1 pg dsRNA-egfp, £F dsSRNA #4430 4%
NG TESLN B gr e iakt, &R% 24 h B4 13k
Tkl LSRR 6 Hit . AL S Fl 6 H i
738 5 o PR B, RNA, 5 45 2 B
) cDNA it , i1 qPCR Kl 7] dsRNA Ji5
4 U Y IncRNA 13164 HIAERT KR
1.7 2K IncRNA13164 f5 ace-miR-4968-y
A RT-qPCR #&37

B 1.6 TIIRIFHIDTER IncRNA13164 J5 K4
HiE RNA 73020 2 4y, Hrp 1 {3 #H stem-loop
511 5155 cDNA fEH ace-miR-4968-y [
gqPCR #i#lz, 5 1 fp#|H random primers Fl
oligo(dT),s S 7153 cDNA 4 ace-miR-4968-y

P4 actamicro@im.ac.cn, 7 010-64807516

N2 U6 (GenBank #5385 : XM_017048274.2)1
qPCR #iHi, R 2“2 H14 ace-miR-4968-y
AR s
1.8 %K IncRNA13164 5 ace-miR-4968-y
$0E A R E EEAY RT-gPCR #8357

AR 1.3 779 88 [ T 235 SR -2 ] [l PN S AH
SESCHR, EHL ace-miR-4968-y #LI) () 3 Ny 5k
PI#EAT RT-qPCR A, (4 22 2 IR J1 2 IR
P4 (serine/threonine-protein kinase Doa isoform
X4)H:H stk (GenBank %35 : XM_017064314.1),
E3 12 % &5 H % $#: i (E3 ubiquitin-protein ligase,
MYLIP)FEA e3ul (GenBank ID: XM_017061503.1)
FMPrEEfLER 1 IR X6 (oxidation resistance
protein 1 isoform X6)Z& [ or!/ (GenBank ID:
XM_017056306.1), F|F Primer Premier 6 %K{4:
3B AR SRS 1) . 28R 1.2 Wby Ty
DA T e T4 U7 38 Y RNA 3 BURN S5 3 5
53] cDNA it , DA actin F£[H(F: 5-CAAAGCC
TGTGATGTGGA-3', R: 5-GCCAAGTTTCTGA
TTTCCC-3WERNZ . A RNIEHET 3 k4
ARESFN 3 YVATHE I o SOV AR Z % E A A 2]
12745, RPN : 95 °CHiAE T 3 min; 95 °C
ARPE 15 s, 56 °CiRk 30's, 72 °CHEffi 20 s, &
40 MIEFN, WA PN RGIE

2 EREQM

21 EWRERRPLSEPPEYHGE
N IncRNA13164 BU3RIAE

RT-qPCR %53 BRI T R AL, ik
BRYEFFEFNA 4 HIRYIMHIAN IncRNA13164
f ke B, (HAlR 22 548 B3 (P>0.05),
5 F1 6 Hit4HmiE N IncRNA13164 315 E
WE FR(P<0.05) (K 1), Uil% KRR B 1=
BOE T IncRNA13164 ik, 18 Filat FiFEkik
IncRNA 13164 VEAES 51T G2 -
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6 r ns % sk

b T
m [ m

AcCK1 AcTl AcCK2 AcT2 AcCK3 AcT3

Relative expression level

1 EBRARRENITESHRBERA
IncRNA13164 FiXiZH#M

Figure 1 Detection of expression profile of
IncRNA13164 in Apis cerana cerana larval guts
infected by 4. apis. Relative expression levels of host
IncRNA13164 during A. apis infection, data were
presented as mean+SD and subjected to Student’s ¢
test, ns: P>0.05, *: P<0.05, **: P<0.01, ***:
P<0.001, and ****: P<0.000 1.

2.2 LncRNA13164 #93F 2 i 3E {3 700 K $8
[ 53

LncRNA13164 [f] B 7 {57 T 2 Jf 4% A0 41
BT, HFEEA TR, Ui IncRNA13164
AIBEYE N ceRNA & #/EH . LncRNA13164 S H
U AY 15 4 miRNA AT AL 1R R 45 (1E] 2) 5

nove19-5p
. /' miR-4962-y

| m@zé-x
novel-n0005-3p

2 LncRNA13164 5%8 miRNA 2 8] A9iE1E M 45
Figure 2 Regulatory network between IncRNA13164
and target miRNAs.

IncRNA13164 5 ace-miR-4968 Z [alf%54 H H
AEf/NAG=-48.4 kcal/mol), H. ace-miR-4968 7£
5 F 6 Hf LB AR FRAEIEZE T (g
FC=-9.63, log, FC=-9.86, P<0.000 1), Ifii
IncRNA13164 7£ 5 F1 6 H & A RIFIEY F
JEZ2 15 (log, FC=0.38, log, FC=0.41, P>0.05), Lk
45 R — UL IncRNA13164 A fig i i
ace-miR-4968 & 4% ceRNA i#EEH

HE— 2 & PR, ace-miR-4968 L H# [i]
79 AN, AR 17 4 GO S H, [fh gt
FEFCH AR SE 6 SR b BRAR DG 45 H
ARG ESE 5 A TUIREM 4 H ,
DL 20 B RN A0 e 41455 6 A% 4 B 4 40 A SR 1R 4%
H(E 3A); iR PIA AT RS Wnt {5538
#% . R & RNA ¥4 (K% 85 4% KEGG il

#% (& 3B).
2.3 LncRNA13164 0 ace-miR-4968 g 3<i%
IS E

Wi 4A Fi7R, IncRNA13164 F1 ace-miR-
4968 Z I HAWEM MG KR BEIEEIR
HL K25 7R, IncRNA13164 F1 ace-miR-4968
FIP 38 7 B — HAF A& B R /N 367 bp Al
64 bp), VLI —F7E bl 4 du i i b B8R GA (E]
4B. 4C). RT-qPCR 454 @Rt T ARETFIA,
AL S H iy 4 B8 N ace-miR-4968-y 1) 3R ik
R T IH(E 4D), 5 IncRNA13164 3Rk
BAAF (K 1), DiH] IncRNA13164 1] e 1 45
4 ace-miR-4968-y KIEPAFEAE .

2.4 STEX IncRNA13164 5201 ace-miR-4968
=ik

FWEPR PR LA S, BT dsRNA-egfp 17
W24, dsRNA-IncRNA13164 fAME4H 5 #1 6 H L
BN IncRNA13164 R BRI B ET
JH(P<0.01), DIBRAEESTHIN 66.05%F 56.45%
(l 5).

YE— K RT-gPCR & 25 S 8 /R UL 2R
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IncRNA13164 )5, tHET dsRNA-egfp 1AL,

dsRNA-IncRNA13164 faMi4] 5 H i 4h L imiE Ny
ace-miR-4968 )ik & i & F#(P<0.01) (K 6),

A 1
!

-

Ee \\
Zz e .." .
» ~
) Q
% -
s 4

5 IncRNA13164 B EAMR, HE—HU0i

IncRNA13164 38 1 25 &

ace-miR-4968-y & %

ceRNA E#EH .
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Figure 3 GO (A) and KEGG (B) database annotation of ace-miR-4968-targeted genes.
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binding relationship between IncRNA13164 and ace-miR-4968-y. B: Agarose gel electrophoresis for PCR
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