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Abstract
Fat mass and obesity-associated (FTO) gene codes for a nuclear protein of the AlkB related nonhaem iron and 2-oxoglutaratedependent oxygenase superfamily, and is involved in animal fat deposition and human obesity. In this work, the molecular
characterization and expression features of rabbit (Oryctolagus cuniculus) FTO cDNA were analysed. The rabbit FTO cDNA
with a size of 2158 bp was cloned, including 1515 bp of the open reading frame that encoded a basic protein of 504 amino
acids. Homologous comparison indicated that the rabbit FTO shared 36.36–91.88% identity with those from other species and
phylogenetic analysis showed that the rabbit FTO is closely related to human, but more distantly related to zebraﬁsh. The New
Zealand rabbit FTO mRNA was detected in all tissues examined, with the highest levels found in the spleen and the lowest
found in the kidney. However, no signiﬁcant differences were seen in cerebellum, corpora quadrigemina, medulla oblongata
and cerebral cortex of commercial adult rabbits. Moreover, mRNA levels of FTO in liver tissues were signiﬁcantly increased
in lactating New Zealand rabbits compared with 70-day-old, 90-day-old and gestating rabbits (P < 0.05). In contrast, FTO
mRNA levels were signiﬁcantly lower in longissimus dorsi muscle of 90-day-old New Zealand rabbits than in 70-day-old
rabbits (P < 0.05). However, the expression levels of FTO in mammary gland and ovary of gestating and lactating rabbits
were not signiﬁcantly different (P > 0.05).
[Xing J., Jing W. and Jiang Y. 2013 Molecular characterization and expression analysis of fat mass and obesity-associated gene in rabbit.
J. Genet. 92, 481–488]

Introduction
Fat mass and obesity-associated (FTO) gene, also known as
FATSO, was ﬁrst identiﬁed as an obesity-susceptibility gene
which encodes the Fe(II) and 2-oxoglutarate-dependent nucleic
acid demethylase (Gerken et al. 2007; Sanchez-Pulido and
Andrade-Navarro 2007; Fischer et al. 2009; Han et al. 2010),
and was originally identiﬁed by positional cloning in fused
toes mutant mice on chromosome 8 (Van der Hoeven et al.
1994; Peters et al. 1999). In human, the FTO gene consists
of nine exons coding 505 amino acids and is located on chromosome 16. The FTO gene is expressed in multiple tissues
of human and is abundant in the hippocampus, cerebellum
and hypothalamus (Frayling et al. 2007; Gerken et al. 2007;
Fischer et al. 2009). Two recent studies in women found
that FTO variants could be associated with telomere length
and epigenetic changes (Almén et al. 2012; Dlouha et al.
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2012). Some SNPs of FTO gene were identiﬁed to be associated with human fat cell lipolysis and human obesity (Dina
et al. 2007; Frayling et al. 2007; Lopez-Bermejo et al. 2008;
Wåhlén et al. 2008; Wing et al. 2009). SNPs of porcine
FTO gene were also found to be associate with intramuscular
fat deposition (Fan et al. 2009; Madsen et al. 2010), backfat thickness, lean cuts, lean meat content (Fontanesi et al.
2010), and growth and carcass traits (Dvořáková et al. 2012).
Moreover, splice variants of porcine FTO gene with different
tissue and breed speciﬁc expression patterns were identiﬁed
in intact and castrated male pigs (Huang et al. 2010). Polymorphism of FTO gene is also related to backfat thickness
and longissimus dorsi muscle area in cattle (Wei et al. 2011;
Zhang et al. 2011). In addition, it was found that fasting
affected FTO expression in chicken (Tiwari et al. 2012).
Taken together, these studies demonstrated that FTO gene
contributes to human adiposity, plays a role in the regulation of lipolysis, and affects meat quality in animals. To date,
although the FTO gene sequences and functions have been
studied in human, mouse, pig and chicken, the structure and

Keywords. fat mass and obesity-associated gene (FTO); rabbit; mRNA expression patterns; sequence analysis; Oryctolagus cuniculus.
Journal of Genetics, Vol. 92, No. 3, December 2013

