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ABSTRACT

The roles of Long non-coding RNAs (IncRNAs) andcalar RNAs (circRNAS) in embryonic
development remain unclear. We performed a compsihe analysis of INcRNA and circRNA profiles in
different stages of rabbit embryos by whole traipsome sequencing. We identified 719 IncRNAs and
744 circRNAs that were differently expressed betwstage S1, S2 and S3. A total of 241 differently
expressed INncRNAs and 166 differently expressetR®NAs were significantly involved in function of
embryonic morphogenesis and development. A RNA odtwas established and among the embryonic
development-associated RNAs, IncRNA TCONS_00009268 TCONS_ 00010436 were persistently
downregulated, while circRNA circRNA_07129, circRNE6209 and circRNA_12526 were continuously
upregulated, and their co-expressed mRNAs TBX1, W/dilid FGFR2 were continuously downregulated
during the embryo development. These candidate RM#&e mainly involved in the Wnt, PI3K-Akt and
calcium signaling pathways. This work provides ddate IncRNAs and circRNAs that may be
indispensable for the morphogenesis and developaieabbit embryos.

Key words. circRNAs, INcRNAs, embryo morphogenesis, embrgealiopment, rabbit, RNA-seq.

INTRODUCTION

Rabbit meat have long been consumed in China dits ttelectable taste and flavor. In spite of ahima
welfare and other ethical issues, Europe is theldoisecond largest rabbit meat producer as the
production of rabbit meat have gradually becamestriblize since 197C0C(llere et al., 2018). Emerging
research found that rabbit meat has the charaaterisf high protein content, low fat content awogvl
cholesterol compared with other animatertidaet al., 2006). Therefore, improving the production and
quality of rabbit meat may be an important task.

Non-coding RNASs, including microRNA, long non-codinRNA (IncRNAs) and circular RNAs
(circRNAs), are named for lacking the ability tocede proteins or peptides. Studies show that IncRNA
can develop its biological function by binding DNRNA, or protein though its specific sequences or
structural ghanet al., 2017; Weiet al., 2017). Our early research found that IncRNA TGOR0013557
and XR_518424.2 might play an important roles inbis skeletal muscle development by analyzing
their co-expressed mRNASguanget al., 2018). CircRNAs have become a new topic in ndimgp RNA.
Unlike other noncoding RNA, circRNAs have a covélerlosed loop structure which makes it more
difficult to be cleaved by exonuclease than linganscript and thus more stable in celtsep et al.,
2015). In this study, we detected the expressidtees of MRNASs, INCcRNAs and circRNAs in rabbit
embryo at three growth stages. Furthermore, weigiestthe IncRNA and circRNAs that might affect the
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development of rabbit’s embryo. This study will ormer the potential roles of IncRNAs and circRNAs in
the development of rabbit’s embryo, and furthewvje a potential way for the increase of rabbitdie

MATERIALSAND METHODS

Animals and experimental design

Qixing rabbits were obtained from the Sichuan Adi®eiences Academy in Chengdu, Sichuan, China.
Fifty broods of Qixing rabbits from the same famias bred at the same time. Skeletal muscle samples
were collected at the embryonic age of days 18, (&1)S2), and 26 (S3), and each stage collece thre
individuals. Samples were saved in liquid nitrogemediately. The animal experiment in this studyswa
approved via the animal care and ethical commitegichuan Animal Science Academy. This study was
performed according to the National Institutes efakh NIH Guidelines and National Research Council'
publication “Guide for Care and Use of Laboratomjirals”.

Chemical Analyses
RNA isolation, library construction and sequencing

The total RNA was extracted with Trizol regent (tmygen, USA) from the embryo. TruSeq Stranded
Total RNA with Ribo-Zero Gold kit (lllumina, San €jyo,CA, USA) were used to eliminate the ribosomal
RNA in the quality qualified RNA. lllumina StandaRNA sample library preparation kit (lllumina, San
Diego,CA, USA) were used to prepare the StrandiipdRNA-seq (ssSRNA-seq) libraries according the
manufacturer’s instructions. After qualified by Aggit 2100 bioanalyzer (Agilent, Santa Clara, CAA)S
The strand-specific libraries were sequenced olianina HiSeq X ten instrument. Library constructi
and lllumina sequencing were performed by OE Blot€©., LTD (Shanghai, China).

