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Circular RNA ame_circ 000115 regulates expression of genes
in larval gusts of Apis mellifera ligustica stressed by
Ascosphaera apis
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Abstract: Circular RNAs (circRNAs) are a new class of non-coding RNAs, which have been
confirmed to regulate insect gene expression and immune response through multiple manners
such as competing endogenous RNA (ceRNA) regulatory network. Currently, function of
circRNA in honey bee immune response remains unclear. In this study, PCR and Sanger
sequencing were performed to validate the back splicing (BS) site of ame circ_000115 (in short
acl15). RT-qPCR was used to detect the expression profile of acl15 in larval guts of Apis
mellifera ligustica stressed by Ascosphaera apis. Dual-luciferase reporter gene assay was
conducted to verify the binding relationship between acl115 and ame-miR-13b. Interference of
acl15 in larval guts was carried out by feeding specific siRNA, followed by determination of
the effect of acl15 interference on expression of six genes relevant to host immune response.
The results confirmed the existence of BS site within ac115. Compared with the un-inoculated
group, the expression of acll5 in 4-day-old larval gut of the A. apis-inoculated group was
up-regulated with extreme significance (P<0.000 1), while that in 5- and 6-day-old larval guts
were significantly up-regulated (P<0.05). The brightness of specific band for ac115 in 4-, 5- and
6-day-old larval guts of the siRNA-circ 000115-fed group gradually became weak, whereas that
of the siRNA-scrambl-fed group was pretty high without obvious variation. Compared with that
of the siRNA-scramble-fed group, the expression of acll5 in 4-day-old larval gut of the
siRNA-circ_000115-fed group was significantly down-regulated (P<0.05), whereas that of the
5- and 6-day-old larval guts were down-regulated with extreme significance (P<0.001).
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Ame-miR-13b was truly existed and expressed in A. m. ligustica larval guts, and there was true
binding relationship between acll5 and ame-miR-13b. Compared with that of the
siRNA-scramble-fed group, the expression of antimicrobial peptide genes hymenoptaecin and
abaecin in 6-day-old larval gut of the siRNA-circ 000115-fed group was significantly
up-regulated (P<0.05), while that of ecdysone receptor (Ecr) was down-regulated with extreme
significance (P<0.01). These results indicate that acl115 is truly expressed in A. m. ligustica
larval guts, BS site truly exists within acl15, and effective interference of acll5 in A. m.
ligustica larval guts can be achieved via feeding siRNA. Moreover, acl15 potentially regulates
Ecr expression through adsorption of ame-miR-13b and expression of hymenoptaecin and
abaecin using a non-ceRNA manner, further participating in host stress-response.

Keywords: ame circ 000115; ame-miR-13b; competing endogenous RNA (ceRNA); Apis

mellifera; Apis mellifera ligustica; Ascosphaera apis; immune response
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PETH (Ascosphaera apis) T AR YL B W4 S 3
PSP I AR P ), SRR
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4% : PCR mix (R EWHEARARAA)
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TCHIK 7 uLo P4 1.5% 0BG M I FeL K
FHRZ IR B AR ISR TSR, SR IS I [Tl H
B R B, 2 24 TAY TR B A FRA F
4T Sanger I ¥ .
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scramble), ZEFG I B 25 B R A 7 A b
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B SiRNA. %88 1.3 Wk 2 Hidgh i
FHUE R 48 FLEEFEARFL N, ZETE AR IR AR
rRAE 3% s R 50 uL 7% siRNA (1 pg) RS i e i
3 H %y, ARG 24 h T 50 pL 7% siRNA
(1 pe)fiakl, BI4Esk 4 H R4 d B A K siRNA
it 1 pg, A3k 5 Hidgh BB siRNA it
2 ug, Bk 6 HIRL ddE AW siRNA 24t 3 pg.

