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T T SEdE . [ 2559 ] AcCK 1 AcT LB 642 4~EL %1 IncRNA Fll 487 ST IncRNA. 528 1144
FEIAHEE,  FiAHPIE IncRNA SR FHCE /D | KRR H Rk # I, 43 4> antisense IncRNA 5 40 >
IE 5% mRNA Z A HAMIEXS . AcCK il AcT A4 367 1~ L3 IncRNA F1 268 1~ F i IncRNA. £
194 > DEIncRNA W 7EAFE 461 A B R WEIEA , JFub e Ak . AR SE R Fifi AL TG P45 38 D IhRES:
H LR SRR . WAEAI AN MAPK 45 191 5. th5h, £ 180 4> DEIncRNA RJ#E[ 4545 50 4>
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TCONS 00003104 55 DEIncRNA 7] i ceRNA W 245 Jak-STAT FIAE AL M AR 1k 4538 I M2 & AR L[,

WS 518 R RGN

KR hAeERE, Ahm, EEERRER, KEEIESM RNA, e PENTE RNA, RUZE

EF"L@%%(A]QI'S cerana cerana, 1A R EF'EE%)%}'F\
7 W (Apis cerana)FE 24 AP, R TR ERRA 1Y
IR BT IR, Zad KM A e B i e Y
I BREREE , HATRRIA A A= SO (AN E S 2 55
MY, ARk, W B (Apis mellifera)i) K
PR R EE 5 5 . RN | U ISR R A
J AR G S5 IR R A RE M) , v e 8 Tt M A i 1
K. ZEWEBRIET (Ascosphaera apis, TRIFRERTET)
JE— T 32 B B G 4 R B i O B T I
T R I AR A AR B, BRAE B A e
W IR BT (R FE TR A T FE UK
|5 W (Apis mellifera ligustica, iR 14 )ERE
R, WAEPIEERFNE/R K, B 5T
SR POy MAFE R W22 5 . 2835 P 7 1A A
B AR AR Bon , B4 A ig s
M 37 3R T4 T {52 4% P 200 L 0 44 R e 88 L AT 2%
S, AIRER B R B A R BRI T 22
S E B B A S TR
N T YRR SR DR A RS 22 S v B T e 4y U e
gy R BRI ZE R RN 2 —, 1R SRR
B P Rl AR Y AR, H 4 e n] R i 1R
1+ e R T BRL A S . I S5 2 A AR YT
FLE i T B, T i oy A ) SR A8 BRI 5 K
BRI AL S R IT e, BRAEAE—E R RN
WiEE, EEARMCRIEAYIR, WIS IR
M E A kAT BRI, R e e & e ) R 42
YL AL, R T IR AR 35 0 B AR L
LI RATRE) 0T T B RA R E X

KBEIESS RNA (long non-coding RNA,

IncRNA)JE—ZKE K JF KT 200 nt, f45 2 UL EAb
B, B ROT B EEAE(ORF) HAS B4 gt
FII PSR4 ES RNA (non-coding RNA ,ncRNA),
WS 5L B AN IS R S A S A 2R
AR, LneRNA HA Rk IRHEAL, ZFh
IR~ A5 25 DA B A VR S M v AR P AR
IncRNA  Jt R £E 3L DR 20| 4 o7 & R 5 — e mT 43
MI1E X IncRNA (sense IncRNA). Jz ¥ IncRNA
(antisense IncRNA). W% ¥ IncRNA (intronic
IncRNA)FIHE A 8] IX. IncRNA (intergenic IncRNA,
lincRNA)!', 41, IncRNA & A[fE R/ RNA
(microRNA, miRNA)MHTARLLIE L miRNA i
Z I (miRNA response element, MRE)3a 441
B2 & miRNA, (A3 miRNA X mRNA ()
PEEPERNT, EAESE, B mE R E AR W
AR, ATCRESAEA s 7y ik
(Apis mellifera)!'" | BjE R4 (Drosophila
K
(Nilaparvata lugens)!"VFIIR R i (Adedes
aegypti)" VR i g K IncRNA, FEIFSKE
IncRNA ] Z 5T R LA T A7 85 Z L
ey N A A AR  Bildn, Valanne %1%
P 5 TR T (Micrococcus  Tuteus) FAT Fi i /N ER
W B (Leptopilina boulardi){Z 4 T EUR MK N
lincRNA-IBIN 3R R 55 m , dkin 2Kk
EYARELL K NF-xB ., Toll {5538 I AP KA
JREE S R BE R AR (4% . Etebari 551 5Y &
PRI K R B i 15 L 5 . lineRNA 1317,

