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ABSTRACT

Coat color is an important economic trait in rabbit production. The identification of genes influencing coat color
formation and knowledge of the actions of these genes in question provide useful tools for improving fur quality.
However, the formation mechanism of coat color is unclear. To obtain coat color-related candidate genes, tissues of
the backs and bellies of three full-sibling Chinchilla rex rabbits were used to analyze changes in genomic expression
by transcriptome analysis. Of the genes studied, 336 genes showed altered expression in the two groups (285
upregulated and 51 downregulated) by the fold-change and Fisher-test precision inspection statistical methods
(P=0.05, fold-change=2 or <0.5). Using GO and KEGG to obtain differential gene enrichment by hypergeometrics, we
compared results with the genomic background and found several genes to be involved in many important biological
processes. A number of differentially expressed genes were assigned to three GO categories: biological processes
(n=563), molecular functions (n=204), and cellular components (n=132). In addition, several signaling pathways
related to the formation of coat color were identified, including the MAPK and Wnt signaling pathways, revealing
mechanisms of chromogenesis in coat color, such as tyrosine kinase activity, pigmentation, and melanogenesis. The
obtained rabbit transcriptome and differentially expressed gene profiling data provided comprehensive gene
expression information for CACNG1, CACNB1, CACNA1S, PTPLA, PTP4A3, TTN, DUSP26, EN1, MT3, SLC25A4,
SLC16A3, SFRP2 and FRZB. To validate the RNA-seq data, eight differentially expressed genes related to coat color
were confirmed by qRT-PCR. The results of rabbit transcriptome profiling provide a basis for understanding the
molecular mechanisms of coat color formation.

Key words: Chinchilla rex rabbit, coat color, gene, trangtmine.

INTRODUCTION

The Chinchilla rex rabbit is an important type abbit that has a type of coat colors that growsnadly;
consumers highly appreciate the properties of teg, fsuch as beauty, softness, colorful, lightnasd,
warmth retention (Pan et al., 2015). Also, Chirlahiéx rabbits have unique characteristics of codtr,
including a sparkling mix of pearl and black, slatee on the back, and a white and pale blue loellgr.
The mechanism of coat color regulation is stillleac, so Chinchilla rex is regarded as a model ahim
explore the formation mechanism of coat color. Gergression profiling is an important method for
genomic study and identification of functional gentherefore, we obtained candidate genes usiisg thi
method and assessed the biological functions.

In this study, we selected coat color-related cdettdi genes by RNA-seq. The results obtained serve t
improve our understanding of the formation of coalior and coat color candidate genes enable us to
clarify the mechanisms of coat color formation grdvide a valuable theoretical basis for further
research of the hair and fur colors of animals.
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MATERIALSAND METHODS

Tissue collection, RNA extraction, cDNA library construction and Illumina sequencing

Three healthy, 20-day-old full-sibling rabbits witie same coat color were evaluated. Fur on thie ({#c
group) and belly (F group) were of different coatocs (Figure 1). Two groups have three biological
reduplications and it could ensure same genetikgraand and color phenotype of each group. After
transfer to the laboratory, skin tissue samples ¢frf) were collected from the rabbit's back and belly.

Pearl Grey White

Dark Blue Pale Blue

Back Belly

Figure 1: Coat color on the back (left) and belly (righf)aoChinchilla rex rabbit. The rabbit’'s back fur
was dark blue at the base and pearl grey on topresk the fur on the belly is pale blue on the fowe
region and white on the upper region.

Total RNA was extracted and the integrity of theARNas checked for a RNA Integrity Number, After
RNA extraction and purification, 3g RNA was used for back and belly cDNA library doastion. We
depleted the rRNA from the total RNA and then fregited the RNA. The sample library was completed
by cluster generation and cDNA library was sequéngsing the lllumina HiSeq 2500 platfortiumina,

San Francisco, USA) and the data were analyzedaintime. We then used the TopHat method (version:
2.0.9) algorithm to map the clean reads to @rgctolagus cuniculus genome by spliced mapping,
according to Ensembl OryCun2.0. The quantity ofeg@xpression was calculated using Cufflinks
(version: 2.1.1).

Analysis of differentially expressed genes, gene annotation, network analysis and quantitative real-
time PCR confirmation of |llumina sequencing data

The Fold-change and Fisher-test precision inspecstatistical methods were used to analyze
differentially expressed genes that were selecsauya false discovery rate control (FDR) less th&b

and a fold-change greater than or equal to 2 ertleen or equal to 0.5. The differentially exprésgenes
obtained from the two groups were used for funei@nnotation and mapped to Gene Ontology (GO)
terms and Kyoto Encyclopedia of Genes and GenoKE&(G) pathways to identify potential pathways
associated with coat color. In addition, P valesssIthan or equal to 0.05 and FDR less than od émua
0.05 were considered statistically significant. TBERING database was used to perform the network
analysis and union of all differentially expresggghes between the two groups were used to build the
network. To validate the lllumina sequencing daaht known candidate genes that significantly
differentially expressed between the back and belye selected for validation by gqRT-PCR and the
quantitative variation and calculated the relafold-change based on th&*2" method.

