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ABSTRACT. Liver weight is an important economic trait in the fatty
goose liver industry. Liver-type fatty acid binding protein (L-FABP)
is involved in the formation and metabolism of fatty acids. Thus, we
hypothesized that sequence polymorphisms in L-FABP were associated
with fatty liver weight in goose. We first isolated, sequenced, and
characterized the goose L-FABP gene, which had not been previously
reported. The goose L-FABP gene was 2490 bp and included 4 exons
coding for a 126-amino acid protein. Analysis of expression levels of the
goose L-FABP gene in different tissues showed that the expression level
in the liver tissue was higher than in other tissues, and was significantly
higherin the liver tissue of overfed geese than in control geese. Moreover,
a single nucleotide polymorphism located at 774 bp in the gene was
identified in a Landes goose population. To test whether this single
nucleotide polymorphism was associated with fatty liver production,
liver weight and the ratio of liver to carcass weights were determined
for the 3 genotypes with this single nucleotide polymorphism (TT, TG,
GQ) in overfed Landes geese. Our data indicate that individuals with

Genetics and Molecular Research 14 (1): 389-399 (2015) ©FUNPEC-RP www.funpecrp.com.br



Z. Song et al. 390

the GG genotype had higher values for the variables measured than
those with the other 2 genotypes, suggesting that L-FABP can be a
selection marker for the trait of fatty liver production in goose.

Key words: L-FABP gene; Fatty liver; Landes geese; Polymorphism;
Tissue expression

INTRODUCTION

Fatty acid binding proteins (FABPs) are small intracellular proteins present in most
types of animal cells and contain 126-134 amino acids. They are primarily involved in fatty acid
transport from the plasma membrane to sites of f-oxidation and synthesis of triacylglycerol
and phospholipids (Richieri et al., 1996). Furthermore, FABPs have strong long-chain fatty
acid binding activity and play an important role in the oxidation, esterification, and metabolism
of fatty acids (Wang et al., 2006). Liver FABP (L-FABP) is the major soluble protein that binds
very long-chain n-3 polyunsaturated fatty acids in hepatocytes (Petrescu et al., 2013). As the
levels of fatty acid increase, the expression levels of L-FABP also significantly increase in
most cells (Zhou et al., 2010). Among the FABPs in mammals, L-FABP is the most broadly
distributed mammalian FABP and is very highly expressed in tissues and most active when
unesterified long-chain fatty acid (LCFA) metabolism is low (Atshaves et al., 2010). The
biological function and metabolic mechanism of the L-FABP gene has been well-studied in
mammals, but not in goose, possibly because of the unusual fatty acid metabolism system in
geese. Because of its structure and functions, L-FABP is more efficient than other types of
FABPs in mammals; each L-FABP molecule in goose binds 2 fatty acids, whereas other FABPs
can bind only 1. A previous study showed that the fatty acid binding ability and the amount of
triacylglycerol in L-FABP gene knock-out mice, as well as the absorption and diffusion of fatty
acids, were decreased (Martin et al., 2003). Liver weight in L-FABP gene knockout mice was
significantly increased and these mice exhibited macroscopic steatosis. The lack of L-FABP
not only modified intestinal fatty acid composition, but also affected adenoma formation in
ApcMin/+ mice (Newberry et al., 2003; Seneshaw et al., 2005; Dharmarajan et al., 2013).
Recent studies indicated that L-FABP can be used as a novel marker for diet-induced non-
alcoholic fatty liver disease and organ damage caused by specific types of cancer (Relija et al.,
2010; Chen et al., 2013).

