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Polymorphisms and association of FAT1 gene with wool
quality traits in Chinese Merino sheep

GUANG-WEI Ma'?, XIN You™? Hua YanG? X1ao-HONG Yan'? FanG Mou"?
Yan-Kar CHu"?, EN-GUANG RonG?, SHou-ZHI WANGY?, ZHI-PENG WANGY?,
Hur L% NinG Wang!'?*

1College of Animal Science and Technology, Northeast Agricultural University, Harbin, PR. China
2Key Laboratory of Chicken Genetics and Breeding, Ministry of Agriculture and Rural Affairs,
Harbin, PR. China
3Institute of Animal Husbandry and Veterinary Medicine, Xinjiang Academy of Agricultural
and Reclamation Science, Shihezi, PR. China
“State Key Laboratory of Agrobiotechnology, China Agricultural University, Beijing, PR. China

*Corresponding author: wangning@neau.edu.cn

Citation: Ma G.-W., You X,, Yang H., Yan X.-H., Mou F,, Chu Y.-K,, Rong E.-G., Wang S.-Z., Wang Z.-P., Li H., Wang N. (2020):
Polymorphisms and association of FAT1 gene with wool quality traits in Chinese Merino sheep. Czech J. Anim. Sci., 65: 31-39.

Abstract: FAT atypical cadherin 1 (FAT1) is a member of the atypical cadherin superfamily and is involved in the
planar cell polarity signalling pathway which regulates hair follicle morphogenesis, cycling, and orientation. The
purpose of this study was to investigate the sheep FATI gene expression, polymorphisms and its association with
wool quality traits in Chinese Merino sheep. Quantitative real-time PCR analysis showed that the FAT1 mRNA was
differentially expressed in the adult skin of Chinese Merino and Kazak sheep. Seven SNPs (termed SNPs 1-7) were
identified in exon 2 of sheep FATI gene by Sanger sequencing. SNPs 2 and 7 (novel SNPs) were significantly associ-
ated with wool crimp (P < 0.05). SNPs 4 and 5 (rs161528993 and rs161528992) were significantly associated with
wool fibre length (P < 0.05). SNP 7 was highly significantly associated with average wool fibre diameter (P < 0.01).
Similarly, FAT1 haplotypes were significantly associated with wool crimp (P < 0.05), and the haplotypes H1-H3 and
H5 were significantly associated with higher wool crimp (P < 0.05). Bioinformatics analysis showed that the wool
quality trait-associated SNPs (SNPs 2, 4, 5 and 7) might affect the pre-mRNA splicing by creating or abolishing the
binding sites for serine/arginine-rich proteins, and in addition, SNPs 2 and 4 might alter the FATI mRNA second-
ary structure. Our results suggest that FAT1 influences wool quality traits and its SNPs 2, 4, 5 and 7 might be useful
markers for marker-assisted selection and sheep breeding.
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including skin and renal glomerular epithelial cells
(Cox et al. 2000; Matis and Axelrod 2013). FAT1 is

Atypical cadherin is a type of cadherin which is
essential for the regulation of cell shape (Shapiro

et al. 1995) and is involved in the formation and
maintenance of diverse tissues and organs, such
as the polarization of epithelial cells and cochlear
hair cells (Gumbiner 2005). FAT atypical cadherin 1
(FAT1) is a member of the atypical cadherin super-
family and is widely expressed in epithelial tissues,

involved in the planar cell polarity (PCP) signal-
ling pathway whose components such as Fuz, Racl
and Frizzled6 have been shown to play important
roles in the regulation of mammalian hair follicle
morphogenesis (Dai et al. 2011), cycling (Chrostek
et al. 2006) and orientation (Wang et al. 2010).
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Knockout mouse studies showed that keratino-
cyte-specific loss of Fuz reduced the number of
hair follicles in the back skin and delayed the hair
follicle morphogenesis in E18.5d mouse embryos
(Daietal. 2011), keratinocyte-specific loss of Racl
resulted in hair loss at 2 months of age, and no
hair regrowth was observed at 24 months of age
(Chrostek et al. 2006), and keratinocyte-specific
loss of Frizzled6 led to inconsistent hair follicle
orientation on the back skin at postnatal days 0—4
(Wang et al. 2010).

