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B4 S R, Am7CK vs. Am7T H14 26 > DEmiRNA $8 i1 5 Py 7545 FH 25 66028 58 A 9 10 4~ DEmRNA;
Am10CK vs. Am10T H4 15 > DEmiRNA #[1] 5 MAPK {5 53 %55 G0 2 3 JE A S AY 10 41~ DEmRNA

Bk TP AE I 4 1~ DEmiRNA 25 3Rk bk [ 4530 ] iF5R 45 - %78 T 15 3 DEmiRNA ] fig
W PR R A RE A AR SR FEXT N. ceranae 7722, {H DEmiRNA A2 55 Ik HE K
MFIBPFE; miR-1-z ATRES 518 F M AMMOIGETE . A0 0 T f e kiR s T mhie fb i B vT e 7E 1 32

G NLAE JAi E-9 I EAE P R R R A

KRR BRFIENE, ROrEBHIET A, MU RNA, RN, 1@ BRI EAE, 2Ll

T

B RFE ¥ (Apis mellifera ligustica, fRFRE
WEWE N T 5 8 1 (Apis mellifera)d WA 2 —, A H
ARERI . A Gy AP RSO0 R AR
Iz T RE R SR A, R E BTN
AR AT AR A SN . AR 8 e A 1
(Nosema ceranae) &=—FI FR A I BRIt , | iz Jak
Yttt R IERER) ) N. ceranae Fi FME IR YL AR
W R an it a8 E A aE
RE et aan VR B e ) 1 B YL N ceranae
7 d BV B T Bt TR L D B
FlUEGL N. ceranae 14 d VY J7 8 W T IEFE T %645
I 100%, Mayack 25 % A Ji YL 1YL N. ceranae
AR DY 77 B 0 T R A AN [ e R RO i) W 000 3
N, KILN. ceranae JERYLH) T W Xt ok i vk
JEE TRE W VR P AR R A M T R ) T A e 1 (R
FR T ARG TS ), AR RE N
ceranae XtV i B W 4y it A (e k12,

P e R 4145 . T 2006 454 i o Evans
FHTZSHIEENA, @A) R o
RIVG )5 W AFAE Toll, Imd. JAK/STAT FI INK
4 ZRAEADCHE N 6 ML kGRS EEA, (H
AHEE TR AR, DYy B AT 0 S B PR
Fo 17 AERFR B TR T =z =, KU
T B B AR S B A BT T R, TR BT AR 7E
FRAR S S5 Ay T A B i e, R

g

2 W ELAG B — S Bt ) 2R A 1Y) e s i S s A i ]
PO R, AR T4 2 F Bo vy 2
WEM N, N. ceranae WISIEN BT T B 25T,
KIXN. ceranae et I 10 18 = AHT IR AREE B
20 e B 2 A DG B DR ) e 38 W 3 R e Y ) R M 1Y) A
FEN A (A WIS R N. ceranae 233005 I
WAL A KA L ZWF5E LB N. ceranae
Y] T3V 7 B W naked cuticle IR PRI,
ULER naked cuticle &R 23 BUHT IR KL R A9 |
Al | I S A SR HLAE 3 18 U R AR R R
BT, SRR, W I R 1 R R
Ko, MTHE mRNA 2122 )2 DO PG J7 B8 B . N
ceranae 1244 Wi BB HEA T T — et
(ENSYEN IR R sl i

/N RNA (microRNA, miRNA)&— K i 2
23 nt fJIEZRHS RNA (non-coding RNA, ncRNA),
Ho T Py 21 8 2ok B 0] 58 42 BOAS 58 42 DL BE 45 45 5
mRNA ) 3" UTR XA sl A# mRNA, IR
LRy FR 2 miRNA EHHEN 22 551
P AE Y AR 2 A W2 AP mr Al A=
WG B 0 Hx PG 5 % 6 1 miRNA k47 1 —28
W, W MBI AR AT | ph 2 & PR
R, Ashby SEROBFT LS IR, Py 2 ik
F A T ) miRNA K15 AE Ll d Kk & 0
PrEc B 0225, WA miRNA Al RES 5 E#
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V5 2 I R 4346, Huang S5 F — AR 7
MAEYME BAEIE T N. ceranae J%4%E 1-6 d PG 7
B T I miRNA BRA N, K BUE 22573k
#Y miRNA (differentially expressed miRNA ,
DEmiRNA) ] il if Z 5 A . geiEft
RN G A DG L I Y Rk, NEXT N. ceranae 15
Y201, 357 P BAAE L IRl F 0 — 2B A58 & L, miRNA
AIREM N. ceranae 512 [H] E@%‘ﬁiﬁ?}m]o
HAT, 2T miRNA %5 ncRNA 7£ % Wi i
HEHH N. ceranae 12443 B IVERT , *Hﬂéﬁ:ﬁm
SRAE W WG o 2B I BAAT A © 45 G B e Sk e
1 RNA-seq £ ARXFIEH Fl N. ceranae Ej]‘l_é/ﬂ g
LI HEATINY , RGENT R T L N.
ceranae Wi )5 3K 3L Hl (highly expressed gene,
HEG)# k1 & HEG BT AE/E Y, R T 16 &
[L,]f‘ N. ceranae W38 i3 R 25 5 RN 15 F G5 Ly
s FEMRHT T e TR A EEIRE GRS RNA
(long non-coding RNA, IncRNA)Z:5FF ik & 7o 4
PEPYE RNA (competing endogenous RNA, ceRNA)
PR, X F BN N. ceranae WA 1) 5
WAL, AThEZ 5y FLE W2 K- TR A B R . AR
WF5EAI A small RNA-seq (SRNA-seq)$f; AN 1E %
FIN. ceranae Jf8 7 d F1 10 d (70 T 0 iz it
P, I R A B AE SE e 38 ) DEmiRNA
J PR 2%, DL A 3 B A R AR Vi A28 A 56
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(953 F AL R 2L 1) 228 05 ARG BLfi
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11 AR HAER
PR e T A AR AR MK 22 sh Rl A2
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BEOLITE 6 W T8, hrleh ik rabgs, B ar
RS R0 7 e ) AL, S B A AS 21 1 A
FEMPEFT PCR A5, RSk
Nc-F: CGGCGACGATGTGATATGAAAATATTAA,
Nc-R:  CCCGGTCATTCTCAAACAAAAAACCG,