[ B % A1 PCR Al RT-qPCR #& acl15 1
RNAi %R, 28 1.2 W87 5B siRNA-
circ_000115 1A M 2H A1 siRNA-scramble 47 M 21
4.5 F 6 Hibgh i i, $2HLE RNA JFIH
bt RNA, RFE5 I PCR §734, F=¥4
1.5% 1) Bt N W 45 Je FhL K s A A% T P ik sz T
T TSR . IR 1.3 Ty ik b AT
siRNA-circ_000115 1] M 2H 1 siRNA-scramble
MR 4. 5 F1 6 HiIR4hmiEN aclls 1Y
RT-qPCR # i, A4~ fe b ¥ 64T 3 IH AR
SR 3 W PATES, R 225 aclls
RUAH X ik i, i GraphPad Prism 7 #{F
HATE R A IR 4, R Student’s ¢ f 40
G AT S B A
1.5 acll5 B9%E miRNA Fil 5 2 #h

AP BAHT I E F FH small RNA-seq (sSRNA-
seq)FE RN EE T8 4. 5 fl 6 Hid4hH
J 18R S #EAT IR, o3 AR B 13 186 921,
14 255 967 F1 10 921 897 £ARLEE, & IhE45
FI| 10 841 644, 12 037 678 F1 9 230 496 2% Tt
WP sE B, d gl 82.22% . 84.44% Fil
84.51%, S MNEY)#E R [H[) Pearson FH3¢ R
BI7E 0.973 4 LU EPY, @SB RAY sSRNA-seq £
Al HFAMTE T acl15 B miRNA Bl F15347 .

Z B EFEPIY gk, B miRanda
(v3.3a). RNAhybrid (v2.1.2)+svm_light (v6.01)
5 TargetFind # 4 il ac115 #1114 Y miRNA,
3 MR R AERAS L RS CR
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stem-loop 5| ¥ A0 L5 ¥ Je i FH T iE | 4
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FOAYIEARAG R w32 B3 Sk B 4 H k%)
B iE A S RNA, fff ] ame-miR-13b HY
stem-loop 7| W4T 5% s A5 BRI ) cDNA #4
Mo FAA L THEL Wikt PCRY B, Y4
1.5%5 i W e e vl vk ks il - DS 1m0l H A A
B, AR BREPI R T HN R B TA
5 Sanger M.
1.7 acll5 5 ame-miR-13b 4 & X R HIW K
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M4 ame-miR-13b 35153140 L AL 4
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IR EARNE G o R aclls
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FEiE pmirGLO #fAk, 74 pmirGLO-cirll5-
mut, PRI AR TAY) TR (BB A BRA
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SRR 37 CHEFRA AR LR % 24 h, (T2 1%
FEIRE] 90%-95%. F% 18 Hieff Trans™ Liposomal
Transfection Reagent fig Ji /442 IR 5 Y i 5] ( |5
W25 AR YR A BR A /) B9 U B A5 17 20 M 5
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Mimic-NC 5 pmirGLO-cirl15-wt LYY 4 5 ¢
2. Mimic-miR-13b 5 pmirGLO-cirl15-mut 3£
HgveH 5 d 4 Mimic-NC 5 pmirGLO-cirl15-mut
AL R YL 200 ng BORF 20 pmol
Mimic-miR-13b (8 Mimic-NC), % 4L5¢ 5 5
F% 24 h, AR5 A ZR B A5 6 (it
B 25 AR IR BR A m)AE GloMax b2 & Otk
DUASC = 3 1) G 00 et o 7 Ol 3 g B i ' RO
R WG 7, K BB DGR T B RO R
it (1) LU (B A5 B AR AT R AR50 LR T 3 Ik
HH,
1.8 acll5. ame-miR-13b % #€ mRNA %
W g M R 4R

IX ] miRanda (v3.3a), RNAhybrid (v2.1.2)+
svm_light (v6.01) 55 TargetFind %k 4 i il
ame-miR-13b #E[n] ) E %% mRNA (4546 A HEE
<21 kcal/mol), 3 P&/ ABIANSE, R
P& acl15 Fll ame-miR-13b, ame-miR-13b FI4E
mRNA 456 KA E acll5-ame-miR-13b-
mRNA WML, FiEid Cytoscape it
PRI 2% T AL
19 EERENEHEXEED RT-qPCR
gl

i 6 1 FE A N A A DG 6 BT
RT-qPCR W , 2 4% B30 B Ht w1 ik & A
hymenoptaecin . WMk HT 1 PRILH abaecin . BifH
£ 1 M defensin-1 5 5 R F M LI dorsal |
Toll 3 FEAH S HE A cactus el fe 3 & Z AR I
Ecro ARG _LIREE P94 AN Y qPCR
KGR 1), 44 1.4 5 siRNA-circ_
000115 122 Fl siRNA-scramble {4 6 H itk
4 IE R B RNA, A Oligo dT 54 MEEHL
ST R sk, FAS BN cDNA VRN
FIH Bk 6 ASFEE I 5 e ikt
qPCR K o S 1A 28 A 25 12 A B J S P 4
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EH TR E . BRVHET 3 REAREEM
3UEATEE . R 22 R 3L R A
ik, il GraphPad Prism 7 344 74
STt Bl SEEEE AT Student’s ¢ K5