| dentification of INcRNA and circRNA

We adopted rigorous steps to identify credible N&R(1) reconstructed the mapped reads with Stiengt
software; (2) align the spliced transcripts and riéference transcripts using cuff compare softwésg;
screening the transcripts longer than BpGnd containing two or more exons out from tignahent; (4)
finally, elect the transcripts with non-coding il using CPC, CNCI, Pfam and PLEK. The
normalization of the expression values were peréatioy FPKM. The primary identification of circRNA
was performed with CIRC.

Expression level analysis and differential expression analysis of INcRNA, circRNA and mRNA

CircRNA expression level were analysed accordinM while FPKM was used to quantify IncRNA
and mRNA. According to the result of FPKM and RARGA was used to investigate the distribution and
the correlation among samples. The differentialresgion analysis of INCRNA, circRNA and mRNA
were performed with the DESeq (version 1.18.0)peesvely. The filter condition was set as p-vatue
0.05 and FoldChange > 2.

GO enrichment analysis and KEGG enrichment analysis

To explore the main function of IncRNA/circRNA ihe development of rabbits’ embryo, all the mRNA
co-express with differentially expressed IncCRNAGBINA were annotated by GO. The top 10
IncRNA/circRNA whose co-expressed mRNAs had thetr®3 terms and the enriched mRNA were
screened. The GO enrichment graphs were draw frcthexpressed mRNA. We also analysed the
enrichment of co-expressed mRNA annotated by KE@&sareened the top 10 IncRNA/circRNA whose
co-expressed mMRNAs had the most KEGG terms anerttiehed mRNA> 2 for further study.

Real -time polymerase chain reaction (RT-PCR)

Total RNA was extracted from the embryonic cellshwirizol regent (Invitrogen, USA) and cDNA was
transcribed from corresponding RNA using a revéraascription kit. RT-PCR was began on an ABI
QuantStudio™6 Flex System with SYBR-Green PCR masig& kit (Applied Biosystems, Inc. Foster
City, CA, USA). The amplification conditions is @5 for 10min, followed by 45 cycles of 95 for 15s,
60T for 60s and 9% for 15s. 2°““' method was used to calculate the results.
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Statistical Analysis

Data analysis were performed by SPSS 21.0 (IBM @amonk, NY, USA). All values were presented as
mean + S.D. and one-way analysis of variance (ANQM@s used to analysis the difference between
groups. the statistically significant difference (¢as P < 0.05 while P < 0.001 refer to the extigme
significant difference (**).

RESULTSAND DISCUSSION

Characterization of IncRNAs and circRNAs

CPC, CNCI, Pfam and PLEK was used to screen ousdripts with coding potential, and finally
identified 2589 IncRNA transcripts, including 1406vel IncRNAs. There were 585 IncCRNAs sized
201~300 bp, which occupied the most proportionpfahg with 629 IncRNAs length >=1000 bp. Four
types of IncRNAs were identified, among which igemic IncRNA has the largest number (980),
followed by sense-overlapping IncRNA (939), intomcRNA (337) and anti-sense IncRNA (333). A
total of 20458 circRNAs were identified, with avgealength 1975.17. There were 3575 circRNAs sized
201~300 bp, 3379 circRNAs sized 301~400 and 254&RBlAs length > 2000 bp.

Differently Expressed RNAs Between Different Devel oping Embryos

A total of 7158 mRNAs were differently expressedwsen S1, S2 and S3. The expression of 794
mMRNAs were uniguely different between S2 and ST02BRNAs were uniquely altered between S3 and
S1, and 770 mRNAs were uniquely alterled betweemr88 S2(Fig. 1A). Especially, 342 mRNAs were
persistently upregulated and 110 mRNAs were persist downregulated during the development of
embryo. Moreover, a total of 719 IncRNAs were diffetly expressed between S1, S2 and S3, including
95, 202, and 112 IncRNAs uniquely changed in thaparison of S2 versus S1, S3 versus S1, and S3
versus S2 (Fig. 1B). Importantly, 18 and 5 IncRNAare persistently upregulated and downregulated,
respectively, during the development of embryo. ifiddally, 744 circRNAs were differently expressed
between S1, S2 and S3, including 101, 322, ancctaRNAS uniquely changed in the comparison of S2
versus S1, S3 versus S1, and S3 versus S2 (Fig. Id@restingly, 7 circRNAs were persistently
upregulated during the development of embryo.
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Figure 1: Differently Expressed RNAs Between Different Deyghg Embryos
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Pathway of IncRNAs and circRNAs Involved in Embryonic Devel opment