melanogaster)"™ | ZZ#%(Bombyx mori)!'®
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lincRNA 1613 #1 lincRNA 2329 % 72 4~ lincRNA
TEP N R FIs B, H lincRNA_1317 ik
5 miR-1 ., miR-9a ., miR-33 . miR-252-3p A
miR-278-5p %% 21 /> miRNA Z [a] LA V454 %
2, VEHHEM lincRNA_ 1317 A 1E 354 P 5
RNA (competing endogenous RNA, ceRNA)?E'% w
RO RE SR S . HCHT, #EERY IncRNA
FEOCHIFSR 20 R e iy A oA ok B
K554y TP )5, {H IncRNA 4528 i Jr H:
e B H AR ST+ 20 A BRE21 Jayakodi 251 R S
DSl ALK~ i) DAY 5 8 B R AR O 8 e o
F| 1514 F1 2470 4> lincRNA, H = F Z[H Y
lincRNA HA B PR E(95%) , (5 5 TR R0 |
75 N BRFF 28 HL(Caenorhabditis elegans)Vh I FoAb I
FLAWZ A lineRNA [RSFERAR . 1ok, 1EH
B 11 /4> lincRNA 7 7R 5 % 8 YL Bk 4 AU
TE(SBV)FIFR K (DWV) 5 B % 22 30k, I
I _E3R IneRNA 25 1 AR BTN BE S [
No T, ZEE RS & B e T b i i)
IncRNA 7] G838 14 i X (cis) Al [z K (trans)VE FH A
B UAER AR IL, I IE ceRNA 25015
B o R A T LA R A R AR e 92 3 R DA
M) N AR T %6 W8 T A 7 HU (Nosema  ceranae) i fz G
e, KU IncRNA 755 8 5% s AR RE P 7y
T T A A

WA T RE g BB EEAT S, 1
CO, M T A FAUKFH AR, HZE 6 HiRY)
S WEE Y, SR S bR, TR
TYERIE A G, il O, f5 daH i & BHH R
I 22 AR AR S A I RE AR RE , S Egh RUET,
Trc 2 Ay o e 2 A 2 2 A 1 S R T
i, 7ERRBER AR 6 Hilk), sl fumnnk
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W Z MAEAERR A AR . BrAsE R, 28
HIRBA E A mRNA . miRNA FIFR RNA
(circular RNA, circRNA) i BE R Hr AR T
Wi 6 H W4y Hma R BRAE TR A= G i AL, 48
7~ 1 2257 R FE K (differentially expressed gene,
DEG). % %51k miRNA (DEmiRNA)FI2: 731k
circRNA (DEcircRNA)TE 1 3 W38 1 2 o 18 7 7
EE2, BXFF IncRNA B35 hig 4 d iy
BRETR B & LA R AR T, A SR 5E AT
SRR o BT 1m FW IR BAERIE W BT
fF, A RNA 43RS 5 H IR s H A
0, ABESE A T 5 R 57 cDNA 2 (1
RNA-seq HLARX BREE R YL P i 6 H i 4h il
IR SZAZ YR 6 H i 4 dUl i J- A7 R B e
R HYEE IncRNA I 73 b A 28 0 45 44 iy
fiE, MR A G A MR TE 22 7 £ I8 IncRNA
(Differentially expressed IncRNA, DEIncRNA)fJ/E
O AR 2, LU g i 6 H li4) dum
N EREE RZ YL ) IncRNA N2, R B 78 0 2%
(1) 53 F B e I & 2205 058 BB 9T T BeAT T
A