Wool is an important economic product of sheep
and a vital source of income for sheep farming.
The value of wool is determined by its intrinsic
quality, which includes a number of wool quality
traits such as average wool fibre diameter and
wool crimp. Wool quality traits are polygenic,
and several genes were reported to be associated
with sheep wool quality traits. For example, FST
(Ma et al. 2017) and MTR (Rong et al. 2015) were
reported to be associated with average wool fibre
diameter, and FST (Ma et al. 2017), KAP22.1 (Li
et al. 2017), DSG4 (Ling et al. 2014), and DKK1
(Mu et al. 2017) were associated with wool crimp.

Merino sheep and Kazak sheep have striking
differences in wool quality traits such as the aver-
age wool fibre diameter. Merino sheep produce
the finest and softest wool, while the Kazak sheep
produce coarse wool (Rong et al. 2015). Wool
production relies on the proliferation and dif-
ferentiation of hair follicle epithelial and dermal
cells. Considering the expression of the FATI gene
in skin epithelial cells (Cox et al. 2000) and the
role of the PCP signalling pathway in hair follicle
morphogenesis (Dai et al. 2011), cycling (Chrostek
etal. 2006) and orientation (Wang et al. 2010), it is
reasonable to hypothesise that FAT1 might affect
sheep wool quality traits. Therefore, in this study,
we performed tissue expression, single nucleotide
polymorphism (SNP) detection, and association
analysis of FAT1 SNP with wool quality traits in
Chinese Merino sheep.

MATERIAL AND METHODS

Animal resource population and phenotype.
A total of 744 Chinese Merino ewes were used
for FAT1 SNP analysis in this study. These ewes
came from Xinjiang Academy of Agricultural and
Reclamation Science and consisted of six differ-
ent Chinese Merino sheep strains: strain A (n =
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152), strain B (n = 103), prolific meat strain (strain
PM, n = 134), prolific wool strain (strain PW,
n = 138), superfine wool strain (strain SF, n = 181)
and strain U (n = 36). All sheep were kept under
the same environmental conditions and had free
access to feed and water.

In addition, three ewes of strain SF and three
Kazak ewes were used for FATI gene expression
analysis. Three ewes of strain SF were slaughtered
at 240 days of age to collect samples of heart, liver,
spleen, kidney, rumen, intestine, muscle, and body
side skin. Three Kazak ewes were slaughtered at
240 days of age to collect body side skin samples.
All samples were snap-frozen in liquid nitrogen
and stored at —80 °C until analysed.

A total of five wool quality traits (average wool
fibre diameter, wool fibre diameter standard devia-
tion, coefficient of variation of wool fibre diameter,
wool crimp, and wool fibre length) were measured
and recorded according to the guidelines of the
China Fibre Inspection Bureau and International
Wool Textile Organization (Cottle 2010).

All animal work was conducted according to the
guidelines for the care and use of experimental
animals of the Ministry of Science and Technology
of the People’s Republic of China (Approval No.
2006-398) and was approved by the Laboratory
Animal Management Committee of Northeast
Agricultural University.

RNA extraction, reverse transcription, and
quantitative real-time PCR analysis. Total RNA
extraction and cDNA synthesis were performed as
previously described (Ma et al. 2017). The primers
used for the FAT1 (NCBI: XM_015104568.1) and
GAPDH (NCBI: NM_001190390.1) genes were syn-
thesised by Invitrogen (Table 1). Quantitative real-
time PCR was carried out using Applied Biosystems
7500 Fast Real-Time PCR System (Life Technolo-
gies, USA) using the Tag SYBR Green qPCR Premix
(NOVA; Yugong Biolabs Inc., China). FATI gene
expression was normalised to the reference gene
GAPDH by the 272“*method, where ACt = Ctryr; —
Ctgupprr The quantitative real-time PCR was repeated
three times and each sample was tested in triplicate.

