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Cloning and expression profile of Bmyan in the silkworm
(Bombyx mori) and experimental validation as one target of
microRNA 7

Shiping Liu, Yaxi Huang, Jiyun Yin, Xiaoyan Wu, Lanting Zhou, Wei Wang,
and Qingyou Xia

Southwest University, State Key Laboratory of Silkworm Genome Biology, Chongging 400716, China

Abstract: microRNAs(miRNAs)arean extensive class of ~22-nucleotide (nt) endogenous noncoding RNAsregulating life
activities of metazoans through binding to 3'-untranslated regions (3'-UTRs) of their target genes. This work aimed to identify
yan gene in the silkworm, reveal its expression profile and confirm if it is one target of bmo-miR-7 and, as such, have
potential for contributing to better understanding of the molecular mechanisms involved in the metamorphosis of silkworm.
Based on homolog searching and PCR amplification, we cloned the coding sequence (CDS) of Bmyan, which encodes 476
amino acid residues and contains SAM-PNT and ETs domains. Quantitative PCR (q-PCR), RT-PCR and microarray data
revealed high expression of Bmyan in the head, body wall and ovary of day-3 fifth instar larval silkworm, low or no
expression in other tissues. It was lowly expressed in the early larval stages, but highly expressed from late spinning to day
4 pupa. The 3'-UTR of Bmyan was obtained by rapid-amplification of cDNA ends (3'RACE) and predicted to contain two
potential recognition sites of bmo-miR-7. The luciferase reporter vector containing the 3'-UTR of Bmyan was constructed
and co-transfected into BmE cell line with the mimic of bmo-miR-7 and the decreased relative activity of luciferase showed
that Bmyan is one target of bmo-miR-7. This work helps further functional analysis of bmo-miR-7 and Bmyan in the

silkworm.

Keywords: silkworm (Bombyx mori), Bmyan, cloning and expression, microRNA 7, target site
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1.2 iR
[9-10] TRIzol Invitrogen
PCR pMDI19-T DNA
marker BamH I Hind III Kpn I
bmo-miR-71-14 Xbal SYBR Premix Ex Taq™II TaKaRa
yan
bmo-miR-7 pGL3[luc- SV40] DH5a
bmo-miR-7 PCR M-MLV
PCR
Promega
‘ ( )
2 N
1 ARETE (FBS)  PAA bmo-miR-7 mimic
L1 MHREEE (Ribobio)
1.3 EFEYE
-80 C 1.3.1
DH5a Primer premier 5.0
BmE 1
x1 EAMRHBEFASY
Table 1 Primers used in this study
Primer name Purpose Primer sequence (5'—=3")
A3-F1 RT-PCR for A3 AACACCCCGTCCTGCTCACTG
A3-R1 RT-PCR for A3 GGGCGAGACGTGTGATTTCCT
yan-CDS-F2 CDS ATGAAAGTTGTAAGCTTACA
yan- CDS-R2 CDS TTACTGTTCACATTTTTCAC
yan-RT-F3 RT-PCR TCTTACAACAACTTCTGAATGAC
yan-RT-R3 RT-PCR TATCTCCGATAAGCGTACTG
yan-qPCR-F4 qPCR ATGAAAGAAGAAAGATGTGACGAAG
yan-qPCR-R4 qPCR ATAAGCGTACTGATCCGATGTTTG
sw22934-F5 qPCR control TTCGTACTGCTCTTCTCGT
sw22934-R5 qPCR control CAAAGTTGATAGCAATTCCCT
3'-UTR-out-F6 3'-UTR CTCTACTGCGACAACAAATGAGTCCCAC
3'-UTR-in-R6 3'-UTR GTTCCTTCCTCACCTGTTACTCCCACC
3'-UTR-out-R7 3'-UTR TACCGTCGTTCCACTAGTGATTT
3'-UTR-in-F7 3'-UTR CGCGGATCCTCCACTAGTGATTTCACTATAGG
A3-Prom-F8 Promoter of A3 CGGAATTCAGAGGTTACAAGCGACCG
A3- Prom-R8 Promoter of A3 CGGGATCCCTTGAATTAGTCTGCAAGAAAA
yan-3'UTR-F9 Vector TGCTCTAGACTTATTGAGATAGACTAAGGACA
yan-3'"UTR-R9 Vector TGCTCTAGATAGTTGTGGCGGAAAAGTA
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1.3.2 RNA
TRIzol
RNA!'16] RNA 1.2%
RNA
(Thermo Scientific NanoDrop Lite)
RNA
1.3.3 Bmyan
OligodT 3d RNA cDNA
Actin3  Bmyan PCR
94 C 4 min 94 C
30s 56 °C 30s 72°C 1 min

