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KA EEMHAFRERILEZEFR nce-miR-15325
R EEEFE NCCSH1 DTII 9#F

#mE " #H o' kem' wATE' !
FOom Omurt kAT onm o ogvrv

(1. fEEERMAF TR0 (B0 ), M 350002; 2. fEEEMIFHFSCHT, M 350002;
3. M RF Y RASHR B, 1 225000 )

 E [HM] ArE%iHd 15 Nosema ceranae (YL & i S8 1100, (HIRUHLRIRIT, AWF5E
PIFERTIA TAEREAN |, 399F nce-miR-15325 MAHXTRA R LIFANER, I — 224 nce-miR-15325 S
BERTE R )7 26 I It 1 H R e 25 KR 85 Apis mellifera ligustica T I I FRpAHNS Feik i, Mik— RS
nce-miR-15325 W2 YD REMALHI$e ks . [k ] FIAH Stem-loop RT-PCR Fl Sanger il 3%t
nce-miR-15325 FHATAINS Feik it T HIME B IIE . FIFFCEYE BAFHXT nee-miR-15325 HYHEIEE AT
{5 BT S 437, iid RT-qPCR Kl nce-miR-15325 K HAEIEP xRk, [45R ] KEERTE
I T B T nce-miR-15325 ELSSAEAEIfF ik, B #] nce-miR-15325 Y 11 ML, Hrhr504 3.
4.7 4 ANFEEER AT RS KEGG . GO, Nr fil Swissprot 4% . 5385 1 d #HH, nce-miR-15325 7£ 2 dpi
( day post inoculation, dpi ) fUFRIAEAFILAN G, WM7E 4. 6 F1 8 dpi A, AHXT AR W R (P<0.05) ,
BRFAARE T, MET 1 dpi, $IEHE NCSSHE 2. 4. 6 I 8 dpi MFRIARH B FIE (P<0.05) ; 2%
Iy, $EEEE DT A 2. 4. 6 F1 8 dpi MFAREIWE T (P<0.05) , Sk LRI FREMRILEH

[ 456 ] FSE TR S MIE 7 ML T nce-miR-15325 FA7EMIZEIANIELINE, IR T 7643 07 26 e et 1
HUAZGGE R nee-miR-15325 K ILHEEE Y ZhARIAME, 7R nce-miR-15325 i@ IEJHHE NCSS #1 DTII
FRTAE R R

KR Wi, EOMEYE; ArEEMI TR, nce-miR-15325; FUHER; AHXT KA G
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Abstract [Objectives] The infection of Nosema ceranae caused nosemiosis, but the mechanism of infection was unknown.

Based on the previous work, this study was intended to further verify the expression level and sequencing results of
nce-miR-15325, and to detect the relative expression levels of nce-miR-15325 and its target genes during the infection of Apis
mellifera ligustica by Nosema ceranae. This study provided the basis for further exploring the function and mechanism of
nce-miR-15325 in regulating infection [Methods] Stem-loop RT-PCR and Sanger sequencing were employed to confirm the
expression of, and to sequence, nce-miR-15325. Related software was used to predict and analyze relevant target genes. The
expression profiles of nce-miR-15325 and its target genes were determined using RT-qPCR. [Results] nce-miR-15325 was
present and expressed in Nosema ceranae spores. Eleven target genes were predicted, of these, three, four, seven and four,
respectively, were annotated to the KEGG, GO, Nr, and Swissprot databases. Compared to its expression at 1 dpi (1 day
post-inoculation), the expression of nce-miR-23928 was unchanged at 2 dpi, but was progressively less at 4, 6, and 8 dpi
(P<0.05). Compared to its expression at 1 dpi, the expression of the target gene NCCS was also progressively less (P<0.05) at
2,4, 6 and 8 dpi, as was that of the target gene DTIII. [Conclusion] These results confirm the existence and expression of
nce-miR-15325 in Nosema ceranae spores, reveal its expression dynamics and that of its target genes during Nosema ceranae

infection, and suggest that nce-miR-15325 potentially regulates the infection process via positive modulation of the expression

of NCSSand DTIII.

