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Abstract: Bone Morphogenetic Protemn 2 (BMP2) plays a crucial role n bone growth. The objective of this
study was to investigate variations in sheep BMP2 gene and their associations with growth traits in 320
Guizhou Semi-Fine Wool sheep. Five fragments of BMP-2 gene were investigated only exonZ2 region of BMP-2
gene showed polymorphism after PCR-SSCP and DNA sequencing methods. There was one G=>A (g. 273 G=A)
mutation located m nucleotide position of GenBank Accession No. EUR54586 which constructed three
genotypes (LL, LW and WW). The frequencies of allele L and genotype LL were dominant in Guizhou Semi-
Fine Wool sheep. The PIC (Polymorphism Information Content) values of the Guizhou Semi-Fine Wool sheep
were 03261 belong to median polymorphism. Associations between growth traits and BMP2 gene
polymorphism were investigated and significant statistical association results were found in body height, body
length and chest circumference (p<0.05). These results strongly suggested that the BAMFP2 gene 1s a candidate
gene that influences growth traits in Guizhou Semi-Fine Wool sheep. Further investigations are required for

detecting the polymorphism of this gene in a broad variety of sheep breeds and populations.

Key words: BMP-2 gene, Guizhou Semi-Fine Wool sheep, growth traits, body height, China

INTRODUCTION

Bone Morphogenetic Proteins (BMPs) were firstly
identified as a protein which can inducing new bone
formation n muscle tissue, they are members of the TGF-3
(Transforming Growth Factor-B, TGF-p ) superfamily, later
they were purified to a small molecule protein named as
BMPs (Urist, 1965). The amino acid of BMPs contains
seven conserved cysteine (Wozney, 1992), most of them
have two identical subunits, the subunits linked by
disulfide. According to the homology BMPs family
divided mto four subgroups: the BMP-2/BMP-4
subgroups, the BMP-5/BMP-6/BMP-7/BMP-8 subgroups,
the BMP-3/ BMP-12/ BMP13/ BMP1 4 subgroups and the
BMP9 subgroups (Liu et al., 2005; Ducy and Karsenty,
2000). With the success of BMP5, BMP6 and BMP7
cDNA cloning, the BMPs gene studying into deep
research stage (Sato et al., 1999). So far, >40 BMPs have
been identified in the superfamily (Wang et al., 2009).

The human BMP-2 gene has been obtamed by
Wozney et al. (1988), it maps to chromosome at 20p-12

and has 3 coding exons which encodes 396 amino acids,
the cDNA length were 1188 bp (Dubois et al., 1995). Most
result showed that the polymorphisms of BMP-2 gene
were associated with osteoporosis (Styrkarsdottir ef al.,
2003) bone mineral density, fractures and bone growth
(Solheim, 1998; Choi et al., 2006, McGuigan et of., 2007).
Olkubo mplanted BMP-2 collagen m different parts of rats
vivo, contams muscle, intramuscular, subcutaneous and
fat, the results showed that in all parts found ectopic bone
(Kanzler et al, 2000). Whether in vivoe or in vitro
experiments have revealed the BMP-2 has the ability to
promote osteoblast differentiation and mnduced bone
formation (Ichikawa et al., 2006).

Recently research trends revealed that the BMPs
play an important role in skeletal development
(Orazizadeh et al., 2009; Salari and Abdollali, 2011).
BMP-2 is considered to be the most important BMP to the
skeleton. In poultry, it is reported the polymorphism of
BMP-2 gene was associated with the metatarsus length of
chicken (Leng et al., 2007). In goat, the 3' flanking region
of BMP-2 gene showed polymorphism, it was associated
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in body trunk index (Fang et al., 2010). Till now, there was
no report about polymorphisms of BMP-2 gene in sheep.
Guizhou Semi-Fine Wool sheep 1s a local sheep breed in
China which have strong adaptation and fitness in
Southwest alpine pasture of China. But the Guizhou Semi-
Fine Wool sheep have relatively low production and slow
growth. With the development of economics in Southwest
of China, the demand for mutton and wool were increased,
the Guizhou Semi-Fine Wool sheep can not meet the need.
Genetic improvement of native breeds in wool and
grow traits 13 desirable because of the adaptation and
fitness of these breeds mn their production environment.
However, breed improvement through traditional
genetics and breeding methods is difficult because
of the of the sheep herds and
extensive production systems n Southwest of China
(Subramanian et al., 20035).