1 AR %
1.1 iR b R pREE

Hh e &y U AR AR PR K 2 sh W Bl 2 2 B
(U e o ) B W AP LR AU AL 0 S I e A, BRABE AT 7T
PRV A AR R Bh W B 2 2 B (224 Bt
B LR I = Y STk
1.2 Hdegdy e TR AR O Y A% B R T

R i 2 5 IR 4 i 2 A ST A B R i R o %
BRPE T 114 20 Ak A R ] WL o e e &y o (292520,
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FEbRiC rY 2 BE IR 2= A A A HLJ 1 S R Y
HOEIERE P, flbiE E7RON . fRIRAE R 2 HiR
i, AR EE HUE 50 ul fRk 48 FL
RS IR, B T(35.020.5)°C . 90%HH % 5 (RH)
FE R, PR R 3 H g4 du i Bk
BT AR (1107 A9 F/mL), X BE 4L 1) 4
H 3 H g GmEAS S ERE A T iRk, R
BRI, B 24 h ¥ 1 IRA SRR, &
BT BRIET- S M, AEE i TAE & v 43 i) Bud 22
e 6 Hilb4h Bl (AcT)FIXd B4 rh i 6 H i
L JpiE (AcCK), £ 9 HBiE S T 1 1> RNA-Free
EP %, 4R HE 5 7 BV 31)-80 °C KR VK
FaORAF 2 o

Zx MR 2 3 IR 0 i 3 BIE 5T A O vk PR R
AcCK il AcT .5 RNA F#4 8 cDNA 85 54 3C
FE o e Nk B AR R A BR S W) R R AT Y
SCEESEA PRGN, W FF £ A Tllumina HiSeq™
4000, K FEORE F1E NCBI SRA % &,
BioProject 5 : PRINA560730,

1.3 BB, IncRNA BT K& 5347

2 B 1 BT T ML D R 2 B
(raw reads)FATBi45, FIH Perl BVASHI GRS A 4%
Sk RABHEE N>10% L ARER reads LIRIGA
3 B (clean reads) . - iE— 20 1 Y€ W U XT3 rRNA
BAEER clean reads. #RJ5#] ] TopHat # A4 F ik
UEJS Y reads HUXTRIA #1627 FEN 2 (assembly
ACSNU-2.0, www.ncbi.nlm.nih.gov/genome/12051?
genome assembly id=258367), FITZ% ¢4 %
AcCK HI AT LY SRA A THLE

Z: HESRE S R RE SR IS S5 (1 ik 27283 R ALY
J5L iR 32 B (raw reads) , B CPC FlI CNCI 344 %
A Gt B Y HEA TR, B B S A AT

FER T S5 R o, 5 Al Y D E HE /Y
IncRNA HA7 [R5 M AR Z R EL 41 IncRNA (known
IncRNA), TEHAYF P AAALERIE R IncRNA
H AR 5 B b R GBI FR Z 58T IncRNA (novel
IncRNA), >k FPKM (fragments per kilobase of
transcript per million mapped reads)iZ: 1144 IncRNA
fyFisht, FFGIMILEL IncRNA Al mRNA 1)
RS O A R ST NI T A N2 R S
KE,

JZ X IncRNA (antisense IncRNA)-5 1E X %k
mRNA 2 [0 A 38 o G f9 AN EC R A e S
KPS PRI TURR | e % mRNA BFEE 1
AP, R RNAplex # {4 #iill antisense
IncRNA 51 i mRNA Z [ A, FFAR
P AR 22 G R dRe /I F Fh REA TN 5 (i
BEX K2R
1.4 DELncRNA Ay b T2 B Th B8 Kol B R

HHE edgeR % (http://www.bioconductor.org/
packages/release/bioc/html/edgeR.html) 15 AcCK
1 AcT 4B 25255, F14% 8 logx(Fold change)| =1
H. P<0.05 (4R 1ERi % DEIncRNA . LncRNA 3]
A5 AR R I T ) 2 U gmAD JE AR OG , IRl cis
P X 35 PR R 1 T sl s KO i D)
H A IncRNA (138 P A7 i e v T3 B F i 10 kb
LN E A w2 H, A A Omicshare - &
(http://www.omicshare.com/tools/index.php/) [} A 5
AR LT KB %T DEIncRNA Y _F T i & K E
11 GO Ml KEGG $it4 e %% .