Key words honey bee; Apis mellifera ligustica; Nosema ceranae; nce-miR-15325; target gene; relative expression

IR 7 I T F B Nosema ceranae, & VE7F
AW R T T 7 20 R 1 BRI B PR IR, RE AR
Jumg F . T MERERA A (R RIR KA,
2009) , HIGH FRAR &R, FEMEHERN
J7 E W Apismellifera, HATE ) 12 YL A% [
TR FR PG 7 B W it ( Fries etal., 1996; Chen
etal., 2008) ., /N RNA ( microRNA, miRNA )
B KENT 17-24 nt HiHb b s ek
gt RNA (non-coding RNA, ncRNA ) , HFp+
X5 mRNA #9 3" UTR 254 M 32 mRNA
it A ) LR, DT 76 27 S5 I KO s JRE IR 2
ik (R4, 2012) . miRNA —B A HER &
s EEVER (Von Born et al., 2018) , {Hir
WIHYBFSTIESE—28 miRNA A8 TF 835 5L R ik

(Xiao et al., 2017) . fEBIZACIFEAR, A
ITAERLRE Bk 61 TR Neurospora crassa 45 HL A H fili
SRS E B F2 5 k) miRNA (Lee etal., 2010;
Zhou et al., 2012; Lau et al., 2013) ., HA#f,
AR5 BT U miRNA 155 45 BR( Huang et
al., 2015; Huang and Evans, 2016 ) . Huang FlI
Evans (2016 ) il X[ 4R T 7 J7 % e il + i
MYVE Ty e 6 H % T b a7 s s 0y, i
I3 7R T 6 e 76l - HUAY 6 /125 miRNA [ RNA
( miRNA-like RNA, milRNA ) ., BfiJ5, Shao
S5 (2021 ) BT HHT A BRI R 2R 7 58 W flL At

FHIEHF ARG 3 4 miRNA, KHEAR %
WAL T B miRNA AEERIZ R BLSCtE, IFK
D miRNA S H B PRITE 5 42 G i F-ad B A
Xk, Al — PR miRNA R YL
Triie AR AP AR

AHIF 538 3o 43 AR 2 v I ) #)
) nce-miR-15325 ( 5K SCHE4E, 2022 ) A THGIE,
U038 3o 0 2R Ty W el AR R g B ORI
Apis mellifera ligustica ( FFRERE ) T I FE
" nce-miR-15325 FHHIIE NCCS. DTII #y#
IR 7404, BB A2 % nee-miR-15325
TE G UG rh VR T, Ok B Y o A2 2 e
nce-miR-15325 7Efft - HURGL b i/ R AIBLER
FEAEBS RIS

1 #MB5ERZE

11 #ilEgSHE

A2 IR T B A - R L 1) R e T A B
F AR EEAR MR R 22 B (2B ) 205
W3R R RE (Chen et al., 2019; ) . 5
T W A T IR e ) R e T A B BORE
AN T [ EL RN VR 22 IR 0 I [ A SR e B AR
T W A T Al G 1 T AR R RO 2
LR AP S A A TR (IR SRS, 2022) .
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12 FAREEMATREIXMNSE TiE
i

Fi 8 Chen 55 (2019) 7 H AR AT
IR T S TR TR R R AR A Al A R
o L ADULIEERRE , TE TR AT B AR e M At g
FA) T R e e R by BV 22 1 D 1) 35 LR
B PR R LI R, SRIFHE (34£0.5) °CHY
TR FRAE R, RE 1 HIRW T YL AL
P, RR2E 2 ho € T8 )5 AT 5 uL
50% (wiv) HITEREVRI (&A 104N s et
AT ), TERERERZ 25, Bk
1) TR — ATl & (35 k/&) , 4%
BEA 2 mL 50% (W/V) REREVE Y 1R A A
TR, -4 24 h B4 — MRS (34 2 mL
WHAW); EFSEH 1. 2. 4. 6 F18 dpi i, T
e TAES LI T8y, o HE TSN
RNA-Free E.0EN (53 Hllg—&) , TW
RBHIEFEE + 80 CRMMRAT . TR
3NEYFES,
1.3 nce-miR-15325 B4 FE W FWIE

HPE nce-miR-15325 WZHRFH, FIH
Primer Premier 5 A ixitis 223 ( Stem-

loop )51 L3519 (F ) Jedti M5 11 (R ),
Hi_E3E AR T AW TR RIS 5 . S 1Y P9

BULER 10 AT RNA fili4i57) & (Promega, 3¢
[ ) $EHUR 7 5 e A HU A P EL RNA,
P B cDNA S5 1 5EA BGRAR & CiaERe, P )
LAH AR T U 5%, A3 801 cDNA 1B AR 1 7
HHLPCR. S AR 28 FIAc 42 I8 S 45 (2022)
kLI SE (2023 ) HEHITIRE . W4 1.8%
(IR EE IS FEL K . VDS IRI H i R B, SR A i
FERAL R FF 1 Escherichia coli DH5or ( MEHE,
HE ), B 100 uL B RS TR (2R )
BRFRAaa e, PREpivE S T LB ARG IR AL (&
Wik ) JRF R 12 h, BRBOR E _Eig A T T
Sanger M5 ( By, M135147)