30 72 °C 10 min

1.4 ZRZ%E Bmyan EERRIZER
RT-PCR

3d RNA
A3 Bmyan
7500 Fast Real-Time PCR System
Bmyan PCR

http://www.silkdb.org/microarray/ download.html"”
Bmyan

cDNA

1.5 Bmyan E[& 3'UTR Ry &
3'-Full RACE Core Set Ver.2.0

3-UTR 3.0ulL ( 3 png)
RNA cDNA
cDNA PCR
Outer PCR 94 C
94 °C 30s 62 °C 30s 72°C 1 min
20 72 C 10 min Inner PCR
94 °C 4min 94 °C 30s

Bmyan

4 min

65 C 30s 72 °C
72 °C 10 min

1 min 30

1.6 Bmyan EEF#0 3'-UTR BIFFI 2

YAN
BGIBMGAO001167-TA
Bmyan NCBI  Blast
YAN
SMART Bmyan
Bmyan
YAN MEGA 6.0
bmo-miR-7
UGGAAGACUAGUGAUUUUGUUGU

MiRBase (http://www.mirbase.org/)[l8] RNAhybrid
(http://bibiserv.techfak.uni-bielefeld.de/rmahybrid/)!"”!
Bmyan 3'-UTR bmo-miR-7

1.7 #[& Bmyan 3'-UTR B ki

3d DNA
DNA A3 94 °C
4min 94 °C 30s 55°C 30s
72 C 1 min 30 72 C
10 min Kpnl  Sacl A3
PCR
Kpnl  Sacl pGL3
[luc-SV40] pGL3[A3-luc-
SV40] Bmyan 3'-UTR DNA
Bmyan 3'-UTR PCR 94°C
4 min 94 C 30s 58°C 30s 72°C
1 min 30 72 C 10 min
Xba I Bmyan 3'-UTR PCR

pGL3[A3-luc-SV40]

cjb@im.ac.cn



1616 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech November 25,2015 Vol.31 No.ll

pGL3[A3-luc-Bmyan 3'UTR-SV40]

1.8 #{K pGL3[A3-luc-Bmyan 3'UTR-SV40]
5 bmo-miR-7 mimics 4%
BmE
pGL3[A3-luc-SV40]
pGL3[A3-luc-Bmyan 3'UTR-SV40]
pGL3[A3-luc-Bmyan 3'UTR-SV40]

bmo-miR-7 mimic 1/10 pGL3
3
2 BEREMH
2.1 Bmyan EFE R TEMFIISH
2.1.1 Bmyan CDS
3d cDNA PCR
1 400 bp ( 1A)
PCR
DNA ( 1B)
Bam HI  Hind III PCR
PCR
( 10
Bmyan CDS
SilkDB BGIBMGAO001167-TA
CDS
2.1.2 Bmyan
Bmyan 13 CDS
1 431 bp 476 Bmyan 4
3 SAM-PNT
ETs SAM-PNT
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Fig. 1 Cloning of Bmyan. (A) PCR product. M:
marker DL2 000; 2: PCR product. (B) Retarded
plasmid. 1: retarded plasmid; 2: blue clone. (C) PCR of
plasmid and plasmid digested by BamH [ and Hind III.
1: PCR of Bmyan plasmid; 2: Bmyan plasmid digested
by BamH I and Hind III.
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100 Ixodes scapularis (XP002402447.1) ]Parasitiformes
L Amblyomma triste (JAC31323.1)
74 Diaphorina citri (XP008480475.1) ]Homo —
Acyrthosiphon pisum (XP001947336.2) 8