KEGG analysis was performed to analyze the siggatiathway of IncRNAs and circRNAs that was
associated with embryonic morphogenesis and dewednp TCONS_ 00009253 was mainly involved in
the pathway of PI3K-Akt signaling pathway, Wnt sifing pathway and EGFR tyrosine kinase inhibitor
resistance. While circRNA_ 12526 was primarily inxgd in the signaling pathway of PI3K-Akt signaling
pathway, extracellular matrix (ECM)-receptor intgian, and Calcium signaling pathway .

Regulated Network of IncRNAs, circRNAs and mRNAs Involved in Embryonic Devel opment

To investigate the molecular regulatory networknziRNAs, circRNAs and mRNAs in the development
of embryo, we establish a network using co-expesa®NAs that were involved in the embryonic
morphogenesis and development, and were persist@mtegulated or downregulated during embryonic
development. The results showed the regulated metwbdb TCONS 00009253, TCONS 00010436,

XR_001792631.1, circRNA_07129, circRNA_ 15209 anctRNA_12526. All these three circRNAs

targeted TBX1, and all these circRNA and IncRNAgéted WNT 3 and FGFR2.

Validation of the Selected IncRNAs and Co-expression mRNAs

To verify the sequencing results, real time PCR wsead to measure the INCRNAs and circRNAs that
were involved in the embryonic morphogenesis andeld@ment. In accordant with the sequencing
results, real time PCR showed the expression &N#& TCONS_ 00009253 and TCONS_ 00010436 was
perS|stentIy decreased with the development ofitaioryo. While IncRNA XR_001792631.1 displayed
no significant difference among three stages. Meeeo circRNAs including circRNA 07129,
circRNA_15209 and circRNA 12526 was persistentlgrélased during embryonic development. The
expression of co-expressed mRNAs TBX1, WNT 3 and-R& was persistently decreased with the
development of embryo in rabbits. Correlation asialglisplayed fold change data between real tinfe PC
and RNA-Seq was significantly positive correlatigorrelation coefficient R2 = 0.8214, p < 0.0001),
indicating the reliability of our transcriptome seqcing analysis.

CONCLUSIONS

We identified the rabbit embryo development relaiecRNAs and circRNAs, and revealed their co-
expressed genes and potential signaling pathwaRNA TCONS_ 00009253 and TCONS_00010436
were persistently downregulated during the rabiibyo development, while circRNA circRNA_07129,

circRNA_15209 and circRNA_12526 were continuousiyragulated. Moreover, their co-expressed
MRNAs TBX1, WNT 3 and FGFR2 were continuously dosgulated during the rabbit embryo

development. Overall, this work provides candidat®®NAs and circRNAs that may be indispensable for
the development of rabbit embryos.
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Background. Materials and Methods

L0

» Non-coding RNAs, including long non-coding RNA (IncRNASs) and circular RNAs (circRNASs), can regulate
numerous cellular processes, which makes it participate in many biological processes. However, there are few
researches on the expression patterns of Non-coding RNAs in rabbits and whether Non-coding RNAs are related to

the development of rabbit’s embryo.

4

» Sample collection

L)

Skeletal muscle samples were collected at the embryonic age of days 18 (S1), 22 (S2), and 26 (S3), and each stage

collect three individuals.

«* Methods

The whole transcriptome sequencing was performed by OE Biotech CO., LTD (lllumina HiSeq X ten) . Then we
conducted a series of bioinformatics analysis, mainly including Expression level analysis , Co-expression correlations
analysis, GO enrichment analysis and KEGG enrichment analysis. Finally, RT-PCR was used to verify the experimental

results.
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Results

~:~A Functional Analysis of Differentially Expressed INCRNAs zm circRNAs

embryonic cranial skeleton morphogenesis

embryonic digestive tract morphogenesis

embryonic limb morphogenesis

embryonic organ morphogenesis

embryonic pattern speclf'catlon
morphogenesis of emb .

