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ABSTRACT. The fat mass and obesity-associated gene (F70) is
an excellent candidate gene that affects energy metabolism. Single
nucleotide polymorphisms (SNPs) in FTO are associated with carcass
and meat quality traits in pigs, cattle, and rabbits. The aim of this study
was to investigate the association between novel SNPs in the FTO
coding region and carcass and meat quality traits in 95 crossbred ducks,
using DNA sequencing. We found two transitions G/A (SNP 387 and
473) within exon 3. SNP 387 was a synonymous mutation, whereas
SNP 473 was a missense mutation. Association analysis suggested that
SNP g.387G>A was significantly associated with all of the carcass
traits measured, the intramuscular fat content (IMF), cooking yield
(CY), pH values 45 min after slaughter (pH45m), drip losses from the
breast muscle, and the leg muscle (P < 0.05). For SNP g.473G>A, the
genotype AA exhibited greater leg muscle weight than the genotypes
GG or AG (P < 0.05). The D value suggested that the two SNPs
exhibited strong linkage disequilibrium. Three haplotypes (G,G,, G A,,

and A A)) were significantly associated with IMF, CY, the a* Value
and all of the carcass traits measured (P < 0.05). The results suggest
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that F70 is a candidate locus that affects carcass and meat quality traits
in ducks.

Key words: Crossbred duck; Fat mass and obesity-associated gene;
Carcass and meat quality trait; Single nucleotide polymorphism

INTRODUCTION

Carcass and meat quality traits are important in animal breeding programs, and in-
clude live weight (LW), carcass weight (CW), pH, semi-eviscerated weight (SEW), eviscer-
ated weight (EW), meat color (MC), drip loss (DL), tenderness, intramuscular fat (IMF) con-
tent, and other traits. However, these traits have low heritabilities (Boukha et al., 2011) and
are difficult to improve using traditional artificial selection. Moreover, their measurement is
both expensive and difficult, and can only be conducted after death. Because of advances
in molecular genetics technology, genomic selection strategies and marker-assisted selection
programs have been used, and are considered to be the most effective selection approaches for
low-heritability traits since they are easily measured (Gao et al., 2007). Furthermore, the iden-
tification of gene polymorphisms that are associated with production traits, and linkage analy-
sis, are important and commonly used tools to characterize candidate genes at the DNA level.

Several factors, such as genes, the breed studied, the rearing system, sex, and age
could influence carcass and meat quality traits (Santos et al., 2007; Galian et al., 2008; Timova
et al., 2014). Fat content is a crucial aspect of animal meat quality, and the aim in modern
animal breeding is to reduce fat deposits and increase lean growth. DNA markers in several
obesity-related genes have been associated with fat deposition and carcass and meat quality
traits in different animal populations. For example, the leptin gene, which is also called the
obese gene, codes for a circulating protein that regulates dietary intake by binding to leptin
receptors (Prokop et al., 2012). Polymorphisms in the leptin gene have been identified, and
association analyses have shown that this gene might be an important source of variability in
carcass and meat quality traits between different cattle populations (Li et al., 2013; Tian et al.,
2013). Therefore, it is important to investigate the association between obesity-related genes
and carcass and meat quality traits for duck breeding programs.

The fat mass and obesity-associated gene (F'70) was originally cloned in mice (Peters
et al., 1999), and energy expenditure is increased in F'TO-deficient mice (Fischer et al., 2009).
FTO transcript expression has been detected in all of the tissues tested, and is the highest in
the brain (McTaggart et al., 2011; Xing et al., 2013), which plays an important role in regulat-
ing feed intake and energy expenditure, commensurate with perceived whole-body energy
requirements (Richards and Proszkowiec-Weglarz, 2007). In humans, several single nucleo-
tide polymorphisms (SNPs) of FTO that are associated with the body mass index (BMI) have
been found, which contribute to obesity and related diseases (Hubacek et al., 2010; Binh et
al., 2013). Jia et al. (2012) reported that in chickens, /7O is related to glucose metabolism,
body weight (BW), and fat content. In pigs, FTO mRNA expression increases with increasing
BW, and is significantly associated with IMF (Tao et al., 2013). In Italian Duroc pigs, an FTO
mutation is significantly associated with obesity-related traits (back fat thickness, visible inter-
muscular fat, and lean cuts) ( P<0.01) (Fontanesi et al., 2010). SNP g.167T>G in the 5' flank-
ing region of the pig F 70 is associated with backfat thickness, abdominal fat weight, and lean
meat content in Polish Landrace (Szydlowski et al., 2012). A novel SNP (C1071T) has been
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detected in exon 5 of F'TO using polymerase chain reaction single-strand conformation polymor-
phism (PCR-SSCP) analysis, and DNA sequencing, in five Chinese indigenous cattle breeds,
which exhibit significant differences between genotypes (CC,TT, and CT) in backfat thickness
and longissimus muscle area (Wei et al., 2011). Fan et al. (2009) found that SNPs ¢.46-139A>T
in intron 1 are significantly associated (P < 0.01) with average daily gain (ADG) and the total
muscle lipid content. These studies have revealed that 70 is important in fatty acid metabolism.