In birds, Wang et al. (2006) showed that the expression of the chicken L-FABP gene
was restricted to the liver and small intestine. In the same study, L-FABP gene polymor-
phisms were associated with abdominal fat weight and percentage of abdominal fat, and the
L-FABP gene may be a candidate locus or linked to a major gene that affects fatness traits
in chicken. The expression levels of the L-FABP gene in liver of overfed Landes geese are
significantly up-regulated compared with those of control geese using the method of differ-
ential display reverse transcription-polymerase chain reaction (PCR) and semi-quantitative
reverse transcription-PCR (Xu, 2008). The high expression level of the L-FABP gene in liver
of overfed geese expedited the transport of long-chain fatty acids to sites of synthesis of
triacylglycerol and phospholipids and promoted synthesis of fatty acids in liver. Changes in
the expression levels of the L-FABP gene suggested that this protein can be used as a marker
of hepatic lipidosis.
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In this study, we first cloned and analyzed the goose L-FABP gene and detected its
expression levels and association with fatty liver weight to investigate the function of the
L-FABP gene in the formation of goose fatty liver. The role of L-FABP in the formation and
metabolism of fatty acids has been well-studied in mammals; thus, we examined the physico-
chemical properties and physiological functions of L-FABP in Landes geese. This information
will be useful for future studies on L-FABP and its relationships with obesity.

MATERIAL AND METHODS
Experimental animals and isolation of total RNA

A total of 6 healthy 70-day-old Landes geese were provided by the Wu Wang Farm
(Chuzhou, China) and used to detect L-FABP gene mRNA expression levels. All geese were
randomly divided into an overfeeding group (N = 3) and a control group (N = 3). In the over-
feeding group, 3 geese were slaughtered at 90 days of age after 20 days overfeeding with a
carbohydrate diet consisting of boiled maize (boiled maize mixed with 1% plant oil and 0.8-
1% salt). In the control group, 3 geese were fed maize ad libitum and slaughtered at 90 days
of age. Overfed geese (N = 82) were subjected to polymorphism analysis. All geese were
kept in cages with a conventional and appropriate humane overfeeding approach and feed
management (Zhang et al., 2013). Tissues were taken from slaughtered geese and immedi-
ately frozen in liquid nitrogen and then stored at -80°C until use. Total RNA was isolated by
TRIzol (Tiangen Biotech Co., Ltd., Beijing, China) from heart, liver, fat tissue, spleen, lung,
kidney, pectoral muscle, and crureus muscle. Reverse transcription of total RNA was carried
out according to the Prime Script™ RT reagent kit Perfect Real-Time kit (Takara Biotechnol-
ogy (Dalian) Co., Ltd., Shiga, Japan). This project was approved by the Yangzhou University
Animal Ethics Committee.

Cloning and sequencing

The cDNA was amplified by PCR. Referring to the anatine L-FABP gene cDNA
sequence (GenBank accession No. HQ640427.1), primers were designed and synthesized:
forward (L-FABPF): 5'-ATGGCATTCAGTGGAACCTGGCAG-3' and reverse (L-FAB-
PR): 5'-GCGATTAAACTCTCTTGCTTCTTCTGACAA-3'. The 20-uL. PCR product was
composed of 1 uL ¢cDNA, 2 uL 10X LA PCR Buffer II (Mg? Plus), 2 uL dNTPs, 1 pL of
each primer, 0.2 puL Takara LA Taq enzyme, and 12.2 uL ddH,O. PCR was performed under
the following conditions: cDNA was denatured at 95°C for 5 min, followed by 35 cycles
of amplification (95°C for 30 s, 58°C for 30 s and 72°C for 2 min), a final extension of 10
min at 72°C and saved at 4°C. PCR products were sequenced by Sangon Biotech Co., Ltd.,
Shanghai, China).

Tissue expression analysis
The expression levels of the L-FABP gene in different tissues were measured using

the SYBR-Green method. A SYBR Premix Ex Taq™ (Perfect Real Time) kit was used
for quantitative PCR and variations in the amount of starting material were normalized to
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glyceraldehyde-3-phosphate dehydrogenase gene (primers, forward: 5'-GCCATCAATGAT
CCCTTCAT-3', reverse: 5'-CTGGGGTCACGCTCCTG-3"). The 20-uL PCR was composed
of 10 uL 2X UltraSYBR Mixture, 0.4 uL of each primer, 2 uLL. cDNA, and 7.2 uL ddH,O. The
PCR profile was performed under the following conditions: cDNA was denatured at 95°C for
10 min, followed by 40 cycles of 95°C for 15 s and 60°C for 1 min; all samples were tested
3 times. Primers were designed for L-FABP, including forward: 5'-CAGAAGAACTTATCAAA
GTCG-3' and reverse: 5'-CGTCCATAGTAGTAATATCAGC-3'. The results of quantitative
reverse transcription-PCR were calculated using the 22" method and relative quantitative
analysis was performed.

