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RT-PCR, RT-qPCR Fl4rFSefE ikl p 25 R mynl 5tk . [ 4558 ] 78 AaCK Hl AaT H4351 % & 2 380
1 387 4~ miRNA . Z5FAFAE AT 45 R R, AaCK fil AaT () miRNA ¥ 8EF A 7E 18-25 nt, H. (76
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HREERE . DN AE 15 MR AR AR A AR S . AHREARAE 12 AU A AR TENE L A5G
iz FIGYESE 11 49 FY)6E . KEGG UIBHE B & AR /25 R B, FiREE mRNA 5 57E 123 &
P, S5 R KSR LA IR SE Y s s, Akl . Al AACEE
REI R, LA MAPK 1 Hippo 555 5l YA 45 . BRI DEmiRNA 548 mRNA Z 8] 7775 5 A4 1 14
BRAR, HHP miR-29-x, miR-250-x, miR-4968-y, miR-11200-x, novel-m0023-5p. novel-m0130-5p /I
novel-m0135-5p % DEmiRNA A §8[n] 255 5 ERBEG 1) b 2R 2L 1 . DNA HEAL R DL LT i
MEAHSE M) mRNA; A, miR-7-x. miR-9-z. miR-319-y Fll miR-5951-y Z&[F] i} 2 5% MAPK {5518
B BE—HT AL, miR-250-x [FRFZ 5% DNA HIIELEREE . MAPK 15 S B & HAb g4 5
RS EEE, JETRES SERERE St 6 H i dUZ (i 4% . it Stem-loop RT-PCR Al
RT-qPCR i T 4 4~ DEmiRNA 2= 53Rk, RS T 5w Sanger )7 UFESE miR-7-x #7451 -5l
JPaR—3. [ 458 ) AWM TIRY P 6 B4 R ERYEE 1) miRNA 2253 %55 7% & DEmiRNA
PO 2%, 4878 T EKBER DEmiRNA F] GBI 1 8450 I i ) R e B A4 . 1958 . 300 | (R 5l ig
% mRNA Z5%F rhigsh b 424 #2 . miR-7-x, miR-250-x. novel-m0023-5p % % DEmiRNA A

B R T AR R TR A

KR BRI,

W FRPE T (Ascosphaera apis, R FRERTE )
S EIUE W 2 MR FR T B A SO L TR
AN TR T oA B A g D T S ARORE  A T LT o A
N S AP S SE E R BRI, PR TR S
e 2y A A S0 O [ A R PR R T e R 3
W 4y o i B R T R AR e A o i At S A
PN B B AT O 4 R R S s g, A
CO, HYHIH MRAKFBT K, IR T 2219 0 A
K, 6 HIRARIAREE i A5 R 2, 5
BEEYIFRE A I, TE Oy R T s i &
PO 22 R, B T 18 R RE RGP fE
BARHR TR, T 2250)5 8 4 R BEFI{ARE
FEERICT, RN dUR AR ) 5 A
gy, R BRIk U, FEFR A, — i)
WONIZIR IG5 7Y 5 5 ¥6 (Apis mellifera). L2
2015 4F, Maxfield-Taylor 2PV B3k B B % 12