1.5 DEIncRNA FJ ceRNA J# &M EFIM T

HIREGEH , 2£75 5 A ] small RNA-seq £0AR
XPERBER R Qe rhig 6 H g AR Z 2 YL 6
H i 4l B AT FE , 345 1 & BT R 7Y miRNA
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AR, IFAT T A R AR 0 Y miRNA
22 5 F IR KR TE W 45 Y g 4 IO S Y
DEmiRNA™ | F| i Target Finder #X {4 5 iill
DEIncRNA #1454 ) DEmiRNA & DEmiRNA
45451 mRNA, MR mRNA 7Y KEGG
pathway £ R(5 EUE— 20 e 1 B 2] Jak-STAT {5
53 AN AL B IR 1L PR AU HE mRNA A7 TE4E 1]
455 KA M) DEmiRNA KAHN Y DEIncRNA, 14
3 DEIncRNA-DEmiRNA-mRNA 45} 2% J- 18 1o
FFH Cytoscape ZR{FFEA AT HRAL , i 128 #E2 1m) 25 65 %
RIARIE S5 H B/ T-17 keal/mol.
1.6 DEIncRNA HJ RT-gPCR ik
NESIEREEI PR AT 5EM:, A\ DEIncRNA H
FEALZEEL 9 N(TCONS 00013994 . TCONS_ 00001628 .
TCONS 00013493, TCONS 00019559, TCONS_
00024461 .
XR_ 001765889 F1 XR 001766314)#k1T RT-qPCR
KiF . ¥ Fi& DEIncRNA HIBRELF4, F
DNAMAN BBt AH 0 B 4 S B RS 14,
HHEIE g4 TAY TRA G K. FIH RNA
2R & (TaKaRa A F] L, HE) /1 $2EL AcCK
FlACT R RNA, JFE A3 2AH N ) cDNA,
qPCR 7 ABI QuanStudio 3 %)t E R PCR R4

TCONS 00032169, XR 001765267 .

(Thermo Fisher 28+, EEHHHIT. RIFEF
WEN: 95°C 3 min; 95°C 10s, 60 °C 30 s,
40 MER; HRIMARFBRIARR R E . B

MiEAT 3 WEE ., VL actin FERERINZ, KA
27480 B s iR DEInRNA #E47HX & 2 .
FIF Graphpad Prism 7 $F1EF T80 b B K% 2
K, A It dm 225 8 &, M
Y AL 1,

actamicro@im.ac.cn

*1. AMREAGIY
Table 1.
Primer names Primer sequences (5'—3")
TCONS_00013994-F CGGTGAAGGTAGAGGAGAGA
TCONS 00013994-R CGATTGTTACGAAAGCACAG
TCONS 00001628-F CGCTGGAATAAAGATGAAGG
TCONS_00001628-R CAGATTGCCAAGCACCTCT
TCONS _00013493-F CTGCGAGAAAGCACATTG
TCONS_00013493-R GCGTAAGAACAGGATGGAA
TCONS _00019559-F TGAAGATACAGGAAGTTGAGGC
TCONS_00019559-R TATGGGTGACGCCAAATG
TCONS_00024461-F AAACACGGTCACACTTCGC
TCONS 00024461-R  GAAATCCGATGATGGTTCG
TCONS 00032169-F CGTGTGTATGGCGTATGAG
TCONS _00032169-R GAGACATTGTGTTCTTCACCAC
XR_001765889-F GTAGATACAACGCTTGGTGTGA

Primers used in this work

XR_001765889-R TTTCCTTGATGACGCCAC
XR_001765267-F CGTGAAGGTTAGGATTGACC
XR_001765267-R TCAGTGAGCGAAGTGGTGA

XR _001766314-F
XR 001766314-R
actin-F

GCGTTGTAGTGGATAAGAATGG
TGTCGTATGGTTGCTCTGTATG
GCAGTTAGGCACTTTCTCTGA

actin-R CGTTTCCCACTTCTTCGTA

2 ERFAHN

2.1 BRI FPRERE R R

AcCK Fl AcT (il 743 5175 31 213479408 F
249839658 %% raw reads, £ A% 154 45 3
213458846 Fl1 249809780 %% clean reads, 5§ raw
reads ) FL 473k 5] 99.99%, Q30 43 ik ] 96.65%
Fl 96.59%. ZrHIF 134564975 Fl 117418047 4%
clean reads A HL X} 2 AT B e S FER 41 . DL 4%
SRUL A BIEFE 000 e B B i A, n] i A A
2.2 LncRNA FAY)f5 B2 K Venn 2347