GO terms

embryonic skeletal jon-lt morphogenesis
embryonic hindlimb morphogenesis

in utero embryonic development
post-embryonic development

embryonic digit morphogenesis

embryonic skeletal system morphogenesis
embryonic axis specification

embryonic skeletal limb joint morphogenesis
embryonic genitalia morphogenesis
embryonic skeletal system development
embryonic viscerocranium morphogenesis
embryonic body morphogenesis

—| 241 DE IncRNASs

195 DE IncRNAs

embryonic neurocranium morphogenesis )
embryonic camera-type eye morphoger is 1 . i .
L1} 100 200 300
NMumber of genes
B
T

embryonic limb morphogenesis

embryonic skeletal joint morphogenesis
embryonic digestive tract morphogenesis
embryonic forelimb morphogenesis
embryonic cranial skeleton morphogenesis
embryonic organ morphogenesis
embryonic axis specification
morphogenesis of embryonic epithelium
embryonic pattern specification
|emblyonic organ developmentl

in utero embryonic development
embryonic hindlimb morphogenesis
post-embryonic development

embryonic digit morphogenesis
embryonic skeletal system morphogenesis
embryonic viscerocranium morphogenesis
anterior/posterior axis specification, embryo

GOterms

20 DE circRNASs

Among the 241 IncRNAs, 5 IncRNAs including
TCONS_00009253, TCONS_ 00010436, TCONS_ 00016088,
XR_001794922.1, and XR_515727.1 were persistently
downregulated, while this IncRNA XR_001792631.1 was
persistently upregulated during the embryonic development.
Moreover, this three circRNAs including circRNA_ 07129,
circRNA 15209 and circRNA 12526 were persistently
upregulated during the embryonic development.

— 1| 166 DE circRNAS

T T
50 100 150
Number of genes




Results

%+ Characterization of IncRNAs and circRNAs Involved in Embryonic development
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IncRNA TCONS_00009253 was mainly
involved in biological process of
mesenchymal cell differentiation, skeletal
system development, and ureteric bud
development.

circRNA_ 12526 was primarily involved in
the biological process of skeletal system
development, chondrocyte development,
and embryonic limb morphogenesis.

Fig. 4 Analysis of the most common functions of the co-expressed mMRNAs for the INcRNA  TCONS_00009253 (A) and the circRNA circRNA_12526 (B).




Results

% Pathway analysis of IncCRNAs and circRNAs Involved in Embryonic Development
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INcRNA TCONS_00009253 was mainly
involved in the pathway of PI3K-Akt, Wnt and
EGFR tyrosine kinase inhibitor resistance

CircRNA_12526 was primarily involved in the
signaling pathway of PI3K-Akt, ECM-receptor
interaction, and Calcium signaling pathway

% Regulated Network of IncRNAs, circRNAs and mRNAs Involved in
Embryonic Development
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All these three circRNAs targeted
TBX1, and all these circRNAs and
IncRNAs targeted WNT 3 and FGFR2.
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Results

Validation of the Selected IncRNAs and Co-expression mRNAS

Relative IncRNA expression

Relative mRNA expression
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Correlation analysis
indicated the reliability of
our transcriptome
sequencing analysis
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Sanger sequencing proved
the circular features of this
three circRNAs




Conclusions

* First, we identified the IncRNAs and circRNAs related to embryo development
in rabbit, and revealed their co-expressed genes and potential signaling pathway.

s Second, IncRNA TCONS 00009253 and TCONS 00010436 were persistently
downregulated, while circRNA circRNA 07129, circRNA 15209 and

L)

circRNA 12526 were continuously upregulated. Moreover, their co-expressed
MRNAs TBX1, WNT 3 and FGFR2 were continuously downregulated during the

rabbit embryo development.

L)

»» Furthermore, these candidate InCRNAs and circRNAs were mainly involved in

L)

the Wnt, PI3K-Akt and calcium signaling pathways.



