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Abstract: Fibroblast growth factor 5 (FGF-5) gene is a member of the fibroblast growth factor (FGF) family. The
protein encoded by this gene has a variety of biological activities including the embryonic development and
cell growth. This study aimed to characterize FGF-5 gene and to detect the possible association between the
polymorphism of this gene with body weight in local Egyptian rabbits. The DNA was extracted from blood
samples of seventy rabbits, PCR was performed using specific primers for FGF-5 exon 3 in rabbit and the PCR
products were at 288-bp. These products were digested using TaqI endonuclease to detect the genetic
polymorphism of this gene in rabbits. All tested animals are genotyping as TT due to the presence of fixed
nucleotide T at position 58 in all amplified fragments which is responsible for the elimination of the restriction
site T^CGA. The nucleotide sequence of FGF-5 allele T in rabbits reared in Egypt was submitted to
NCBI/Bankit/GenBank and has the accession number KP682502. To detect the possible association between
body weight in rabbits and the single nucleotide polymorphism of FGF-5 exon 3, the nucleotide sequence
analysis of the whole amplified fragments was performed for 4 representative animals with different body
weights and the sequences were aligned using ClustalW2. The result declared that all four sequences possess
100% identity between them without any SNP. In conclusion, due to the negative association between FGF-5
exon 3 with body weight in rabbits reported in this study, we need further studies to find another molecular
marker associated with body weight in rabbits for using it in marker assisted selection program (MAS) as a step
toward the production improvement of this animal which is considered one of the meat sources in Egypt.
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INTRODUCTION The rabbit FGF-5 gene mapped on chromosome 15 [4]

Fibroblast growth factors (FGFs) are small 34 kDa [6]. 
polypeptide growth factors which share in common Rabbit has its importance as supplier of meat and it is
certain structural characteristics. Many FGFs contain widely accepted thought out the world for human
signal  peptides   for   secretion   and  are  secreted  into consumption [7] and in Egypt, rabbits have become as a
the  extracellular   environment. FGFs and the FGF source of food. The adaptation of rabbit populations to
signaling  pathway   appear   to   play   significant  roles climatic conditions may represents a genetic variability in
not  only  in  normal  development  and  wound healing, their gene pool and this variability causes genetic
but  also  in  tumor  development  and  progression  [1]. differentiations among rabbit. The genetic diversity of
FGFs  are  widely  present  in  various  tissues,  thus  far reared and wild animals is declining and this warrants
were identified 23 kinds of FGFs. One member of FGF serious attention of the researchers and conservators to
family is FGF-5 [2] which is considered a promising find out ways to conserve the diversity at the maximum
candidate gene for economically important quantitative level. The estimation of genetic variability of a species is
traits. It plays a central role in the stimulation of cell an important criterion for its conservation and further
growth and proliferation in multiple cell types [3]. genetic improvement [8].

containing three exons [5] and its molecular weight is
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Genetic polymorphism can be identified by several F: CCT ATG CCT CAG CAA TAC ATA GAA CT
techniques; one of the most commonly used methods is R: ATC CAA AGC GAA ACT TGA GTC TG
PCR-RFLP. It is a powerful method for identifying
nucleotide sequence variation in amplified DNA and can Restriction Fragment Length Polymorphism (RFLP):
detect single base substitutions in enzymatic restriction Ten µl of PCR product of FGF-5 exon 3 were digested
sites [9]. with 1µl of TaqI FastDigest restriction enzymes for 15 min

In this study, we aimed to identify the genetic at 37°C. The restriction fragments were subjected to
characterization of FGF-5 gene in domesticated rabbits electrophoresis in 2% agarose/ethidium bromide gel in 1x
reared in Egypt and to detect the genetic variation and TBE buffer (0.09 M Tris-boric acid and 0.002 M EDTA).
single nucleotide polymorphism within FGF-5 exon 3 in Gels were visualized under UV light and documented in
local Egyptian rabbits using PCR-RFLP and nucleotide FX Molecular Imager apparatus (BIO-RAD). 
sequence analysis techniques.