hAe g, 2, U RNA,

PR, AL, B R

JeplAEpE eI £ . BES, 2B W BAE 1L 2 2L
Gy F L5 W) 2 T BLUE 55 3Kk 58 T X o AR B i (Apis
cerana cerana , TR 06 A HE I 4)) BUHA R Lk
I3 2o A8 SRR X 0 UE SR 5% TR Xof H e T &)y
WHA RPN TR, AT ITERIE R 2
b, EHEAIFR T — R 5T EY# M
ST, 36T A F 5 de novo 41363F
R TERER S H A, I RIBHZIR T3k
PETH ) SSR 4 TAREP; 78 mRNA 41272 1 i b
T OBR BE TR TE W 38 B R A % ¥ (Apis mellifera
ligustica , AT PR 5506 ) 4y HUFT AR B e 4y R il A e
SRR FBEMEEFA DA, WILER T IR
2L (DEG) W LIREC T MeAh, 7E 43
PRI . A AL T BREET 9T RNA
(microRNA, miRNA)® . HHIHF 58 F IR A S b ER
PG A AR P ALRIAT T T RAFIEAL
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MiRNA 15k — A BE R Sk T R -,
T e SR 35 K- RE S S P 25 G 48 mRNA
(1 3" UTR, FE0H mRNA s il i 2,
AT I8 428 A AR 1 45 2 A i id 3 2010 48,
Lee %[lo]ﬁ‘{kﬁ*ﬂﬁﬁﬂﬁﬂﬁ(Neurospom crassa)
RI22 IR FLBE B miRNA-like RNA (milRNA), %
TE A milRNA 530 B miRNA Y 4FIE &
X mRNA R4y m AR, LR SRR
FLH miRNA, M5, B o I AR i i
R RS Y, AR R ] B (Fusarium
oxysporum)'? | % 5 # (Sclerotinia sclerotiorum)!'™
Gt T LB E (Metarhizium anisopliae)'™ . 75 )5 %
YT 6l F B (Nosema  ceranae)!"™V5 JL 1] i A%
SE H K miRNA . 22545 5 & 3 mro-miR-33
Al 3E 3 Y brid AR HE B AR R R E R
(Metarhizium robertsii) I FIE L. KR«
B, miRNA {225 Hw K HE ERAH AR AL
U Shakeel 45 USHF5% & /NS¢ 1K (Plutella
xylostella) {5 Fl M. anisopliae K TFWEEE A 5,
miR-263 . miR-279 Fl miR-306 552% 5 %k miRNA
(differentially expressed miRNAs, DEmiRNA)?E'%
A7 Toll, IMD. Jak-STAT K 4H MUK 43155 6
PEAHICAF S0 . Evans S5 BFSEHEN N. ceranae
KURH) miRNA A] 73 WA S B A 20 5 N, DA T B85
PN R RACS S il B . 2B M
A A BN A W 45 S 2 7 1 A R TR A
22 FAE 7 A IR 5 FE S b SO0 R 4 E B 118 A
miRNA , #7358 i ¥ mRNA R85 1T 2 miRNA
(R M 26 23 M s T ERBEH miRNA 580t
MV AE B, S, £ F R small RNA-seq
(sSRNA-seq) B AR X IE# KRB A P 6 H
e AU R T RN Y, ARAE T B Y

actamicro@im.ac.cn

sRNA 2 2# 40 , H-m A= Y5 B 2e oy 7R 2
T RAHT T G DEmiRNA K H R W
2, WEFE A5 R R U ER 9 e T 2 BorE F
miR-30-x . miR-6052-x Fl miR-1277-x % 54 4>
miRNA 225731k, i DEmiRNA 7] g2 5
6 FIZ RN FIE KM . A T Jak-STAT
T S IR AR BRI, X TR miRNA
FERRBE A - B e 4 iU E AR R P i S S AT ag, A7)
= BRI ST FIAH SCHE .

R, Rt — A AR 5T Bk 4 T ot o e 4 o ) 47
B, APREETEHMBME A sSRNA 425
B, 8 S LU AR T B (Apis cerana) FNEK 3%
BRI 114 2 2 5L DR 201 0 106 45 ) b 39 24 BR 7 7 (A T) 1)
ol , 454 BRI AT R AT ER 2 B (AaCK) %L
i AT AT ERBE B A2 YL TS miRNA A5 FNZh
FAFEAE, DEmiRNA BY#! mRNA DIREFERE, DI
DEmiRNA-mRNA WM %, IR 51 LE
FARXT DEmiRNA JEATEGIE ., WFFE45 R A] o i
SR R X Hh e 4 e 8 R LR e — 3 B AR AL
FRAS T 1 DAL g RSB St

1 AR

11 fXEREE T K g4l
R T TR MR T AR AR PR K 2 Bl R 2 2 e
(e 2 [ ) B e P ST 00 28 0 S R 5 v e
I A4 AR PR K 2 Bh W B 2 2 B (e 24 B ) 3L
378
1.2 XTERZH b PR PREETR ) sSRNA-seq FERIE
ERAE TR o 0 &yt i S REAR A 4 S I E
P A B T 0 ik kA 702 R an . Ke ke
AR EERN 2] PDA Bigekk, JFE T 33.0£0.5 °C
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FUFTEFR 10d 5, BIBCREAFRE, 4 100 mg
BT 14 RNA-free i) EP &, WARGGET
-80 °C Wi, M — ek EEH ST
sRNA-seq, 1ERXTHRZE , FHAEREE TR A H i Bkt
BRI, IFRCE LR 13107 AMEF/mL (194)
HUEEL, FAIREERD 3 H gL dus0 pL/R), it
JifE 24 h B IE R RE . L4 R ET
35.040.5 °C, 90%HHXHE A (RH) &4 F 7% 6 H
%, s TR RRAIE, 9 RpiER T 14
RNA-Free [ EP &+, WAEAKGEH T-80 °C ¥
o FORIERNERYL ST 3 WA ES,
B 1) 3 AR BRIE B 4 B T FE LT T sRNA-seq.
IRBRE DR R Y g 6 H 4
WA TERE S Z AT N i B8 A W R A BR A wifEA T
Fsaill e, PP & 2 llumina MiSeq.