Gene polymorphism identification and analysis

According to the sequence of the goose L-FABP gene obtained in this study, 8 pairs
of primers (Table 1) were designed using Oligo7.0 and synthetized by Sangon Biotech to
detect polymorphic sites in L-FABP. The 20-uL PCR product was composed of 1 uL. DNA
(approximately 100 ng), 2 uL 10X buffer, 0.8 uL dNTPs (10 mM), 1.8 uL Mg** (25 mM), 1
uL of each primer, 0.2 uL Taq enzyme (5 U/uL), and 12.2 pLL ddH,O. The PCR profile was
performed under the following conditions: DNA was denatured at 95°C for 10 min, followed
by 32 cycles at 95°C for 30 s, annealing at different temperatures for 30 s, and 72°C for 30 s, a
final extension for 10 min at 72°C and saved at 4°C. PCR products were sequenced to identify
polymorphisms in the L-FABP gene.

Table 1. Primer sequences and polymorphisms in the goose L-FABP gene.

Primer ID Sequence (5'-3") Amplicon (bp) Location Nucleotide polymorphism
L-F1 ATGGCATTCAGTGGAACCT 267 Exon 1 None

L-R1 GACTCGTGTTAAGATTGCTTC 320 Exon 2 None

L-F2 GTATCAATGCACTATGTCATAACAG 332 Exon 3 None

L-R2 AACAGGTTTTACTCATGCACA 204 Exon 4 None

L-F3 AAAACTCTTATTAAAATACGGTGA 138 Intron 1 Tto G

L-R3 TTTTAAAATGTATTGAGCCCAT 208 Intron 1 None

L-F4 TGTAACTCCTACTAGGCTCTG 162 Intron 2 None

L-R4 TTAAACTCTCTTGCTTCTTCTGAC 216 Intron 2 None

Bioinformatic analysis

The sequence of exons and introns in the L-FABP gene was analyzed by sequence
alignment using the DNAMAN software. The amino acid sequences of the L-FABP gene were
compared with those of other organisms and a phylogenetic tree was constructed using the
MEGAS.05 software. Protein physical and chemical property analysis and hydrophobicity/
hydrophilicity cluster analysis were performed using ProtParam and ProtScale of ExPASy
(http://www.expasy.org), respectively.

The genotype frequency, allele frequency, heterozygosity, and colony polymorphism
information content of the Landes of goose L-FABP gene were calculated using the PopGen
software. Colony Hardy-Weinberg equilibrium was detected using the chi-square test. The
association between single nucleotide polymorphisms and fatty liver traits was analyzed by one-
way analysis of variance analysis using the SPSS17.0 software (SPSS, Inc., Chicago, IL, USA).
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Cloning and sequencing of the goose L-FABP gene

The goose L-FABP gene complete coding sequences have a length of 2490 bp,
consisting of 4 exons and 3 introns (Figure 1) and encoding a peptide of 126 amino acids

(Figure 2).
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Figure 1. Agarose gel (1%) electrophoresis of PCR products. Lane M = DNA molecular weight marker; lanes 1-3
= goose L-FABP cDNA samples 1, 2 and 3.
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Figure 2. Coding sequences and amino acid sequences of the goose L-FABP gene.
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Alignment and phylogenetic analysis of the goose L-FABP gene

The amino acid sequence alignment based on the GenBank database using BLAST
revealed that the sequence of the goose L-FABP gene was consistent with those of L-FABP
genes in other organisms, with the highest identity (98%) to Anas platyrhynchos (GenBank
ID: AAL32464.1), 92% identity to Gallus gallus (NP_989965.1), 83% identity to Zebra finch
(XP_002196447.1), 71% identity to Zebra fish (XP_002196447.1), and 69% identity to Xenopus
laevis (XP_002938785.1). These relationships are reflected in the phylogenetic tree (Figure 3).
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&
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100 |: Danio rerio
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Figure 3. Phylogenetic tree of the goose L-FABP gene.
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Molecular characterization of goose L-FABP