JYE ] 1129 4~ IncRNA, 15 642 ASEUA
(known) IncRNA Fl 487 ~#i(novel) IncRNA, 7E
AcCK T4 5E #] 520 4~ known IncRNA #1 464 4>
novel IncRNA; 7F AcT HFXEZF 529 4 known



M5 | MEEIR, 2021, 61(5)

1343

IncRNA #1420 /> novel IncRNA. Venn 7314t
B8, AcCK il AcT 25 1Y known IncRNA Fil novel
IncRNA 235128 407 F1 397 4~; Hr5kRism
IncRNA 43514 180 F1 145 (A 1),

2.3 LncRNA FIZEHERIE 287 & Ho B

SERFRIER LEA T 45 2R S, g IncRNA
Ml mRNA BN & KT 0-10000 bp, H £
#% IncRNA F1 mRNA 4 23 i - 0-2500 bp;
IncRNA N & FK B mRNA %5 (5] 2-A) 1Ak,
IncRNA 1 mRNA f4ME TR ESF 0-15000 bp,
Z%0 IncRNA Fl mRNA K 53414 F 0-5000 bp;;

(A) 6e-04 -
4e-04 -
2
z
[
(@)
2¢-04 -
0c+00 -
0 2500 5000 7500 10000
Intron length/bp
©)
30 -
2
3]
g
= 20 -
S
(=)
=
.2
=
g 10
5: JJJ
N 11
12345678 910>-11
Exon number
A 2.

(B)

Density

@® Known IncRNA O Novel IncRNA

@ 407

O 397

AcCK AcT

1. BREERERARENTE 6 Hit4HgESD
IncRNA &Y Venn 5 #7

Figure 1. Venn analysis of IncRNAs identified in A.
apis-infected and uninfected guts of 4. c¢. cerana
6-day-old larvae.

M IncRNA

6004 B mRNA

4e-04 -

2¢e-04 -

0c+00 -

(D)

Transcript length/bp

5000 10000 15000

Exon length/bp

0
]

12 -

10 -

IncRNA mRNA

% 6 it 4 HAAIE F IncRNA 5 mRNA B S HMHHE LB

Figure 2. Comparison of structural property between IncRNAs and mRNAs identified in 4. ¢. cerana 6-day-old

larval gut. A: comparison of intron length; B: comparison of exon length; C: comparison of exon number; D:

comparison of transcript length.
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KA, IneRNA MAMNE FKIEHF mRNA (B
2-B); IncRNA HFME T T mRNA, &6 34
P TR IncRNA Hit ik £ (35 1)Kl 2-0).
LncRNA A #E A K B SR %L mRNA 4 (]
2-D).
2.4 Antisense IncRNA 2t

Mg 6 H B4 gl L i 43 4
antisense IncRNA 5 40 |~ 1F X% mRNA fF1E .
BT EE A FR o i, TCONS 00018864 T 4
mMgia ERFENA 3 midEHE(XM_017055601)
7 mRNA,TCONS 00018867 AJ # [ 454 F 3¢ &
FEE 8 AL X1 4ifd I F (XM_017055589)
) mRNA , TCONS 00028357 1] #8 |i] 45 &
piopio-like # 1 4 % & A (XM_017061795)
) mRNA, TCONS 00032421 0] &) 2h & 22 4%
B2 /95 24 TR £ 1 U I S A AR g i R TR (XML
017064272)f) mRNA, TCONS_ 00033001 n] # i
S5O TMAE MR T FutsCH B AIR X9 4 i Ak
H(XM_0170645)1 mRNA. & 5 /> antisense
IncRNA 5 A0 1 1E L4 mRNA [ B 25 6 56 &
TEWE 3,
2.5 LncRNA BIZAIEHHT