1.4 nce-miR-15325 tA¥f RiAE R

Z WA NS TR EE L RNA, d 17 s 5%,
JFiE4T RT-qPCR SC40 ( FERES, 2023) . &
I8 SYBR Green {58 & (8%, WE) BEHAT,
i1 ABI QuantStudio 3 %V iE 5 PCR & %i( ABI
SNl EED) R nee-miR-15325 HAHX FRikiz
R AR 22 FIRE 4 I 5 JRE 2 ( 2022 ) ki .
A RNIIHAT 3 IREEARER L 1 dpi WS,
S 2744 B nee-miR-15325 7E 2., 4. 6 Al
8 dpi BYAHXT ik, il ik GraphPad Prism 7 {4
EATEAE BT 2416l . SR AT SPSS Statistics #X
X} nce-miR-15325 7E45 B[] 15 i AR G 263k 2 it

&1 RT-gPCR |17l
Tablel Sequencesof primersfor RT-gPCR

51444 FK Primer

J¥%1 (5'-3") Sequence (5'-3")

A& Purpose

nce-miR-15325-Loop CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTGTAGAAT PCR

nce-miR-15325-F CGCGTAGCAAAAAAGACTC
nce-miR-15325-R CTCAACTGGTGTCGTGGA
DTIII-F TGTGATAGGGAAGGTGAA
DTIII-R TGACAAGGACCGAAACTA
NCCSF TTGAAAGGGTTGACTGAT
NCCSR GCAACTCATACTGCGTCT
5srRNA-F CGAGCGGTTTCCCATCTCAGTA
5srRNA-R AAAACACCGGAACTCGTCAGCT
actin-F ACAATGGTTCAGGTATCGTA
actin-R GTGCCTCATCTCCTACATAA

PCR, RT-qPCR

RT-qPCR
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TR ZE T 2250 (ANOVA ) , LU P<0.05 J i
PRI . SR Tukey #6560 3E Al 0 i B AR ic ik
W9 LU 55 0BT S 96 500 o

1.5 nce-miR-15325 RY$RE FE T 5 4 47

2 JR R 25 2022 )R 51 , Bk ] TargetScan |
miRanda 5 RNAhybrid Z {4 1iill] nce-miR-15325
PRI, 3 AR TN S8, i Blast
T HEA LR 5 50 43 ) e 3 KEGG $4iE JE

( https://www.omicshare.com/tools/Home/Soft/pat
hwaygsea ) . GO (4l /% ( https://www.omicshare.
com/tools/Home/Soft/gogsea ) . Nr (¥ J% ( https://
ftp.ncbi.nlm.nih.gov/blast/db/FASTA ) F1 Swiss-Prot
¥ % ( http://www.uniprot.org/uniprot/?query==*
&fil=reviewed%3Ayes ) , MM R AH I /) 3 R
(=S X R N R A = SE A =
nce-miR-15325 SHEBEPR 2 (] A5 2%, i
i Cytoscape 44T AT ¥AL

1.6 nce-miR-15325 HIELE EEx RiZ B AT

HRAE 1.5 15 nce-miR-15325 Ft 4 i) T 45
SA RO BT AP 5, S %
HEAA S48 CRE PR RAR, 2009; du/h
T 2021) , G 2 AN SEEHEE LR BEA T AR T
FEIR A, 43 3 R 5E R B A 1R W 5L ( Nuclear
condensin complex subunit ) i i K& A NCSS

( Gene ID: 36320507 ) fil DNA #ifb 554l 3
( DNA topoisomerase iii ) ZiA% %A DTHI( Gene
ID: 36321483 ) , 4 Oligo dT 5|#)#l Random 6
mer 51 12 1 HLBRRA G T RS SR ARTHAR
M cDNA, #EMR H RT-qPCR i ik 2 44
SE PRI A5 H5F [ 6 (R AE R Rk S A A DAL S
FE I HMA actin ( Gene ID: AB023025.1) 1N
%, S 1.4 TTHRE R E VAR R R
MIRNBIRE 3ANHARER ., L1 dpi WS,