RESULTSAND DISCUSSION

RNA-seq generated clean reads after trimming aednclatio of greater than 85% for each sample, the
total clean reads mapped to the rabbit genome hagpimg ratios greater than 80% in this study. 336
genes that were significantly differentially exged between the back and belly regions of theaklkits
were identified using fold-change greater thanquraé to 2 or less than or equal to 0.5 and FDR tless

or equal to 0.05 (285 upregulated genes and 51 wgutated genes). Melanoma is a malignant tumor of
melanocytes (Burgic et al., 2010). Previous studliage revealed that overexpression of PTP4A3 in
transformed uveal melanocytes results in diffeetntiolor expression (Laurent et al., 2010). While
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DUSP26 absent in human melanoma, occurs in prinmanypan glioblastoma tumors with loss of
expression (Patterson et al., 20I0JN mutations have been identified in multiple camntypes including
melanoma (Balakrishnan et al., 200F)irthermore, EN1 may regulate the embryonic exprass agoulti,
as shown by analysis of the distribution of agtratiscripts in mice with targeted disruptions (ktilet al.,
1995).

Table 1. Primer sequences used in gRT-PCR for the validation of differentially expressed genes.

Gene Primers
GAPDH Forward primer: 5-TCACCATCTTCCAGGAGCGA-3’
Reverse primer: 5'- CACAATGCCGAAGTGGTCGT-3’
FRZB Forward primer: 5-CATCAAGTACCGCCACTCGT-3’
Reverse primer: 5-GCCCCTCTACAGTTTCCATTGCT-3’
SFRP2 Forward primer: 5-CCAGCCCGACTTCTCCTACAAGC-3
Reverse primer: 5'-TCCAGCACCTCTTTCATGGTCT-3’
EN1 Forward primer: 5-CTCCTGGGGCTTATCCGTCC-3’
Reverse primer: 5-CTCCCAGTTCCAGCCAAGGTC-3'
CACNALS Forward primer: 5-TCATCCTCAGCGAGATCGACAC-3’
Reverse primer: 5-GATCAGCCTCATGACCCGGAAC-3'
DUSP26 Forward primer: 5-TAACTGGCTCTGGGCATCCAT-3’
Reverse primer: 5'-CCGCTCCAGCTCGAAGACGTT-3’
PTP4A3 Forward primer: 5’- AGAACATGCGCTTCCTCATCACC-3’
Reverse primer: 5-TGTCGTAGGTCACTTCGCACAC-3’
HBB1 Forward primer: 5-GCTGCTGGTTGTCTACCCAT-3'
Reverse primer: 5'-~AGCCAGCACCTTCTTGCCAT-3’
MRPL 36 Forward primer: 5-CCCGCGCTGGGCTTCAAGAC-3’

Reverse primer: 5'- GGGTTGCTCTCGCAGTACACGAAC-3’

According to the GO analysis, categories of biaagjprocess (n=563), molecular function (n=204Y an
cellular component (n=132) contained 214 differ@htiexpressed genes, which were all significar®. G
analysis revealed that the majority of differemjiaxpressed genes were associated with protedsitye
phosphatase activity, protein tyrosine kinase #gfivand protein tyrosine phosphatase activithese
genes could regulate pigmentation by altering pmotéyrosine phosphatase activity, protein
dephosphorylation, protein phosphorylation, andtginokinase activity. Meanwhile, we obtained 66
differentially expressed genes by KEGG pathway y&is| for example, cardiac muscle contraction,
dilated cardiomyopathy, and adrenergic signalingcamdiomyocytes. Analyzing all KEGG signaling
pathways, there was a definite relationship betwsewveral pathways, such as the Wnt and MAPK
signaling pathways. Our study found color-relatednas in signaling pathways participate in
melanogenesis, such as the MAPK and Wnt signalatbvways, which are involved in melanogenesis
through the MITF, which primarily regulates melaptecdevelopment by modulating differentiation and
cell cycle progression (Russo et al., 2009).

To explore the interactions of differentially expsed genes, we used RNA-seq data to construct a
differentially expressed gene interaction netwdte identified the interactions of differentiallypessed
genes using the STRING database, which predictstifural associations between proteins. To confirm
our results, gRT-PCR was performed and we found FiRZB, SFRP2, DUSP26, PTP4A3, EN1, and
CACNALS were upregulated, and HBB1 and MRPL36 wkrenregulated. These data indicate that the
results from transcriptome study are consistent e overall changes of differentially expressedes.
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Figure 2: Analysis of differentially expressed genes invdlwe regulation of coat color in rabbits by
gRT-PCR analysis. Gene expression levels betwegndyvaup (B) and belly group (F).

CONCLUSIONS

Gene expression profiling analysis was used tosasseat color of Chinchilla rex rabbits. This study
found several genes associated with coat colotuditg CACNG1, CACNB1, CACNALS, PTPLA,
PTP4A3, TTN, DUSP26, EN1, MT3, SLC25A4, SLC16A3, R, and FRZB, which affect
pigmentation in rabbit skin. The mechanisms regudatoat color are complex, and coat color-related
genes should be studied further using various nastho
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