AcCK H IncRNA HJFRIEHANTF 0.001-142.60
Z 6], FE A E 1) IncRNA J& TCONS_00032019
(FPKM=142.60), H.E XR 001765880 (FPKM=
118.99)1 XR_ 001765028 (FPKM=113.64)., AcT
IncRNA fIZEE AT 0.001 5 145.90 2 Ji], ikt
B E A IncRNA i XR_001765880 (FPKM=145.90),
H¥kl XR_ 001765028 (FPKM=133.88)#1 TCONS
00009886 (FPKM=131.19).

actamicro@im.ac.cn

2.6 DEIncRNA FFfik & cis YEF T

ZFRIRIEERIEIR, AcCK vs. AcT A
A4 367 4 F I IncRNA F1 268 4~ N i IncRNA .
34 IncRNA 1 EJEFEH T 1.00 2 12.47, EiF
58 e KB IncRNA & TCONS _00017531[log,
(Fold change)=12.47] , H X & XR_001765250
[logx(Fold change)=10.94]#1 XR_001765500[log,
(Fold change)=10.91](3% 2); & IncRNA T
RN TF-13.01 £-1.07, FIAIEE RN TCONS
00002633[logy(Fold change)=—13.01] , H: &k &
TCONS_00019097[logy(Fold ~ change)=—12.80] I
TCONS_00011156[log,(Fold change)=—12.78](F 3).

AcCK vs AcT HALZ1RY 194 > DEIncRNA &
W E] 461 A~ E T . GO 4rHrdh SRR
S T iR SR AL AT R ) A AR (120) L B — AL
RIERR(109)FR T EFE(94) 5 17 AW # il e
R H, A0ME(60). dHMIZHF(60)FIZH IR (55)
12 MBS HEEEE, DLUREEA(125).
PR 15 PR (89) I i TE L (26)%5: 9 AN4r T I REAH
FHE 4) A5 N BFARTRIZAHN L
T U R

KEGG $¥EEE RS R ER, Bk B
PR LB 191 4538 %, f245 Hippo(6) .
PI3K-Akt(3) . Notch(2) . MAPK(2) . FoxO(2).
mTOR(1). Wnt(1)F1 Toll-like 2 (1)% 8 155
WP, oK AP ACE(10) . 2R G (8) Rl
FBACH(2)5% 9 S mACiE .. Ak, #a BT
Ui SR AT BB AN JR - (4) W ARERT(2) \MAPK
fH5E I (2). Toll-like ZAMESEE(1). FFIEIA
(D JAZ R FRYE K AR()AF 6 Z 40 LA e

PERAE
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412 1
TCONS_00018864

MFE(-477.32)
XM_017055601

XM_017055589
MFE(-583.11)

TCONS_00018867

379 2
880 1333

XM 017061795
MFE(-192.57)
TCONS_00028357

\\\\ |

1 1695

XM_017064272
MFE(-525.52)
TCONS_00032421

1364 3

) N\ TATYROY,

O TR T T AT R A T 11 !II
2082 4

XM 017064513
MFE(-1140.61)
TCONS_00033001

& 3. whigshh 6 HiABAE T antisense IncRNA K #H L IE X 5 mRNA B4 & % 75150

Figure 3. Prediction of pairing between antisense IncRNAs and corresponding sense-strand mRNAs in 4. c.

cerana 6-day-old larval gut.

F 2. AcCKvsAcT LbiEH HAFEHS

= BYBT+1I IncRNA

Table 2. Top 10 IncRNAs with the most up-regulation times in AcCK vs AcT comparison group