Xof T BR 2 TR J G v e 4y Ul TE N A B Y
TRAA B, w50k s e i AR BAR 7 41 g
F| 75 )5 B e 5% K [ 4 (assembly ACSNU-2.0),
TR ML A A hR4S (mapped tags) (B 75 £ 4
#8), 3F# unmapped tags [ XTSI BR % 2% B
2f (assembly AAP 1.0), IS 2T mapped tags
RV Ay g J A B (B, AT A5 21 Bk 3 T AH G tags
TEHERIA B A AR B, RIS IR sRNA 425
B AL PR ZH B R (AaT-1. AaT-2, AaT-3). Bk
e TR A DU AT 200 B 1E S X IR B
(AaCK).

R Fhe 2 P A0 S 7. 1) B30 o4 vk ke I

N B A T TR AR e S i e
TNHLEEE TR AR T 20 AOBRIE AT | e
A N BT reads, HIBRAA 345K reads,
IFRE 34K BT A, FATEIR S5 HT; HE—5
TR EA SRR reads . A S AR B reads

LB AR AR BNT 18 nt B9 reads. & poly A A
reads, fZ4153%]/N RNA A9 clean tags.
1.3 BRER miRNA KLEY(E B2 X

H Al ,miRBase %(¥& &£ N & JCER 2% H miRNA
MHEER, EHSHEBESEW %, FH
miRDeep2 # /4 H4 [ik tags 55 miRBase U #fE 2
HoAP A EH miRNA BB S#E 7 X, I
T e PR X BN 1% miRNA A2 47 45 E#1 2 bp )
fLE LAY tag, F 35 24 HEA 5 3 19 miRNA SE
A known miRNA, HJFZ<-x”, “-y? 5L E N
miRNA AR S B3 Tk, <z Rk
PE A E . #E—20ad I8P known miRNA 1)
tag, JFHEFRAR tag JF A XT3 3Kk 2 1 5L K 41 407
&, M MIREAP v0.2 B4 miRNA )
RAER, R AAAEZEIRGEW . ik A e R T
—18 kcal/mol . H K BESr T 18-26 nt HY 2
miRNA & ¥ 4 novel miRNA . F]FH TPM (tags per
million) 5 i X 4R AT Y T A miRNA [ 335 5 A T
H—1k.

i1 GraphPad Prism 7 3K {F4511 sRNA 7
BRI EIA40 % rRNA . tRNA, miRNA, snRNA
snoRNA %5 KR AESS RNA (non-coding RNA)
Fr B, 40T AaCK Fl AaT 41 miRNA 19K
JE G A3 R S B o] 42k o
1.4 DEmiRNA X5 mRNA ) F00 Fizh G B

AaCK vs AaT HECH Y2 57K 3K miRNA
(DEmiRNA) i i % b5 1 4 [log, (Fold change)|= 1
H P<0.05. #%£H-10<log, (Fold change)< 10 i [l
) DEmiRNA , H| f] 7€ 4& heatmap 1. H
(www.omicshare.com)iF1 |3 ik 5 R AT .

4y 51 #1 . RNAhybrid (v2.1.2)+svm_light
(v6.01) Miranda (v3.3a) . TargetScan (Version: 7.0)
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=R AEXT Bk DEmiRNA AU mRNA #E17
AEYE BT, SR AT BN S G =
A RS EEAE TR mRNA 4G
it — 1S 2454 A i BE/NF-17 keal/mol Y
PS54 R AR Y, FIAH BLAST
T ERE TS 2 AYHE mRNA 751 HEXTE] GO Al
KEGG ¥, MIMIRTHH mRNA BRI B
(E)sE
1.5 DEmiRNA-mRNA 353 2% f A6 EE B 20