481

Jinyi Xing et al.
Table 1. Primer, annealing temperature, usage and size of PCR products.
Primer name
FTO-F
FTO-R
3 GSP-F1
3 race-R1
3 GSP-F2
3 race-R2
Expr-F
Expr-R
GAPDH-F
GAPDH-R

Primer sequence (5 →3 )
AAGGCGGCTTTAGTGGCAGCATGAAGC
ACGAKSTCTGTGAGGTCRAACGGCA
TGCACTGATTGGTGGTGTGAAC
TACCGTCGTTCCACTAGTGATTT
AGAACCTGCGGAGGGAAT
CGCGGATCCTCCACTAGTGATTTCACTATAGG
AATGCCACCCACCAACACT
GCAGGCTCGAACGACTTCA
TGCCACCCACTCCTCTACCTTCG
CCGGTGGTTTGAGGGCTCTTACT

function of rabbit (Oryctolagus cuniculus) FTO gene remain
unknown. As rabbit plays an important role both as experimental animal for medicine and as farm animal for human
life; in this study, we describe the cloning, characterization
and expression patterns of the FTO gene in rabbit.

Materials and methods
Sample collection, total RNA extraction and cDNA synthesis

Total RNA used for FTO cDNA cloning was extracted from
longissimus dorsi muscle of New Zealand rabbits. For the
analysis of FTO mRNA expression patterns in different tissues, total RNA was isolated from urinary bladder, liver, kidney, lung, whole brain, spleen, heart, stomach, longissimus
dorsi muscle, small intestine and large intestine. Speciﬁc tissue samples were collected randomly from ﬁve adult New
Zealand rabbits. In addition, cerebellum, corpora quadrigemina, medulla oblongata and cerebral cortex were also taken
from commercial adult rabbit (ﬁve animals) in order to study
the FTO expression patterns in different brain tissues. To
analyse FTO mRNA expression at different developmental
stages, samples of longissimus dorsi muscle, liver, mammary
gland and ovary were collected from New Zealand female
rabbits of 70-day-old, 90-day-old, gestation (the third parity)
and lactation (the third parity), ﬁve individuals for each stage.
All the rabbits were from the same line and reared at similar conditions at the Breeding Station of Shandong Academy
of Agricultural Sciences, Tai’an, China and were slaughtered according to the standards of Animal Management of
Shandong Agricultural University.
Total RNA was isolated by using Trizol Reagent
(Invitrogen, Carlsbad, USA) according to the manufacturer’s
instructions and then treated with DNase to remove DNA
contamination. First-strand cDNAs were synthesized with
∼2 μg total RNAs by using a cDNA synthesis kit (Promega,
Madison, USA) according to the manufacturer’s protocol.
Cloning the rabbit FTO gene by RT-PCR and 3 -RACE

To clone the rabbit FTO cDNA, degenerate primers were
designed according to the sequences of human (GenBank
482

Annealing
temperature (◦ C)

Usage

Size of PCR
products (bp)

60.4

Partial cDNA cloning

1495

62

3 cDNA cloning

968

65.6

3 cDNA cloning

805

57

Expression

182

64

Internal control

163

acc. nos. NM_001080432 and XM_051200) and mouse (GenBank acc. no. NM_011936) FTO genes (table 1). PCR was
performed by mixing 1 μL (50–100 ng) of ﬁrst strand cDNA,
2 μL of dNTPs (2.5 mM each), 0.5 μL each of primers FTOF-cDNA (20 μM) and FTO-R-cDNA (20 μM) (table 1), 0.6
unit of LA Taq DNA polymerase (TaKaRa, Dalian, China),
2 μL of MgCl2 (25 mM) and 2.5 μL of 10× LA Taq buffer
in a 25 μL volume, and run on a Mastercycler gradient
(Eppendorf, Hamburg, Germany) according to the following
program: 94◦ C for 5 min, 35 cycles of 94◦ C for 30 s, 60.4◦ C
for 40 s and 72◦ C for 1 min 30 s and ﬁnal extension at 72◦ C
for 10 min.
The 3 end partial fragments were obtained by rapid ampliﬁcation of cDNA 3 ends (3 -RACE) by using 3 full RACE
Kit (TaKaRa) with nested pairs of gene-speciﬁc forward
primers (3 GSP-F1 and 3 GSP-F2) and reverse primers provided with the kit (3 race-R1 and 3 race-R2) (table 1). The 3 RACE was performed according to manufacturer’s instructions. All primers and annealing temperature are shown in
table 1.
RT-PCR products were puriﬁed with Agarose Gel DNA
Fragment Recovery Kit ver. 2.0 (TaKaRa) and inserted into
pMD19-T Vector (TaKaRa) according to the manufacturer’s
protocols. The recombinant plasmid was transformed into
competent Escherichia coli DH5α cells. At least four positive recombinant clones were sequenced with ABI 3730
sequencer.

