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Abstract: [Background] Nosema ceranae exclusively infects midgut epithelial cells of adult
bees, and the resulting microsporidiosis causes severe losses to the beekeeping industry.
[Objective] This study aimed to determine the expression profiles of nce-miR-23928 and its
target genes during the N. ceranae infection of Apis mellifera ligustica workers, and to provide
basis for further investigation on the function and regulatory mechanism of nce-miR-23928
during the infection. [Methods] Target genes of nce-mir-23928 were predicted by RNAhybrid,
miRanda and TargetScan. BLAST was used to perform annotation of the aforementioned target
genes in gene ontology (GO), Kyoto encyclopedia of genes and genomes (KEGG), Nr and
Swissprot. Real time quantitative PCR (RT-qPCR) was employed to detect relative expression of
nce-miR-23928 and its target genes. [Results] As compared with the condition at 1 day post
infection (1 dpi), the expression of nce-miR-23928 remained unchanged at 2 dpi, but was all
down-regulated at 4 6, 8 dpi (P<0.05), presenting an overall reduced expression trend.
Additionally, 15 target genes of nce-miR-23928 were predicted, among which 9, 4, 15 and 9
were annotated in GO (3 items), KEGG (7 pathways), Nr and Swiss-Prot, respectively. As
compared with the condition at 1 dpi, the expression of target gene ABCT was significantly
down-regulated at 2, 4, 6, 8 dpi, while the expression of target gene STPK was significantly
up-regulated at 4, 6, 8 dpi, displaying an overall elevation trend. [Conclusion] These results
illuminated the dynamic expression rules of nce-miR-23928 and its target genes ABCT and
SPTK in the N. ceranae infection of A. mellifera ligustica workers, and unraveled that
nce-miR-23928 putatively modulated the infection process through positively regulating the
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expression of ABCT and negatively regulating the expression of STPK.
Keywords: Nosema ceranae;, honey bee; Apis mellifera ligustica; nce-miR-23928; expression

profiles; target genes

S WA Sy i T By B LT Ol AR 22 B A
T FARANERFEN o A3 T 86 W 360+ HL (Nosema
ceranae) & 117 Yy LA 45 W vh i b B At i i
B RO, X e et R I e A ) i ™
FZ M AR e A HUR Y T S B0
B W (Apis mellifera) T8 ()SE-44 75 f 4 4 9 d1,
MIRNA 1E 3 ki i st a2 5
T 20 A A B R

FTF N(Homo sapiens) . SRR (Drosophila
melanogaster)F1$\ Fd IF (Arabidopsis thaliana)=5
Y miRNA B4 KEFRHEE"Y, HE
1Y) miRNA B8, B, FERRlEA3)
Wit For R Z RS M T RIRE T H
U BARAT AT miRNA 41500 45 7 % 1 it
T - S AR T e, B
WO e E T, R A AH S SR D
Huang 4518 58 2 Xof < )y 6 e fof A0 7 MR e 1Y
VY 7 e T b i R AT AR A A, M
B AR Ty 8 R 1 HUf 6 > miRNA; B 5% A
WA EE i 2H e AR R AR 7 I A 1 e R TR
(At SR BE 3 A miRNAPY, ), FAr] A
BAE S Tlumina 3077 F1AE )05 B 24 70 2 46 0
I Huffl - rh %EF] 10 4> miRNA, FFHESE
nce-miR-23928 Fil nce-miR-26675 F.IZA/A1EFIFR
KU E T nee-miR-12220 M 8B KL y-tubulin
' KRAB-A 175 % Wil 1t R e B R A %
W (Apis mellifera ligustica, TAjFRE M) T 12
kg,

ABEFERT nee-miR-23928 FHE B R 1A T T
AT, FERI nce-miR-23928 K HLH AL
TEZR 7 B WA T AR e Bt T R i 2R3k
i, DU, nce-miR-23928 J HFILH7E AR