HE 4 2€ 2 AT BA A R HA 5% S LA B mRNA
M TIRE T REAS R, Tt v e S RRFEEIGE . # )
FIHC I P2 A S O HE mRNA, 5 DEmiRNA 5
HE mRNA B 455 K &, FIH Cytoscape Fxf4:
P A 5 3 DEmiRNA 5458 mRNA #9845 B 4%
1.6 DEmiRNA fJ Stem-loop RT-PCR. Sanger
W7 & RT-qPCR HHE

Z: BT W A T IR TE AR R PO MLk Ak Y
4 /> DEmiRNA (miR-7-x, miR-9-z, miR-319-y Fll

miR-5951-y)#17 5Btk o AR AH LY A AZ IR P41
F|F DNAMAN #4151 1H4R5 557 Stem-loop 5911
s, DGERTFES IR D). FIFH RNA
42100 & (TaKaRa, H 4%)53 5 HL AaCK Fl AaT
)4 RNA, F F Stem-loop 5|4 5 55 5% 15 8| cDNA
Bk E T PCR 978, PCR ¥4 1.5%35 it
JEEL kARSI . B [ET 100 bp BT ARG A BE, %
pMD-19T #4444k DHSa KW J5 P BERE
AT PCR 2 FHVER BRI RGE AR TAEY TR (L)
JBEAR A B v B3 I T

F)F ABI QuantStudio 3 %¢ ¢ € & PCR R Gk
17 Bk 4 4~ DEmiRNA #) RT-gPCR A&, %
SYBR Green ¥, W 2541 F : 95 °C 5 min; 95 °C
10s, 59 °C30s, 40 MEIR; Kb &7 BA
RYGE ., LIBREE 5.8S rRNA JEFEME NS
(GenBank: U68313.1), FJH 2724 Jukxtf ik
4 4~ DEmiRNA #47AH%F % . F|H GraphPad
Prism 7 ZXFAL B 3 AR W24 F 2 B IR 1A
IR ¢ K Ie T2 ) e 2 1

x1. FHREASD
Table 1. Primers used in this study

Primer ID

Primer sequence (5'—3’)

miR-7-x-Loop
miR-9-z-Loop
miR-319-y-Loop
miR-5951-y-Loop

CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAACAACAA
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTCATACAG
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGGGGAGCTC
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCCGTCGTC

miR-7-x-F ACACTCCAGCTGGGTGGAAGACTAGTGATT
miR-9-z-F ACACTCCAGCTGGGTCTTTGGTTATCTAG
miR-319-y-F ACACTCCAGCTGGGTTGGACTGAAGG
miR-5951-y-F ACACTCCAGCTGGGTTTCGTCAGGAC
Universal R CTCAACTGGTGTCGTGGA

5.8S rRNA-F GCAGCGAAATGCGATAAGTAA

5.8SrRNA-R CCCTCCTAAGACGGGACGAT

actamicro@im.ac.cn
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2 ERFAM

2.1 B EE S

AaCK i sRNA-seq ;=4 12708832 raw reads,
AaT W75 5] 1 F-34 raw reads 00 10773889; 42
FitEfG AaCK F1 AaT [ clean reads #0743 %°4
12544551 1 10399091, (5 raw reads f9 HL |3 7E
96.09%A_F(F 2), ULHII P ROE TR KA. #f
AaCK F1 AaT ) clean reads WS BREE P LRI 41,
mapping ratio 43714 71.60%F1 6.43%.

%< 2. sRNA-seq HIREE ST
Table 2. Summary of sSRNA-seq datasets

2.2 BREER miRNA HITI-5 S AE 47
IR P BB 2% sSRNA Bdie

Hp 415 rRNA . tRNA . miRNA , snRNA , snoRNA
HREAIEH IS RNA (non-coding RNA) A Bt
(F 1-A). it X miRBase 50dE 72, AaCK Al
AaT FE%5E 5] 648 > miRNA, Hii, 78 AaCK
YE R 380 ) miRNA, 175 233 > known miRNA
1 147 4> novel miRNA; £ AaT H%5E #) 387 4
miRNA, f2 7 330 /> known miRNA 1 57 /> novel
miRNA, ZEHRHES T A R B8, AaCK Fl AaT
f) miRNA R0 Ai7E 1825 nt, miRNA Z3Aji