SNP detection and genotyping. Genomic DNA
extraction and SNP discovery were performed as
previously described (Ma et al. 2017). Two par-
tial regions of the sheep FAT1 gene were ampli-
fied by PCR with high-fidelity DNA polymerase
(MO0530L, NEB) with primer pairs FAT1-1 and
FAT1-2, respectively (Table 1). The PCR prod-
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Table 1. Primers used for gene expression analysis and genomic amplification
Primer pair Primer sequence (5'- 3) Product size (bp) Purpose
F: GAACACATATTAGAAGTTACTGTGAC
FATI R: GGGCGACCATTATCAACA 352 qPCR
F: CTGACCTGCCGCCTGGAGAAA
GAPDH R: GTAGAAGAGTGAGTGTCGCTGTT 153 qPCR
F: GGAAAAAATACTAACGCTGAAGCACGA . . .
FATI- R: GAGACGGTAGTTATCTGCTCCCCGA 1406 genomic amplification

R: TTCAGGTTCCTCTGGTTCCATAC

ucts were sequenced using Sanger sequencing
(Invitrogen, USA). SNPs were identified by the
presence of double peaks at a single position in a
chromatogram. In this study, we only considered
the common SNPs (minor allele frequency, MAF >
5%). Genotyping was performed using a 384-well
plate format on the Sequenom MassARRAY plat-
form as previously described (Ma et al. 2017).

Bioinformatics analysis. The functionality of
SNPs was predicted using the online software: ESE
Finder (http://krainerO1l.cshl.edu/cgi-bin/tools/
ESE3/esefinder.cgi?process=home), and RNA SNP
Web Server (https://rth.dk/resources/rnasnp/).
For each identified synonymous SNP associated
with wool quality traits, a 17-bp exonic sequence,
with the SNP located in the middle (position 9),
was used to predict the effect of each of the iden-
tified SNPs on the splicing of FATI pre-mRNA
using the ESE Finder (Smith et al. 2006), and the
effect of each of these SNPs on the FATI mRNA
folding was analysed by submitting the full-length
CDS of FATI gene to the RNA SNP Web Server
(Sabarinathan et al. 2013).

Statistical analysis. Genotype frequencies, al-
lele frequencies, observed heterozygosity and
expected heterozygosity values were calculated,
and the Hardy—Weinberg equilibrium test was
performed using POPGENE (Version 1.31) (Yeh
1999). Haplotype analyses (D') were performed by
the Haploview software (Version 4.2) (Barrett et al.
2005), and haplotype construction was performed
in SAS Version 9.2 using the haplotype procedure,
which uses the Expectation Maximization (EM)
algorithm to generate maximum likelihood esti-
mates of the haplotype frequencies.

Before analysing the association between the
SNPs and wool quality traits, we performed data
pre-processing: for all the tested population, if the

contribution of a single genotype was less than
5% x the total number of samples, we removed the
data for this genotype. In addition, the 744 Chinese
Merino ewes were treated as a random population,
because approximately 70.97% of the pedigree
information was missing.

For all the tested population, the statistical mod-
els were:

Model 1:
Y=p+G+L+A+(GxL)+(GxA)+(AxL)+e

Model 2:
Y=p+H+L+A+HxL)+(HxA) +(AxL)+e
Where: Y = phenotype value; 4 = population mean; gen-
otype (G), haplotype (H), line (L), and age (A) = fixed
effects; (G x L), (G x A), (A x L) = interaction effect of
GbyL, GbyA,and AbyL; (Hx L), (Hx A),(AxL)=
interaction effect of H by L, Hby A, and A by L; e =
residual effect.