2 EREAM

2.1 acll5 B9 BS i =30

BRTs Y R mE 1A s, FIH
BRI 5IYX acl15 #47 PCR ¥4, =35
Bl LUK 25 2R WOR BR IS 3G 0 AT U R/ (2
100 bp)Hy H W) i Bt (Kl 1B), #t—2E 14 Sanger il
PR R, B BUP A5 AR P25 5 5
- HAE BS (if(El 1C), FiRGERUES:
T acll5 FiEH BS 7 5 A E S0
22 EHEYHPFENR aclls EEEIKER
BB id 12 YR IEE

RT-qPCR #5458 W R A3 TR AL, Hefp
H 4 HIRZ R mIEN aclls AN EFH
P 3.67 £%(P<0.000 1), 5 A4 HiE N aclls
M kg B E FiF 5.09 f%5(P<0.05), 6 A4
HAHIEN aclls WFREEEFE LIH 2.16 1%
(P<0.05) (K 2)
2.3 acll5 B9 RNAi SR

PCR 3% 7™ 4 1 3 M W 68 o Hh, Tk 245 2R
7N, siRNA-circ 000115 faME4H 4. 5 F1 6 H#R
W HAIE N acll5 MRS M 57 52 18 % Wi s
55, 1M siRNA-scramble 1a]ME4H 4. 5 f1 6 H iR
R FIE P acl1S MR F A S RS H
JCA 725 Ak (] 3A). RT-qPCR 45 51 W /R HH# T
siRNA-scramble 1f] M4 , siRNA-circ_ 000115
T 4 HiIR4h HHTE N aclls WRE R B F
TI(P<0.05), THAEN 35.17%; 5 HiEH
6 His4h BN aclls MFRA BRI EET
JH(P<0.001), THRACRIEE] 71.50%F1 73.50%
( 3B),



HIEE Z/3R4K RNA ame_circ_000115 T B ERME TE AN BB RFEERRX 223

x1 KARERRSY
Table 1  Primers used in this study

Name Sequence (5'—3") Purpose
siRNA-circl15-sense UCCCAGAUAGACUAAUGAGTT Detection of RNAI
efficiency

siRNA-circl15-antisense CUCAUUAGUCUAUCUGGGATT

Negative-control-sense UUCUCCGAACGUGUCACGUTT

Negative-control-antisense ACGUGACACGUUCGGAGAATT

ame-miR-13b-stem-loop = CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAATCGTCA Reverse transcription of
ame-miR-13b

Mimic-miR-13b-sense UAUCACAGCCAUUUUUGACGAUU Targeting relationship

validation

Mimic-miR-13b-antisense UCGUCAAAAAUGGCUGUGAUAUU

ame_circ_000115-F

TGTCCAACCACTTGTGGAAGAA

PCR and RT-qPCR

ame_circ_000115-R GCTGCTACGTTACTTGTCATGG RT-qPCR
ame-miR-13b-F ACACTCCAGCTGGGTATCACAGCCATTT
ame-miR-13b-R CTCAACTGGTGTCGTGGA
hymenoptaecin-F ACATAGAAATCGATCAGCTC
hymenoptaecin-R AACCAACACGATGAATTTCA
abaecin-F AACCAACACGATGAATTTCA
abaecin-R TATTCTTTTTTTCCGTTTTATG
defensin-1-F GTCAGACACTTCTCAGTCTT
defensin-1-R TCTCAAAATGCTCAAGTGGCTC
dorsal-F CTTTTATGTCGCGTGCAAAT
dorsal-R CGTTCTGTGTTCATTTCTCTTG
cactus-F CCTGGACTGTCTGGATGGTT
cactus-R TGGCAAACCCTTTCTCAATC
ecdysone receptor-F GTGTCGTGTTGGCAGCCACT
ecdysone receptor-R CGACCACGCCAACCCCGGCG
actin-F CCTAGCACCATCCACCATGAA
actin-R GAAGCAAGAATTGACCCACCAA
P Divergent primer B
Convergent primer ng\@‘ @c\\s ACTAATGAGA --------- TCCCAGATAG
— L TCCCAGATAG lACTAATGAGA