Based on these observations, F70 could be considered an important candidate gene
for fat deposition traits, and may affect carcass and meat quality traits. However, no study
has yet attempted to detect variation in /70 in ducks. Therefore, the objectives of the present
study were to estimate allele and genotype frequencies in F70 polymorphisms, and to deter-
mine the effects of F70 polymorphisms on carcass and meat quality traits in crossbred ducks.

MATERIAL AND METHODS
Animals

The study was conducted using 95 F, offspring of Cherry Valley ducks x Liancheng
white ducks. All of the ducks were reared under the same conditions in the Experimental Farm
for Poultry Breeding of the Sichuan Agricultural University, and were slaughtered at14 weeks
old. All of the experimental procedures were approved by the Institutional Animal Care and
Use Committee of Sichuan Agricultural University.

Samples collection and phenotypic data

Blood samples (ImL) were collected before slaughter to analyze SNPs in exon 3 of
FTO. The breast muscle (BM) and leg muscle (LM) were divided into five pieces to evaluate
meat quality traits.

The carcass traits included LW, CW, SEW, EW, breast muscle weight (BMW), and
leg muscle weight (LMW). CW was measured after the removal of feathers. The SEW was
measured after removal of the trachea, esophagus, gastrointestinal tract, spleen, pancreas, and
gonads. The EW was measured after the removal of the head, claws, heart, liver, gizzard, glan-
dular stomach, and abdominal fat.

Details of the sample collection and meat quality trait measurements are provided
in (Lee et al., 2010, 2012). The IMF was measured using Soxhlet petroleum-ether extrac-
tion, and pH values were measured using a pH-Star (RMatthaus, Klausa,Germany) at 45
min (pH,, . ) and 24h (pH,,,) after slaughter. MC parameters (L*, lightness; a*, redness;
and b*, yellowness) were measured using a photoelectric spectrocolorimeter (CR-300,
Minolta Camera Co., Japan). To determine the cooking yield (CY), a cube of muscle was
taken from the BM and the LM, weighed, placed in a bag, and incubated in water bath
at 100°C for 30 min to reach a central internal temperature of 71°C. The bag was then
cooled at room temperature for 30 min and the solid portion was re-weighed. DL were
scored based on size-standardized samples that were weighed, suspended in a plastic bag
(ensuring that the samples had not been in contact with the bag) at 4°C for 24 h, removed
from the bag, gently blotted dry, and weighed. IMF, CY, and DL were all expressed as a
percentage of the initial sample weight. In order to minimize error, the same person was
assigned to measure the same trait.
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Total DNA extraction and primer design

Genomic DNA was extracted from the blood samples using the phenol/chloroform
method following standard procedures (Clements et al., 2008), and stored at -20°C for PCR
amplifications. All of the RNA samples obtained were qualitatively and quantitatively as-
sessed by 1.5% agarose gel electrophoresis, and their OD 260/280 ratio was evaluated. The
concentration of total DNA was determined spectrophotometrically.

Primers were designed according to duck exon 3 of the FTO sequence
(NW_004676795.1) from GenBank, for the amplification of a 759-bp product. The 759-bp
fragment included exon 3 and parts of introns 2 and 3. The sense and antisense primers were
5-TACCTCCCATTACTCACC-3' and 5'-TATCCCTGTCCATTCCT-3', respectively. The
primers were synthesized by GENEWIZ Inc. (Suzhou, China).