N. apis ¥ 559 Na-F: GGGGGCATGTCTTTG

ACGTACTATGTA, Na-R: GGGGGGCGTTTAAAA
TGTGAAACAACTATGEY, ¥ PCR #6145 5 B

PER R N AT S0 e 1 5 (2) ISR
SR B A TR Y B A (34.0£0.5) °C Rl
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EWUEH N, ceranae &G 7 d #1110 d #Y THEH)
HRIGIEA TN o AP EOE AN N, ceranae %
7d 1010 d BEE TED)E, 43 HET 14
RNA-Free 1 EP &, 7 HI AR A A, IR
PRSP HIE 20 s AN, 7 d X BRALRE SN
Am7CK: Am7CK1, Am7CK2., Am7CK3; 7d 4b
FRLAFESL A Am7T: Am7T1, Am7T2, Am7T3;
10 d X} B8 4 K¢ i & Am10CK : Am10CKI .
AmI10CK2 . AmIOCK3; 10 d &b 320 4 50 N
Aml0T: AmI0T1, Am10T2, Aml10T3, fH#H(5E
SRR, BB E-80 °C BIRIRVKAI A&
Mo FIFH Trizol 443 B ML FIRFE LAY S RNA,
DS HEE S FE VK VDS e 18-30 nt A A Bt 4k
M 3k, YDA 15%28 1% PAGE i HL UK
Iyes, VIRCERR 3644 nt HWAAT; B ™
W, 354 Sk ARG NIRRT P Sk (/) RNA
FEAR AT 5% 53 PCRo U557 LA 3.5% B bt
BEREHL VK525, VIS I 140160 bp X3 2577
RIR SO o ZRFE N Fk il B8 A= 5 AR A BRZA
Xof A 0 SCE SEAT I R, P& Tllumina
HiSeq™ 2000. sRNA-seq 1Y it ¥ £ 1% NCBI
SRA %454, BioProject 5 : PRINA408312,
1.4 W FPHaE B

2 W0 A 5 2 B e Bt R4 7k A
B, R (1) HIBRE G EE (raw reads)
o SHESLFA . 5 polyA . SR reads FBT )
B3k AR IE T 18 Bk T 30 M IRKY
JEA, 45305 T A ST FIFR % (clean tags);
(2) FIH Bowite AP LEEFRAFHY clean tags HLXT
GenBank & Rfam (11.0)%(#g %, i 3€ e xF
rRNA | scRNA. snoRNA F tRNA ] clean tags,
R AR ERER) tags (unannotated tags); (3) EFLXT N.

ceranae = 7 3 [H 41 (assembly ASM98816v1)

https://www.ncbi.nlm.nih.gov/genome/931?genome
(http gov/g g

_assembly id=230435), B HXT E a9 % (BD R
N. ceranae HIEHE); (4) KSR ARBIRAREE X Yy
W 525 FEF 2 (assembly Amel_4.5) (http://www.

ncbi.nlm.nih.gov/genome/48?genome assembly id=

22683), HIBRHXT FIEEHASNE T N FHIE
BIFHIH clean tags, T4 X E A% (mapped
tags) Al T 5 2253 4T o
15 miRNA BB K 2 545t

FIFH miRDeep2 #4CMs I iA T 43 ) mapped
tags 5 miRBase £ 2 ISR Y miRNA Hij {4751
PEATEEXS, $RA3E %0 miRNA 3. [, $R
XF Y tags FXT SRR, A3 0] BRI HTIAT 51,
W tags FERTUAT 51 1195310 (5 B R TR 25 1 g
S fr B SR UL TR A 22 4T 43 52 B novel miRNA
(%5 . R TPM (tags per million)$¥ 7% A 2
(TPM=T10°N, T F/RH4 miRNA i tags, N %
7N miRNA ) tags)%T miRNA AYZAE P TIH—
k.. it DEmiRNA B9FRHUE: |logy(Fold change)| =1,
P<0.05. FiRfk e 2 T H ALY Fr Y
miRNA Z2£AF 5557, FIFH OmicShare 764k T.H.
4 (www.omicshare.com)iT 5 Pearson H¢ R %L
HAERE, LUK DEmiRNA #) kil BRI A
FHOCER R TR IN S 5L
1.6 DEmMiRNA KJ$E mRNA Bl #4347 K i M
KA

AE miRNA 5757 % i 2% 5L 2 )y 115
K., FIH TargetFinder X EF 74 mRNA i
o PEIN E O HE mRNA B 5] GO F KEGG %6 4
Gttt B GO ZH#i KEGG i i (pathway)H)
mRNA %t . Mo, FIF Cytoscape k141
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DEmiRNA e ) 4545 10 - 5 10 AT G 1Y) 22 57

%7Kk mRNA (differentially expressed mRNA ,

DEmRNA) 25 42 R UEF T RTAL

1.7 Novel miRNA BJ Stem-loop RT-PCR ik
S8 Chen %WIIERASFEEN Jr ik, BEHL Pk

13 /> novel miRNA (novel-m0008-3p .novel-m0019-5p .,

novel-m0003-3p. novel-m0018-5p. novel-m0006-3p.

novel-m0005-3p. novel-m0043-5p. novel-m0022-3p.
novel-m0033-3p. novel-m0040-3p. novel-m0026-5p .
novel-m0031-3p. novel-m0001-3p)JEFTFRIAKIE,

A DNAMAN 8 # {3t novel miRNA Y
Stem-loop 5|41, FeFtE LUEAE g9, &
FEAE T AV TR B A RA RS, 5191E
BIEILR 17 RNA 210 & (Promega 24

*1 KHMREETARSIY

Table 1. Primers used in this study

Primer name

Primer sequence (5'—3’)

novel-m0008-3p-loop
novel-m0019-5p-loop
novel-m0003-3p-loop
novel-m0018-5p-loop
novel-m0006-3p-loop
novel-m0005-3p-loop
novel-m0043-5p-loop
novel-m0022-3p-loop
novel-m0033-3p-loop
novel-m0040-3p-loop
novel-m0026-5p-loop
novel-m0031-3p-loop
miR-8271-y-loop
miR-1-z-loop
miR-374-y-loop
miR-128-y-loop
miR-8271-y-F
miR-1-z-F
miR-374-y-F
miR-128-y-F
novel-m0008-3p-F
novel-m0019-5p-F
novel-m0003-3p-F
novel-m0018-5p-F
novel-m0006-3p-F
novel-m0005-3p-F
novel-m0043-5p-F
novel-m0022-3p-F
novel-m0033-3p-F
novel-m0040-3p-F
novel-m0026-5p-F
novel-m0031-3p-F
Universal R