7 B M T B e AR R A R, LA
HE— 2 H9% nece-miR-23928 AR YL 14 FHL
il FE ALK i -

1 AR5

1.1 ##

IR T B W A H R 1) Tk B AR N T
i) 4 ELHN IR U 22 e 3 () R e e T . R Z AR TR
B AT HUJBR Y 11 T Mok AR AR AR R 2 3
ol [ (W2 2 ot ) B W S ) T e e U R
5 B W B AL AL ol A AR MO 2R S R
S G (M 22 ) B M (R S 3 = o B R AR A

RNA iR &, S8 EZM AR %
R &, e SR AR TR BRZA H] 5 SYBR,
X YR A RN Al . ABI QuantStudio
3 9¢E T PCR 248, ABIAH .
1.2 RAESMBAFHBAFEMREST
¥ A A il

i AR AT S 6 2 A 0 A 7 A B AR AR
R T AT RER (1) EHR S G e B rh RIDRE 1Y
B 0 JF 5 T 4 2 S G % B T (34+0.5) C
B IR R, BRI B ) T3 AT v B SR
(PR FTHLLAE X) 5 (2) ¥ 1 H A9 T gLk b
P2 h)E, HHEREEERN S pL & 104K
B TR R A T I RE A TR, TR
NEIRIEIR I R4 P . Lk 8 d i Al iAW A
M 50% (5t (A LU ) B T (AN 2 A s it At
Ty, ML IO B 5 A Ak S 1 5 HL A K
BUFE, e E PR T ¥%d i, &3 &9
VER— AW TR A — D TR A &
W2 (RNA-Free) EP &, B THRA TR,
FEin B T80 CUKAfTRAF . R SEm i i 3 4
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1.3 nce-miR-23928 HY¥EE F 2 47

T AT A BA HiT 01 F RNA-Seq £ AR X 4305 %
B A e ) 2l AR L AT I Y, A A
L SR e 5 e R AU T A T R
A, B0 RNAhybrid"™ . miRandal' 7
TargetScan! K £F Hi il nce-miR-23928 i) I Ik
N, 2R ABOASEL . fH] BLAST T A4 bid
H1 mRNA JF4 XT3 GO B¥ % (https://www.
omicshare.com/tools/Home/Soft/gogsea) . KEGG
B ¥E FE (https://www.omicshare.com/tools/Home/
Soft/pathwaygsea) . Nr % i /& (https://ftp.ncbi.
nlm.nih.gov/blast/db/FASTA)Fl Swiss-Prot ¥
J% (http://www.uniprot.org/uniprot/?query==*&fil=
reviewed%3 Ayes) 3R 15 #U 5L R (1R B AR B .
1.4 nce-miR-23928 Ay iEiL16

HH RNA il $2 35850 6 (EF 9 22 4 2 7)) F
AR R B RE SR RNA, i S s
(T SR i A= ) AR AT R )i A T B e 3%, )
1 Stem-loop 5| #)45 3 nce-miR-23928 /1) cDNA,
FIF Oligo dT 514 F1 Random 6 mer 5|44 1:1
TR S EAT S s A AS 7R O 4 e il dl 5~ IR N Sk
5S rRNA JEH ) cDNA. LA E ) cDNA it
B TSR 2¢ Y62 7 PCR (real time quantitative
PCR, RT-qPCR)JZ MG, IR ZR (20 pL):
SYBR (LB EEYBHCA PR F]) 10 pL, |
TUE519(2.5 umol/L)# 1 uL, ¢cDNA 1 pL,
DEPC 7K 7 uL,RT-qPCR JZ ¥ %c14:95 ‘C 3 min;
95 C 30s, 55°C30s, 72°C 30s, 44 MEH,
s MR R R RGN E . A SO kAT
3 WBARER, JIMEENE 1. LHEME 1 d
(1 day post inoculation, 1 dpi) S8, K 2744
U nee-miR-23928 7E 2, 4. 6. 8 dpi [
AIX) ik 50, i1 GraphPad Prism 8 B4 X) 4L
P IR ES