PCR amplifications

The PCR consisted of 2 X 12.5 pL 7ag PCR Master-Mix (2 X PCR buffer, 0.4 mM
of each dNTP, 3 mM MgCl,, and 0.1 U/uL 7Tag DNA polymerase), 1 pL of primer (10 uM of
each of the sense and antisense primers), 9.5 uL. ddH,0, and 1 pL genomic DNA template, in
a 25-pL final reaction volume. The PCR was performed under the following conditions: one
denaturation cycle at 95°C for 5 min, followed by 36 cycles at 95°C for 30 s, 48.1°C for 30 s,
and 72°C for 1 min, and an extension cycle at 72°C for 10 min. The PCR products were used
for direct sequencing by GENEWIZ Inc. The same primer pairs as listed above were used for
the sequencing.

Sequence analysis

Polymorphic sites were detected by sequence comparisons usingthe DNAMAN software
(http://dnaman.software.informer.com/). The duck F70O mRNA sequence (XM_005017005.1)
was used for confirming the exact location of the two SNPs, and for identifying the muta-
tion type. D' (deviation ratio to reveal the degree of deviation) and r* (the coefficient of link-

age disequilibrium) were evaluated using Haploview 4.2 (http://haploview.software.informer.
com/4.2/). If there was no linkage disequilibrium between the two SNPs, then:

f(Gl(}g) e fGl sz (Equation 1)

If alleles at the two loci were not randomly associated, then there would be a deviation (D) in
the expected frequencies. The D, D', and r* were evaluated by the following:

D= f(Gl(}g) - fGl f(}g (Equation 2)

D'=D/ min(fGl f(}g, falfag) (Equation 3)
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1’2 = D/fcifeafaifaz (Equation 4)

F and f  represent the frequency of G and A, respectively, in SNP g.387G>A, and f, and f,
represent the frequency of G and A, respectively, in SNP g.473G>A.

Statistical analysis

The genotype and allele frequencies were assessed, and the Hardy-Weinberg equi-
librium of the SNPs was analyzed, by the y? test using the SPSS software. Association
analyses were performed using the Least Significant Difference method with General
Linear Models (GLMs) in SAS 8.0, and significant differences (P < 0.05) are presented
as means + standard errors (SE). Analyses were conducted for each SNP separately. The
linear model used was:

Yikm — U + Ci + Gk + Sm+ Eikm (Equation 5)

where Y, is the observation for the trait, u is the overall population mean, C, is the effect of
the crossbreed combination (I =1, 2, 3), G, is the effect of genotype (k = GG, GA, or AA), S
is a fixed effect that is associated with sex (m = male or female), and E, _is the random error.

RESULTS
Identification of SNPs and genotyping

The PCR products were 759-bp long (which was consistent with the target frag-
ment), had good specificity, and could be directly sequenced. Exon 3 was identified by
BLAST. By comparing them with 70 mRNA sequences, two SNPs were located, called
2.387G>A and g.473G>A. Both SNPs were genotyped for three genotypes: GG, AA, and
AG (Figure 1). After studying the protein sequence, we found that SNP 387 was a syn-
onymous mutation (GTA/GTG both code '*?His), whereas SNP 473 was a non-synonymous
mutation (AGG/AAG code '*8Ser/'>®Phe, respectively). Phe is an essential amino acid in
humans; therefore, the g.473G>A SNP should be further studied to clarify its expression and
the effects of this mutation.

Genotype frequency and population genetic indices

The genotype frequency of AA (0.178) at site g.387G>A was lower than those of
genotypes AG (0.411) and GG (0.411); the frequency of alleles G and A were 0.615 and 0.385,
respectively (Table 1). The frequency of genotype GG for site g.473G>A was 0.757, and that
of genotype AG (0.211) was higher than that of genotype AA (0.032). The frequency of alleles
G and A were 0.865 and 0.135, respectively. The y? test showed that the population was not at
Hardy-Weinberg equilibrium for the polymorphisms at the sites detected.
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Figure 1. Identification of SNPs and genotyping.

Table 1. Genotype and allele distribution of the FTO gene in exon 3 in ducks.

Sequence variant Genotype frequency Allele frequency ©
GG AA AG G A

2.387G>A 0.411(39) 0.178 (17) 0.411(39) 0.615 0.385 13.23"

2.473G>A 0.757(72) 0.032 (3) 0.211(20) 0.865 0.135 132.07

> (HWE), Hardy-Weinberg equilibrium using the %’ test; **significant difference at the P < 0.01 level; *significant
difference at the P < 0.05 level.

