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14 DEmiRNA HUSBEERITRM | 234 Beilfa M 4%
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1.5 Novel miRNA f Stem-loop RT-PCR #
DEmiRNA #J gPCR Z&iiE

FIH RNA #2075 & (TaKaRa, HA)HHH
el b s H B RNAL B8 Chen 2225 )53,
#] ] DNAMAN {4 (Lynnon Biosoft 23w, 36 [H)
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Table 1.  Primers used in this study

Primer ID Sequence (5'—>3’)
Stell-like F GGGAAGATTGCCAGGCC
Stell-like R CAAACTTGTAGTCCGGATG

Loop-novel-m0001-3p
Loop-novel-m0004-5p
Loop-novel-m0005-5p
Loop-novel-m0008-3p
Loop-novel-m0014-3p
Loop-novel-m0017-5p
Loop-novel-m0020-5p
Loop-novel-m0025-5p
Loop-novel-m0039-5p
Loop-novel-m0054-3p
Loop-miR-6497-x
Loop-miR-4968-y
Loop-miR-3793-x
novel-m0001-3p-F
novel-m0004-5p-F
novel-m0005-5p-F
novel-m0008-3p-F
novel-m0014-3p-F
novel-m0017-5p-F
novel-m0020-5p-F
novel-m0025-5p-F
novel-m0039-5p-F
novel-m0054-3p-F
miR-6497-x-F
miR-4968-y-F
miR-3793-x-F

R

AcU6-F

AcU6-R

CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGGAAGAACG
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTGTTCAGC
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGACACCACG
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAAAGTGCA
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAAAGAGAG
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCTCGGCAA
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCTCCTCCC
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAATTTAAT
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAACCACTG
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTGAAATTA
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTCGACACG
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTGCTGCTG
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTGGCCAGG
TCGTTCTGGTAAAC

GTGATGGCACA

CGCGTGCAAGTT

CCTGCTATCGGTACT

ACTGTCGATGGATAG

AACGCGACCGATTA

GTGGGAGGATTG

TAAATAGATTTA

TGTGCATCATCGAT

TTTATTCAAAGTAT

GAGGAGCGGGG

CAGCAGCAGCAG

AGCGTGTTTTC

CTCAACTGGTGTCGTGGA

GTTAGGCTTTGACGATTTCG

GGCATTTCTCCACCAGGTA

actamicro@im.ac.cn



FF4E | A2, 2019, 59(9)

1751

Pig, PCR IKZE K. ETF#54(1.67 umol/L)Fl
cDNA F5i#z 4% 1 ul, PCRmix 10 pL, JCR/K 7 pL.
PCR 2FFUNT : 95°C 5min; 95°C 305, 49°C30s,
72 °C 1 min, 35 MFE¥R; 72 °C 10 min, PCR ™)
2 1835 W U5 M FL KRS o R P G T o )
Ziifk, 100 bp MUTHY HAY R Be, %4 pMD-19T 2
I, B4k TGL RIGHF & J5 PRIEHE 18, #4177 PCR
BH A ) T V0K i e e 30 i 2B 0 R 4 0 m) R AT B
Ui DY o

gPCR # il % Fl SYBR Green ¥ {E ABI
QuantStudio 3 7¢ )5 f PCR R 45 (ABI 24 Al , 26 [H)
kAT, AR ZR K. SYBR Green Dye 10 ulL,
RS 14(1.67 pmol/L) L F2 cDNA 4% 1 ul,
Rox 0.44 uL, DEPC 7K#h% 20 pubo W AAANT
95°C 1 min, 95°C15s, 49°C30s, 40 MEH;
72°C45s, DL UG 1EHINZ, BTk miRNA fAHXS
FIEERA 2722 AR AT SR
HEMMPT 3 REAREL . &JFET Graph
Prism 5 #1547 AH S B4 A B K 22 1]

2 HERMQM

21w UG ENREENEREILEE

XF AcCK Fl AcT Ff b 1T PCR %58, FLTK %S
7R ACT FIBHME XS BESA n] 71 A & B ) B
{9 7 BE (2 217 bp), 17 AcCK FlBHE X HE 1 oK 4
(B 1), FRBIABEGE A BT R S Ry Bk 3 B 12

bp M PC AcT  AcCK NC

250
100
1 gL HENKRERR PCREE
Figure 1. PCR identification of Apis ascosphaera in the

larval guts of Apis cerana cerana. Lane M: DNA marker;
lane PC: positive control; lane NC: negative control.