£ 1 RT-qPCR 34157

Table 1  Sequences of primers for RT-qPCR

4 FR Name %1 Sequence (5'—3")
nce-miR-23928- CTCAACTGGTGTCGTGGAGTCGG
Loop CAATTCAGTTGAGTGTACAAA
nce-miR-23928-F  CGCGTATGGTGTAATTGTATC

nce-miR-23928-R  CTCAACTGGTGTCGTGGA

58 rRNA-F CGAGCGGTTTCCCATCTCAGTA
58 rRNA-R AAAACACCGGAACTCGTCAGCT
STPK-F GTAAGCAACTTGACGAAGC
STPK-R CACAATGTACCAGGAGGAA
actin-F CAAAGCCTGTGATGTGGA
actin-R GCCAAGTTTCTGATTTCCC
ABCT-F AACAGTCGGTCCATCCTCAA
ABCT-R CATACTATTCGGCAGTCTTCCA

1.5 nce-miR-23928 #0E & /Y R iE 15400

M 1.3 75 nce-miR-23928 A #E fia i) 44
R, BEETATHE A A 7 2 it A = e L3
(A D AF R 18 R AR )y B M Bl A - AR 2
5, Pkt ABC #5121 (ABC transporter, ABCT)
FER ABCT 122 24 12 75 % FR 2 11 il (serine/
threonine-protein kinase, STPK)JE[H STPK #E1 7
FakiERI . LL Oligo dT 549 #1 Random 6 mer
1Y% 1:1 IR AT T U5 s 3RS cDNA HAi
PAWLENEE LK actin (Gene ID: AB023025.1)K
WZ, X EiR 2 A-H0 5L R 0 AH X 3R 3k i E A T
RT-qPCR A5l Sy A FR I 1.4 45, DL 1 dpihy
S, RA 2RI 2, 4. 6. 8 dpi XS
Fikir . FIH GraphPad Prism 8 314 #4784
T ez

2 HZRE5OM

2.1 nce-miR-23928 HIELEFH HirLE R
BT T 45 B B R, nee-miR-23928 LR

M 15 ANFEE S Hipg 9 AN LR B2 GO

BIEERE 3 AhaEH, BIEEYEilbfE .
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A ML ZH 73 A5 TN RE ;s A 4 R EE DA AT 3R 2
KEGG ##sEiy 7 i, 35 N-ZHE
YA . WEMER . MAPK {55 % -fEH) |
R MWEIL-tRNA WAEM G . 2 RN R E K
fit . RNA iz it 5o, oulfa
15 NF1 9 ANEEIER Al 3 BE 3] Nr 1 Swiss-Prot
B (R 2).
22 FAEMEBFRESR

23928 HyRIKIE
RT-qPCR Z5 L /R, #H# T 1 dpi, nce-miR-

23928 1£ 2 dpi BYKEH 5 1 dpi FAMFE, (H
fE 4. 6. 8 dpi WA E R EF T IH(P<0.05), T
PEFEEY R 4.08. 198.87. 456.18 f%; ik
BT FRIIBEEE 1),
2.3 nce-miR-23928 HYSBERE ABCT £ &
FEEMEFREIASEDRHFRIZE

JEA ABCT 5 nce-miR-23928 |G| fF-1E T AE
f #0185 & (K 2A), RT-gPCR 45 MR, AHET

I F2H nce-miR-

1 dpi, ¥EELA ABCT HIFIKETE 2. 4. 6. 8 dpi
By T, NIRRT 4.95.9.54 1471,
24.80 15, SMARIHHFEL FREMFRIBEE(E 2B).
2.4 nce-miR-23928 RYSBEE SPTKE LA
BB FRREITENFTIKE

SPTK 5 nce-miR-23928 [&] £ 75 W75 (I HE [7]
X Z (K 3A), RT-qPCR 451 o, #H# T 1 dpi,
LI SPTK () ZRIKTEAE 2 dpi SEACHHIA], 7E 4.
6. 8 dpi ¥WEBFH B, FIAMENIA 5.36.
2.82.3.95 5 ; BRI T Bk (K 3B).