Samples Raw reads Clean reads Mapping ratio/% wZ 4598 18 nt F1 22 nt (IZ] 1-B); Ak , AaCK
AaCK 12708832 12544551 (98.71%) 71.60 . N > y
: O8.711%) [ miRNA 5 B3 1 Z il F U, Hk il F G
AaT-1 10252283 9932883 (96.88%)  8.02
AaT-2 11367190 10922645 (96.09%)  7.58 F1 C; AaT 19 miRNA T {57 B 5 A 3= 20w 1] T U,
AaT-3 10702194 10341746 (96.63%) 3.69 (HERAR T A Fil C (& 1-C).
*) =2 11.06% rRNA == 14.45% RNA
mm ().34% snRNA mm (.57% snRNA
== (0.02% snoRNA == (.08% snoRNA
0.67% tRNA 2.11% tRNA
£39.37% exon_sense £30.97% exon_sense
£317.75% exon_antisense 30.88% exon_antisense
= (.63% intron_sense mm ().16% intron_sense
£ 0.44% intron_antisense =3 0.06% intron_antisense
30.59% repeat =30.21% repeat
== 0.13% miRNA = 2.33% miRNA
= 68.98% unann = 78.16% unann
AaCK AaT
®B) ©
== AaCK 1.00
1207 = AaT -
-
90l 0.75 —G
== C
60t 0.50 - A
30t 0.25
098 20 22 24 18 20 22 24 0.00 AaCK AaT
1. BREHE miRNA RIFUN R HHE 2 47
Figure 1. Prediction and characterization of A. apis miRNA. A: Composition of various sSRNA populations

generated from AaCK and AaT; B: Length distribution of 4. apis miRNAs; C: First nucleotide bias of A. apis

miRNAs.
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2.3 EREEE miRNA B2 FFRE0Hr

AaCK vs AaT HEHLTRILEF] 270 4
DEmiRNA, FiHAIT J#EKER miRNA 05550
155 #1115 ~(E 2-A). HH miR-31-x, miR-9-z,
miR-1-y DL & miR-375-y &% I, logy(Fold
change) 7> 15 #] 6.28 . 4.80. 4.72 Fl 3.96;
novel-m0072-3p . novel-m0003-3p . novel-m0046-5p
F miR-4968-y %5 . 2 T I, loga(Fold change)43ill
5%-9.49, —9.60, —9.88 11-9.92 (& 2-B).
2.4 FREEE DEmiRNA K3 mRNA Fifl K& 2

1 mRNA FU 45 R Box, bBi® 270 4
DEmiRNA 454 6348 48 mRNA, Hrp i
miRNA AT miRNA 2 5# [ 254 6091 A
6145 > mRNA, GO 73245 R R, FiA# mRNA
FE AR (1328) . AAIERR(1309), Hd
ZUPERE(1028) . ENL(355). AWM (310). 40
B4 2 2B A ) kA (294) . R R B (169) 4
15 MY ARt df1(1134), 41410 (1134).,
HMLAR(770) R THEW(436) AL 2L AH(356) .
AN (352) . AR L F(238) . BRG] N K (76)

G122 ML S TR TE(1264) . Z545(920).
FEIE TR PE(129)% 11 N> T-IhHE(EE 3).

PE—2 % E AR mRNA 847 KEGG Ui #%
WS, KBNS 123 5% KEGG Ui
e, W ROHBRARI(2872) . AR BN T.(854) .
N ERE(385) . MREEAE BN T KA IR S
(19)4 5 K2, B4 mRNA BURZ T 10 75351
SRR SN (708), BHIE(295), & . /4K
Wi (237), WK AL PRI (235), 2 BRI
(207), Fiz AR (193), Fk(138), ARt
H(130), RERACHI(115), ZIFERASI(110) (& 3),

HE— 2543 Wt R B A A A A A B R 1k
(64) BRACE(17) . RUAIHF(9) 55 AE 5 AU G I % 5
WEEAR A2 (46) . SRR IR 10 (40) |
PN AR A (3 1) 3 K Ak 5 AT DG % 5 TH
M2 . 2 AR INATRICH(37) . SR . sE = RA
S AR R(30) . AR . REARMBT AN
I (28)F AL G, LI MAPK {55
(29). BERRBENLES 5 R 58(9) . Hippo {55 #%(3)
SEAE S ARG I

(A) 1000000 lgp-regulateld . B) miR-31-x 5
] Z t .