Figure 1. The schematic boxes representation of the structure of
the rabbit FTO. The start codon (ATG) and stop codon (TAA) are
indicated by arrows under the boxes. The solid boxes (, numbers
1–9) and hollow boxes (, numbers 1–8) represent exon and intron,
respectively. The numbers above or under boxes show exon and
intron sizes, respectively.
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Sequence analysis and function prediction

Primer design, sequence analysis, open reading frame (ORF)
searching and amino acid deduction were performed with the
program of DNAMAN ver. 6.0 (http://www.lynnon.com/).
The cDNA sequences were compared to the rabbit genome
sequence in the NCBI database by means of the BLASTGen
analysis to deduce the intron/exon boundaries of the FTO
gene.

The protein prediction and analysis were performed by
using the Conserved Domain Architecture Retrieval Tool of
BLAST at the National Center for Biotechnology Information (NCBI) server (http://www.ncbi.nlm.nih.gov/BLAST),
the Computer pI/Mw (http://au.expasy.org/tools/pi_tool.html),
SOSUI (http://bp.nuap.nagoya-u.ac.jp/sosui/sosui_submit.
html), TMHMM (http://www.cbs.dtu.dk/services/TMHMM2.0/), SignalP 3.0 (http://genome.cbs.dtu.dk/services/SignalP)
and the PSORT program (http://psort.ims.u_tokyo.ac.jp/

(A)

(B)

Oryctolagus cuniculus (FJ429175)

57
56
100

Homo sapiens (NM 001080432)
Mus musculus (NM 011936)
Rattus norvegicus (NM 001039713)

100

99
99

Sus scrofa (NM 001112692)
Bos taurus (NM 001098142)
100

Ovis aries (NM 001104931)
Gallus gallus (NM 001185147)
Xenopus laevis (NM 001094012)
Danio rerio (XM 001345874)

0.05

Figure 2. (A) Amino acid sequence alignment between rabbit FTO and human FTO. Solid bars labelled with roman numerals identify
the eight β strands that form the conserved double-stranded beta-helix of the 2-oxoglutarate oxygenases (Gerken et al. 2007; Tiwari et al.
2012). Conserved residues highlighted in asterisks (*) are histidine (H231 and H307), aspartatic acid (D233) and arginine (R316 and R322),
which are the conserved domains for ligand (2-oxoglutarate) binding (Gerken et al. 2007; Tiwari et al. 2012). (B) Phylogenetic tree of FTO
constructed by NJ method based on FTO amino acid sequences by using Mega 4.1. The scale bar is 0.05 representing genetic distance.
The number at each node indicates the percentage of bootstrapping after 1000 replications. Oryctolagus cuniculus is labelled with solid
circle ( ). The GenBank acc. nos. of the sequences used to build the phylogenetic tree are as follows: Oryctolagus cuniculus (FJ429175);
Homo sapiens (NM_001080432); Mus musculus (NM_011936); Rattus norvegicus (NM_001039713); Sus scrofa (NM_001112692); Bos
taurus (NM_001098142); Ovis aries (NM_001104931); Gallus gallus (NM_001185147); Xenopus laevis (NM_001094012) and Danio
rerio (XM_001345874).
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form2.html). A phylogenetic tree was constructed by
neighbour-joining (NJ) method based on the alignment of
FTO amino acid sequences by using Mega 4.1 software. The
branches were tested with 1000 bootstrap replicates.
SOPMA program (http://npsa-pbil.ibcp.fr) was used to
predict the secondary structure of the rabbit FTO. Also, the
three-dimensional structure of rabbit FTO was determined
by the SWISS-MODEL Workspace (http://swissmodel.
expasy.org/workspace/index.php?func=modelling_simple1)
and RasMol software with the crystal structure of human
(PDB ID code 3lfm) as a template.

sequence with the cDNA sequence. The results indicated that
all exon–intron boundaries followed the GT/AG canonical
dinucleotide splicing rule.
Alignment and phylogenetic analysis

The rabbit FTO gene encodes for 504 amino acids. Sequence
comparison revealed that the rabbit FTO shared 36.36–
91.88% identity with those from other species (ﬁgure 2A).
A NJ phylogenetic tree showed that rabbit FTO was
closely related to human, but distantly related to zebraﬁsh
(ﬁgure 2B).