U6-F

U6-R

CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCATCCTCC
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGATCTCGGA
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAACAACGG
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGACCTACTG
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTCCTCCCA
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGGTAGGATG
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAGACGAAT
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGATCCTCTC
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAGGATACC
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTCTAGCAC
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGACCATCAG
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCGAGAAAT
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGACCTATCT
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGATACATAC
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAATTACAA
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAAAGAGAC
GCGCGCGTATACTGAAT

GCGCGCGTGGAATGTAAAGAA

GCGCGCGCTTATCAGATTGTA

GCGCGCGTCACAGTGAACCG

AGGGGATGGGAG

TGCAGGCGTGCAGA

TTTGAACAATTGTAC

GGCCCATTAGCT

CACAACCACTCTGA

ACACTCCAGCTGGGTTGACTATGATT
ACACTCCAGCTGGGTTAATTAAATACAT
ACACTCCAGCTGGGCGTGTCGAGGACA
ACACTCCAGCTGGGATATACCATTCGTC
ACACTCCAGCTGGGTCGGTTTTAAAGTCT
ACACTCCAGCTGGGTATCCACGATCATAA
ACACTCCAGCTGGGTGCGCGATCGATA
CTCAACTGGTGTCGTGGA

GTTAGGCTTTGACGATTTCG

GGCATTTCTCCACCAGGTA
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% FE)HEE Am7CK., Am7T. Am10CK 1 Am10T
FEMAYE RNA, A Stem-loop 514 5055 #4595
FHN ) cDNA Tilik, 1% PCR Bz . PCR
AR (20 pL)Yfu$E cDNA 1 uL, FFi#E5 1914 1 L,
dH,O 7 pL, PCR mix 10 pL; PCR #JFi% & : 94 °C
5min; 94°C30s, 50°C40s, 36 MEH; 72 °C
1 min, PCR F=¥)4: 1.8%I5 R WHUEE I HL Ik ARG , )
FHEEI AR R G HHEssETE , b D)W
1.8 DEmIRNA [ gPCR Bk

FIFH DNAMAN 8 #{4i%it DEmiRNA Y
Stem-loop 5|4 . ¢tk BS54 . 3@ FH e |4,
DL B U6 KL (DEmiRNA 19142 B4 Sk
Y, ZAEA TAEY TR B R A FA .
5195 BIEL R 1 FH RNA 5 £ (Promega
o), EEDHIEE Am7CK ., Am7T. Am10CK
1 Am10T 5B 5 RNA, FF Stem-loop 514 #il
Bl AL 5| W) o i S A5 B AH W 1) cDNA 43 51 /E A
DEmiRNA #l U6 3£ [H ) qPCR #if . qPCR S
AZ((20 pL): ¢cDNA 1 pL, EFESI9% 1 uL,
RNA-Free H,O 7 uL, SYBR Green Dye (7%,
HiE) 10 pL; ABI QuanStudio 3 %%t E & PCR Y
(ABI A7, £ qPCR FEFBEE : 94 °C 5 min;
94°C30s, 56°C40s, 40 MEH . RT-qPCR HE4~
FOR AT 3 A TERE MY B . R 27
7154 DEmiRNA BFEXT R K4, FIH GraphPad
Prism 7 44T Student’s r-test 536 F12: &,

2 SR

2.1 PP BUE R S
R 12 4 E T g R 3R A
165895574 2% raw reads, Z&7A& iy AL1E

F] 132028990 2% clean tags, EFZHFE Y clean tags
7 raw reads [ FLEIERIR B 77.04% K VA F(F 2)
4k, Am7CK, Am10CK, Am7T #1 Am10T 4
-2 Pearson AHIC 735 ] 87.92% . 99.93%
91.14%K11 99.67% (P 1) LA I 455 B I ¥ B85
Jo 2 RO it E A R
22 EiETH¥HH miRNA e 504

F| F miRDeep2 # 4Ll 4 984 4~ miRNA,
£ 928 NE A1 miRNA 1 56 458 miRNA; ‘EA1]
KEAT 18-28 nt, K&/ miRNA K EH
18 nt (263, 27%)F1 22 nt (264, 27%) (K 2-A). It
Ah, AFEK LR miRNA 157 B3 s 1] P A7 78 B
25, 19-25nt ) miRNA BF AR U A,
18 nt A1 26 nt /Y miRNA B BFEE L A 4, 28 nt
) miRNA B FELL G o E (& 2-B). M ik
56 /1~ miRNA FHEEHLPKZE T 13 4> novel miRNA
P47 Stem-loop RT-PCR, i HHEE M L bk 45 2 ik
AN 12 1N(92.31%) 3 BEY 3 AT A U A e 5
P2 (18 3).

% 2. sRNA-seq #iE% it

Table 2.  Summary of sSRNA-seq dataset
Samples Raw reads Clean tags
Am7CK1 14021728 11355712 (83.38%)
Am7CK2 13479635 10077417 (77.04%)
Am7CK3 13033478 10828352 (85.55%)
Am7T1 13731512 10764025 (80.66%)
Am7T2 13195285 10728197 (83.57%)
Am7T3 14332490 11456414 (82.16%)
Am10CK1 13083648 10127041 (80.51%)
Am10CK2 13544596 10710261 (81.52%)
Am10CK3 13716280 11019319 (82.75%)
Am10T1 14346575 12065860 (87.31%)
Am10T2 14861853 11591319 (80.99%)
Am10T3 14548494 11305073 (80.68%)
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(A)

(A 30,
1.00
. Am7CK 1
0.95 © 20}
Am7CK2 z
0.90 2
Am7CK3 £ 10t
0.85
Am7TI 0
0.80 18 19 20 21 22 23 24 25 26 28
AmTI2 Length/nt
.Am7T3 (B) 100-I.lIIII. —
% N OO 80| C
FLEEEE G
AR 2 6l ‘
(B) 5
1.000 S 40t
Am10CK1 A
1 0.998 20l
Aml0CK2 0.996
Amiocks | 0994 18 19 20 21 22 23 24 25 26 28
0.992 Length/nt
Am10T1 0.990

El 2. EiETHEH miRNA BYEEHIEFIE

Figure 2. Structural properties of miRNA in the
Am10T3 midgut of A. m. ligustica worker. A: Length
distribution of miRNA; B: First base bias of miRNA.