The molecular mass of goose L-FABP was predicted to be 14,105.2 Da, with a the-
oretical isoelectric point of 8.52 and molecular formula of C_H, N O.S.. Lysine and
valine were the most abundant amino acids (11.9%) and the lipid coefficient was found to
be 82.62. The overall hydrophobicity was -0.347, indicating that the protein is strongly hy-
drophilic. Goose L-FABP hydrophobicity/hydrophilicity cluster analysis performed using
ProtScale showed that goose L-FABP hydrophobicity ranged from -2.311-1.922, and thus
goose L-FABP should be a water-soluble protein according to the results of the score re-
gion. The tertiary structure deduced using the Swiss-Model workspace software showing that
goose L-FABP has a 3-barrel-type structure composed of 10 anti-parallel B-chains and 2 short
a-helices at the N-terminus, which was identical to the prediction for Gallus gallus L-FABP
(Schwede et al., 2003; Arnold et al., 2006; Wang et al., 2011).

Expression analysis of the goose L-FABP gene
The expression levels of goose L-FABP mRNA were highest in the liver (Figure 4).

Expression levels of goose L-FABP mRNA in the liver of the overfeeding group was 4-fold
higher than that of the control group (P < 0.01; Figure 5).
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Figure 4. Relative mRNA expression (22) levels of the goose L-FABP gene in different tissues obtained after
normalization to GAPDH gene.

151
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Figure 5. Hepatic mRNA expression levels of the L-FABP gene in the overfeeding group and the control group
obtained after normalization to GAPDH gene.

Polymorphisms analysis of the goose L-FABP gene

Only 1 point mutation from T to G was identified at 774 bp in intron 1 of the goose
L-FABP sequence. Population genetic analysis revealed that the genotype frequencies of TT,
TG, and GG were 0.4390, 0.4512, and 0.1098, respectively. The allele frequencies of T and
G were 0.6646 and 0.3354, respectively. The chi-square test indicated that the Landes goose
population with the polymorphic site was in Hardy-Weinberg equilibrium, heterozygosity was
0.4458, the polymorphism information content was 0.3464, and the population was moder-
ately polymorphic (0.25 < polymorphism information content < 0.50) (Table 2).
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Statistical analysis found no significant difference between TT, TG and GG geno-
types; however, GG genotype geese have both a higher ratio of liver weight versus body
weight and a better liver weight, which is 95 and 105 g bigger than that of TT and TG genotype
geese, respectively (Table 2).

Table 2. Population genetic analysis of the L-FABP gene and comparison of liver weight and ratio of liver
weight versus body weight of 3 genotypes.

Genotypes or alleles  Practical observation number  Frequency of genotypes or alleles Liver weight Ratio of liver to body weight
T 36 0.4390 873.61 + 164.08 13.88 +1.97

TG 37 0.4512 863.38 + 168.35 13.40 +£2.07

GG 9 0.1098 968.89 + 184.56 14.79 +£2.48

T 0.6646

G 0.3354

DISCUSSION

Cloning and sequence analysis of the goose L-FABP gene

In this study, we first obtained the full-length L-FABP gene from Landes geese. The
2490-bp sequences of goose contained 4 exons and 3 introns, encoding a peptide of 126
amino acids. The L-FABP gene was considered to be a conserved gene because of its high
homology in different species. Phylogenetic analysis showed that goose L-FABP was first
clustered with Anas platyrhynchos (GenBank ID: AAL32464.1), followed by other species.
The tertiary structure of goose L-FABP was found to be identical to that predicted for Gallus
gallus L-FABP.