OO B iy ik
miR-1-y
miR-375-

10000 miR-7-x d B
&
2 miR-100-x
= 1000 miR-13-x
z miR-33-x
— 100 " :
g : miR-29-y
2 . miR-9993-y
e 10 miR-1511-y
& el miR-200-y
1 miR-7977-y
novel-m0072-3p
0.1 novel-m0003-3p
novel-m0046-5p
O=01 T 10 100 100010000100000 1000000 miR-4968-y
Expression level (AaCK)
2. IKEHE miRNA IERRIEA)RRIZERHE(B)
Figure 2. Differential expression (A) and expression clustering (B) of A. apis miRNAs.
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% 3. BkEH DEmiRNA %8 mRNA EHEHHT 20 189 GO %8
Table 3. Top 20 GO terms enriched by target mRNAs of A. apis DEmiRNAs
GO category GO term NR description Number of target mRNAs
BP G0:0009987 Cellular process 1328
BP GO:0008152 Metabolic process 1309
MF G0:0003824 Catalytic activity 1264
cC G0:0005623 Cell 1134
CC GO0:0044464 Cell part 1134
BP GO0:0044699 Single-organism process 1028
MF GO0:0005488 Binding 920
CC G0:0043226 Organelle 770
CC G0:0032991 Macromolecular complex 436
CC G0:0044422 Organelle part 356
BP GO:0051179 Localization 355
CC G0:0016020 Membrane 352
BP G0:0065007 Biological regulation 310
BP G0:0071840 Cellular component organization or biogenesis 294
CC G0:0044425 Membrane part 238
BP G0:0050896 Response to stimulus 169
MF GO0:0005215 Transporter activity 129
CcC GO0:0031974 Membrane-enclosed lumen 76
BP G0:0023052 Signaling 52
MF GO0:0005198 Structural molecule activity 44
BP: Biological process; MF: Molecular function; CC: Cellular component.
Metabolism
Global and overview maps 708
Carbohydrate metabolism 235
Amino acid metabolism 207
Lipid metabolim 130
Energy metabolism 115
Nucleotide metabolism 110
Metabolim of cofactors and vitamins 103
Glycan biosynthesis metabolism 65
Metabolim of other amino acids 61
Metabolim of terpenoids and polyketides ([121
Biosynthesis of other secondary metabolites (I 12
Xenobioties biodegradation and metabolism
Genetic information processing
Translation 295
Folding, sorting and degradation | 237
Transcription 138
Replication and repair 91
Environmental information processing
Signal transduction I 48
Membrane transport
Cellular processes
Transport and catabolism 193
Cell growth and death 96
Organismal systems
Aging |8 19
0 142 284 426 568 710
Number of targets
B 3. BkKEE DEmiRNA AJ5E mRNA B KEGG iR E&E 54
Figure 3. KEGG pathway enrichment analysis of 4. apis DEmiRNA target mRNAs.
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2.5 FREE DEmiRNA K E ¥ M 458 K& aHr
YT BREH DEmiRNA $UE 53] 270 4>, #
TR R A A R, DR B N B P
BAR R, Tk SRR &E . DNA HJEfbA%
Rl . JLT FREFLL . MAPK {553 B AH ¢ A 40
mRNA , I # @ B AT 5 5 m 45 5 0 BR %
DEmiRNA Z[i] 145 2% (& 4), 53 B A 8530
A 11 4LV miRNA F1 18 4~ F 7 miRNA 454
2 5PN RR B A OCHYEE mRNA; 73lA
6 > I miRNA #1 7 1~ 4 miRNA 454 1 15
DNA HIEALFE R I AHOC I mRNA; 730004 3 4
7 miRNA f1 6 I~ miRNA 254 1 M5ILT
JE A OC HUHE mRNA; 23514 114 4 i miRNA
Al 88 4~ N miRNA 454 29 4~ MAPK 155 51 4
AR HYHE mRNA
=g REx, BFETHEM
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Figure 4. DEmiRNA-mRNA regulation networks in A. apis. A: Regulation networks of cysteine
proteinase-associated mRNAs and corresponding DEmiRNAs; B: Regulation networks of chitinase-associated
mRNAs and corresponding DEmiRNAs; C: Regulation networks of DNA methyltransferases-associated mRNAs and
corresponding DEmiRNAs; D: Regulation networks of MAPK signaling pathway-associated mRNAs and
corresponding DEmiRNAs. Orange circles indicate up-regulated miRNAs; green circles indicate down-regulated
miRNAs. Purple diamond indicate target mRNAs.
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Figure 5.