Am10T2 0.988

2.3 BTz DEMIRNA BRI FISHT

B 1 &R S [EH Pearson 482 zE B NN, Am7CK vs. Am7T b3 4H pdtf
Figure 1. Pearson correlation coefficients among 84 1> DEmiRNA, £0f% 48 > -1 miRNA H1 36 4~ F

various biological replicas within every groups.

Figure 3.

7% miRNA (/& 4-A); Am10CK vs. Am10T HH4H

R S S R
\ Q Q Q \
Q N S S Q
N & & & &
< < < < <
bp  marker N 3 3 S & marker
250
100
R S R R S R S
"):b "):’) v ")b 4 ‘Ob \:b
& & NN Na g &
Q \ N N \ N N
NN & \F N & \®
& < & & < 23 R
bp  marker ® ® ® ® ® ® & marker

250 250 bp
100 100 bp
3. BT A#E miRNA B Sem-loop RT-PCR % &
Stem-loop RT-PCR identification of novel miRNAs in 4. m. ligustica worker’s midgut.

actamicro@im.ac.cn



WREERISE | A P24k, 2020, 60(7) 1465

(A) B)

30 F 30F
251 25+

T 201 2200

: E

& 15 a 15

20 210 :
5 & 5 - P |
oLl V. ik i ol Y L

-4 -2 0 2 4 —4 -2 0 2 4
Log, (Fold change) Log, (Fold change)

4. FELELAH DEMIRNA A LLE
Figure 4. Volcano plots of DEmiRNAs in every comparison groups. A: Volcano plot of DEmiRNAs in Am7CK vs.
Am7T; B: Volcano plot of DEmiRNAs in Am10CK vs. Am10T. Green dots indicate downregulated miRNAs and
red dots indicate upregulated miRNAs.

HH 107 4> DEmiRNA, 345 56 > ¥ miRNA Al ame-miR-6052[log,(Fold change)=11.73], T i &
51 4~ 174 miRNA (& 4-B). Am7CK vs. Am7T H* Bl KN miR-8191-x[log,(Fold change)=—14.22],
WERE AR miR-9075-y[logy(Fold change)y=12.29], H: K & miR-298-x[log,(Fold change)=—13.64]F/
X J& miR-2188-x[log,(Fold change)=12.21]Fl miR-434-y[log,(Fold change)=-13.48] (% 3).

& 3. Am7CK vs. Am7T LEEZE AT 10 IR _EIEFITE miRNA
Table 3.  Top 10 up- and down-regulated miRNAs in Am7CK vs. Am7T comparison group

miRNA name TPM in Am7CK group TPM in Am7T group Logy(Fold change) P value
Up-regulated miRNAs

miR-9075-y 0.001 5.020 12.293 0.003
miR-2188-x 0.001 4.740 12.211 0.021
ame-miR-6052 0.001 3.390 11.727 0.002
miR-1983-y 0.001 3.040 11.570 0.004
miR-8212-y 0.001 2.833 11.468 0.004
miR-224-x 0.001 2.327 11.184 0.013
miR-92-x 0.001 1.647 10.685 0.023
miR-501-y 0.001 1.273 10314 0.047
miR-374-y 0.203 5.397 4.730 0.001
miR-767-x 0.203 5.347 4.717 0.001
Down-regulated miRNAs

miR-8191-x 19.120 0.001 —-14.223 0.000
miR-298-x 12.743 0.001 -13.637 0.000
miR-434-y 11.440 0.001 -13.482 0.000
miR-541-x 10.293 0.001 -13.329 0.000
miR-5100-y 9.750 0.001 —-13.251 0.000
miR-291-y 7.853 0.001 -12.939 0.000
miR-292-y 6.880 0.001 —12.748 0.001
miR-4700-x 5.990 0.001 —12.548 0.022
miR-293-y 4.937 0.001 -12.269 0.003
miR-381-y 4.377 0.001 —-12.096 0.001
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Am10CK vs. Am10T FbAc2H b8 B i R ik
miR-8503-x[log,(Fold change)=15.97] , H &k &
miR-2965-y[logy(Fold change)=15.21]#1 miR-4700-x
[log,(Fold change)=14.75], F ¥4 & B fx KB N
miR-462-x[log(Fold change)=16.42], H/K & miR-142-y
[logy(Fold change)=—14.751#1 miR-144-y [log,(Fold
change)=-14.51] (¥ 4).
2.4 BT 7 DEmiRNA #t mRNA BT
ViKY

Am7CK vs. Am7T AL 6151 84 1> DEmiRNA
LW 4003 ANFEREESRIE L 9827 MR
mRNA, EfI&EEE 50 ZIEEAHE 5-A), W
K19 F UM MO H , Blngnf 1189 4>

mRNA) L2 (1189 4~ mRNA); 11 45551
DIREFHOCH , Blangs 42727 4 mRNA)FIfEfL
TEPE(1794 1~ mRNA); 20 S4B MG 46 H
AN 40 B BEFE (2617 > mRNA) AR (2276 4
mRNA),

Am10CK vs. Am10T HEHMLFH 107 4
DEmiRNA FEH il 4301 PEEEEL SRIE S
10720 4~ mRNA, EATEERE 47 4 GO 4H
(1 5-B), W RANMEI(1342 > mRNA)FIZ L1+
(1342 /> mRNA)ZE 17 &40 H ; 454
(2996 4~ mRNA)FI#EALIEPE(1934 1~ mRNA)SE
11 %50 FUIREFHCA H ; 40 iERE (2865 4
mRNA)FIC I HERL (2427 1> mRNA)ZE: 19 5 549