So, it is very important to identify the suitable
candidate markers correlated with wool and grow traits in
this breed. As a consequence, varation m BMF2 gene
was investigated in 320 Guizhou Semi-Fine Wool sheep
using PCR Single Strand Conformation Polymorphism
(PCR-SSCP) and DNA sequencing analysis.

demographics

MATERIALS AND METHODS

Animal source: Venous jugular blood samples were
collected from 320 Guizhou Semi-Fie Wool sheep random
which were reared in two different State-owned sheep
farms of Guizhou Native Sheep-Breeding Center (Weining
Sheep Breeding Farm and Cold Water Ditch Sheep
Breeding Farm). Data of body weight, body length, body
height and chest circumference measured on all 320
Guizhou Semi-Fine Wool sheep for statistical analysis.

DNA sample preparation: Genomic DNA samples were
extracted from blood samples according to standard
phenol-chloroform protocol (Mullenbach et al., 1989).

PCR amplification: Based on the high homology among
bovine, goat and sheep BMP-2 gene, five pairs of primers
(Table 1) P1-P5 were designed from the published gene
sequence (GenBank Accession No. BC134682, EU854586
and AY714781). The P1 amplify the exon2, the P2-P4
amplify exon3 and the P5 amphfy partial 3' Untranslated
Regions (UTR) of the sheep BMP-2 gene.

A 25 pl. PCR solution containing 50 ng DNA
template, 10 pmol of each primer, 0.20mM dNTP, 2.5 mM
MgCl, and 0.5 U Taq DNA polymerase (Dingguo, Beijing,
China) was used. The PCR was performed using the
following program: 95°C for 5 min followed by 34 cycles of
94°C for 30 sec; 40 sec for annealing and 45 sec extension

at 72°C followed by 10 min at 72°C for the final extension.
PCR products were electrophoresed on 1.5% agarose gels
using 1 xTBE buffer (89 mM Tris, 89 mM boric acid, 2 mM
Na,EDTA) containing 200 ng mL ' Golden View (Solarbio,
Beijing, China).

Single Strand Conformation Polymorphism (SSCP) and
DNA sequencing: S3CP Method was used to scan
mutations within the amplified regions. Aliquots of 5 pl.
PCR products were mixed with 5 pL. denaturing solution
(95% formamide deionized, 25 mM EDTA, 0.025% xylene-
cyanole and 0.025% bromophenol blue) heated for 10 min
at 98°C and chilled in ice immediately. Denatured DNA
was subjected to 10% PAGE (Polyacrylamide Gel
Electrophoresis) in 1xTBE buffer and constant voltage
(130 V) for 14 h at a constant temperature of 4°C and then
gels were stained with 0.1% silver nitrate. Genotypes were
assigned according to the PCR products of different
electrophoresis patterns (Fig. 1) for each individual. The
different electrophoresis patterns were sequenced in both
directions and analyze the sequences with BioXM
Software (Version 2.6).

Statistical analysis: Statistical analysis was performed on
the basis of records of body weight, body height, body
length, chest circumference m 320 Guizhou Semi-Fine
Wool sheep. Genotypic frequencies, allelic frequencies
and Hardy-Wemberg were directly
calculated  Population indexes  (Gene
heterozygosity, gene homozygosity and effective allele
numbers) were calculated by Nei methods (Nei and
Roychoudhury, 1974).

equilibriums
genetic

Table 1: Primers used for Polymerage Chain Reaction (PCR) amplification
Size Temp. BasedGenBank
(bp) (°C)  Accegsion No.

