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ABSTRACT
The periodic regeneration of hair follicle playscatical role in wool production. Therefore, it &n
effective way to carry out the research on periodigeneration of hair follicle to increase wools
production. In this study, whole-transcriptome ge&l was performed to investigate ncRNAs and
mMRNAs associated with the various stages of the dyéle in Angora Rabbits. The full length,
intracellular localization and coding ability ofyjkéactor IncRNA2919 were identified. Through thettef
adenovirus system infection in vitro and vivo, iasvfound that IncRNA2919 could inhibit the periodic
regeneration of rabbit hair follicles. Further, thieding proteins of IncRNA2919 were screened byARN
pull-down and mass-spectrometric, such as STATITX&Rand so on. The results will fill the gap in the
research field of hair follicle regeneration frone tevel of long non-coding RNA, and provide a ndea
to accurate breeding and high-quality productiowaol traits of Angora rabbit.
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INTRODUCTION

The hair follicle (HF) cycle is a complicated angndmic process in rabbits, associated with various
signaling pathways and gene expression patterndyHar992;Aubin-Houzelstein, 2012;Harel et al.,
2015;Si et al., 2018). Most non-coding RNAs (ncRINAse RNA molecules that are not translated into
proteins but are involved in the regulation of wad cellular and biological processes(Yue et al.,
2016;Wang et al., 2017).

. . : . ) In this study, we explored the

Figure 1: Hair follicle synchronization model in Angora relationship between ncRNAs
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microRNAs (miRNAs), and
1,168 mRNAs were differentially expressed during tihree HF growth stages (Zhao et al., 2019)(Figure
1). Among them, IncRNA2919 was highly expressetha catagen and telogen, suggesting that it might
play important roles in rabbit hair follicle devploent.

In the field of hair follicle development, the raseh of INcRNAs is very limited, and its specific
mechanism still needs in-depth study. In this stwdy identified INcRNA2919, verified the functiori o
INcCRNA2919 in the development of hair folliclesviivo, and further explored the downstream signaling
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molecules of INcCRNA2919. The research aims to fglatie development mechanism of rabbit hair
follicles from the perspective of INCRNAs, providew ideas for precise breeding and efficient prtidac
of Angora rabbits.

MATERIALSAND METHODS

Analysis of thefull-length sequence and coding ability of INCRNA2919

According to the full length sequence of IncRNA29&@dicted by the whole transcriptome IncRNA-seq
(Zhao et al.,, 2019), the full length sequence afRINA2919 was amplified by 5" and 3' RACE
experiments. Analysis of the possible open reaftenge and potential coding ability of IncRNA2919sva
performed by Online Analysis Website ORF (Open Hepd Frame) finder
(https://www.ncbi.nlm.nih.gov/orffinder/) and  CPC2 (Coding  Potential  Calculator  2)
(http://cpc2.cbi.pku.edu.cn).

The coding ability of INCcRNA2919 was further vegifi by the tag vector. One-step cloning primers for
pcDNA3.1-3xFlag tag vector were designed using G&sigh V1.04, and the start codon ATG was
inserted at the 5" end of INCRNA2919, and T andba$es were added to the 3' end of the pcDNA3.1-
Flag-IncRNA2919-T and pcDNA3.1-Flag-TT product, pestively. After transfecting the cells, use the
Western bolt to detect the protein expression level

Subcutaneousinjection of INCRNA2919 adenovirusin vivo

The rosin and paraffin were heated and mixed irrdiie of 1:1, the mixture was applied to the ba€k
long-haired rabbits after cooling, and part of blaek coat was plucked, the skin showed a slightodat
after plucking, indicating that the hair folliclerscture was destroyed and the hair follicle cyales
contemporaneous to the next growth period. Subeoizs injection experiments were performed and
divided into three groups (four biological replieatper group), including overexpression (OE) gr(adp

uL AD-OE-IncRNA2919+150uL saline), knockdown (KD) group(50L AD-KD-IncRNA2919+150uL
saline) and saline control group (200 saline).

Diluted adenovirus solution or saline was injectetb the skin of the back plucked rabbits using a
syringe. After subcutaneous injection, the soluippears as a small mound on the skin surface anel w
gradually absorbed over time. Photographs werentakeegular intervals to observe the conditionhef
rabbits after adenovirus injection. Seven daysratbe first injection, the adenovirus was injected
subcutaneously again, and 7 days after the seoggation, the back skin was collected for sectigrand
RNA extraction experiments.