TCCC:—.G"—..T},G?-.CT;.F«,TG.'—.Gf—.

|
-
ot
toA |
\|||]|l||/l\ ]| "
RN

250 bp

100 bp

Bl 1 acll5 &Y BS i S 389E

Figure 1 Validation of the BS site of ac115. A: Diagram of amplification with divergent primers. B:
Agarose gel electrophoresis of PCR product. C: Sanger sequencing of target fragment; the black arrow
indicates the BS site within ac115.
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*
I Un-inoculated group
[ |Inoculated group

6+
fokokoRol * 3%

Relative expression level
~
T

4-day-old 5-day-old 6-day-old
Group

2 EMKEEMERNE®E4. 556 HikA R
FHIBA AC115 BB X Rz S 42T

Figure 2 Determination of relative expression of
acll5 in 4-, 5-, and 6-day-old larval guts of Apis
mellifera ligustica infected by Ascosphaera apis.
Data ware subjected to Student’s ¢ test, *: P<0.05,
*%: P<0.01 and ****: P<0.000 1.

A M 1 2 3 M 4 5 6

250 bp
100 bp

s
- m—— —

[ siRNA-scramble-fed group

B siRNA-circ_000115-fed group
1.5 * Rkk
w%%

0.5F

Relative expression level

0.0
4-day-old 5-day-old 6-day-old
Group

3 AR siRNA 554 4.5 7 6 Bk 4h 718
A acl15 B9#E N

Figure 3  Detection of acll5 in 4-, 5-; and
6-day-old larval guts of Apis mellifera ligustica
after feeding siRNA. A: Agarose gel electrophoresis
of PCR products. Lane M: DNA marker; lane 1-3:
4-, 5- and 6-day-old larval guts in siRNA-circ_
000115-fed group; lane 4-6: 4-, 5- and 6-day-old
larval guts in siRNA-scramble-fed group. B:
RT-qPCR determination of relative expression of
acl15 in larval guts after feeding siRNA, *: P<0.05,
**%: P<0.001 and ****: P<(0.000 1.
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U0, BURHER IR SR R e Y 1 th A &
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2.6 acll5 5 ame-miR-13b 454 X R BTG IE
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IR MR B RGN 45 2R os , fH LT
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Mimic-miR-13b 5 pmirGLO-cirl15-wt 4% 4L 24
14 40 B ¢ 6 6 Ak I 2 B AR (P<0.01) 5 A EE T
Mimic-NC 5 pmirGLO-cirl15-mut JFify 4% e
4, Mimic-miR-13b 5 pmirGLO-cirl15-mut 5k
A G 20 1) 40 i S O6 T 1R T 8 3 8 Ak (P>0.05)
(K 6), LI &R acll5 5 ame-miR-13b Z
] Al REAFAE LS ZE 5 R 5 o
2.7 acll5. ame-miR-13b & ¥E mRNA i
=M LE

B ] T 25 5 R, ame-miR-13b FEHE [i)
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Figure 4 Regulatory network between acl15 and its target miRNAs.
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Figure 5 Agarose gel electrophoresis (A) and Sanger sequencing (B) of PCR product from ame-miR-13b.
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Figure 6 Verification of the binding relationship between ac115 and ame-miR-13b. The upper panel is
result of Sanger sequencing of binding site between ac115 and ame-miR-13b as well as the sequence of the
mutated binding site. The lower panel is result of dual-luciferase reporter gene system, a: Co-transfected cells
with  Mimic-NC and pmirGLO-cirl15-wt; b: Co-transfected cells with Mimic-miR-13b and
pmirGLO-cirl15-wt; c: Co-transfected cells with Mimic-NC and pmirGLO-cirl15-mut; d: Co-transfected
cells with Mimic-miR-13b and pmirGLO-cirl15-mut; **: P<0.01; ns: P>0.01.
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Figure 7 Regulatory network among ac115, ame-miR-13b and target mRNAs.
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Figure 8 Detection of relative expression of 6-day-old larval relative genes of Apis mellifera ligustica
responding to the Ascosphaera apis infection after interference of ac115. *: P<0.05; **: P<0.01; ns: P>0.01.
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