#* 4. AmI10CK vs. Am10T LE#ZEHT 10 I _EFFI T miRNA
Table 4. Top 10 up- and down-regulated miRNAs in Am10CK vs. Am10T comparison group

miRNA name TPM in Am10CK group TPM in Am10T group Log,(Fold change) P value
Up-regulated miRNAs

miR-8503-x 0.001 64.363 15.974 0.000
miR-2965-y 0.001 37.877 15.209 0.000
miR-4700-x 0.001 27.610 14.753 0.000
miR-8797-x 0.001 25.680 14.648 0.000
miR-7572-y 0.001 22.733 14.473 0.000
miR-3232-x 0.001 18.357 14.164 0.000
miR-4577-y 0.001 18.353 14.164 0.000
miR-301-x 0.001 17.167 14.067 0.000
miR-5001-x 0.001 14.707 13.844 0.000
miR-2172-x 0.001 7.387 12.851 0.001
Down-regulated miRNAs

miR-462-x 87.560 0.001 —-16.418 0.000
miR-142-y 27.487 0.001 —-14.746 0.000
miR-144-y 23.357 0.001 —14.512 0.000
miR-144-x 17.910 0.001 -14.128 0.000
miR-223-y 17.157 0.001 —14.066 0.000
miR-8159-x 12.397 0.001 —13.598 0.000
miR-7132-y 9.860 0.001 —13.267 0.000
miR-5112-x 8.670 0.001 —13.082 0.000
let-7-z 8.143 0.001 -12.991 0.000
miR-2184-x 7.807 0.001 -12.930 0.000
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Figure 5.
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EUEREAISESCH . Hirp, Am7CK vs. Am7T H 5341
A 675, 7 Fl 2 1L mRNA HBAERN N .
£ R G ERE A AN %425 ; Am10CK vs. Am10T 43
WA 753 F1 7 HE mRNA T3 BAE R 805 107 A s
EN % R
25 EeT e DEMIRNA I3 mRNA K58 i
ViKiiy

Am7CK vs. Am7T HE 41+ DEmiRNA 4

mRNA HEEAE 138 S, EEBHEL T
5 M HE Wat (558 #%(173 > mRNA), A&

YR (139 4~ mRNA). Hippo {55 (118 4
mRNA), EEALHH97 4~ mRNA)FZ R F 1)
EH KO0 4~ mRNA) (£ 5). Am10CK vs.
AmI0T L4 DEmiRNA AY# mRNA L&
£ 135 558 %(Kl 6-B), BEBURZ T 5 A5l
Wnt {5538 #2200 4~ mRNA), WHEEH120 4
mRNA) ., (112 4~ mRNA), Hippo {7518
FE(110 > mRNA)YHIZ RA-FE FK#FE100 4
mRNA) (% 6).

— 3R I, Am7CK vs. Am7T Hl Am10CK

% 5. Am7CK vs.Am7T &1 DEmiRNA #E mRNA E&#F S HAT 10 LB

Table 5.

Top 10 pathways of DEmiRNA target mRNA enriched in Am7CK vs. Am7T

Pathway name Pathway ID Number of target mRNA P value
Wnt signaling pathway ko04310 173 0.000
Endocytosis ko04144 139 0.000
Hippo signaling pathway ko04391 118 0.000
Purine metabolism ko00230 97 0.612
Ubiquitin mediated proteolysis ko04120 90 0.009
Neuroactive ligand-receptor interaction ko04080 89 0.000
Phototransduction ko04745 83 0.000
mRNA surveillance pathway ko03015 78 0.000
Protein processing in endoplasmic reticulum ko04141 75 0.516
FoxO signaling pathway ko04068 68 0.000
% 6. AmI10CK vs. Am10T 5 DEmiRNA ¥ mRNA E %5 & % KA1 10 (LE
Table 6. Top 10 pathways of DEmiRNA target mRNA enriched in Am10CK vs. Am10T
Pathway name Pathway ID Number of target mRNA P value
Wnat signaling pathway ko04310 200 0.000
Endocytosis ko04144 120 0.074
Purine metabolism ko00230 112 0.194
Hippo signaling pathway ko04391 110 0.000
Ubiquitin mediated proteolysis ko04120 100 0.001
Phototransduction ko04745 85 0.000
Neuroactive ligand-receptor interaction ko04080 83 0.000
Spliceosome ko03040 83 0.689
Protein processing in endoplasmic reticulum ko04141 75 0.777
RNA transport ko03013 75 0.989
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F 7. Am7CK vs. Am7T #1 Am10CK vs. Am10T Et4%4H 5 DEmiRNA HI%E mRNA = £ /04 & & FH 5 1@ B

Table 7.
Am10CK vs. Am10T comparison groups

Cellular immune-related pathways enriched by DEmiRNA-targeted mRNAs in Am7CK vs. Am7T and

Pathwa Pathway ID Num of target mRNAs Num of target mRNAs in
way Wy in Am7CK vs. Am7T Am10CK vs. Am10T

Endocytosis ko04144 139 120

Ubiquitin mediated proteolysis ko04120 90 100

Lysosome ko04142 42 54

Phagosome ko04145 38 39

Insect hormone biosynthesis ko00981 8 4

8. Am7CK vs. Am7T #1 Am10CK vs. Am10T tb#k4E 5 DEmMiRNA BIE mRNA = & BY4& S A8 X 18 2%

Table 8.
Am10CK vs. Am10T comparison groups

Humoral immune-related pathways enriched by DEmiRNA-targeted mRNAs in Am7CK vs. Am7T and

Pathways Pathway 1D Num of target mRNAs Num of target mRNAs
in Am7CK vs. Am7T in AmI0CK vs. Am10T

FoxO signaling pathway ko04068 68 71

MAPK signaling pathway - fly ko04013 19 20

Jak-STAT signaling pathway ko04630 16 20

Drug metabolism - cytochrome P450 ko00982 6 4

Metabolism of xenobiotics by cytochrome P450 ko00980 6 4

vs. Am10T H' DEmiRNA #! mRNA & 4 16 St
FIH B30 & mRNA #1 29 4~ mRNA), H
fh Z BER% (28 1~ mRNA F1 25 4~ mRNA), &k
TIHER S (29 4> mRNA F1 32 4~ mRNA), EFL
BEALISH(20 > mRNA F1 18 > mRNA), =3RRI
R (24 1 mRNA F1 24 > mRNA)FA LB R fL(36
A~ mRNA 1 44 4~ mRNA)Z5E4) 5 AR A i 5 5
Am7CK vs. Am7T Fl Am10CK vs. Am10T HH4H
i) DEmiRNA #! mRNA ¥ & HE TR EERAREZ R
N KR SE S SR 20 M S A OCE I (3R 7);
MAPK {5538 %Al FoxO {5 5l 5 5 SRR
PEAF DGR PR (3 8)

SEA I A5 8] DEmRNA 2551059 py g
DEmiRNA 5 DEmRNA 2 [B] iR, srHras ik
B8 Am7CK vs. Am7T 45 26 /1> DEmiRNA #[n] 45