Haplotype analysis

Three different haplotypes were identified (g.387G>A was the first, followed by
2.473G>A) in the duck population: G G,, G A, and A A, (Table 2). The frequencies of the
three haplotypes were 0.463, 0.305, and 0.232, respectively.
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Table 2. Different haplotypes of #70 in exon 3 in ducks.

Haplotype Number Frequency D' r?
GG, 44 0.463 0.831 0.172
AG, 29 0.305

AA, 22 0.232

Association between SNPs in exon 3 of 70 and carcass traits

In the present study, FTO g.387G>A SNP was significantly associated with all of
the carcass traits considered (Table 3). The AA genotype exhibited the highest values for the
carcass traits, which were significantly higher than the GG genotype for LW, CW, SEW, EW,
and were significantly higher than the GG and GA genotypes for BMW (P < 0.05). Therefore,
the AA genotype may be positively associated with carcass traits. As with g.387G>A, the AA
genotype exhibited the highest carcass trait values in g.473G>A SNP, but was only signifi-
cantly associated with LMW.

Association between SNPs in exon 3 of FTO and meat quality traits

The results of the association analysis of SNP g.387G>A are presented in Table
4. There was a significant association between the F7TO polymorphisms and IMF, CY,
pH, ., and DL in the BM, and IMF and DL in the LM (P < 0.05). In the BM, animals
with the AA genotype had higher values of IMF, CY, and pH,,_ than those with the GG
genotype (P < 0.05), which had a lower DL (P < 0.05) than those with the GA genotype.
Dominance effects for the DL were significant (P < 0.05). In the LM, GG-genotype ducks
exhibited a DL of 4.392, which was significantly higher than that of ducks with the AA
genotype (3.092; P <0.05). Genotype AA had a significantly higher IMF (12.306) than the
genotype GG (9.923) (P < 0.05).

Meat quality traits were compared between the genotypes in g.473G>A (Table 5). No
significant associations were found between g.473G>A and any of the meat quality traits (P >
0.05), but additive effects for CY and pH,, . in the BM and LM were significant (P < 0.05).

Association between different haplotypes and carcass and meat quality traits

The GLM showed that the haplotypes had a significant effect on all of the carcass
traits (Table 6). Furthermore, the analysis showed that the A A, haplotype had the highest
values for all of the carcass traits, which were significantly higher than those of the G G,
haplotype for LW, CW, SEW, EW, and BMW (P < 0.05). The A A, and A G, haplotypes had
significantly higher LMW values than the GG, haplotype (P < 0.05).

There were significant associations between the different haplotypes and the differ-
ent carcass traits (Table 7). Animals with the A/ A haplotype had higher IMF and CL values
in the BM than those with the GG, haplotype (P < 0.05). For the LM, haplotype A A, had a
higher IMF than haplotype G G, (P < 0.05), but its a* value was significantly lower than that
of haplotype GG, (P < 0.05).

Genetics and Molecular Research 14 (2): 6699-6714 (2015) ©FUNPEC-RP www.funpecrp.com.br



6706

W. Gan et al.

*(8) 1y3rom oposnur 391
= MIAT $(3) ySrom oposnwu isealq = MING (3) WYS1om pare1oosiad = M (S) WySrom porerdosiad-tuds = MAS (5) 1ySrom sseoreo = (D (3) WyS1om oAl = N'T
1070 > d Y& JUSIIIIP JUBOYIUSIS 918,y (S0"0 > d) JUSIPIP A[JUBOYTUSIS o1, 10 S10139] [e3rdes jdrrosiodns JUQISIIP YIIm SUBSJA " S F Sueaw se pajiodor are sonjep

#x 189 F LT6'8I

9E1TI F1¥9¥

6€8°0€1 F8S6°011

SESEVI F ¥TT 8P

6SY'LYT F €OV I€1

6T¢8ST F898°8TI

109JJ9 dduURUIIO]