3 W54 ®

A5 H, FRATHIBAE & Stem-loop
RT-PCR #I Sanger Wl ¥ ik 55 7R 5 86 W Tl 1L
fflF nce-miR-23928 ELSLAE7EFIF AN, A
WF5E R IAE AR 5 B W At 1 R g e T et
& nce-miR-23928 5 ABCT Fl STPK % 15 4
FERAFFEE M R . RT-qPCR A il 25 2R 2 /s 4H

&2 nce-miR-23928 $BE[F BJ Nr 0 Swiss-Prot £3E i #%
Table 2 Annotation of nce-miR-23928 targeted genes in Nr and Swiss-Prot databases

HH 1D INEVETHERE Swiss-Prot $U4E 2 1 &

Gene 1D Nr database annotation Swiss-Prot database annotation
36319520 ABC transporter ABC transporter ATP-binding protein
36320748 Protein kinase ¢ Serine/threonine-protein kinase
36320748 Protein kinase ¢ -

36321252 Chromosome segregation protein Probable kinetochore protein
36318399 Hypothetical protein -

36319866 Hect-domain-containing protein E3 ubiquitin-protein ligase

36319865 Subtilisin-like endopeptidase Putative subtilisin-like proteinase
36319415 Eukaryotic translation initiation factor 4e Eukaryotic translation initiation factor
36321036 Cysteinyl-tRNA synthetase Cysteine-tRNA ligase

36318999 Hypothetical protein -

36318682 Hypothetical protein -

36320005 Integral membrane -

36319142 Isopeptidase t Ubiquitin carboxyl-terminal hydrolase
36318706 Dolichol-phosphate mannosyltransferase Dolichol-phosphate mannosyltransferase
36321176 Peptidase m48 -

- LR

—: No annotation.
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B 1 ZHAEERAFRARREXRAEETE T
2 nce-miR-23928 RIHEXIRIAE KM SPSS
statistics F/FXF nce-miR-23928 YE45 H i (1 AH Xt
Fak mI TN R T 25T (ANOVA), LI P<0.05
R EVERE. R Tukey 36k M1 i s
VL EL A M S . 1 v B S (R
PRuEvR s M2k EAHIED NG P RER AR ZE A W
(P>0.05), AF/NEFRERIN 2 57 W3 (P<0.05).
I

Figure 1 Relative expression of nce-miR-23928
during the Nosema ceranae infection of Apis
mellifera ligustica workers. SPSS statistics software
was used to conduct one-way analysis of variance
(ANOVA) for the relative expression level of
nce-miR-23928 at each day-old, with P<0.05 as the
significance threshold. Experimental data were
compared and analyzed by the Tukey test and the
letter significance labeling methods. Data are
mean=SE; the same lowercase letters above the
curve indicate non-significant difference (P>0.05),
while the different lowercase letters above the curve

indicate significant difference (P<0.05). The same
below.

T 1 dpi, nce-miR-23928 7£ 4. 6. 8 dpi %
B RETMH, FIRETEEY, nce-miR-23928
TEZR 5 8 W Al - R e e T ) Rt b
M 95 B RIK , nee-miR-23928 i it P45 bR HE AL
KRR VETE S 5 1 5 2R B e gl e s
ABC ¥ iz 85 1R AV R K RE AR
Wiz —, nlEad /KR ATP 315 RE R, FEXT4NE
B & A K FanhE . &R . 2K

A U

5"
nce-miR-23928
L{ 7
N N
ABCT-mRNA i s[4y
mfe: —22.9 kcal/mol i %
B
L5r ABCT
i) 2
Q7 10

05r

be c

Relative expression level

0.0 1 1 1 1
1 dpi 2 dpi 4 dpi 6 dpi 8 dpi
2 FAEENATHEFRERNFZEETET

FEHRERE ABCT WHEMNFIEE
23928 5 ABCT H#LIA 455 K ZA /R E K. B: ABCT
TEARTT B S At 7 IR R e i AR A A3

Figure 2 Relative expression levels of ABCT gene
in Apis mellifera ligustica workers infected by
Nosema ceranae. A: Schematic diagram of target
binding relationship between nce-miR-23928 and
ABCT. B: Expression profile of ABCT gene during
the infection process of Nosema ceranae.

