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Prediction, analysis and identification of long, non-coding RNA
in the midguts of Apis mellifera ligustica workers
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Abstract [Objectives] To predict, analyze and identify IncRNAs in the midguts of Apis mellifera ligustica workers, and
investigate their functions. [Methods] The midguts of A. m. ligustica workers were sequenced with a combination of
IncRNA-seq technology and strand-specific cDNA library construction method; the raw data was filtered with perl script;
IncRNAs were predicted using CPC and CNCI softwares, and their characteristics were compared with those of adjacent
protein-coding genes; RT-PCR was used to identify randomly selected IncRNAs; GO classification and KEGG pathway
enrichment analyses of IncRNAs’ upstream and downstream genes were carried out using the related bioinformatic software.
[Results] A total of 1 956 118 858 raw reads were obtained from the deep sequencing of midgut samples, and 1 946 489 304
clean reads were obtained after filtering. In total, 6 353 IncRNAs were predicted. Compared with protein-coding genes, these

IncRNAs genes had fewer exons and shorter transcripts. The expression of nine IncRNAs was identified. Further investigation
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showed that up- and down-stream genes of A. m. ligustica IncRNAs were enriched in 42 GO terms and 256 pathways.

Moreover, these IncRNAs are found to be engaged in the metabolism and cell-life activity in the midgut of A. m. ligustica

worker. [Conclusion]

These results not only enrich the information of honeybee IncRNAs, but also provide a foundation

for revealing the role of IncRNAs during the development and stress response processes in the A. m. ligustica worker midgut.
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genes

Begnaetal. 2012 Foret and Maleszka 2012
Zayed and Robinson 2012 Kurze etal. 2016

Committee on the status of pollinators in north

America 2007 Apis mellifera
ligustica Apis mellifera
19
Okazaki The FANTOM Consortium and

the RIKEN Genome Exploration Research Group
Phase I & Il Team 2002 2002

Mus musculus 200

RNA long non-coding RNA
IncRNA

IncRNA

IncRNA Pauli
etal. 2012 Iyeretal. 2015 Mudge and Harrow
2015 Qin et al. 2017 LncRNA

Hainer and
Martens 2011 Cooper et al. 2014 Ouyang et al.
2014 IncRNA

Drosophila melanogaster Young et al. 2012
Chenetal. 2016
2016 Aedes aegypti Kayvan et al.
2016 Plutella xylostella Zhu et al.

Bombyx mori Wu et al.

2017 Nilaparvata lugens Xiao et al.
2015 IncRNA
IncRNA
Chen 2017

IncRNA Jayakodi 2015

lincRNA lincRNA
IncRNA
IncRNA
IncRNA-seq
7d 10d
IncRNA
IncRNA
IncRNA
1 #MR5FE
1.1 448
1.2 MFERBTE
3440.5
0d
35
/ 50% w/v
3440.5 24 h

2h AmNc S5uL



- 1036 -

Chinese Journal of Applied Entomology 55

10° Nosema ceranae
Am N. ceranae
5 uL 24 h
7d 10d
3 RNA-Free 1.5mL
- 80
18
9 9
3
AmNc7 AmNc7-1 AmNc7-2
AmNc7-3 AmNcl0 AmNcl0-1 AmNcl0-2
AmNc10-3 Am7 Am7-1 Am7-2
Am7-3  Aml0 Aml0-1 Aml0-2 Aml0-3
IncRNA
12
N. ceranae IncRNA
DEIncRNA

1.3 RNA 12El. #5714 cDNA XEMER
IncRNA-seq

RNA AxyPrepTM
Multisource Total RNA Miniprep Kit TaKaRa
RNA
RNA ncRNA
RNA mRNA  ncRNA
cDNA dNTP
RNase H DNA polymerase | cDNA
QiaQuick PCR Qiagen
EB
A -N-
UNG cDNA
PCR PCR
Sigma
cDNA
paired-end [llumina HiSeq

4000 NCBI SRA

BioProject PRINA406998

1.4 LncRNA KT S4F4E 53 #7

perl raw
data
clean reads
rRNA reads rRNA  reads
Amel 4.5
FPKM Fragments Per Kilobase of transcript per
Million mapped reads
R http://www.r-project.org/
mRNA
IncRNA
CPC Kongetal. 2007 CNCI Sun
2013
IncRNA
1.5 LncRNA #J RT-PCR %1
10 IncRNA
DNAMAN Lynnon
Biosof
RNA Axygen
7d 10d
RNA RT-PCR
PCR 20 uL Mixture 10 uL
1 uL. cDNA 1 uL
20 uL  PCR 94 5 min
94 50 s 55 30 s 72
1 min 34 72 10 min
PCR 1.5%

1.6 LncRNA B L5 B BTN & 53 4

LncRNA cis
IncRNA
IncRNA



6 : RNA - 1037 -

3'UTR IncRNA 1
Flirian and Joshua
2018 IncRNA
%1 LncRNA-seq # B4t
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Fig. 1 Pearson correlations between every two biological repeats within each Apis mellifera ligustica midgut group
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Fig. 2 Characteristic analysis of IncRNAs in the midgut of Apis mellifera ligustica worker
A.IncRNA  mRNA B.IncRNA mRNA
C.IncRNA  mRNA D. IncRNA mRNA

A. Intron length comparison of IncRNA and protein-coding gene; B. Exon number comparison of IncRNA
and protein-coding gene; C. Exon length comparison of IncRNA and protein-coding gene;
D. Length comparison of IncRNA and protein-coding gene.
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Fig.3 RT-PCR verification of IncRNAs in the midgut
of Apis mellifera ligustica worker

Lane M: DNA Marker; Lanel: TCONS_00013922; Lane 2:
TCONS _00013941; Lane 3: TCONS_00013942; Lane 4:
TCONS _00015752; Lane 5: TCONS_00016999; Lane 6:
TCONS_00017000; Lane 7: TCONS_00015837; Lane 8:
TCONS _00017073; Lane 9: TCONS_00019496; Lanel0:

TCONS_00019499.
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Table 2 Information of primers used in RT-PCR

5.3

Primer name Primer sequences (5'-3")
1F GAGATAGCAGAAGACAGCGAC
IR GCAGAGAATACGAGAGTGAAAG
2F ATCAGTGAGTGGAACACGG
2R TATCGGAGAAAGGGACGA
3F ATCAGTGAGTGGAACACGG
3R GGAGAAAGGGACGAGATGA
4F CCACTGAACTCTCTAATCACCA
4R GCGTAACCGACGATAAACA
5F TGCGTCAAGGGAACGATA
5R GCCAATCAACATCCACTCTC
6F TGCGTCAAGGGAACGATA
6R GCCAATCAACATCCACTCTCT
7F GAAACAGGTAGCACAGTCTTTG
7R CACGATACAAGGGAACGAA
8F GATAAGGAGACGAGAGGTGG
8R ATTGAGAGACCAGAGGACAGA
9F CGTTCGTTTGTTTCTGCC
9R GCTTCTTCCCTTTCTACTCCC
10F GCCGATGTTCTCAAACCT
10R GACACACGAGGATGGAAATC
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Fig. 4 GO enrichment analysis for upstream and downstream genes of IncRNAs
in the midgut of Apis mellifera ligustica worker
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