9St'T F80T'T- $65°TF 08¢€°E- +8L6'LT F 8SH'19- xT69°0€ F LSY'99- «1€STE F TST'69- £958°€E F #8789~ 109032 2ANIPPY
alLS'T ¥ 88T'T8 16S% F 010°€01 T0S°61 F 00S' THST SOEYS F 006'€891 06L°SS F 0SL'LIST 206°6S F 0SL'LL6T VD
vE€S9'9 F L0066 SSS'I1 F00€+01 €18°LT1 ¥ 0001291 SITOVI FL99°S9L1 8¥0'vF1 F 000°088 1 999 %S F ££€'8€0T vV
a8SETFTUS'LL 0THY'T F 6LT96 06097 F €85 811 129°8T ¥ 986°0SST YOV 6T F by 6L91 1LS'TE F 18T TH8T DD V<DELY'S
IS TF YT 69T°S F198°6 #%065°9S F ¥88°691 #+0LS'T9 F ¥86'€81T ++199'09 F 661°981 #+8S1°69 F L8ET6T 109JJ0 doUBUIIO(
#+681°1 F L6S°€- #+6CTTF 161°9- #46€6' €T FCISTIL #%89%°9C F 8T9'0L- #TSELTF9STSY- #SST6T FOVE 1L~ 109JJ2 2ANIPPY
al89'1 F €EF18 vIST'E F €85°201 vPS8'EE F €T6'S6YT vCEYLE F 1T8'TLIT vE8Y'SE FOIH ISLI VELE Y F LLO'8T6IT VD
v87S'T F 65706 vhLL'Y F TST90T VLLT' TS F ¥6TH6ST v969'9S FOLT THLI v065'8S F €5€7TL8I v999°79 F 811°6€0T Vv
50891 F 6£THL aCSI°€ F 00206 abS8'EE F L68TSEI aCSP'LE F 195 98Y 1 a€89°8€ F L68°0T91 a€LE ¥ F SSESLLI DD V<DLYES
MIN'T MING M MAS MO M1 sadfjouan dNS

"OLd 2y} JO CUOX UI S)TEI} SSBIIRd YIM V<D E /'S pue y<D/8¢'S Jo sadKjouad juaiopip jo siskjeue saxenbs jsea ¢ A[qeL,

©FUNPEC-RP www.funpecrp.com.br

Genetics and Molecular Research 14 (2): 6699-6714 (2015)



6707

FTO polymorphisms affect carcass and meat quality traits

*(SSQUMO[[OA-,.q PUB SSAUPAI- 4B ‘ssaWY3TI[-,T) s1jouwrered (D) INOJOI JBIJA] (SISSO[
dup = 1 ‘owSnes 1ye ypg e sonpea Hd = "Hd oySners 1oye unwgt 18 sonfea Hd = Hd Proik Sumood = D) GuUIU0D IR IB[NOSNWERNUL = JIN] O[oSnu
3ol = N7 ‘orosnuu jseaiq = Ng (S0°0 > J) WRIOPIp Apueoyrusis a1e, J0 s10139] [eydes jdurosiodns JUSISHIP Ym SUBIIA “HS F suedw se pajiodor are sonjep

0€8°0F001°0-  8T90F €610 119°0 F 6¥0°0- 881°0 F SS6'0-  S90°0 F E0'0 990°0 F 6700 1SS'T F€61°0- LOT'TF 1670 103§ souruILIO(]
8SSOFTHO0  TTHOFPICO 1140 F 12h0- 1IT0FSPE0  LT0°0F 5000 L20°0 F 900°0 959°0 F 61670 SH0 F 6571+ 10910 ADIPPY
SI90F90VLE  SOPOFSISL €SHOFS80IT  avlOSOFIOL'E  SE0°0FHE09 6£0°0 F TTE9 69TS FOILOL  vSE€9°0 F 06501 VD
1€60F6FI'SE  POLOFOCOL  989°0FSILOT  «Obb0FT60E 6500 F€L09 090°0 ¥ 899 ILTSF409'69  avOT0'T F6EL'8 vV
SI90F498°9€  S9V'0 F 800°L ESHOFSSSIT  wW6TOFT6EY  8€0°0 F €409 6£0°0 F £€9°9 LT6'0FSLE8Y  afh90F ILS'L 0o W1
SI60FTLTO  PTO0F6TI'0  S09°0 F 8LTO- L0ZS0FSOI'T- 6400 F 1£0°0 890°0 F 801°0 SITFEL9T PIITF 6581 10930 doueUILO]
LIGOF660T  0THOFE0TO  90¥°0 F92C0 CTOFSYI0-  1TO0F 1000~  620°0 F 6€0°0- 699°0 F Lir1°0- ¥8%°0 F €750 10332 SAIPPY
089°0F Y9V PE  TOPOFLIST 8PP OF [19°L1 VIIEOFTTIY  6T00FTEY'S  avIb0'0 F98L'S a6E60F STOVL  v069°0 F 1L6°01 VD
0£0'1 FT6TSE  00L0F 1497 8L9°0FSII'8I WOLYOFST®T  PHOOFTOFS  vI90°0 F SS8'S VITETFISS'SL vE€00'T ¥ 90€°T1 vV
089°0F€60'€E  TOVOFVETY  SPPOFEILI  ablE0FSHL'E  0S00FOEH'S  oT0O'0 F86LS aCS6'0FTELIL  4089°0 F €26'6 0o Wed
1 9 8 1a "pd Hd X0 ANT sadfjousn  Sposnjy