Expression analysis of goose L-FABP

As expected, the expression levels of the L-FABP gene were highest in liver tissue,
which is consistent with previous results for Anas platyrhynchos (He et al., 2013). The expres-
sion levels of the L-FABP gene in the liver after overfeeding were significantly higher. This
gene is closely related to the transcription of regulatory genes and the synthesis of triglycer-
ides, and likely plays an important role in the formation of fatty liver in overfeeding geese. The
results of our investigation in Landes geese were consistent with those of previous studies.
Wang et al. (2005) successfully transfected and cloned a Chang liver cell line that expressed
the L-FABP gene; they demonstrated that L-FABP plays a significant role in oxidative stress.

Xu (2008) showed that the expression levels of the Landes goose L-FABP gene in the
liver increased after overfeeding with a high-carbohydrate diet. The results also suggested that
overfeeding had a positive effect on the formation and metabolism of fatty acids and the trans-
portation of fatty acids in goose hepatocellular degeneration. The L-FABP gene participates
in the formation and metabolism of fatty acids in several ways. It has been shown that the L-
FABP gene transfers LCFAs into the nucleus, suggesting a model wherein L-FABP functions
in nuclear receptor regulation by binding LCFAs to alter L-FABP conformation, traffics into
the nucleus to bind with peroxisome proliferator-activated receptor-a. (Lawrence et al., 2000;
Huang et al., 2004; MclIntosh et al., 2009).
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Polymorphisms analysis and its association with fatty liver traits

The intron was found to be an important element of the genome. Although it does
not code for amino acids, it has a critical effect on the function, expression, and regulation of
genes, maintaining specific chromosome structures (Jacquier, 1996; Kim et al., 1999; Klett
and Bonner, 1999). In addition, previous study also found a novel single nucleotide polymor-
phism in exon 3 of the L-FABP gene in duck, which was associated with the contents of C16:0,
C18:3, and total intramuscular fat in pectoral muscle (He et al., 2012).

As aresponse to the performance of the heterozygosity and the moderate polymorphic
information content of Landes goose population in our study, polymorphism analysis of the
Landes goose population indicated that the level of selection pressure of goose populations
was low, resulting in a Hardy-Weinberg genetic equilibrium state in which the L-FABP gene
is influenced by artificial selection, migration, and genetic drift, among other factors. There
is no evidence of selection on this locus based on our results. However, different genotypes
in Landes geese impact the weight of fatty liver and ratio of liver weight versus body weight.
Geese with the GG genotype showed better performance for both liver weight and ratio of
liver weight versus body weight compared to geese with the TT and TG genotypes, but the
differences were not significant. The relationship between L-FABP and diet-induced nonalco-
holic fatty liver disease and whether the L-FABP gene can be considered a molecular marker
of fatty liver traits requires further investigations on large goose populations.

The molecular mechanism of the formation of goose fatty liver is complicated and
requires further studies. Many researchers have hypothesized that adipose tissue formation,
transportation, and disrupting the (-oxidation balance of fatty acids are primary causes of
goose fatty liver formation (Fournier et al., 1997). Because fatty liver traits cannot be mea-
sured in living organism, the ability to select for efficiency of fatty liver traits is reduced.
However, molecular marker-assisted selection with traditional breeding and modern molecu-
lar biotechnology can be used to speed up the breeding process of new strains with high fatty
liver traits (Storch and McDermott, 2009).

CONCLUSIONS

The full-length L-FABP genes first obtained from Landes geese were 2490-bp se-
quences encoding a peptide of 126 amino acids, and the L-FABP gene had high homology
in different species. The expression levels of the L-FABP gene in different tissues had a sig-
nificant difference: it was the highest in liver tissue followed by kidney and fat tissue. The
expression levels of the L-FABP gene in liver of overfed geese had a significant increase that
is 4 times higher than those of the control group. We also found one point mutation from T to
G in the intron 1 of goose, which resulted in the generation of 3 genotypes (i.e., TT, TG, GG).
Geese with the GG genotype have a better performance on the weight of fatty liver and ratio
of liver weight versus body weight when compared with those with TT and TG genotypes, but
there was no significant difference on the performance of the weight of fatty liver and ratio of
liver weight versus body weight among the 3 genotypes.
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