MATERIALS AND METHODS gene for 4 animals; two of them with the highest body

Animals and Genomic DNA Extraction: The blood were purified and sequenced by Macrogen Incorporation
samples were collected from 70 local Egyptian rabbits. The (Seoul, Korea). Sequence analysis and alignment were
animals were collected from the research station (in Sakha) carried out using ClustalW2. The nucleotide sequences of
which is belonged to Animal Production Research the rabbit FGF-5 gene were submitted to GenBank (NCBI,
Institute. The weights of these animals were recorded BankIt).
every 2 weeks from week 4 to week 12. Genomic DNA was
extracted from the whole blood according to the method RESULTS AND DISCUSSION
described by Miller et al. [10] with minor modifications.
Briefly, blood samples were mixed with cold 2x sucrose- The protein encoded by fibroblast growth factor 5
triton and centrifuged at 5000 rpm for 15 min at 4°C. The (FGF-5) gene is a member of the fibroblast growth factor
nuclear pellet was suspended in lysis buffer, sodium (FGF) family. FGF family members possess broad
dodecyl sulfate and proteinase K and incubated overnight mitogenic and cell survival activities and are involved in
in a shaking water bath at 37°C. Nucleic acids were a variety of biological processes, including embryonic
extracted with saturated NaCl solution. The DNA was development, cell growth, morphogenesis, tissue repair,
picked up and washed in 70% ethanol. The DNA was tumor growth and invasion [12]. This gene was identified
dissolved in 1x TE buffer. DNA concentration was as an oncogene, which confers transforming potential
determined, using Nano Drop1000 Thermo Scientific when transfected into mammalian cells. Targeted
spectrophotometer and then diluted to the working disruption of the homolog of this gene in mouse resulted
concentration of 50ng/µl. in the phenotype of abnormally long hair, which

Polymerase Chain Reaction (PCR): A PCR cocktail [13].
consisted of 1.0 mM upper and lower primers specific for The disruption of FGF-5 expression in mammals
rabbit FGF-5 gene, 0.2 mMdNTPs, 10 mMTris (pH 9), 50 increases the length of the anagen (growth) phase of the
mMKCl, 1.5 mMMgCl , 0.01 % gelatin (w/v), 0.1 % Triton hair cycle, resulting in a phenotype of extremely long hair.2

X-100 and 1.25 units of Taq polymerase. The cocktail was This has been shown in many species, including cats [14],
aliquot into PCR tubes with 100 ng of rabbit DNA. The dogs [15], mice [2], rabbits [16], camels, sheep and goats
reaction was run at 94°C for 5min, 30 cycles of 94°C for [17], elephants and mammoths [18]. 
1min, 58°C for 30s, 72°C for 45s and a final extension at Due to the absence of any molecular information
72°C for 5min. The PCR products were electrophoresed on about FGF-5 gene in rabbits reared in Egypt, we aimed in
2% agarose gel stained with ethidium bromide to test the this study to detect the genetic polymorphism in exon 3 of
amplification success. The primers used in this study were this gene using RFLP technique and to examine its
designed on the basis of DNA sequence of the rabbit association with body weight in rabbit. We used in this
FGF-5 gene [11]. study  70  local  Egyptian  rabbits. The weights of tested

Sequence Analysis: The amplified fragments of FGF-5

weight and the other two with the lowest body weight;

suggested a function as an inhibitor of hair elongation
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Table 1: Range and means of body weights for tested rabbits 

Body weight restriction enzymes. Depending on the presence or
-----------------------------------------------------------

Age Range Mean±SD

4 weeks 0.280-0.935 0.521±0.173

6 weeks 0.475-1.325 0.776±0.206

8 weeks 0.705-1.715 1.052±0.224

10 weeks 1.000-1.990 1.342±0.216

12 weeks 1.29-2.445 1.648±0.233

animals were recorded every 2 weeks from week 4 to week
12 and the ranges as well as means of body weights were
showed in Table 1.

The primers used in this study amplified 288-bp
fragments from exon 3 of FGF-5 gene in rabbits (Fig. 1).

These amplified fragments were digested with TaqI

absence of the restriction site T^CGA at position 57^58,
we can differentiate between 3 different genotypes; TT
with one undigested fragment at 288-bp, CC with two
digested fragments at 231- and 57-bp and CT with 3
digested fragments at 288-, 231- and 57-bp. All tested
rabbits are genotyping as TT where all amplified
fragments remained as intact fragments after treating with
TaqI endonuclease (Figs. 2 and 3) due to the presence of
fixed nucleotide T at position 58 in all amplified fragments
(Fig. 4) which is responsible for the elimination of the
restriction site T^CGA. The nucleotide sequence of FGF-
5 allele T in rabbits reared in Egypt was submitted to
nucleotide sequences database NCBI/Bankit/GenBank
and has the accession number KP682502

Fig. 1: Agarose gel stained with ethidium bromide showing the PCR product of FGF-5 gene
M: 100-bp ladder. Lanes 1-11: 288-bp PCR product of FGF-5 gene.

Fig. 2: Elecrophoretic pattern of FGF-5 PCR product after digestion with TaqI endonuclease 
M: 100-bp ladder. Lanes 1-6: TT homozygous genotype with intact fragments at 288-bp.