‘OLd 9y Jo cuoxa ur syren Ayjenb jeowr yum y<0/ 8¢ 3 Jo sadA1ouas JuaIdIp Jo sisA[eur sarenbs 1sed] *f A|qeL

©FUNPEC-RP www.funpecrp.com.br

Genetics and Molecular Research 14 (2): 6699-6714 (2015)



6708

W. Gan et al.

*(SSQUMO[[IA- . q PUB SSAUPAI-,B ‘SSOUWYSI]-, ) SIojowered (DHJA) INOJOD JBIJA] $SISSO]
dup = 7 ‘oySners e ypg e sonea Hd = Hd oySners soye utwg je sonjea Hd = Hd po1k Sunjooo = A HuLIU0d JB} IR[NOSIWEHUL = JI] d[osnu
391 = NI ‘oposnuu 3sea1q = JNF (S0°0 > d) W1l Ip Apuedyiudis a1e,, Jo s1o19] [endeos jduosiodns JUaISlIp Yim SUBSN "gS F suedw se pajiodol d1e sonjep

GOPTF9EST  LYOTFSOLT  LEOTF09L0 ESPIFL0T-  IPIOF1000-  IPIOF6II0  ICEEFOIS0  SOYTFLILO- W9 dourumwioq
TEUIF8EED-  THROFPOL0-  PEROFRIRO-  IIEOFISEO-  IE00FITO0-  IS00OFHTOO0-  %bELOFHRYT-  6ZS0F 1800 1000 SABIPPY
GEROF IPSLE  €CO0FTLER  LIGOFSRIIT  OSSOFELLY  SSOOFOLOO  SSOOFLOSY  88TIFLISTL 6606206 VO
61TTFLIESE PO TFE809  €EOTFLSS6l  GIPIFOEET  SEIOFLSO9  SEIOFELF9  IWTETFESOIL  TOLTTESER Vv
OSPOFLYTLE  GECOFTLOL  9SEOFE6TIT  T6TOF090T  8TOOFILDY  BLOOFOIEY  T990F6SI69  E6HOFE6I6 o9 W1
GLSTFEIOT  LSOTFI090  LTO'I F6LTO 06ETFELIT-  90I0FSE00-  SPIOFISI0-  OSYEFL8TI-  ISETFIHTO 109))2 doueuiwoq
GOTIFIP90  6P80OFIPL0-  9T80FSHTO-  86TOTFHEO0D  €CO0OFLINO-  +TEOOFSLOO-  «SPLOFOLOL-  IESOF I€8°0- 103032 2ABIPPY
OVGOF8Y8PE  GTOOFSLET  LIYOFPOLLI  OTSOFOISE  OvOOF6LY'S — 9SO0FL8Y'S  LICTFIIESL  Lb60FOIITI )
98PTTECSTE  E99TFOL0E  LISTFOVTLL  LSCTFLLOT — €OLOFLIFS — SPI0OF089S  00VETFES6TL  8S9TFLLSTI vV
LISOFSLEEE  THEOFTCSY  TECOTFIELLL  6LTOFES8'E  IT00FHTHS  OS00OFLELS 6690 FOLSTL €870 F €050 o9 e
1 «a < 1a "Hd "Hd AD E sadfjouon  aposny

‘OLd 9y Jo guoxa ur syren Ayjenb jeowr Ym y<D¢/ S Jo sadAjouas JuaIoyIp Jo sisA[eue saienbs 1sed °g d[qel,

©FUNPEC-RP www.funpecrp.com.br

Genetics and Molecular Research 14 (2): 6699-6714 (2015)