A: nce-miR-

B RIS T s ABC g1k
FIRALH 8 MR, o 5 AN Z65 ) S
DRl AE T R 5 W i At - e S DR A v BT 7R
B R T AR TN A R T AL, DB = 52 Y
LML AR S 1, I FE I 5 e 0 AORE 1 E 2H P 42
fit . WFR R Y] ABC 5% iz (A 7E G ik 48 w46 5 e
(Encephalitozoon cuniculi) R &AM T H
(Nosema bombycis) % HUfE 3= 40 ML PN 4 ot Fl g
ol B TSR P RBESET, ABCT 5
nce-miR-23928 fEFER ] C & , 1 HARE T 1 dpi,
ABCT WK HEAE 2. 4. 6. 8 dpi BAEKIH
Frg TREmRB B (A 2B), SRR
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5! uwfy 3

" I

ﬁf N nce-miR-23928 -%5)

2 £

SPTK-mRNA © A{/ =

N
D\

mfe: —29.3 kcal/mol o “/h{jhw(y

&3

Relative expression level

RAEERATFRELAEXF ZEETHEIED STPK REMBNRIZE

| 1 | 1 1
1 dpi 2 dpi 4 dpi 6 dpi 8 dpi

A: nce-miR-23928 5

STPK K:PR B 10 456 KRR Bl B: STPK 75K Jy 8 W fdtl 1 Uiz Juad B2 i 58 1%
Figure 3 Relative expression levels of STPK gene in Apis mellifera ligustica workers infected by Nosema

ceranae. A: Schematic diagram of target binding relationship between nce-miR-23928 and SPTK. B:
Expression profile of STPK during the infection process of Nosema ceranae.

nce-miR-23928 MR BB HILA 2, ULH
nce-miR-23928 5 ABCT [MIfF7EIE AT KR,
nce-miR-23928 i@ i 1E 4% ABCT R BP9 AK 5
B LA R g

STPK AN S WA RS T b E %
ag 12—, ISR (Yersinia pestis)Fl
18 25 %% #F i (Yersinia pseudotuberculosis) 5 18 12
R4 2R G043 STPK 1E A TG FHE4NE, IR
WIShEE FI R E 28, JEHgsRx g 3 B WRdi i v
W VE M HE BT RE B, STPK A 1 A4
RhoGTPase 563K, AT 5 20 A 20 50 4 4 4H ¢
i GTPasesRhoA Fll Rac-1 41455 I H 2k
T, OIS S30200 B 2 0 T R A4 T bR AT il 2
Hervet %5 PTVHF 58 & B 22 A1 #F i (Legionella
pneumophila)RENSiH 1 7 I STPK  FKAH K i
T E M 5 N ¥ «B (nuclear
transcription factor kappa B, NF-«B){5 51 >,
NF-xB {55 5 il 2 5 W O S e i) R AR 2
— B AR R I, AT 1 dpi, SPTK i3
KT AE4.6.8 dpi ‘% EIH, X5 nce-miR-23928
Rk EHA I, Ui SPTK 5 nce-miR-23928
6] A 6 #5 % & . nce-miR-23928 3 i 671 i 45

STPK FKiIKVETES 5 X R 7 S e A R 4 iy

ABFSEIHG T nce-miR-23928 Kz HHE AL [H]
ABCT M1 SPTK TEZR7J7 % Wt 1 U L i T
et R B AR IR, #3978 T nce-miR-23928
i IEJH#E ABCT FRiE MM IHIE SPTK Rk
FEVA T AR 7 B I T I R Y ad A
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