G EHNFER ZEZNFE K AR FoxO
{55 MAPK {5 S i@ BESF e AHOCHT 10 4>
DEmRNA (XM _006570195.2, XM_006564220.2 #ll
XM_006570873.2 %) (¥l 6-A); Am10CK vs. Am10T
H1f 15 4~ DEmiRNA 80 255 SiEEHA . 2%
A FE B K. NAYER . MAPK 553 #%
il FoxO 5 5 B S5 PEAHE 10 4~ DEmRNA
(XM_0065674282 . XM 0065707142  #l
XM _006561133.2 %) (K 6-B).
26 REiIET ¥ 7 DEMIRNA FlmRNA /) RT-gPCR
BE

BEALPEER 6 H1) 4 4 DEmiRNA #47
RT-gPCR i, Z5RE/REIRFRIAGEE ST
B —B(E 7), UESE TR EHE LA miRNA
PRI e Sy <k iU A G

http://journals.im.ac.cn/actamicrocn



1470 Huazhi Chen et al. | Acta Microbiologica Sinica, 2020, 60(7)

(A)

il i A
. ~ M 0-

ke A

mi 7-y ame-‘rA-2788 . ) . 0-

A AR XM 0065589572 fnﬁx

XM_394432.6

mi‘“
novel-fi0807-5p m“"y miy XM_016917135.1

XM_006564220.2

Ammﬁ-y XM 394836.6 o ‘
' 4-x
‘ XM_395448.6 ﬁy
: ‘“ﬁ ” ‘“ﬁy "B’

XM _01691437.1 2me-niiRa6052 XM 006570195.2

XM_006570873.2

mﬁy XM [006572141.2 m‘-y

v\ ik
XM 006567428.2
mA“ :
XM_016914010.1 XM_006558957.2

ml
ame -980
XM 016914011.1 ‘li
XM_006567431.2 YA I‘l
mi 6-y

am*727
XM_006561133.2 XM_006570714.2 XM_397320.6

XM_006557238.2

=.

(B)

XM_006571366.2

ke A ok ke

6. BT+ DEMRNA $E%EIEEEX DEMRNA KRR
Figure 6. Regulatory network of midgut DEmiRNAs and their target DEmRNAs associated with immune
pathway in A. m. ligustica worker. A: Regulatory network of DEmiRNA-DEmRNA in Am7CK vs. Am7T
comparison group; B: Regulatory network of DEmiRNA-DEmRNA in Am10CK vs. Am10T comparison group.
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1471

miR-374-y
k%

miR-128-y

Relative expression

S = N W ke W N ]
T T T T 1

O -
%

Y,

7.
Figure

il
*

T #&h A% DEmiRNA B RT-gPCR 3%1E

. RT-gPCR verification of DEmiRNA in the
midgut of 4. m. ligustica worker. *: P<0.05; **:
P<0.01.

3

3 Wit

miRNA ER LR R B SR -, 78
BSR40 i K B RN f g S A B R v gy 1 S A
@ HAr, F§EEEXS N. ceranae [HIFNE 1
I 2AIE T R B AE mRNA 2™, (B
ncRNA Eifi A5 A BRE*, Dussaubat 25
FRIL, N. ceranae ¥R 5 14 d (PE 7 B IEHET:
RIZAT 100%; VEHESG AR RNA-seq £
ARSI B AT 908, B3R BN N. ceranae 17
Yo P HUE F W E G 2 BRI, R 20 M SR Y
MIXIEHE RS, RECZHBIE IR EY ., A5
XFIEH F1 N. ceranae WpiE 7 d #1110 d BRI T 1
BTN, B AR B AR ER] 984
AR/ T 18-28 nt [ miRNA, H i 24 miRNA
e AL R U, 59 E ¥ (Apis cerana
cerana, TEFRH )22V S2 gk 45 45 85 4% (Cotesia
vestalis) ) miRNA S5 EFAEARL . RS
EHH A E 2 1A R sRNA-seq FcHf i
M 560 1~ miRNA, [AlFE A BLX 8 miRNA YK
JETF 17-27 nt, EABIEZ M UMY, ks

UL A R R0 miRNA, DL iR [ oy
A miRNA, HARMZERAE, SLAh, AT
FTUE R 56 4~ novel miRNA, & miRBase U4 &
HPE B R miRNA {5 B T4 354 7
miRNA Fik HAT 7 FRR R R, AR
Am7CK vs. Am7T Fl Am10CK vs. Am10T H.#4
I ES] 84 F1 107 4~ DEmiRNA, 18 4
DEmiRNA & —F 35, —E 4 ) DEmiRNA 43
k66 189 A, R IE T W HH I TE N. ceranae
38 (AN ] By Bl 2o 25 57 3R R R Y miRNA- X
TR AR A N2

T AR - U 2 —FB G, N. ceranae Xf
W ERY R YR — RO R, AT REE
2z 1 A AERERKAERE, MERRN LR,
T A AR B 2 A TR B i, B
THEXT N. ceranae BB N & —AN I Z4 M54k
MR, PRREE IR E B AT R A, i,
TRASEAT 1 F 10038 0 AL 5 2N A A R
A REARAS B ZA915 E . Huang 25018 X 1E# AT N.
ceranae J&YE 1-6 d 147G )7 5 6 T 04 Hp 7 i A T IR
MFE, HURGHES] 17 4~ DEmiRNA, nJ§E 254
413 /> mRNA; VE& i — 270 & B 2L 5 mRNA
THERR 7RSS S . [R5 A% . DNA 454
PSRRI RS 5 SRIIReSRE, DL RIS
e R R . B IR R . BT R A
WG AALBERR AL . ZHERER . AR IHTR
PR AR B R . mERECASE 9 %
Pim e AR B, R L LA mRNA ¥ K 2
FRLFIAR W e i AF DG H P ol 2ok S5 AR SR 45 R L
M, KILN. ceranae JEYL)5 1-6 d FIEYL 5
10 d WfE FE P41 DEmiRNA U4 1 4
(ame-miR-1), FHIKER/ DEmiRNA HA B PR
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KRS IEAM, Am7CK vs. Am7T Fl Am10CK vs.
Am10T ) DEmiRNA #! mRNA 2 5I7FERE T 50
47 A Thfe s H, LA 138 Al 135 S, fiE
5 RN SR FE AN 5 AR S i, (R & B
A mRNA ERRIRE 58 H . &K
H IR TR P A A A R ARG GE B . 28T miRNA
HAB PRk 2, i gt R R %
15 T AN R] miRNA 7E N. ceranae J&GL AR [
BT AR RZE, NI A FEAS R VE AT teoh,
Fo g Rk ik — 20 F 5 7 0y s R N N
ceranae FIMMMENZ ) miRNA FEMEE . HFFE
SEVE AL, Huang SO ZT A e 5 10 2 v 2
W, HBA HARUL ] S G e 1 W — A~ LA e
Fifrs TIASHHEFEIE PRI R R0, P IR 5% e % 1Y) e
P AR ZE 5, ATREXT AT 8 R ™k — g s