Analysis of the expression patterns of the rabbit FTO

The housekeeping gene glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (NM_001082253) was used as an internal control for the relative quantiﬁcation of FTO mRNA
expression. Primers for FTO and GAPDH mRNA ampliﬁcation were Expr-F, Expr-R and GAPDH-F, GAPDH-R
(table 1), respectively. Real-time quantitative RT-PCR was
conducted on a LightCycler 480 real-time PCR system
R
Premix
(Roche, Mannheim, Germany) by using a SYBR
Ex TaqTM (TaKaRa, Dalian, China). PCR reactions for FTO
and GAPDH were performed by using the following protocols: 95◦ C for 2 min, followed by 40 cycles of 20 s at
95◦ C, 30 s at annealing temperature (table 1) and 1 s at 72◦ C.
The relative expression levels of the FTO gene were analysed according to the 2−Ct method by using the GAPDH
for normalization. qRT-PCR was carried out with negative
controls. Each quantitative experiment was performed in
triplicate.

Function and structure prediction of the rabbit FTO protein

A molecular mass of 58.36 kDa and a theoretical pI of 5.00
were predicted for the rabbit FTO protein with Compute
pI/Mw program. The signal peptide prediction performed by
SignalP 3.0 shows that this protein is not a secreted protein
and does not contain any signal peptide. Hydropathy analysis by using the SOSUI program reveals that the FTO protein
does not contain any typical hydrophobic region, but appear
to be a soluble protein (average hydrophobicity: −0.558).
Transmembrane region prediction made by the TMHMM

Statistical analysis

For qRT-PCR analysis, the mRNA levels of FTO gene were
shown as means ± standard error of the means (SEM). Group
data for multiple comparisons were analysed by ANOVA
with the GLM procedure, and followed by Duncan’s multiple
range test to test for differences (SAS 1989). When P < 0.05,
the differences were considered as signiﬁcant.

Results
Sequence and molecular characterization of rabbit FTO cDNA

By using RT-PCR and 3 -RACE, a 2158 bp fragment of rabbit FTO cDNA was cloned, including ORF (1515 bp), a
partial 5 -untranslsted region (UTR, 20 bp), and a 623 bp
3 -UTR (GenBank acc. no. FJ429175). A rabbit chromosome 5 genomic contig sequence (GenBank acc. no.
NW_003159251.1) which encompasses the entire rabbit
FTO gene was identiﬁed by using BLASTGen analysis. The
rabbit FTO gene spans 416,844 bp, containing nine exons
and eight introns, the characters of the exon–intron junctions
and structures are shown in ﬁgure 1. The structural organization was established by direct alignment of the genomic
484

Figure 3. Rabbit FTO protein three-dimensional model predicted
by the SWISS-MODEL Workspace and RasMol software. The
structure model is based on template 3lfm (2.50 Å) and sequence
identity is 82.48%. The FTO catalytic domain (residues 35–
325) and C-terminal domain (residues 328–497) are labelled with
ASP35A.CA and CYS325A.CA, GLY328A.N and GLY497A.CA,
respectively.
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program indicates that there are no transmembrane helices in
the FTO protein. Analysis of the amino acid sequence of rabbit FTO with the PSORT II program indicates that the probability of rabbit FTO residing in the nucleolus, cytoplasm and
peroxisome is 21.7, 73.9 and 4.3%, respectively.
Analysis of conserved domain based on the NCBI conserved domain database showed that the protein contains
regions associated with the FTO_NTD (N-terminal domain)
and FTO_CTD (C-terminal domain) superfamilies. The secondary structure of FTO protein generated by the SOPMA
program indicates that the FTO fold for 45.04% into α helix,
12.1% into extended strand, 6.75% into β turn and 36.11%
into random coil. The FTO catalytic domain (residues 35–
325) and C-terminal domain (residues 328–497) were found
in the FTO three-dimensional structure model (ﬁgure 3).