P gh B fizpil, W RRAARE SN TR AP
U B AL it TP T il e Y o
2.2 BERESWEAR

Hge g Ui TERE L AcCK FlI ACT il 3645
% 33366276 il 29069559 7% raw reads, ZilUEF
JEidE 43 B4 5] 28183943 Fl 26176445 4% clean reads
(3% 2), & raw reads 9 HLfFI17E 83.20% L) | bk
SERVEIIAWT ST I e e B it R4, Al Tk —
00T ¥R clean reads HUX AT EIS RIS
FLH4, mapped reads X%k 1992886 (21.76%) -
2.3 w4tz miRNA BT -S50H7

W reads xRS R A F AL E M
GLEFTN, SEH H 537 4 miRNA, EATMK
BEAM AT 16-35 nt Z ], Hirfr, 4345 fE 22 1 23 nt
KR miRNA %05 5 2 (K 2-A). miRNA B E i
B ARG 1) PE A3 BT 45 2R S, AR RE 1) miRNA 1)
HAE R A RS . KEh 18-26 nt
) miRNA BB ALy U, KBS 27 nt, 28 nt
129 nt 49 miRNA B (28520 C, K 30 nt
[ miRNA B E N FEZ S G (15 2-B).

ABFFE LT 65 > novel miRNA, FlHLHk
& 11 T Stem-loop PCR B&iiF, HLUk&EH: s 4t
A 101> novel miRNA BEMSY 1 HH AT HUW M) H 1
FEB (& 3-A), BEHIARFFEHI 240 miRNA

% 2. KMRHH sSRNA-seq HIEE R 51T

Table 2. Summary of SRNA-seq datasets information
in this study

Samples Raw reads Clean reads/%

AcCK-1 10611126 8828377 (83.20)

AcCK-2 9932874 8401872 (84.59)

AcCK-3 12822276 10953694 (85.43)

AcT-1 9095104 8286341 (91.11)

AcT-2 10062074 8948199 (88.93)

AcT-3 9912381 8941905 (90.21)

http://journals.im.ac.cn/actamicrocn
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Figure 2. Characteristics analysis of miRNAs in Apis cerana cerana larval gut. A: Length distribution of miRNAs in
Apis cerana cerana larval gut; B: First nucleotide bias of miRNAs in Apis cerana cerana larval gut.

(A) bp
250
100

(B)

©

3. gL HAAIER novel MiIRNA ¥ &
Identification of novel miRNA in the larval gut of Apis cerana cerana. A: agarose gel eletrophoresis of
amplification products from Stem-loop PCR of novel miRNA. lane M: DNA marker; lane 1: novel-m0001-3p; lane
2: novel-m0004-5p; lane 3: novel-m0005-5p; lane 4: novel-m0008-3p; lane 5: novel-m0014-3p; lane 6:
novel-m0017-3p; lane 7: novel-m0020-3p; lane 8: novel-m0025-5p; lane 9: novel-m0039-5p; lane 10:

novel-m0054-3p. B: secondary structure of novel-m0025-5p precursor, yellow regions indicate the mature
sequences. C: Sanger sequencing of novel-m0025-5p.

Figure 3.

actamicro@im.ac.cn



85 | B2, 2019, 59(9)

1753

BLSAEAE, [EI novel-m0025-5p it 100 bp [T H-
BT TA Bafg, Sanger MIFEZERE/R5 novel-
m0025-5p 751l —5 (& 3-B), FHAIESL THFEEE,
2.4 rhisl iz iE DEMIRNA BRI & 2347
AcCK vs AcT 417 54 1~ DEmIRNA, Hirp Fi
FIR I miRNA 573510 31 F1 23 4>, Fk iR
IIHTEER R , miR-1344-x . miR-143-y .novel-m0044-5p
VR R, 25 AR X EUE (log, Fold
change) 73935 %] 1596, 12.91 F1 12.78 (& 4-A);
MIR-4577-y . miR-4968-y. miR-1777-x PRI,
log, Fold change 43411 -11.18 . —9.86 #1-8.61 ([X] 4-B).