Data were subjected to the GLM procedures of
John’s Macintosh Program (JMP Version 7.0, SAS
Institute Inc.), which was used to examine the cor-
relations between genotypes and haplotypes and
continuous traits and to evaluate the Least Squares
Means. For all the data, P < 0.05 was significant,
and P < 0.01 was highly significant.

RESULTS

FAT1 tissue expression in sheep. Firstly, we
investigated FATI tissue expression in Chinese
Merino sheep using quantitative real-time PCR.
The results showed that the FATI gene was more
highly expressed in the body side skin than in the
other tested SF sheep tissues except kidney (P <
0.05; Figure 1A). Furthermore, we investigated the
skin FAT1 expression in Kazak sheep, which have
different wool quality traits, and the comparison
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showed that skin FATI expression was 4.26-fold
higher in SF sheep than in Kazak sheep (P < 0.05;
Figure 1B). These data suggest that FATI may af-
fect the development of sheep wool quality traits.

Identification of sheep FATI gene SNPs.
Two partially overlapping FATI fragments
(1 692 and 1 406 bp, respectively) were PCR am-
plified from sheep genomic DNA and mapped
to Chr26. 15,259,862-15,261,553 and Chr26.
15,261,526-15,262,931, respectively. Sanger se-
quencing identified a total of seven SNPs (termed
SNPs 1-7) in the two overlapping FAT genomic
fragments. These seven identified SNPs were all
located in exon 2 of the sheep FAT1 gene. Of these
seven SNPs, SNP1 was a missense mutation (T213I)
and the other six SNPs were all synonymous mu-
tations (Table 2).

Frequencies of alleles and genotypes of sheep
FAT1 gene SNPs. We genotyped these seven SNPs

https://doi.org/10.17221/224/2019-CJAS

0.14 7 Figure 1. Expression of the FATI
E 0124 4 gene in sheep: (A) FATI gene
% expression in various tissues of
) 0.107 superfine wool strain sheep (SF,
.5 0.08 - n = 3); (B) FATI1 gene expression
g 0.06 levels in the body side skin between
% ' SF sheep (n = 3) and Kazak sheep
2 0.04 1 b (n =3). The reference gene GAPDH
% 0.02 1 was used as an internal control for
R 0. qPCR analysis

SF  Kazak *~significant difference (P < 0.05)

in a total of 744 ewes (from the six tested strains
A, B, PM, PW, SF, and U) of Chinese Merino sheep
(Junken type) using a single base extension assay.
The MAF of these seven SNPs ranged from 0.0587
to 0.4269 (Table 3). The observed heterozygosity
and expected heterozygosity ranged from 0.1091
to 0.5045 and 0.1106 to 0.4898, respectively. The
x> test showed that the SNPs were all in Hardy—
Weinberg equilibrium (P > 0.05, Table 3).
Association of sheep FAT1 SNPs with wool
quality traits. The association between the FAT]
SNPs and wool quality traits was analysed using
the linear model 1 in JMP 7.0 (Table 4). In the
tested population, SNPs 2 and 7 were significantly
associated with wool crimp (P < 0.05, Table 4),
SNPs 4 and 5 were significantly associated with
wool fibre length (P < 0.05, Table 4), and SNP 7
was highly significantly associated with average
wool fibre diameter (P < 0.01, Table 4). SNP2-GG

Table 2. Summary of the seven identified SNPs in the sheep FATI gene

SNP ID Chromosome position® (bp) Nomenclature? db SNP rs # ID Function class
SNP 1 Chr 26. 15,262,663 g16025C>T rs161529005 T2131