Expression patterns of the rabbit FTO gene

By qRT-PCR, FTO mRNA expression was detected in
all 11 tissues investigated. The results showed that FTO
mRNA expression was higher in spleen, liver and lung,
relatively lower in kidney and large intestine, and moderate in other tissues including urinary bladder, whole brain,
heart, stomach, longissimus dorsi muscle and small intestine of New Zealand rabbits. The expression level of FTO
mRNA was signiﬁcantly higher in spleen compared to large
intestine and kidney (P < 0.05) (ﬁgure 4A). Additionally, FTO expression in cerebellum, corpora quadrigemina, medulla oblongata and cerebral cortex of commercial
adult rabbits showed no signiﬁcant differences (P > 0.05)
(ﬁgure 4B).

(A)

(B)

Figure 4. Expression analysis of the FTO gene in adult rabbits. Data are represented
as means ± std error (n = 5). *Indicates statistical differences among different tissues (P < 0.05). (A) Expression analysis of FTO mRNA abundance in different tissues of adult New Zealand rabbits. (B) FTO mRNA abundance in cerebellum, corpora
quadrigemina, medulla oblongata and cerebral cortex of commercial adult rabbits.
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Figure 5. FTO mRNA abundance in different tissues during developmental stages of New Zealand rabbits. Data are presented as
means ± std error (n = 5). *Indicates statistical differences during different developmental stages (P < 0.05). (A) FTO mRNA abundance
in liver in 70-day-old and 90-day-old, gestation and lactation. (B) FTO mRNA abundance in longissimus dorsi muscle in 70-day-old and
90-day-old. (C) FTO mRNA abundance in mammary gland at gestation and lactation. (D) FTO mRNA abundance in ovary at gestation and
lactation.

The FTO expression was also compared between developmental stages of New Zealand rabbits, i.e. 70-day-old,
90-day-old, gestation and lactation. In liver, expression of
rabbit FTO mRNA tended to increase during development
and reached a peak value at the lactation stage (P < 0.05)
(ﬁgure 5A). On the contrary, the expression of rabbit FTO
mRNA signiﬁcantly decreased in longissimus dorsi muscle in 90-day-old compared to those of 70-day-old rabbits
(P < 0.05) (ﬁgure 5B). The expression levels of rabbit
FTO mRNA in mammary gland and ovary during gestation
and lactation were not signiﬁcantly different (P > 0.05)
(ﬁgure 5, C&D).

Discussion
Rabbit plays an important role both as an agriculture animal
and experimental medical animal. In the present study, we
ﬁrst cloned partial cDNA encoding rabbit FTO gene, analysed its genomic structure, and characterized its expression
levels in different tissues and in the same tissue collected
from different developmental stages.
To date, several studies showed that, in human, FTO is
associated with obesity, body fat accumulation and changes
in body mass index (BMI) (Dina et al. 2007; Frayling et al.
2007). In pigs, FTO affects growth rate and intramuscular fat deposition (Fan et al. 2009; Fontanesi et al. 2009,
2010), and in chicken, it inﬂuences the glucose metabolism,
body weight, fatness and body composition (Jia et al. 2012).
Moreover, it has been shown that recombinant human FTO
486