Analysis of RNA pull-down and mass spectrometry

Based on the obtained full-length sequence of In&BIN9, PCR primers of the sense strand and
antisense strand were designed, and the sensentisenae strands of INCRNA2919 were obtained by
PCR amplification. In vitro transcription was perfeied using the in vitro transcription kit. In vitro
transcribed RNA was extracted and RNA pull-dowragssvere performed using the RNA pull-down kit.
After the target RNA was labeled with a probe, @éswcombined with the magnetic beads to elute the
RNA-binding protein complex, and the eluate wasenbéd.

The target proteins were separated by verticatrelglcoresis on PAGE gel, and the PAGE gel wassilve
stained to observe the protein bands. The targetsbavere cut from the gel and the proteins were
identified using mass spectrometry. The proteinsevaibjected to reductive alkylation and enzymatic
digestion, and the proteolyzed peptides were dabalfter enzymatic digestion. The proteolyzed plegti
were analyzed by LC-MS/MS instrument on the machame the raw data were submitted directly to the
Proteinpilot software connected to the AB SCIEXplgi TOF™ 5600 plus mass spectrometer for
database search. Conf95% and Unique peptides 1 were set to analyze the peptides and proteins
identified in the samples. The information relatedhe mass spectra of the identified proteinsadyzed

to obtain the final protein identification results.

RESULTSAND DISCUSSION

Analysis of thefull-length sequence and coding ability of INCRNA2919
In general, INcCRNA is less conserved in differgmtes. The mechanism of IncRNA in the rabbit hair
follicles development and growth is still uncle@herefore, we obtained a 1235-bp 5'UTR and a 941-bp
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3'UTR of IncRNA2919 by 5' RACE and 3' RACE,
spliced and aligned to the rabbit genome, and

respegly (Figure 2). Then, the sequences were
finldlcRNA2919 was located at chromosome
161145434-161147366 of rabbit genome, with

Figure 2: Identification, intracellular localizatior]
and protein coding of INCRNA2919.
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a total length of 1933 bp.

Further, it was confirmed that IncRNA2919

was mainly expressed in the nucleus by
nuclear separation and gRT-PCR experiments.
Analyzing the possible ORFs of IncRNA2919,
it is found that although IncRNA2919 can

predict 14 ORFs, they are all less than the
number of amino acids of the normal coding
gene (100aa), suggesting that INcCRNA2919 is
non-coding RNA. Using CPC to predict the
coding ability of INcRNA2919, the score is -

0.575049, suggesting it is a non-coding
RNA.And the pcDNA3.1-Flag vectors of

LncRNA2919 and its fragments were

constructed, it was found that IncRNA2919
had no protein coding ability by Western blot.

19

Effect of adenovirus-mediated INcRNA2919 on hair follicle regeneration in Angora rabbits

In order to study the biological function of

Figure 3. Effects of IncRNA2919 on DPC
proliferation, apoptosis and hair follicle regenina.
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(A)INcRNA2919 inhibited DPC proliferation. (B) Iné#\2919
promoted DPC apoptosis. (C) Tissue sections dftewitro
subcutaneous injection of AD-IncRNA2919.

INcRNA2919 in hair follicle development,
INcRNA2919 overexpression and interference
were constructed in dermal papilla cells
(DPC). By flow cytometry, INCRNA2919 was
found to inhibit DPC proliferation and
promote apoptosif&0.05). In vitro, the AD-

INcCRNA2919  adenovirus  overexpression
system was prepared and injected by
subcutaneous  injection.  Using  tissue

sectioning method, it was found that the
number of hair follicles in INcRNA2919-
injected group were significantly lower than
that in the control group, and the density and
depth of hair follicles were significantly
reduced. It shows that IncRNA2919 can
significantly inhibit the regeneration process
of hair follicles and delay the hair follicles into
the next growth cycle (Figure 3And AD-

OE-IncRNA2919 can significantly increase

the expression level of INcRNA2919 in the Angorahia skin <0.01), and significantly upregulate
FGF5 andKRTAP11-1, and STAT1 (P<0.01), extremely significantly down-regulated #wgression of
LEF1 andWNT2, BCL2 andCCND1 (P<0.05). AD-KD-IncRNA2919 has the opposite result.