6709

FTO polymorphisms affect carcass and meat quality traits

*(3) 1ySrom oposnwu o] = MIAT (3) WySrom oposnua Jsealq = MING (3) 1S1om pajeIodsiad = M (3) WSrom pojeroosiae-twas = M IS (3) yJrom
ssea1ed = M (8) WS1om A1) = INT (SO0 > d) IURIPIp Apueoyrugis are s10)9] [eydes jdirosiodns JuaIdJIp Yym SUBSIA “HS F SUBAW St pajrodar are sanjep

VSIT'T F 62€7T8 aVIEL'E F LY1TO01 aVSLI'Ob F 87 ¥8F1 aV6EE T F LETPIOL avLT8' ST F € 0ELT avL80'6F F #€0° 1061 (43184
v8TH'T F L8L'Y8 vW8TY F 10¥°€0T vOTT'9F F €98'96ST v906°0S F 81€°6691 vS19°TS F 606'0€81 v8SE'9S F 606'0661 VIV
al1L'1 ¥ ST6VL 4620°€ F 0LY'T6 a919°CE F 189°GLE] 4966'SE F0STOIST aS0T'LE F SOL9YI1 alS8'6€ F 98€°T081 [43]8s}

MINT MINEG el MAS MO MT adfjordeq

‘sjren) sseared yim sadAjordey JuoIoyIp Jo sisAjeue sarenbs 3sed7 9 dqel,

©FUNPEC-RP www.funpecrp.com.br

Genetics and Molecular Research 14 (2): 6699-6714 (2015)



6710

W. Gan et al.

*(SSOUMO[[IA- 4 q PUE SSAUPAI- 4B ‘SSAUYTI]-,T) s1djowered (DJA) IN0J0d
18I ‘sasso] dup = T IoySnefs 101k g ¢ 18 sanfea [d = “Hd ‘1o1ySnes 1oye uw 6 1e sanjea [d = “"Hd $pa1h Suryooo = A U9Iu00 18] Je[NOSNWRNUL = JIN]
‘orosnur Sof = AT ‘orosnu 3seaiq= N9 "(S0°0 > d) JuIpIp ApueoyruSis are s1op9] [ended jduosiodns JUSISHIP YA SUBSJA “HS F SUBSW St pajiodar a1e sanjep

TELOF 19T'LE €15°0 ¥ 0089 w980 F 815°0T €SP0 F 18€°€ SO0 F 509 SH0'0 F 9€€79 8S0°T F 0¥L'69 VEELOF 1L°01 (4510

08°0 F 65°LE 6850 F 0b9'L 18SS°0 F LOG'61 02S°0F 19€} 1S0°0 F 9209 1S0°0 F Z8€'9 YETTFOL'IL av878°0 T S8€°6 VIV

¥65°0 F 0TE'LE 91H'0 F 6¥T'L WS6€°0 F SPLIT TLEOFSLSY 9€0°0 ¥ 0£0'9 LE0'0 F 80€79 6580 F €81°69 4909°0 F 066'L 01D W1

€08°0 F $TSHE S6V'0 F oLy 670 F 6ES'LT PEPO T LTSE €600 F SIS SPOOFSLL'S w6601 F¥EOEL av668°0 F €11 (4510

7260 F $88°€€ 8950 F 8L'€ €65°0 F p8ELI 660 FS19°€ 8€0°0 F LS $S0°0 F 0¥8'S V9T F €9V'SL V8E€°0 F €T VIV

TS9°0 F €TLEE 107°0 7 0TF 8%€'0 FTTYLI LSEOF b1y 820°0 F 6£1°S 6£0°0 F ¥TL'S €060 F LSETL 4079°0 F 8786 01D nd
1 q v 1a "pd THd %) AT adfjordery  dposny

‘syren) Ajijenb jeawr ypm sadKjordey Juaropip jo sisAjeur sarenbs jsea £ dqel,

©FUNPEC-RP www.funpecrp.com.br

Genetics and Molecular Research 14 (2): 6699-6714 (2015)



FTO polymorphisms affect carcass and meat quality traits 6711

DISCUSSION

As a transcriptional coactivator (Wu et al., 2010), 70O has been identified as an obe-
sity-related gene (Gerken et al., 2007). Wang et al. (2012) reported that the hypothalamus and
cerebellum exhibit relatively high /70 mRNA expression levels in male leghorn layers. By
sequencing 2.0 kb of the 5' flanking region of porcine F70, the SNP g.1191A >T has been
detected, and was significantly associated with the IMF content in a Jinhua x Pietrain F, refer-
ence population (P < 0.05) (Zhang et al., 2009). The results of these studies indicate that F70
variants are associated with fatness traits in breeds selected for a low fat content, and can be
used as important candidate genes for molecular markers of carcass and meat quality traits.