2.5 Hlgd 7 DEMIRNA B HE 3 R Y Tmi Az
S

MM TargetFinder H{F kAT rb e 40y i iz iH

(A) miR-1344-x 14
miR-143-y
novel-m0044-5p & 12
miR-101-y 10
miR-26-x
miR-27-y
miR-21-x
miR-250-x
miR-1692-x
miR-9877-y
miR-4451-y
miR-30-x
miR-7113-x
miR-6052-x
novel-m0039-5p
novel-m0040-5p
novel-m0006-5p
miR-3201-x
novel-m0043-5p
novel-m0016-5p
novel-m0005-5p
miR-3720-x
miR-5106-y
novel-m0015-5p
novel-m0004-5p
miR-2765-x
miR-193-y
miR-965-x
miR-2779-x
novel-m0036-5p
miR-3759-y

N s N

DEmMiRNA RSP, i miRNA FR
mMIRNA 43575l Hi 6170 F1 8199 MMHEHEN . GO
SPREER TR, F R W] R B AR R
Y2 53 S T I BERYTE 245 H (term) . i, |
P8 miIRNA 1 1719 /ML R 5 42 7E 47 4~ GO term,
B A L B 22 ORI 10 07 43 254 . A ik
PR ORATEYE L ACSTERE . SR ZUERE L AHA .
UMLZEAE . AW . AN R R miIRNA 1)
2350 AMEIE R B AELE 47 4> GO term, A E 4540
FER B Z 1 ET 10 75 _EJH miRNA P
£E1 GO term —E(, BL4h, XFF L miRNA FI R
P mIRNA, & S 7E W U N A 3 5 DR 5540 531 o
180 FiI 219 4>, & B 7E S 2 Ge L I HE L ROy
51k 4 F1 6 4~(# 5).

(B) miR-6039-x i)
novel-m0024-3p
miR-1230-x -4

novel-m0003-3p & _g
novel-m0034-3p
mir-iab-8-y
miR-289-x —~10
miR-383-y
miR-5119-y
novel-m0048-5p
novel-m0051-5p
novel-m0035-3p
novel-m0038-3p
novel-m0011-3p
miR-352-y
miR-1277-x
novel-m0026-3p
miR-8924-y
miR-342-y
novel-m0009-5p
miR-1777-x
miR-4968-y
miR-4577-y

Bl 4. AcCKvsAcT i DEmIRNA fRIZEE A
Figure 4. Expression clustering of DEmiRNAs in AcCK vs AcT. A: Up-regulated miRNAs; B: Down-regulated miRNAs.

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



1754 Yu Du et al. | Acta Microbiologica Sinica, 2019, 59(9)
A) Cellular process | IEEG— (B) Cellular process | IEEEG———
Metabolic process | I . Metabolic process | I
Single-organism process I Single-organism process | I
Biological regulation | I Biological regulation | IEEEEG—
Localization | I Localization
Response to stimulus | [N Response to §tlmulus ]
Signaling I o Signaling |
Cellular component organization or biogenesis | Il Cellular component organization or biogenesis | Il Il Biological process
Multicellular organismal process il Multicellular organismal process |l -
Developmental process |1l Developmental process | I Cellular component
Biological adhesion [ Biological adhesion ] Il Molecular function
Multi-organism process || Multi-organism process |
Locomotion }| Locomotion |
Reproduction | Reproduction ||
Immune system process | Immune system process ||
Reproductive process | Reproductive process ||
Behavior Behavior
Growth Growth
Detoxification Detoxification
Cell | I Cell |
2] Cell part | I 2] Cell part - I
g Membrane - IR g Membrane IR
) Organelle | IEEG—_— 5 Organelle | IEEG—_——
+ Membrane part - INEEEEEG_——— + Membrane part | I
@) Macromolecular complex | I o Macromolecular complex |
&) Organelle part -l &) Organelle part |l
Membrane-enclosed lumen || Membrane-enclosed lumen }]
Synapse part ] Synapse part f|
Synapse [l Synapse ]
Cell junction | Cell junction f|
Virion }| Virion |
Extracellular matrix }| Extracellular matrix t|
Virion part | Virion part }|
Extracellular region || Extracellular region }|
Extracellular region part | Extracellular region part }|
Supramolecular fiber Supramolecular fiber
Binding | I Binding | I
Catalytic activity | I Catalytic activity | IR
Cransporter activity [l Cransporter activity |l
Molecular transducer activity [l Molecular transducer activity -l
Nucleic acid binding transcription factor activity -l Nucleic acid binding transcriFtion factor activity -l
Signal transducer activity |l Signal transducer activity |l
Molecular function regulator |l Molecular function regulator i
Structural molecule activity I Structural molecule activity i
Transcription factor activity, protein binding t| Transcription factor activity, protein binding }|
Antioxidant activity Antioxidant activity H
Electron carrier activity } Electron carrier activity |
0 200 400 600 800 1000 0 200 400 600 8001000 1200 1400
Number of genes Number of genes
5. AcCKvsAcT # DEmiRNA R#BEFE K GO 4%

Figure 5. GO categorizations of DEmiRNAs target genes in the larval gut of Apis cerana cerana. A: target genes
of up-regulated miRNAs; B: target genes of down-regulated miRNAs.