Pediculus hunmanus corporis (XP002424184.1) JAnoplua
Zootermopsis nevadensis (KDR14699.1) JHymenoptera
Harpegnathos saltator (EFN76093.1) ]
Cerapachys biroi (EZA51509.1)

99 3 Camponotus floridanus (EFN71690.1)
15 53 Acromyrmex echinatior (EG168793.1)
T9L-Solenposis invicta (EFZ18294.1)
100 33| —— Microplitis demolitor (XP008543905.1)
67|Bombus terrestris (XP003401940.1) Hymenoptera
30|' Bombus impatiens (XP003493420.1)
L 62 52 Apis mellifera (XP003249075.1)

Apis florea (XP003699069.1)
7 Apis dorsata (XP006621059.1)
Megachile rotundata (XP003701958.1)
Nasonia vitripennis (XP003426352.1)
43 [Bombyx morl.' (NP001266436.1) :|Lepidoptera

100L— Danaus plexippus (EHI67920.1)

81 Ceratitis capitata (XP004536211.1)
_:Musca domestica (XP005179881.1)
42 Drosophila virilis (XP002051836.1)
100 111 Drosophila mojavensis (XP002001662.1)
Drosophila grimshawi (XP001988999.1)
59 g Drosophila pseudoobacura (XP001356642.2)
Drosophila persimilis (XP002014898.1)
2611 Prosophila ananassae (XP001962111.1)
Drosophila willistoni (XP002064821.1)
281 Drosophila yakuba (XP002087621.1)
22| Drosophila erecta (XP001968361.1)

39 Drosophila sechellia (XP002044821.1)
Drosophila melanogaster (AAA29023.1)
Drosophila simulans (XP002077827.1)
Anopheles gambiae (XP310021.4)
97/Culex quinquefasciatus (XP001865072.1)
98 Aedes aegypti (XP001654606.1) Formicidae

99|  Anopheles sinensis (KFB39017.1)
83L Anopheles darlingi (ETN58225.1)
Tribolium castaneum (EFA02175.1)
{ Coleoptera
72 Dendroctonus ponderosae (ERL92864.1) |

Danio rerio (XP009294883.1) 1 Vertebrata

58

]Trypetidae

Drosophilidae

030 025 020 015 0.10 005 0.00

B2 ZR%E Bmyan REMEMEIFRA YAN EHRERFIIN S FRAEH LR
Fig. 2 Phylogenetic tree of Bmyan from B. mori and other species.
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Dendroctonus ponderosae 7d 4d
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Fig. 3 Expression profile of Bmyan in the silkworm. (A) RT-PCR based expression patterns of Bmyan in the larval
stage of silkworm. eIL1: early lst instar larva; eML1: early 1st molt larva; eIL2: early 2nd instar larva; eML2: early
2nd molt larva; elL3: Early 3rd instar larva; eML3: early 3rd molt larva; elL4: early 4th instar larva; eML4: early 4th
molt larva; eILS5: early 5th instar larva. (B) RT-PCR based expression patterns of Bmyan in fifth instar and pupal stage.
D3IL5: day-3 fifth instar larva; D4ILS: day-4 fifth instar larva; DSILS: day-5 fifth instar larva; D6ILS: day-6 fifth
instar larva; D7IL5: day-7 fifth instar larva; 0 h Sp: 0 h spinning; 12 h Sp: 12 h spinning; 24 h Sp: 24 h spinning; 36 h Sp:
36 h spinning; ePpu: early prepupa; ePu: early pupa; D1Pu: 1 d pupa; D2Pu: 2 d pupa; D3Pu: 3 d pupa; D4Pu: 4 d pupa;
D5Pu: 5 d pupa; D6Pu: 6 d pupa; D7Pu: 7 d pupa; D8Pu: 8 d pupa; eAd: early adult moth. (C) RT-PCR based spatial
expression profile of Bmyan in fifth instar larval silkworm. HD: head of silkworm; BW: body wall; MG: midgut; FB: fat
body; SG: silk gland; MT: malpighian; HC: hemocyte; OV: ovary; TE: testis. (D) Microarray-based spatial expression of
Bmyan in fifth instar larval silkworm. HD: head of female; BW: body wall; A/MSG: anterior/middle silk gland. PSG:
posterior silk gland; MG: midgut; FB: fat body; HC: hemocyte; MT: malpighian; OV: ovary; TE: testis. The microarray
data was downloaded from http://www.silkdb.org/microarray/download.htmI"”. (E) qPCR-based spatial expression of
Bmyan in fifth instar larval silkworm. HD: head of silkworm; BW: body wall; SG:anterior/middle silk gland; MG: midgut;
FB: fat body; HC: hemocyte; MT: malpighian; OV: ovary; TE: testis. Error bars X £S.
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Fig. 4 Cloning of Bmyan 3'UTR. (A) 3'RACE PCR
products. M: marker DL2 000; 1: 3'RACE PCR product