The several 7O SNPs that have been detected are significantly associated with pro-
duction performance. In commercial pig populations, allele C of the 7O SNP g.400C>G in
exon 3 is significantly associated with backfat depth, and allele G is significantly associated
with muscle traits and has the greatest effect on thoracic tissues (Dvotrakova et al., 2012). The
FTO SNPs ¢.499G>A and ¢.453C>A in exon 3 are significantly associated with BW at 35, 70,
and 84 days of age in New Zealand rabbits (P < 0.01), and the synonymous SNP ¢.660T>C is
significantly associated with BW at 84 days of age, ADG, and the IMF content of the longis-
simus lumborum in Ira rabbits (P < 0.01) (Zhang et al., 2013). Fontanesi et al. (2009) found
that the /70 SNP g.276T>G in intron 4 is associated with IMF deposition in Italian Duroc
pigs, and the feed: gain ratio in Italian Large White pigs. The F7O SNP ¢.594C>G in exon 3
is significantly associated with the ADG and the muscle total lipid content in ISU Berkshire x
Yorkshire pigs (P <0.01). In addition, 70 polymorphisms are associated with BW and ADG,
as well as hot carcass weight (HCW), in crossbred beef cattle (P < 0.05) (Rempel et al., 2012),
LW at slaughter, CW, and lean weight in paternal half-sib families of Slovenian Simmental
cattle (Jevsinek Skok et al., 2011). Our study showed that 70 polymorphisms in exon 3 had
significant effects on carcass and meat quality traits. To the best of our knowledge, this is the
first study that has demonstrated an association between /70O coding regions and carcass and
meat quality traits in ducks. It is also important to determine whether /70 plays a role in the
development of other traits in ducks (such as growth traits).

All of the ducks studied deviated from the Hardy-Weinberg equilibrium for the two
SNPs sites (P < 0.05), which may indicate that artificial selection has been more important
than natural selection at these gene sites. The three haplotypes that were found to support the
results of a previous study by Lee et al. (2012), which also reported strong linkage disequi-
librium (Zhao et al., 2013). Analysis at the protein level has revealed that the substitution of
serine by a phenylalanine in SNP 473 would not affect its secondary and tertiary structures,
confirming the lack of a significant association with meat quality traits. Carcass and meat qual-
ity could be affected by LW (Galian et al., 2009; Choi et al., 2013), which is what we found in
SNP 387. The AA genotype of SNP 387 did not differ significantly from the GA genotype for
most of the traits, indicating a dominant effect of the A allele.

Joo et al. (2013) showed that the quality of fresh meat can be controlled by the manip-
ulation of muscle fiber characteristics, and that the IMF content is positively correlated with
the amount of red muscle fiber but is negatively correlated with the amount of white muscle fi-
ber. It should be noted that there were differences between the BM and LM results, which may
indicate that muscle fiber characteristics are also a crucial aspect of duck meat quality. Esti-
mated aerobic capacity data have suggested that the BM and LM are mainly composed of fast
and slow muscle fibers, respectively, in poultry (Turner and Butler, 1988). Meat tenderness,
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IMF, and cooking loss could be affected by the degradation of cytoskeletal proteins in chickens,
which is slower in the LM than the BM (Tomaszewska-Gras et al., 2011). In embryonic stages of
the Peking duck, the development of the BM always lags behind that of the LM (Li et al., 2010).
Tang et al (2013) reported that the level of myostatin mRNA expression in the LM is higher than
that in the BM at 70 days of age in the Wanxi White goose. Therefore, the different effects of
FTO polymorphisms on meat quality (Tables 4 and 5) between the BM and the LM could be as-
sociated with their different physiological characteristic and anatomical positions.

In contrast to previous reports, the synonymous mutation g.387G>A was significantly
associated with carcass and meat quality traits; however, there was no significant association
between the missense mutation SNP g.473G>A and meat quality traits. It is important to un-
derstand the mechanism of action of these polymorphisms on the traits in question, particular-
ly those that do not cause amino acid changes but that may be linked to other, as yet unknown,
causative mutations. Based on the significant association we found between SNP g.387G>A of
FTO and carcass and meat quality traits, we suggest that #70 may be an important candidate
gene that affects carcass and meat quality traits in ducks.
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