SNP 2 Chr 26. 15,262,485 2.16203 G > A novel synonymous mutation
SNP 3 Chr 26. 15,262,227 216461 A> G rs161528998 synonymous mutation
SNP 4 Chr 26. 15,262,134 2.16554 G > A rs161528993 synonymous mutation
SNP 5 Chr 26. 15,262,125 216563 G>T rs161528992 synonymous mutation
SNP 6 Chr 26. 15,261,306 g.17382A>C novel synonymous mutation
SNP 7 Chr 26. 15,060,362 g218326 C>T novel synonymous mutation

lnucleotides are numbered according to the Ovis aries genome [(ISGC Oar_v3.1/0viAri3), http://genome.ucsc.
edu/cgi-bin/hgBlat] and located in chromosome 26 at 15,259,862 to 15,262,931 bp; 2nucleotides are numbered
according to the SNP position in relation to the transcription initiation site of FATI gene ([ISGC Oar_v3.1/
oviAri3], http://genome.ucsc.edu/cgi-bin/hgBlat); db = database; rs# = reference SNP

https://asia.ensembl.org/Ovis_aries/Gene/Variation_Gene/Table?g=ENSOARG00000008398;r=26:15156246-

15263300;t=ENSOART00000009160
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Table 3. Summarized information for the seven identified -

SNPs in the sheep FATI gene

SNPID Alleles! MAF Ho He HWE
P-value
SNP 1 C/T 0.1289  0.2140 0.2248 0.1656
SNP 2 G/A 0.0587 0.1091 0.1106 0.9111
SNP 3 A/G 0.3656  0.4584 0.4642 0.8561
SNP 4 G/A 0.3448 0.4406  0.4521 0.6829
SNP 5 G/T 0.3657 0.4543 0.4642 0.6196
SNP 6 A/C 0.4269 0.5045 0.4898 0.5318
SNP 7 c/T 0.4232 04979 0.4886  0.6602

MAF = minor allele frequency; Ho = observed het-
erozygosity; He = expected heterozygosity; HWE =
Hardy—Weinberg equilibrium

'A/B implies that B is the minor allele

sheep had significantly higher wool crimp than
SNP2-GA sheep (P < 0.05, Table 4). SNP4-AA sheep
and SNP5-TT sheep had significantly longer wool
fibre than SNP4-GA/GG sheep and SNP5-TG/GG
sheep, respectively (P < 0.05, Table 4). SNP7-TC
sheep had significantly lower average wool fibre
diameter than SNP7-TT sheep, and higher wool
crimp than SNP7-CC sheep (P < 0.05, Table 4).
Association of sheep FAT1 gene haplotypes
with wool quality traits. In the tested population,
FAT1 SNPs 2-7 were in strong linkage disequilib-
rium block (D' > 0.85, Figure 2). The association
between the FATI haplotypes (SNPs 2-7) and
wool quality traits was analysed using the linear

SNP7
SNP6
SNP5
SNP4. |
SNP3
SNP2
SNP1

1

Figure 2. Linkage disequilibrium analysis of the seven
identified FATI SNPs

the number in each block means 100 x D’ value (e.g. “11” means
D’ = 0.11); the red block with no number means D’ = 1.00

model 2 in JMP 7.0. The results showed that FAT1
haplotypes (SNPs 2-7) were significantly associ-
ated with wool crimp (P < 0.05, Table 5). Of these
identified haplotypes, the haplotypes H1-H3 and
H5 were significantly associated with higher wool
crimp (P < 0.05, Table 5).

Bioinformatics analysis. To understand the
molecular mechanisms underlying the association
between SNPs 2, 4, 5 and 7 and the wool quality
traits, we predicted the effect of each of these

Table 4. Effects (Least Squares Means) of FATI genotypes on wool quality traits (only traits associated with the

identified SNPs are presented)

SNP ID Traits P-value Genotype (animals 7)
GG (642) GA (79)
SNP 2 wool crimp, crimps/2.5 cm 0.0125* 12.23 + 0.09° 11.40 + 0.32P
AA (87) GA (308) GG (304)
SNP 4 wool fibre length (cm) 0.0167* 9.79 £ 0.16* 9.28 + 0.08" 9.35 + 0.09°
TT (100) TG (328) GG (294)
SNP 5 wool fibre length (cm) 0.0253* 9.71 £ 0.15° 9.25 + 0.07° 9.34 £ 0.09"
TT (126) TC (360) CC (237)
average wool fibre diameter (um)  0.0015** 21.21 £ 0.21* 20.41 + 0.10° 20.74 + 0.14%°
SNE7 wool crimp, crimps/2.5 cm 0.0494* 12.13 £ 0.24% 12.38 + 0.12° 11.92 +0.16°
ab