g 2 AR IENAE 2. 4. 6 F1 8 dpi 1Y
At F A, g GraphPad Prism 7 Z 14 #E1 74k
P M2, fdi ] SPSS Statistics 14X} 5
PR 45 B[R] 0 789 A X 28 58 i EA T B R 28 T 25 4%
Hr CANOVA ) , L) P<0.05 b @& . FIH
Tukey F5 512 F1 7B i 25 HR 1075 P9 5 L3 4317 52

ey
2 BREHH

2.1 nce-miR-15325 B4 F & W S I8

Stem-loop RT-PCR J , ZifigtiE fise H Uk 25
R, AR T B i A rh 3 A A i
IR/ (Z5700p) WMEHB R B (B 1: A) . H
1) 7 Bt Sanger T 25838, nce-miR-15325
H 1 R B i I3 5 5 5 5 T e S 2 50 vy ol
%] ( AAGAUGUGUAUCUAAAAUUCUACA )
SEa—F (K 1: B) .

A

bp
250

100

1 nce-miR-15325 B Sem-loop RT-PCR 5
Sanger il F3&E
Fig.1 Confirmation of nce-miR-15325 by Stem-loop
RT-PCR and Sanger sequencing
A.Stem-loop RT-PCR #3474 ) Br A e SR v Tk ;. VKT
M: DNA marker; $Kkif 1: nce-miR-15325 (4 34 7=4);
TKIE N: BIPEXT I (JCE/K ) 5 B. nce-miR-15325 §73f
FrBE) Sanger i 04 ]

A. Agarose gel electrophoresis for the amplified product

from Stem-loop RT-PCR; Lane M: DNA marker; Lane 1:
Amplified product from nce-miR-15325; Lane N: Negative

control (sterile water); B. Peak map of Sanger sequencing
of the amplified segment from nce-miR-15325.

22 FHEERBFHRHE|LITEH ncemiR-
15325 FIHEX RIEE

nce-miR-15325 [ RT-qPCR %% 323221,
5 1dpi L, 2 dpi BRIXK PR RE; £
KIKEAE 4. 6. 8 dpi Ab&RE I E T RS
(P<0.05), 73 % Fi#4 2.80.,67.11 F1 34.48 f5( &
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2) ; nce-miR-15325 SARZEH T Ay F ik Ha 4
(B 2) .,

2 a

il i

0.057

O

0.04 - b

o

S

w
T

b b

th [
1 2 4 6 8

RS KB (dpi) Days post inoculation (dpi)

HFXTF K& Relative expression level

B2 FAEBERBTFHERAEETEIRES
nce-miR-15325 A XT K i% 246
Fig. 2 Determination of relative expression level of
nce-miR-15325 in the Nosema ceranae infection of
Apis mellifera ligustica workers

FIFH SPSS Geit#fF, %§ 4% H it nce-miR-15325 [R5 7K
AT ANOVA 43#r, DL P<0.05 i e (i, i
Tukey f3% . FREREVMCES L, MR Rty
PRI LR . B P RO -3 (R = bR 2e o A BARAT
ARVNGFhRR 22 57 % (P<0.05) . TEIF,
SPSS statistics software was used to conduct one-way
analysis of variance (ANOVA) for the relative expression
level of nce-miR-15325 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, histograms with the
different lowercase letters indicate significant differences
(P<0.05). The same below.

2.3 nce-miR-15325 F ¥ E FE 4 47

nce-miR-15325 & #1111 A~ JE K,
nce-miR-15325 S#IILH Z [B]T I AL 1 AR K
% (K 3) o Hipfh 3 AL B3 KEGG
WG PE R 3 KK, S RNA BA
(k003020 ) ., [RIUFEEAL (ko03440 ) F4Hffd J& 34
-ERE (ko04111) 5 A 4 PRI AIERS] GO
B R 0 DIRE L A W R R AN 4 43 A
KAF 22 AN UIReAH, 200l 7 F 4 SRR ]
RS Nr Fil Swissprot 4% (£ 2) .

nce-miR-
15325

36319429
36319489 36320986

B 3 ncemiR-15325 K H¥OE [ 2 8] #8518 12 W 4%
Fig. 3 Regulatory network between nce-miR-15325
and itstarget genes

% 2 nce-miR-15325 FIEEE Ef9 Nr 1 Swissprot F#EE T
Table2 Annotations of nce-miR-15325 targeted genesin Nr and Swissprot databases

HEP 1D Nr B8l 2R ke Swissprot i 4 1

Gene ID Nr database annotation Swissprot database annotation
36319489  DNA-directed rna polymerase subunit b Probable DNA-directed RNA polymerase I subunit RPA2
36320507  Nuclear condensin complex subunit Structural maintenance of chromosomes protein 4
36321483  DNA topoisomerase 3 DNA topoisomerase 3