miRNA i 53 miRNA Ff 7 7 51 0 [ 25 &
mRNA 1) 3'-UTR & 45430 il sl B fge 4 F 21 At
FENF AN H 840 DEmiRNA #815]4545 () mRNA
BEATFIN , 45 5 B R Am7CK vs. Am7T 1l Am10CK
vs. Am10T ) DEmiRNA 4334 1] 9827 A1 10720
A~ mRNA. #—# %} DEmiRNA Kz Hoj 45 i) 5
i PEAHOC DEmRNA #EATI#EM Z M (& 6), 7>
Mr & B Am7CK vs. Am7T H4 16 /> DEmiRNA
(ame-miR-193 , ame-miR-2788 FlI ame-miR-6052
) 454 10 1~ DEmRNA, Am10CK vs. Am10T
A 25 /> DEmiRNA (miR-1-z, ame-miR-3727 #
ame-miR-980 Z5)# ] 254 10 > DEmRNA . Hij A
W5 LB, miR-1 AL AT Il 4n p s 5™, 8
AR TR, RRAvh, miR-1 CAHIE S
595 B i (Drosophila melanogaster)? VFI%
KMt (Aedes aegypti)* S s dERE . KA1, Huang
ZEWFSE & B0 ame-miR-1 {E N. ceranae 124 6 d J5 11
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VPG 7 8 e T v i v 2 R A RO, AR
miR-1-z (5 miR-1 & [ JE)7E Aml0CK vs.
Am10T 5 2 T i [logy(Fold change)=—11.573,
P=0.02], #817] 4 4™ & AL ALV MEAE % 1) DEmRNA
(XM_006567428.2 XM_006567431.2
XM 016914010.1 F1 XM 016914011.1), FH N.
ceranae T2 YL = W T W ) 1ok A2 0] RE G o 4100 1
miR-1-z PFRIE F IRV A B 5L D i kK-
Xt AE EANM A AE . TR G R A T R
R —HR s, EHEHNEIRIE N. ceranae 1%
Ju7d bl T T, miR-1-x R IEHAZ F
T—E S L EZE R miR-1 AT RE[R A2
SR B T e TIEX) N. ceranae B
O v Y 40 L B R B g AR

N. ceranae N ERLK , FO5E FIr i Ae | 20 63
BE 8 FARC T, ¥ N. ceranae Z3H: B VE 7 E 1%
D1 22 3 B 12k 300 AR o0 R VS VR P B A O AR
FRI, LRI 4] H DEmiRNA (74 mRNA
B4 A B R S A H A (30 4> mRNA
F1 29 4~ mRNA). HAth Z 57 (28 41~ mRNA F1
25 1> mRNA)., P20 1~ mRNA Fl 18 4
mRNA) . JEM FEERHI29 1~ mRNA)SFHERA
PAH DG K s LA, PN T DEmiRNA /Y
1 mRNA ¥4 #5013 B 2 AL B iR 1k (36 4>
mRNA F1 44 /> mRNA)FI =R IRTEH (24 > mRNA
24 > mRNA)SFRE SR SCHE M . Huang 55
R N. ceranae &Y 1-6 d B VY J7 2 W T 16 iz
) DEmiRNA 25187515 5 S8 AL B RR b id B A OC
S Bkt SRR L B R A i LR AR A
A ATP £ 57 0P £ 8 BRI IXT V. ceranae
BB 7 d #1010 d B EEE TPl DEmRNA Fl
DEIncRNA #17 T R4t 04, ¥4 11> DEmRNA
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(XM_001123191.4) & £ 75 S (L ik iR Ak 3@ % >, A
3 /> DEIncRNA (XR 001702895.1, XR 411776.2 Fll
XR_001704989.1)7# K %8 i i Ja#1 A se
XTF Am7CK vs. Am7T #1 Am10CK vs. Am10T I
B H R DEmiRNA, 7354 36 F1 44 /48 mRNA
ERRE R R A am i . RS R, ALk
MRAL M PETE % N. ceranae AHTAE M43 1
YRR, N. ceranae N GEIH o JA 445 18 1% X 15
o NCRE R A, DAL B RGBT I
T T B 2 O T 2 0 DR A T b
A BE ST % BRI AT ¢ DEmiRNA K A/ 8 % B (1)
DEIncRNA E(iFREAE MBI 0 40 T8, T %
AR T RO IR YT, ORISR E A
B W PR BETH (Ascosphaera apis , fA FRERBE T ) /& 55—
Tl DL A B 0 TL D i, LT R ) e 1 e 2
K R 35 e A 7= ) — omi e B mT ST R
25 A B 3 L A A St 2 2 A T R 5 Hp e &y s
B I SRR T P2 R, R PSZ B 5R AU IE 4]
PR R M L UL B SR AR R LS 4 5%
PR I, i 00 ok 9 ] 3 B3 e 5 i 8 e 4
S AR AN AR R T B HRARE AR 25
I 40 b B T A T B e A ) 2 0 L PR
J5E R0 1 25 1 3 R v R R R L 12 st S
R TR) B B 1 T B s A

AWFFE R, AmTCK vs. Am7T Al Am10CK vs.
Am10T H' DEmiRNA FY#E mRNA 44 &8 73 7R3
A R Y N TR R R S TR ice ) = I 14
4k Am7CK vs. Am7T F DEmiRNA f{J# mRNA if
HAETEE R R, R B T HY DEmiRNA
Z 5T GRS o B RIS SRR S
NE WS — 2, R R 52 1K (pattern
recognition receptors, PRRs)iid, —IIES 541