*P < 0.05; **P < 0.01;

means in a row with different superscripts significantly differ (P < 0.05)
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Table 5. Effects (Least Squares Means) of FATI haplotypes
(SNP2-7) on wool quality traits (only traits associated
with the identified haplotypes are presented)

Haplotype (1 T aimpsasen
H1: GAGGAT (636) 0.42 12.31 £ 0.09?
H2: GGATCC (534) 0.36 12.10 £ 0.10%
H3: GAGGAC (139) 0.08 12.26 + 0.22%
H4: AAGGAC (84) 0.07 11.41 +0.32°
H5: GAGGCC (83) 0.06 12.78 £ 0.33%
P-value! 0.0201*

1P-value of the association between these haplotypes and
wool quality traits; *P < 0.05

abmeans within the column with different superscripts
differ significantly (P < 0.05)

four synonymous SNPs on pre-mRNA splicing
by using the ESE Finder (Smith et al. 2006). The
results showed that SNP 2 might abolish a bind-
ing site for serine/arginine-rich splicing factor 2
(SRSF2) and a binding site for SRSF5, SNP 4 might
abolish a binding site for SRSF5, and SNP 7 might
abolish a binding site for SRSF1 (IgM-BRCA1) and
a binding site for SRSF6 (Table 6). In contrast,
SNP 5 might create a binding site for SRSF2 and
a binding site for SRSF5, and SNP 7 might create
a binding site for SRSF1 and a binding site for
SRSF6 (Table 6). The SNP effects on the local
RNA secondary structure were predicted using the

https://doi.org/10.17221/224/2019-CJAS

RNA SNP Web Server (Sabarinathan et al. 2013).
The results showed that SNPs 2 and 4 might alter
the FATI mRNA secondary structure (Figure 3).

DISCUSSION

Hair follicles are parts of the skin which grow
wool and determine wool characteristics. Con-
sidering the significant difference in wool quality
traits between Merino and Kazak sheep, the dif-
ferential skin expression of FATI gene between
SF and Kazak sheep indicates that FAT1 might be
involved in wool quality trait formation.

In the present study, a total of 744 Chinese Me-
rino ewes were used for the association study.
These sheep consisted of six strains differing in
the production and wool quality traits. To avoid
false or ambiguous conclusions, the sheep strain
(line, L) was included as a fixed effect in our sta-
tistical model (Bentsen 1991). Furthermore, the
interaction effects of G (genotype) x L (line),
H (haplotype) x L (line), and A (age) x L (line)
were taken into account (Wagner 2015).

There is a known negative correlation between
average wool fibre diameter and wool crimp in
sheep (Naylor 1995). In our sheep population,
SNP 7 was significantly associated with both wool
fibre diameter and wool crimp. SNP7-TC sheep
had significantly lower average wool fibre diam-
eter than SNP7-TT sheep, and higher wool crimp
than SNP7-CC sheep (P < 0.05, Table 4). These
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Table 6. Computational predictions of the effects of the wool quality trait-associated SNPs on the FATI pre-mRNA

splicing
SNP! ESE Finder? ESE creating® ESE abolishing*
SNP 2 (G > A) changed no effect binding site for SRSF2, binding site for SRSF5
SNP 4 (G > A) changed no effect binding site for SRSF5

binding site for SRSF2,
SNP5(G>T) changed binding site for SRSF5 no effect

binding site for SRSF1, binding site for SRSF1 (IgM-BRCAL),
SNP7(C>T) changed binding site for SRSF2 binding site for SRSF6

ESE = exon splicing enhancer; SRSF1/2/5/6 = serine and arginine-rich splicing factor 1/2/5/6
'A > B implies the change from allele A to allele B; “ESE Finder: http://krainer01.cshl.edu/cgi-bin/tools/ESE3/esefinder.
cgi?process=home; *ESE creating and “ESE disrupting imply that the effects of A > B by using the ESE Finder program

data suggested that SNP 7 could be a molecular
marker for marker-assisted selection (MAS) for
high-quality wool in sheep. However, this needs
further validation in larger populations.