LncRNA ID FPKM in AcCK FPKM in AcT Logy(Fold change) P value FDR
TCONS 00017531 0.001 5.69 12.47 2.59E-212  5.87E-210
XR_001765250 0.001 1.96 10.94 6.15E-57 1.70E-55
XR_001765500 0.001 1.92 10.91 2.01E-47 4.07E-46
TCONS 00003662 0.001 1.52 10.57 7.59E-09 2.14E-08
XR 001766516 0.001 1.48 10.53 1.51E-20 9.07E-20
TCONS_00012588 0.001 1.47 10.52 9.64E-07 2.30E-06
TCONS_00029241 0.001 1.34 10.39 2.88E-78 1.21E-76
XR 001765462 0.001 0.76 9.57 2.99E-14 1.30E-13
TCONS 00002261 0.001 0.56 9.13 9.50E-19 5.20E-18
TCONS 00033491 0.001 0.50 8.97 0.0019575  0.0034385
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%= 3. AcCKvsAcT L3RBT iAEEH RS EIET 1L IncRNA

Table 3. Top 10 IncRNAs with the most down-regulation in AcCK vs. AcT comparison group

LncRNA ID FPKM in AcCK FPKM in AcT Log,(Fold change) P value FDR

TCONS_00002633 8.25 0.001 -13.01 5.10E-48 1.09E-46
TCONS_00019097 7.13 0.001 -12.80 8.80E-39 1.33E-37
TCONS_00011156 7.03 0.001 -12.78 2.15E-36 2.79E-35
TCONS_00023972 7.00 0.001 -12.77 1.33E-34 1.58E-33
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Long non-coding RNA response of 6-day-old Apis cerana cerana
larvae to Ascosphaera apis infection

Yu Du'”, Ruirong Feng'”, Jie Wang', Zhiwei Zhu', Wende Zhang', Kejun Yu', Qi Long',
Zongbing Cai', Yanling Xie', Cuiling Xiongl, Yanzhen Zhengl’z, Dafu Chen'?, Rui Guo'*'

" College of Animal Sciences (College of Bee Science), Fujian Agriculture and Forestry University, Fuzhou 350002, Fujian
Province, China

* Engineering Research Center of Processing and Application of Bee Products of Ministry of Education, Fujian Agriculture and
Forestry University, Fuzhou 350002, Fujian Province, China

Abstract: [Objective] This study aims to investigate the differential expression pattern of long non-coding RNAs
(IncRNAs) and their regulatory function involved in Apis cerana cerana 6-day-old larval gut response to
Ascosphaera apis infection. [Methods] Un-infected and Ascosphaera apis-infected 6-day-old larval guts of Apis
cerana cerana (AcCK and AcT) were sequenced using strand-specific cDNA library-based RNA-seq technology.
Structural characteristics and expression pattern of IncRNAs were analyzed using related bioinformatic softwares.
DEIncRNAs were screened followed by investigation of their cis-acting role and competitive endogenous RNA
(ceRNA) network. RT-qPCR was conducted to verify the sequencing data and expression pattern of DEIncRNAs.
[Results] Here, 642 known IncRNAs and 487 novel IncRNAs were identified. Compared with mRNAs, these 4pis
cerana cerana IncRNAs were shorter in exon and intron length, fewer in exon number and lower in expression
level. Additionally, 43 antisense IncRNAs were discovered to have complementary relationship with 40
sense-strand mRNAs. In AcCK vs. AcT comparison group, 367 up-regulated IncRNAs and 268 down-regulated
ones were identified. In total, 194 DEIncRNAs were found to potentially regulate 461 upstream and downstream
genes, which were annotated to 38 functional terms such as cellular process, metabolic process and catalytic
activity, as well as 191 pathways including amino acid metabolism, endocytosis and MAPK signaling pathways.
Moreover, 180 DEIncRNAs can target 50 DEmiRNAs, further regulating 6365 mRNAs; additionally, complex
regulatory networks existed among them. [Conclusion] These results demonstrated that partial antisense IncRNAs
may participate in host response to Ascosphaera apis infection; some DEIncRNAs may regulate upstream and
downstream genes relative to material metabolism and immune-associated pathways, thus mediating host
Ascosphaera apis-response; a portion of DEIncRNAs including TCONS 00010661 and TCONS 00003104 were
likely to regulate Jak-STAT signaling pathway and oxidative phosphorylation and corresponding enriched genes via
ceRNA networks, further participating in the response of host to Ascosphaera apis invasion.

Keywords: Apis cerana cerana, larva, Ascosphaera apis, long non-coding RNA, competitive endogenous RNA,
immune response
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