36319373  DNA repair protein rad4 —

36320239  Dopey-like leucine zipper transcription factor —

36320301  Threonyl-tRNA synthetase —

36320521 Transposase -

36320143 — Protein dopey

36319086 — —

36319429 — —

36320986 —
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24 EHFEEMATHELTIEGHNER
NCCS HytE3t FRiE

WE 4 (A) Fizn, NCCS 5 nce-miR-15325
[BIfEEVETE RS )G & . RT-qPCR 45 50,
51 dpi #HIL, NCCS#E 2. 4. 6. 8 dpi ik
KA e, 43R 11.38, 3.27. 5.49 #il
724 1% (&l 4: B) ; NCCS ik 2B FIEE
s (Kl 4: B)

A

—_
(=}

o
o0

J:ﬁ“/

o
=)

nce-miR-15325 , 0.4
3;{%3 0.2

*{{}A jﬂ NCCS r;1RNA |
0

FAXTFkE Relative expression level

mfe: —75.31 kJ/mol

E 4

25 FAEHWNATHEATESPHRER
DTIII MEX RIZE

K s (A) iz, DTHI 5 nce-miR-15325
(B FFAETE E R ] C &R o RT-qPCR 453w, A
BT 1 dpi, #UEE DTHIAE 2, 4. 6 18 dpi 1Y
FREYN B E T (P<0.05), 409 Tl 1,72,
2.39. 2.40 F12.05f% (K 5: B) ; DTII 3Rk
Sk E R TS (B 5: B) .

]

b
b
b m b
I I
1 2 4 6 8

BEMERE (dpi) Days post inoculation (dpi)

FAEEMBATRELTE THETEREER NCCSHENREERN

Fig. 4 Determination of relative expression level of target gene NCCSin the
Nosema ceranae infection of Apis mellifera ligustica workers

A. nce-miR-15325 5 NCCS Ay #IL i)

el =]

BEEKARER; B NCCSTEAR T 8 S i 7 IR Y ad B AR X ik o

A. Schematic diagram of target binding relationship between nce-miR-15325 and NCCS; B.The relative
expression level of NCCS during the infection process of Nosema ceranae.

DTII mRNA

mfe: —98.32 kJ/mol

FHXTFE75 & Relative expression level

B
1.0} 2

e}

b

@
=)

N
i

<
()

(=]

1 2 4 6 8
BfER# (dpi) Days post inoculation (dpi)

BE5 FAEERMFHRELEETIEMEH DT WA FRIESEKRN
Fig. 5 Determination of relative expression level of target gene DTIII during the Nosema ceranae

infection of Apis mellifera ligustica workers

A. nce-miR-15325 5 DT BYER A 254 6 R R & ; B. DT 124 J7 & 14 5 7 S L FE A A X Rk &

A. Schematic diagram of target binding relationship between nce-miR-15325 and DTIII; B. The relative expression
level of DTIII during the infection process of Nosema ceranae.
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3 itig

K SCHEAE (2022 ) A5G TR DL A5
BEETE AR 7 e A LA N E] 10 A4S
miRNA, It —B R o T A2 F Bk 5
nce-miR-26675 Fl nce-miR-23928 FiA#E=H1F
I ESE, i, RIS (2022) | F RS
(12023 ) FIsk P& s (2023 ) 43 ARS8 T
nce-miR-10660 .nce-miR-34537 Fil nce-miR-12220
TEZR 78 W A T H 0 7 v LS IR R I
RS, @it 4r M Stem-loop RT-PCR L) K&
Sanger M| 725 FAESE nce-miR-15325 J¥ 41 HL5L
PE . ST H AT E RGE AR B Tl
miRNA {7 19 NHZ AP Em, ks
TLEWFIIEY miRNA bR 7 28 i 1 1 i
miRNA $E4E T HEZANTE, R 5 SL DI RERT ST 4
HET LS T o AR BRI ES R B, AR
F 1 dpi, nce-miR-15325 7£ 2 dpi HJR ik FEFA
AAE, FE 4, 6 Fil 8 dpi HIFRIAHE /M TR
2.80, 67.11 F134.48 1% (P<0.05) (Kl2), *&
B TR R X R IR Ty B e e T R
RYL I TS FEPERE S nece-miR- 15325 3%
KA FESE T RE, #EM nce-miR-15325 Al fES:
xRl B . SAh, BN R BoR
nce-miR-15325 ¥ [ NCSS 1 DT %5 11 5L
(B 3), Hial RS KEGG. GO, Nr Al
Swiss-prot £ a2 HLIERECHACE 3. 4. 7 Al
44, TERE BRELZ T AR e A T A
AN — 2 A (R FRE | HRL A L T B G
W SN T AALT, FEUR Jy 8 e i 7 )
Yy KB IIBEAR I T —4 &% H A
+ RN A A+ B Nosema bombycis (14 3[4
M (Guo etal., 2016 ) ST 4 5 B it
F A S AN R R N S R 5, S
SRR AT S R T REWF 5T SR A6 3 Atk