KEGG pathway & % 4> M 45 1 &8~
DEmiRNA Ay #E L R ] v B 2] 136 4> pathway . H:
Fi, B miRNA fgHEIE R Al R R 134 4
pathway, HH & EHREZHENEIER . FM
R EFATIN T, . Wt (5538 Z RN FNE
FIKMRE . FoxO f5'3d s . i . RNA 2%,
NG e LEE (5 5 2 45 . RNA [ . s L i
(I 6-A). I miRNA FIFEIER AT B 126 4%
pathway, HHEEBEZENGER. WM
I AN T. . RNA B4, ZZ N FHEAK
fife . WERSARG . BRI . MR IR MR BCAR-Z PR A
HAEH . Hippo {57 . mRNA WiRLiE % . Wnt
il (5] 6-B).
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2.6 HigEghmE DEMIRNA KRS M&HE K&
g

FIH Cytoscape Fk 44+ H# miRNA-mRNA 4%
M5, miRNA 5 mRNA Z BB A 1505 4 s
KFR, HEERER 31 A EH miRNA 254
6170 1> mRNA, H:H miR-6052-x .novel-m0044-5p
novel-m0006-5p. MiR-101-y 1 miR-3201-x &5-5 1
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participate in host-pathogen interaction processes by inhibition or degradation of mRNA via targeting at
post-transcriptional level. The aim of this study was to analyze the differentially expressed miRNAs (DEmMiRNAS)
and their target genes in the 6-day-old larval gut of A. c. cerana under A. apis stress and reveal DEmiRNAS’ roles
in the stress response process. [Methods] Normal and A. apis-challenged 6-day-old larval guts of A. c. cerana
(AcCK and AcT) were sequenced using Illumina MiSeq platform, followed by prediction and analysis of
DEmiRNAs and their target genes using related softwares. Target genes of DEmiRNAs were annotated to Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) databases with Blast. Regulation
networks between DEmiRNAs and target mRNAs were constructed using Cytoscape. Stem-loop RT-PCR and
gPCR were conducted to verify the reliability of sequencing data. [Results] Deep sequencing of larval gut samples
generated 537 miRNAs, the length of which was distributed between 16 nt and 35 nt. The first base bias of mMiRNAs
with various length had apparent difference. The expression of 10 novel miRNAs were validated using Stem-loop
RT-PCR. There were 54 DEmiRNAs in AcCK vs. AcT comparison group, including 31 up-regulated and 23
down-regulated miRNAs, which can respectively link 6170 and 8199 target genes. GO classification suggested that
target genes of up- and down-regulated miRNAs were respectively involved in 47 and 47 terms, and the largest
ones were binding, cellular process, and catalytic activity. KEGG pathway enrichment analysis demonstrated that
target genes of up- and down-regulated miRNAs were respectively engaged in 134 and 126 pathways, and the
mostly enriched ones were endocytosis and protein processing in endoplasmic reticulum . Analysis of regulation
networks revealed that very complex regulation relationships existed between DEmiRNASs and corresponding target
MRNAS; 31 miRNAs could bind 51 mRNAs associated with ubiquitin mediated proteolysis, and 18 miRNAs can
bind 14 Jak-STAT signaling pathway-associated mRNAs; a total of 16 miRNAs, such as miR-1277-x, miR-26-X,
miR-27-y, miR-30-x and miR-6052-x, can participate in regulating both of the above-mentioned immune pathways.
Finally, three DEmiRNAs were randomly selected for qPCR, the result verified the reliability of our transcriptome
sequencing data. [Conclusion] We first provided the expression profile and differential expression information of
A. c. cerana miRNAs during the late stage of A. apis stress, revealed the complex interactions between A. apis and
host at transcriptome level. As the core of regulation networks, miR-6052-x and miR-1277-x were likely to
participate in host immune defense by affecting apoptosis, while miR-26-x and miR-30-x may join host responses
to A. apis stress via regulation of Jak-STAT signaling pathway. Key DEmiRNAs screened in our study are expected
to be used as potential molecular targets for chalkbrood control.

Keywords: Apis cerana cerana, larvae, Ascosphaera apis, microRNA, target gene, regulation network
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