protein acts as DNA-demethylase that catalyses demethylation of 3-methylthymine in single-stranded DNA and of 3methyluridine in single-stranded RNA (Gerken et al. 2007;
Jia et al. 2008). Almén et al. (2012) reported that the effect of
the FTO allele inﬂuencing obesity risk may be mediated by
epigenetic changes (Almén et al. 2012). These studies imply
that FTO performs an important role in mammals.
Our data revealed that the rabbit FTO gene is similar to
that of human and mouse (Peters et al. 1999; Gerken et al.
2007) and consists of nine exons and eight introns. The exons
of rabbit FTO have almost the same sizes as its human or
mouse counterpart, except the ﬁrst exon, the ninth exon and
the third exon that is 3 bp shorter than its human counterpart (625 vs 628 bp) and 6 bp longer than its mouse counterpart (625 vs 619 bp). The predicted amino acid sequence
of the coding region showed high amino acid identities to
other mammalian FTO genes, indicating that the FTO gene
is highly conserved in organisms ranging from algae to
humans (Gerken et al. 2007; Han et al. 2010; Tiwari et al.
2012). Bioinformatics analysis indicated that rabbit FTO
is a nonsecretory, soluble protein and most likely resides
in the cytoplasm. These are in agreement with human and
mouse.
In addition, it was reported that FTO C-terminal domain
(CTD) is associated with increased BMI and obesity risk in
humans, and FTO NTD (catalytic domain) is the catalytic
AlkB-like domain from the FTO protein and this domain
catalyses a demethylase activity with a preference for 3methylthymidine (Han et al. 2010). The CTD plays an important role in stabilizing the conformation of the NTD, because
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the CTD is primarily α-helix that could form a three-helix
bundle and one end of the helix bundle make extensive interactions with the NTD (Han et al. 2010). In agreement with
above reports, the structure of rabbit FTO also contains two
NTD and CTD, which might have an impact on its activity
and function.
Previous studies found that FTO shows a ubiquitous
expression patterns in human (Dina et al. 2007), mouse
(Peters et al. 1999), pig (Madsen et al. 2010), sheep (Sébert
et al. 2010) and chicken (Tiwari et al. 2012). Moreover,
FTO is highly expressed in the mouse brain, especially in
the hypothalamus (Gerken et al. 2007), however, in pig,
cerebellum showed signiﬁcantly higher FTO expression than
hippocampus and cerebral cortex (Madsen et al. 2010). In
the current investigation, results revealed that the FTO is
expressed in all of the 11 tested tissues of New Zealand rabbits. But, our data showed that FTO is highly expressed in
spleen and moderately expressed in whole brain, which is
slightly different from human, mouse, pig and sheep results.
Thus, we speculate that FTO gene might functionally link to
immune response through humoral and cell-mediated pathways, which requires further study in vivo and in vitro in the
future.
Further analysis revealed that, in commercial rabbits, FTO
expression in cerebellum is higher compared to cerebral
cortex, which is in agreement with pig studies (Madsen
et al. 2010), although no signiﬁcant difference is observed
(P > 0.5). The differences in the FTO expression patterns are
likely due to physiological differences among species.
To determine the effect of age on FTO expression, we
compared the expression patterns of the FTO gene during
development. The qRT-PCR results indicated that the FTO
expression levels were signiﬁcantly higher in the liver of
lactating rabbits than in gestating rabbits and 70-day-old
and 90-day-old rabbits. Moreover, there was a signiﬁcantly
lower expression level of FTO in longissimus dorsi muscle
of 90-day-old rabbits compared to 70-day-old rabbits. Similar results were reported in chicken by Tiwari et al. (2012),
showing that FTO expression levels were signiﬁcantly higher
in liver and skeletal muscle of eight-week-old chickens than
in four-week-old chickens. However, FTO expression levels in muscle of rabbits are in contrast to the ﬁnding of
Tiwari et al. (2012), likely due to different mechanisms in
fat deposition between the species. Similar ﬁndings were
reported by Wang et al. (2012), who found that the patterns of
tissue-speciﬁc expression in chicken were breed-dependent
and age-dependent. In addition, Sébert and colleagues found
that there were no age-related differences between sevenday-old and one-year-old sheep in FTO mRNA abundance
in liver and skeletal muscle (Sébert et al. 2010). However,
FTO mRNA abundance doubled in hypothalamus between
newborn and one-year-old sheep (Sébert et al. 2010). FTO
mRNA expression level differences during development and
between speciﬁc parts of the brain (cortex and cerebellum)
were also reported in pigs, i.e., the FTO expression in cortex increases from gestation 50-day-old to 100-day-old and

then decreases in adulthood (Madsen et al. 2010). These
results suggest that FTO plays slightly different functions in
different vertebrate species.
In conclusion, a full-length rabbit FTO coding sequence
and part of its noncoding regions were obtained. Homology
of the predicted coded protein was determined by comparison with FTO sequences from other vertebrates. The expression patterns of rabbit FTO in 11 tissues and in different
developmental stages were investigated. Further investigations are necessary to characterize the precise functions of
FTO in energy metabolism and fat deposition in rabbit.
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