of Bmyan. (B) retarded plasmid. M: marker DL2 000; 1:

blue clone; 2: retarded plasmid of Bmyan 3'RACE. (C)
PCR of plasmid. M: marker DL2000; 1: PCR product
of Bmyan 3'RACE plasmid.

PCR ( 40)

Bmyan 3'UTR (
GenBank
RNAhybrid

571 nt)
KT934311
bmo-miR-7
Bmyan 3'UTR 97-117
479-498 ( A) 97-117
mfe —27.9 kcal/mol 479-498
mfe —21.6 kcal/mol
bmo-miR-7

2.4 FELEHAMIEF] miR-7 B SI8E
Bmyan

Bmyan

bmo-miR-7
Bmyan 3'UTR
3d cDNA
A3 750 bp
( 5B-a) Kpnl Sacl
A3 PCR A3
Kpnl  Sacl pGL3
pGL3[A3-luc-SV40]
Bmyan 3'UTR
Bmyan 3’-UTR ( 5B-¢)
Xba I Bmyan 3'-UTR  PCR
Bmyan 3'UTR
pGL3[A3-luc-SV40]
pGL3[A3-luc-Bmyan 3'UTR-SV40]
( 5B-d) 48 h

[luc- SV40]
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pGL3[A3-luc-Bmyan 3'UTR-SV40]
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A C
a !
UTR 5 A G3 400
GACAAGAUU  UAGUCUUCCG
. UUGUUUUAG  AUCAGAAGGU >300
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Fig. 5 Target site prediction and experimental confirmation of bmo-miR-7 within the 3’-UTR of Bmyan. (A)
Predicted target sites of bmo-miR-7 within Bmyan 3'-UTR. (a) target site at 97" nt of 3'-UTR. (b) target site at 479"
nt of 3’-UTR. (B) Construction of luciferase reporter. (a) PCR of A3 promoter. M: marker DL2 000; 1: PCR product
of A3 promoter. (b) plasmid digested with Kpn I and Sac I. M: marker DL2 000; 1: pGL3[A3-luc-SV40] plasmid; 2:
pGL3[A3-luc-SV40] plasmid digested with Kpn I and Sac I. (¢) PCR of Bmyan 3’-UTR. M: marker DL2 000; 1: PCR
product of Bmyan 3'-UTR. (d) plasmid digested with Xba I. M: marker DL2 000; 1: pGL3[A3-luc-Bmyan
3'UTR-SV40]; 2: product of pGL3[A3-luc-Bmyan 3'UTR-SV40] digested with Xba I. (C) Target validation by
luciferase reporter assay. RFV: relative fluorescence value; Control 1: pGL3[A3-luc-SV40]; Control2:
pGL3[A3-luc-Bmyan 3'UTR-SV40]; 3'-UTR+miR-7: Co-transfection of pGL3[A3-luc-Bmyan 3'UTR-SV40] and
bmo-miR-7 mimics. ¥*P<0.05. Error bars X £s.
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