Locug Sequences

P1 F: TTCTAGCGTTGCTGCTTCCC 315 57 EU854586
R: GGTGAAAGCTGCGCACTGT

P2 F: ACTTGTACCGCCAGCACTC 239 60 BC134682
R: AGCTTCGGGCATATGTTTC

P3 F: CCCCACTGAGGAGTTTATC 406 55 BC134682
R: GTGTCCTTTCCCATCGTG

P4 F: CCACGATGGGAAAGGACAC 380 58 BC134682
R: GCTAACGACACCCACAACC

P5 F: GTCGTTAGCACAGCAAAATA 386 59 AY714781

R: GTACAAACCCAATACTTCCT

LL LL LL LWWWLWLWWWWWLW LL LW4J

i

Fig. 1. The electrophoresis patterns of PCR-SSCP for
Guizhou Semi-Fie Wool sheep BMP-2 gene P1
locus
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The Polymorphism Information Content (PIC) was
calculated according to Botstein et al. (1980). The
following statistical model was fitted to compare
differences in growth trains among different genotypes
with random residual used as error (SPSS, Inc., Shanghai,
PRC, Version 15.0):

Y = pt+Sex+Aget+Farm+Genotype+E

Where:

Y = The observation of the trait
n = The least square mean

Sex = The effect of sex

Age =  The effect of age

Farm =  The effect of farm

E = The random error

RESULTS

Polymorphism of five loci: Researchers preliminarly
carried out five pairs of primers to detect the genetic
variation of Guizhou semi-fine wool sheep BMP-2
gene by PCR-S5CP and DNA pool sequencing methods.
Only the Pl locus that was exon2 regions showed
polymorphism. Three umque PCR-SSCP banding patterns
were detected after electrophoresis (Fig. 1), they were
designated as genotype LL, LW and WW.

BMP-2 gene sequencing: In Pl locus, DNA from six
randomly chosen Guizhou Semi-Fine Wool sheep for
different SSCP patterns were cloned and sequenced in

220 -
C C cC G G T G C G

C

both directions, some of their sequences were deposited
in the GenBank database (Accession No. TNO1 5066 and
IN015067). DNA sequencing analysis revealed one G>A
mutation located in (g. 273 G=A) nucleotide position of
JenBank Accession No. EU854586, it was existed in the
BMP-2 gene exon2 (Fig. 2), after analysis this mutant is
synonymous mutation which didn’t casuals the amino
acids change.

Analysis of polymorphism of the BMP-2 gene in the
Guizhou semi-fine wool sheep: Genotypic and allelic
frequencies was calculated (Table 2). The frequencies of
allele 1. and genotype LL were 0.520 and 0.350. Population
genetic  indexes  (namely, Homozygosity (Ho),
Heterozygosity (He), effective allele Numbers (Ne) and
Polymorphism Information Content (PTIC)) were calculated
according to Nei and Li (1979). Guizhou semi-fine wool
sheep populations belonged to a median polymorphism
level (Table 3).

Association of polymorphisms of the P1 locus with
growth traits in the Guizhou semi-fine wool sheep: The
relationships between genotypes and four growth traits

Table 2: Genotypic distribution and allelic frequencies of Guizhou

Semi-Fine Wool sheep BAP-2 gene
ObserDed genotypes and
their frequencies

Allele frequencies

Parameters LL Lw WwW Total L W
Number 112000 109.000  99.000 320 0.520 0.480
Frequencies  0.350 0.341 0.309 - -

Genotype LL

Genotype WL

260
G c C [ G
AN % Genotype WW

Fig. 2: Sequencing maps from different genotypes of Guizhou Semi-Fine Wool sheep BAMP-2 gene Pl locus
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Table 3: Genetic diversity estimates for Guizhou 8emi-Fine W ool sheep BAP-2 gene

Effective allele Polymorphism

Gene Homozygosity (Ho)  Gene Heterozygosity (He) No. (Ne) Information Content (PIC) ¥? (HW) p-value (HW#)
0.5008 0.4992 1.9967 0.3746 32.2832 p<0.05
HW = Hardy-Weinberg equilibrium
Table 4: Means for BMP-2 genotypes for production traits of Guizhou Semi-Fine Wool sheep