G e RS AR G SE R, 4 Nimrod . SRCB F1 TEP
&y T —REZS SR RPN A SRR, i
PGRP. BGBP Fll GNBP 4071, Awfssrh, 29l
5~ DEmiRNA (Am7CK vs. Am7T H[#) miR-294-y Fl
miR-295-y; Am10CK vs. Am10T Hf%) ame-miR-981 .
miR-142-y 1 miR-316-x)#1 1 /> DEmiRNA (Am10CK
vs. Am10T Hf) miR-186-x)4E [ 454 SRCB #i
PGRP W64, 1JiW] I iA DEmiRNA 2 5118
FXF N. ceranae WIRPFEIRA . R HA 4N Sz 3
B AL HE Mk A e . RS RS )y
A BRI a5 AR D2 1) 32 2 R TR i
LN 5 3 RS LA B35 S TR RS R P B A
(75 T2, ARBFFEM 2 A 41+ DEmiRNA
(4 mRNA ¥ A &5 0 B2 N AR (139 4
mRNA Fl 120 > mRNA) & A (42 1~ mRNA Fil
54 1~ mRNA) . 7¥IEA(42 1~ mRNA F1 54 > mRNA)
ZENFIIE KO0 4 mRNA F 100 > mRNA)
RS R NAY A (8 1> mRNA F1 4 1~ mRNA)
S5 5 U e PR O3 A RS mRNA IR
5 FRMM A DG B, B FE FoxO [ 5 i
(68 I~ mRNA Fil 71 /> mRNA)., MAPK {55 5-if [
(19 /> mRNA F1 20 /> mRNA). Jak-STAT {55518
#%(16 1~ mRNA F1 20 > mRNA) ., 25#1Cig-41 i
6% P450 (6 1~ mRNA Fl 4 I~ mRNA)FIZH I (6
P450 XFAMEA DR AREERI(6 > mRNA il 4 4>
mRNA). AT, KA E 6 4B k5 H
(abaecin . apidaecin . apisimin. hymenoptaecin .
defensin-1 1 defensin-2)i] miRNA Fik & & HAF
1. ik, ZE#EN DEmiRNA 7 N. ceranae 1}
B R SR N A 2 R SR L A A
P30 B RN ARV S B, (A S IR ESUA
JOR PR 1) ik Bt T IR ) 45 i o
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UTAESE, miRNA 50 85 B4 O R [ Py
B RIFZE A B0 RS UR ) miRNA W] L5 5L
PSRN mRNA W35, THTSE I sl () 45
FivAE B AR 2012 4R, SRIRFEHIBAEHEAK
KA /I BRI YRR A B AP R I B R R T OROK Y
MIR168a, FIEH] MIR168a REMS 50/ FUHATED)
AEHI, A MIR168a FAINTRIY AT S I AE DI fE
EUIESS T miRNA HAT B FURPEIRES. 2018 47,
Huang 53 TAYE LA 0HHIE T N. ceranae
) miRNA 57477 B mRNA Z [RIFFEVETE /Y
B R R, R SR RiE. H
B, EE B NETER T B T DEmiRNA
XtT N. ceranae ) mRNA R ZEE5 R, LIHA
BRI 7R BEXT N. ceranae KA N
R AN 2 0 EAERLAR

L N T e DS =B i e D s 2 N A
WG B i N E I T i S e 5] 928 ASE A
miRNA Fl 56 /~# miRNA, 7E Am7CK vs. Am7T
1 Am10CK vs. Am10T 53 51| 4 € 51| 84 F1 107
DEmiRNA; JHid# mRNA Y45 516/~
e T (Y DEmiRNA AJ 83 i 6 45 4
mRNA X BERACHE . AR
200 i G g2 IR S g T B R A T R AR, AR VL
ceranae W A1z ; miR-1-z A REZEfE £ M, N.
ceranae B S UM TE . AT R E SRR
AL WEIR TLi % T RETE R T 5 N, ceranae [1)
HEAR M R R A

2 % M
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ceranae stress at small RNA transcriptome level based on deep sequencing and omics analysis. [Methods] 4. m.
ligustica workers’ midguts at 7 and 10 days post N. ceranae stress (Am7T, Am10T) and corresponding normal
midguts (Am7CK, Am10CK) were sequenced using small RNA-seq. Related bioinformatic softwares were used to
perform quality control of sequencing data, identification of known miRNAs and novel miRNAs and analysis of
structural features of miRNAs. The expression of novel miRNAs was verified by Stem-loop RT-PCR. Differentially
expressed miRNAs (DEmiRNAs) in Am7CK vs. Am7T and Am10CK vs. Am10T comparison groups were screened
out following the standards of |logy(Fold change)|=1 and P<<0.05. Target mRNAs of DEmiRNAs were predicted
followed by annotation in GO and KEGG databases using softwares, based on annotation information, summary
and investigation of cellular and humoral immune-associated pathways and enriched target mRNAs were
conducted. Regulatory networks of DEmiRNAs and differentially expressed mRNAs (DEmRNAs) related to
immune pathways were constructed according to target binding relationship. RT-qPCR was performed to validate
the sequencing data and differential expression of DEmiRNAs. [Results] Here, 165895574 raw reads and
132028990 clean tags were yielded, and average Pearson correlation coefficients among different biological
replicas in every group were above 87.92%. 928 known miRNAs and 56 novel miRNAs were identified. The length
of these miRNAs was among 18-28 nt, with the most abundant length 18 nt and 22 nt; the first base of most
miRNAs had a U bias. The true expression of 12 novel miRNAs was verified. 48 up-regulated miRNAs and 36
down-regulated miRNAs were identified in Am7CK vs. Am7T, while 56 up-regulated miRNAs and 51
down-regulated miRNAs were identified in Am10CK vs. Am10T. These DEmiRNAs can respectively target 9827
and 10720 mRNAs, involving in 50 and 47 functional terms and 138 and 135 pathways. Analysis of regulatory
networks of DEmiRNAs and target mRNAs related to immune pathways showed 26 DEmiRNAs in Am7CK vs.
Am7T could target 10 DEmRNASs such as endocytosis, whereas 15 DEmiRNAs in Am10CK vs. Am10T can target
10 immune-associated pathways including MAPK signaling pathway. The reliability of sequencing data and
differential expression trend of four DEmiRNA was validated. [Conclusion] Host DEmiRNAs may response to N.
ceranae through regulating material and energy metabolisms, as well as cellular and humoral immune, but might
not regulate the expression of antimicrobial peptide-encoded genes; miR-1-z was likely to participate in cell
proliferation, apoptosis and immune processes; oxidative phosphorylation pathway may play a special role in host

immune response and host-pathogen interaction.

Keywords: Apis mellifera ligustica, Nosema ceranae, microRNA, immune response, host-pathogen interaction,
molecular mechanism
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