Most wool quality traits are quantitative charac-
ters and are controlled by multiple genes (Bolor-
maa et al. 2017). A single SNP might have only a
small effect on the related traits (Vandeputte et
al. 2007). Linkage disequilibrium analysis could
examine possible interactions amongst SNPs,
and therefore haplotype analysis could provide
more accurate information on the relationship
between SNPs and traits (Stephens et al. 2001). In
the present study, the FATI haplotypes (H1-H3
and H5) were significantly associated with higher
wool crimp (P < 0.05, Table 5), suggesting that the
haplotypes H1-H3 and H5 could be molecular
markers for MAS for high-quality wool in sheep.
However, these need to be validated in the future.

Generally, synonymous mutations are assumed
to cause no changes in the function of coded pro-
teins. However, accumulated evidence has sug-
gested that some synonymous mutations can affect
alternative and constitutive splicing (Pagani and
Baralle 2004; Kimchisarfaty et al. 2007) and mRNA
secondary structure (Jubao et al. 2003), leading to
an alteration in gene function and phenotype. In
the present study, the four synonymous mutations
(SNPs 2, 4, 5 and 7) were associated with wool
quality traits (Table 4), and our bioinformatics
analysis showed these four SNPs might affect the
pre-mRNA splicing by creating or abolishing the
binding sites for serine/arginine-rich splicing fac-
tors (SRSFs), such as SRSF1, SRSF2, SRSF5, and
SRSF6 (Table 6), which are essential for pre-mRNA

splicing (Zuo and Manley 1993; Kim et al. 2009),
and RNA secondary structure analysis using the
RNA SNP Web Server showed that SNPs 2 and 4
might alter the FATI mRNA secondary structure
(Figure 3). To date, there has been no evidence that
SRSFs, RNA structure and wool quality traits have
some relationship with each other. To determine
whether these SNPs are causative mutations, much
work has to be done in the future. For example,
the regulatory roles of SRSFs and RNA second-
ary structure on FATI gene expression and the
functions of FAT1 and SRSFs in wool quality trait
formation should be fully investigated.

Wang et al. performed the genome-wide associa-
tion study (GWAS) on the same population using
the Illumina ovine 50K SNP array, but the GWAS
results did not detect the association between the
FAT1I gene polymorphisms and wool quality traits
(Wang et al. 2014). This discrepancy might be ex-
plained by two reasons. First, the SNPs used for the
two studies were different. The [llumina ovine 50K
SNP array used in Wang’s GWAS analysis had only
two FATI SNPs (rs407652318 and rs430442466),
while in our present study, seven FAT1 SNPs were
used to perform the association analysis, and there
were no SNPs in common between Wang’s GWAS
and our present study (Table 2). Second, GWAS
generally generates high false-negative results due
to the conservative algorithm (Moran 2003; Li et
al. 2016). In Wang’s GWAS analysis, due to a lack
0f 70.97% of the population pedigree information,
the Bonferroni correction method was used to
reduce the false-positive rate (Wang et al. 2014),
which may lead to a further increase in the false-
negative rate (Strucken et al. 2014).
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CONCLUSION

In summary, the FATI gene was differentially
expressed in the skin between Merino and Kazak
sheep, and four synonymous FATI SNPs (SNPs 2,
4, 5 and 7) and haplotypes (H1-H3 and H5) were
associated with wool quality traits. These identi-
fied FATI SNPs and haplotypes could be used as
molecular markers for MAS for high-quality wool
in Chinese Merino sheep.
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