RNA pull-down combined with mass spectr ometry screening for INcRNA2919 interacting proteins

To determine the INcCRNA2919-mediated signal tran8dn pathway, we obtained the RNA by in vitro
transcription and the proteins that interact witbRNA2919 using the RNA pull down technique (Figure
4). By SDS-PAGE silver staining and mass spectrom#te differentially proteins were identified.
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Inc002919 antisense and Inc002919_sense identfed proteins, of which 334 proteins were both
identified. Inc002919_sense identified 106 unique

i ' i i ins. The roteins identified in
Figure 4: Screening of the interactiop PrOteINS P
protein of INcRNA2919 using RNA pull INcCRNA2919 antisense and sense were analyzed

d d ) by GO terms based on the mass spectrometry
own an proteln mass spectrometry. identification results obtained. The results showed
A

that the unique proteins GO terms identified in
INcRNA2919 sense were mostly enriched in
tw

cellular processes, bioregulation, metabolic
processes, cellular components and molecular

- binding, from which the proteins related to hair
T e S Sewe e follicle development such as hair follicle cycle

o development, epithelial cell morphogenesis and
A | L1 keratinization and other biological functions retat

< N ““““Ill “““hl “ll : to skin hair follicle development were screened,
- " 11T such as STATL1 (Cald et al., 2003), and KRT16

(Koster, 2012)etc.

(A) in vitro transcrlptlon of IncRNA2919 (B) Silve
staining of in vitro transcription-enriched prote{€) Venn CONCLUSIONS

diagram analysis of the proteins identified by __ . . . . .
Lnc002919_antisense  and  Inc002919_sense.  |() IS research comprehensively identified candidate

Enrichment analysis of INcRNA2919_antisense-specjfi feégulatory ncRNAs during the HF cycle by
hindina proteir transcriptome analysis. The molecular mechanism

of IncRNA2919 regulated the HF cyclic
regeneration was revealed from in vitro to in vigad binding proteins of INcRNA2919 were screemed t
further analyze the downstream signaling transdactietwork of INCRNA2919. This study provides a
basis for systematic further research and newlitsign the regulation of HF cycle.
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» The periodic regeneration of hair
follicle (HF) plays a critical role in
wool production.

« HF cycle can be divided into three

stages:
Telogen.

» Angora rabbit is a well-
known long-haired rabbit
breed.

* Increasing wool
production is one of the
breeding goals.
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INcCRNA2919 was a candidate factor affecting the
periodic growth of rabbit hair follicles
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Figure 1: Hair follicle synchronization model in Angora rabbits. NncRNAS and MRNAS
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Analysis of the full-length sequence and coding
ability of IncRNA2919
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Figure 3: Identification, intracellular localization and protein coding of IncCRNA29109.

(A) The information of INcRNA2919 located in the rabbit genome. (B) IncRNA2919 full-length sequence.
(C) Constructions of pcDNA3.1-Flag vectors of INcRNA2919 and its fragments. (D) Western blot analysis of
IncRNA2919 constructions, GAPDH as a control. (F) IncRNA2919 intracellular localization.




INcCRNA2919 inhibited proliferation and promoted
apoptosis of dermal papilla cells (DPC)
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INcRNA2919 inhibited the regeneration process and
delayed HF into the next growth cycle
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Figure 6: Morphological observation of rabbit skins after the subcutaneous

AD-OE-IncRNA2919 was the adenovirus for overexpression related genes after the subcutaneous injection of
AD-KD-IncRNA2919 was the adenovirus for interference INcRNA2919 adenovirus in Angora rabbit.

* The number of HF in INcRNA2919-injected group were significantly lower than that in the control
group, and the density and depth of HF were significantly reduced.




Transcription factor STAT1 was the interacting
protein of INcCRNA2919
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Figure 8: Screening of the interaction protein of INcRNA2919 using Figure 9: Verification of relationship between INCcRNA2919 and STAT1

RNA pull down and protein mass spectrometry. « IncRNA2919 significantly increased the mRNA
(A) Transcription of INncRNA2919 in vitro. (B) Silver staining of in vitro and protein expression |€V€| Of STAT1

transcription-enriched protein. (C) Venn diagram analysis of the proteins

identified by Lnc002919 antisense and Inc002919 sense. (D) Enrichment e Rindi ifi
analysis of INcRNA2919_antisense-specific binding protein. Bmdmg was verified by RIP assay
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