WF5T M, —28 miRNA AEIE o iF 845 35
FIRHM KT | RREZ Y E A Y Fad
(Huang et al., 2010) . SMC & H 243 5%
BEK . ORME A SMC5-SMC6 E5W), 1646 %
YRR SEGE TS B | L 41 RT DNA &

2 ESEEMEA (Uhlmann, 2016) . 7EFR
W%+ Saccharomyces cerevisiae ', SMC &
AT TEA 22 57 3450 T vh 45 4 S0 28 11 14 T 52 T 24
MUYEEE , B g A AR S B A 22 5 24
i 7 I NP A O a PO S NG o= W 7 ]
( Laflamme et al., 2014 ) . fERY B 2EfEAF A
Bacillus subtilis H', SMC & A 3 [ 2825 (R e 38 i
A K B BE O G A% A IR R B S FE AE
( Mascarenhas et al., 2002) . AKWFFE LI, H
it SMC FE 1 NCCS 5 nce-miR-15325 Z[H]
FETEVRAER M 255 CR (Kl 4: A), NCCSTE 2,
4, 6 1 8 dpi BYKIEEES 1 dpi 437 3 T4
11.38. 3.27. 5.49 1 7.24 £% (P<0.05) , Bk E
PR ke (8l 4. B) . NCCSTE 4. 6
1 8 dpi R EHH S nce-miR-15325 —%, P
B & RIAEAE A I IE AP 6 22 5 Rk, FRAT19EE
DN 7R 7 88 Mg 0 R A SRR B e T, T 2
i3 nce-miR-15325 IE % NCSS F ik AE 52
SMC &M A%, SEmET H S,

DNA #1405 R4y Bl AE 7 Sk ik i v e 3] A -
L IEN, EEY I DNA i34
il ) 77 A ST ) Bk DNA W 2L LS s 3% F
byt R o = A A% T BRI o R R DA 1
S EAZIE AR, sz 24 2 B st

( Pommier, 1996 ) . Sloan %% (2017 ) WF5%k
it ek AIE s DNA B gn g sEA,, &
T SIS P 1) B DR S AR AR B S T, R W
DNA H1 457 44y il %o TR TS B 3 A A e Pk ¢
W, AFEY, W4 DNA bR REL
DTII 5 nce-miR-15325 22 [A] /776 (e §E 1) 45
X% (KEl5: A), DTHIfE2. 4. 6 F1 8 dpi ¥
FIREH 1 dpi A E TR 1,72, 239, 2.40
F12.054% (K 5. B) ., DTII £ 4. 6 1 8 dpi
HF RS nce-miR-15325 —3, FH —F ]
WAETEWAE IE PR G R s AR B e A+ U
i nce-miR-15325 IEJ¥E DTIIN FRIKWELEF
DNA 1415440 Fif 4 5 3 R B P A i, g o
(C Sug .

HHT, FRI A7 iR T B A R 259
=, FHCIZWE AR R AR 58 2 H 57 . miRNA
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R SR U A Wb 2 0 R T R S R T R P
JEE A NS PR Ri2yy (fEIESE, 2022) o 7E
AFFEEERL L, T —2P % nce-miR-15325 i
it Fak FE kA 5y, [AES % NCCS #1 DTIHI #
17 RNAI #F5E, DARHAA B 17 2R 7 8 e gl -+ e
Ry TRE, JEMIF AT nce-miR-15325,
NCCS F1 DTHI FIZWi B ARIE R FNGIT 29

AWFFEIUESE nee-miR-15325 1675 J7 % 1 it
TR Frh RS AEMELR, W T
nce-miR-15325 JHIBEPY NCCS Fil DTHI FEART7
WA T R AR Y T W T e AR A A R R A
5 78 7R 5 S W e A B O E PR 45 NCCS il
DTHI W AE TR Yl F2
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