Stem-loop RT-PCR and RT-qPCR confirmation of 4. apis DEmiRNAs. A, B, C, D: Agarose gel

electrophoresis of Stem-loop RT-PCR products and RT-qPCR examination of miR-319-y, miR-5951-y, miR-9-z and
miR-7-x; E: Sanger sequencing of Stem-loop RT-PCR product from miR-7-x. Three biological replicates were
analyzed, and are represented as Mean+SD. *: P<0.05 compared with AaCK (#-test).
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Differential expression pattern and regulation network of
microRNAs in Ascosphaera apis invading Apis cerana cerana
6-day-old larvae

Cuiling Xiong”, Yu Du”, Ruirong Feng, Haibin Jiang, Xiaoyu Shi, Haipeng Wang,
Xiaoxue Fan, Jie Wang, Zhiwei Zhu, Yuanchan Fan, Huazhi Chen, Dingding Zhou,
Yanzhen Zheng, Dafu Chen’, Rui Guo~

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

Abstract: [Objective] This study aimed to reveal miRNA-mediated mechanism underlying Ascosphaera apis
infection of Apis cerana cerana larvae. [Methods] Small RNA (sRNA) dataset of 4. apis during infection (AaT) was
screened out from sRNA-seq data from Ascosphaera apis-infected A. c. cerana 6-day-old larval guts. The filtered
sRNA datasets from the purified spores (AaCK) and AaT were aligned against miRBase using Blast, followed by
analyses of number and structural characteristics of pathogen miRNAs before and after Ascosphaera apis infection.
Prediction, GO categorization and KEGG pathway enrichment analysis of targets of DEmiRNAs were conducted
using related software. The regulation network between DEmiRNAs and corresponding targets was visualized using
Cytoscape. Stem-loop RT-PCR, qPCR and molecular cloning were used to verify the reliability of our sequencing
data. [Results] Totally, 380 and 387 miRNAs were identified in AaCK and AaT, respectively. The length of
Ascosphaera apis miRNAs were mainly distributed between 18 nt and 25 nt; and the first base had a U bias. There
were 155 up-regulated and 115 down-regulated miRNAs in AaCK vs AaT, targeting 6091 and 6145 mRNAs. Targets
of DEmiRNAs were involved in 15 biological processes, 12 cell components and 11 molecular functions.
Additionally, these targets were engaged in 123 pathways, regulating material metabolisms, energy metabolisms and
signaling pathways. Moreover, complex regulation networks existed between DEmiRNA and corresponding targets,
among them miR-29-x, miR-250-x, miR-4968-y, miR-11200-x, novel-m0023-5p, novel-m0130-5p and
novel-m0135-5p can target mRNAs associated with cysteine proteinase, DNA methyltransferases and chitinase;
miR-7-x, miR-9-z, miR-319-y and miR-5951-y can simultaneously regulate MAPK signaling pathway; miR-250-x
may be involved in cross-kingdom regulation between A. apis and A. c. cerana larvae. [Conclusion] Our results
revealed DEmiRNAs may participate in the infection process of A. apis via regulating targets associated with
material and energy metabolisms, pathogen proliferation, virulence, and several signaling pathways; several key
miRNAs including miR-7-x were potential targets for chalkbrood control.

Keywords: Ascosphaera apis, Apis cerana cerana, larvae, microRNA, regulation network, infection mechanism,
cross-kingdom regulation

(KL Ft4h: =%)

Supported by the National Natural Science Foundation of China (31702190), by the Earmarked Fund for China Agriculture Research
System (CARS-44-KXJ7), by the Teaching and Scientific Research Fund of Education Department of Fujian Province (JAT170158), by
the Outstanding Scientific Research Manpower Fund of Fujian Agriculture and Forestry University (xjq201814), by the Scientific and
Technical Innovation Fund of Fujian Agriculture and Forestry University (CXZX2017342, CXZX2017343) and by the Undergraduate
Innovation and Entrepreneurship Training Program of Fujian Province (201910389011, 201810389029, 201810389082)

*These authors contributed equally to this work.

"Corresponding authors. Tel/Fax: +86-591-83726835; E-mail: Rui Guo, ruiguo@fafu.edu.cn, Dafu Chen, dfchen826@fafu.edu.cn
Received: 10 September 2019; Revised: 6 November 2019; Published online: 20 January 2020

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