MeandSE
Traits LLn=112 LW (n=10%) WW (n=99 p-value
Body weight (kg) 45.01 71 646 42,998+ 364 46.667+2.346 p>0.05
Body height (cm) 63.817+0.022° 64.009+0.9025 63.665+0.862% p<0.05
Body length (crm) 62.0694£0.943° 63.108£0.923 63.193£0.881 p<0.05
Chest circumference (cmm) 80.179+1.252° 81.915+1.226 81.966£1.170 p<0.05

Means on the same line with different superscripts differ (p<0.05)

(body weight, body height, body length and chest
circumference) were analyzed (Table 4). There was a
signmficant different in body height, body length and
chest circumference between genotypes (p<0.05). Tt was
indicated that individuals with genotype WW were
significantly higher than those of individuals with
genotype LI, in body height, body length and chest
circumference.

DISCUSSION

The BMP2 gene 15 widely used m studies of

assoclation with osteoporosis (Choi ef al, 20086
McGuigan et al, 2007, Medici et al, 2006
Schrauwen ef af., 2008), bone mineral density

(Styrkarsdottir et al., 2003; Tchikawa et al., 2006), regulate
plate chondrogenesis (De Luca et al., 2001) and repair of
bone defects (Yue et al., 2005) in human and rat and in
recent vears, the polymorphisms of BMPZ gene and
livestock growth traits were reported in goat and chicken.
Fang studied BMPF2 gene polymorphisms in three goats
breeds and find one mutation in 3' flanking region which
have a significant effect m body trunk mdex (p<0.05)
(Fang et al, 2010). Leng reported a 12 bp
msertion/deletion at BMP2 gene mtron2 m chicken wlich
assoclated with skeletal traits (Leng et af., 2007). But
there was no report about BMP2 gene polymorphisms of
sheep.

The research attempted to detect and characterize
polymorphisms  within  the coding region and 3'
untranslated regions of BMP2 gene in 320 individuals of
Guizhou Semi-Fine Wool sheep. After sequencing, the
alignment between nucleotide sequences of goat in
GenBank (Accession No. EU854586) and the sequencing
results of PCR products with same patterns revealed that
their homology reached up to 99%. It has been reported
that this gene was highly evolutionary conserved in
mammals (Tabas et al., 1991), this result was a good

authentication for it. A novel SNP G=A) was detected at
the exonZ2 region. The results showed that the genotype
LL was a predominant genotype and L was a predominant
allele. Different banding patterns were sequenced in both
directions and were published in the GenBank database
(GenBank accession TNO135066, TNO15067).

Population genetic indexes (namely, Homozygosity
(Ho), Heterozygosity (He), effective allele Numbers (Ne)
and Polymorphism Information Content (PIC)) were
caleulated. If PIC, Ne and He are larger, the number of
genetic variation of this locus will be more m this breed
and it will make this gene an obvious candidate to
investigate whether variants impart differences in growth
traits. According to the classification of PIC (low
polymorphism if PIC value <0.25, medien polymorphism if
0.25<PIC value <0.5 and high polymorphism if PIC value
>0.5) (Botstein et al., 1980), Guizhou Semi-Fine Wool
sheep was at median polymorphism.

CONCLUSION

The present study reveals that the polymorphism of
the BMF2 gene exonZ 1s significantly associated with
growth traits in body height, body length and chest
circumference of Guizhou Semi-Fine Wool sheep. The
sheep with genotype WW however, do tend to be better
than those with genotype LL m growth traits.

The mutational population had inferior genotype in
this study so the result suggests that the BMPZ gene
could play an important role in the process of growth in
the Guizhou Semi-Fine Wool sheep. To date, few
polymorphisms about the sheep BAMP-2 gene have been
reported, researchers firstly determine the novel genetic
variations of the sheep BMP-2 gene by PCR-SSCP and
DNA sequencing methods. However, these results should
be considered as preliminary, further investigations will be
necessary for detecting the polymorphism of this gene n
a broad variety of sheep breeds and populations.
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