Fig. 3: The nucleotide sequence of FGF-5 allele T in rabbits reared in Egypt 

Fig. 4: The fixed nucleotide T at position 58 in the amplified fragments 
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Fig. 5: The nucleotide sequences and alignment between four rabbit animals with different body weights. A (2.445 kg),
B (2.080 kg), C (1.37 kg) and D (1.290 kg) 

Fig. 6: The alignment between our sequence and the published sequence 

This result showed that all tested animal with The fibroblast growth factor 5 gene (FGF-5) is a
different  body  weights  possess  the  same genotype TT. member of the FGF gene family and represents a candidate
In going for searching about the association between gene for hair length because of its role in the regulation of
body  weight and single nucleotide polymorphism in the hair follicle growth cycle [6]. FGF-5 was originally
FGF-5 gene, we chose 4 animals; two of them with the identified as a human oncogene [19], belonging to a family
highest (2.445 and 2.080 kg) and the other two with the of 23 related FGF genes [20,21]. Fibroblast growth factor-
lowest (1.370 kg and  1.290  kg)  body  weights  at  age 5 is known to be expressed in the embryo [22-24]. The
week 12 for sequencing analysis. The sequences of FGF- analysis of defects at this locus in angora animals of
5 exon 3 for these four animals were aligned using different species should thus be of help in elucidating the
ClustalW2. The result declared that all four sequences role of fibroblast growth factor 5 in embryonic
possess 100% identity between them without any SNP development. Angora recessive mutations that cause the
(Fig. 5). Our sequence of FGF-5 exon 3 was aligned with production of abnormally long hair have been detected in
the published sequence of this gene (Accession No.: several species, including mice, rabbits, goats, dogs and
AY230009.1). The results showed 100% identity between cats [11]. So, most studies which were carried out on
these two sequences in shared fragments with 239-bp FGF-5 polymorphism were focused on its association
(Fig. 6). with hair length in different animals.
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Kehler et al. [25] determined the genetic regulation of slow allele creates an additional EarI site. A single
hair length in the domestic cat using a whole-genome variation was also observed in the 288 bp putative exon 3
scan in a multigenerational pedigree in which the long- fragment, with a T (slow allele) or C (fast allele) at position
haired phenotype was segregating. The markers that 58. This transition replaces the leucine present in the slow
demonstrated the greatest linkage to the long-haired trait allele by a serine in the fast allele. It corresponds  to a
flanked an estimated 10-Mb region on cat chromosome B1 TaqI polymorphism, with 0 or 1 digestion site in the slow
containing FGF-5 gene, a candidate gene implicated in or fast allele, respectively. 
regulating hair follicle growth cycle in other species. Single nucleotide polymorphism in exon 1 and 3 of
Sequence analyses revealed 4 separate mutations FGF-5 gene was studied by DNA sequencing in Yingjing
predicted to disrupt the biological activity of the FGF-5 angora rabbit, Tianfu black rabbit and California rabbit
protein. Association analyses of genotyped breed and [16]. A frame-shift mutation (TCT insert) at base position
non-breed cats were consistent with mutations in the 217 (site A) of exon 1 and a missense mutation (T/C) base
FGF-5 gene causing the long-haired phenotype in an position 59 (site B) of exon 3 were found in Yingjing
autosomal recessive manner. angora rabbit with a high frequency. A same-sense

Comparative cDNA and genomic DNA sequencing of mutation T/C at base position 3 (site C) of exon 3 was
long- and short-haired cats revealed four non- found with similar frequency in three rabbit breeds. Least
synonymous polymorphisms in the FGF-5 coding square analysis showed that different genotypes had no
sequence [14]. A missense mutation (194C>A) was found significant association with wool yield in site A and had
in the homozygous state in 25 long-haired cats and 55 high significant association with wool yield in site B
short-haired cats had zero or one copy of this allele. A (P<0.01) and significant association with wool yield in site
second FGF-5 exon 1 missense mutation (182T>A) was C (P<0.05). 
found exclusively in long-haired Norwegian Forest cats In conclusion, due to the negative association
and it is considered a second FGF-5 mutation responsible between FGF-5 exon 3 with body weight in rabbits
for long hair in cats. A frame-shift mutation (474delT) was reported in this study, we need further studies to find
found with a high frequency in the  long-haired  Maine another molecular marker associated with body weight in
Coon breed. A missense mutation (475A>C) was also rabbits for using it in marker assisted selection program
associated with the long-haired phenotype in some (MAS) as a step toward the production improvement of
breeds. this animal in Egypt.
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