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Effect of FecB Gene on Body Weight in Black Bengal Goat
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ABSTRACT

FecB gene is first described gene which has been found to increase ovulation rate and litter size in sheep. But, work related to
genetic mechanism and genetic markers for caprine proliferation has not been done so much. The present study was aimed to
screen Black Bengal goat population for polymorphism of FecB gene and to study its effect on body weight at different growth
stages. DNA samples from 96 animals were isolated and subjected to PCR. Amplified fragments obtained were allowed for
polyacrylamide gel electrophoresis for the detection of single strand conformational polymorphism (SSCP) variants. Among all
samples, three different SSCP variants were found which were marked as AA, AB and BB. The highest genotype frequency was
observed for AB (0.38), which was followed by BB (0.33) and AA (0.29). Least-square analysis of variance showed significant
(P<0.01) effect of genotype on body weight at birth only. The least square mean of body weights at birth for genotype BB
(01.17+00.03 kg) was significantly lower than that of genotype AA (01.43+00.03 kg) and genotype AB (01.36+00.02 kg). It
was also observed that genotype had non-significant effect on body weight at 4-week, 8-week, 12-week, 24-week, 36-week and
48-week of age. These results indicate that effect of FecB on body weight was limited at birth only. No significant effects were
found on growth rate at later stage of life. FecB gene was hitherto linked to prolificacy. So, the effect of FecB gene on other traits
has important bearing if the research is continued further with more number of species specific primers at other loci.
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Black Bengal goat is considered one of the important meat
breed of India. Increase in reproductive efficiency of this
breed can cause increased litter size and not only litter size
but growth and development of kids are very important for
production of the goat meat (chevon).

The first described gene which affects ovulation rate and
proliferation in sheep was FecB (Booroola fecundity) gene.
It is a single autosomal gene, which increases ovulation
rate and litter size in sheep [co-dominant for ovulation
rate & partially dominant for litter size (Piper et al. 1985;
Montgomery et al. 1992)]. Piper et al. (1985) and Piper
and Bindon (1996) found that the effect of FecB mutation
is additive for ovulation rate and each copy increases
ovulation rate by about 1.6. This mutation is characterized
by production of large numbers of ovulatory follicles that

are smaller in diameter than wild-type follicles (Souza
et al. 2001). Many aspects of the FecB gene affecting
litter size, organ development and body mass have been
studied by Smith ez al. (1993) who found that along with
additive effect on litter size and ovulation rate, this gene
has negative effects on fetal growth and development and
body mass during gestation.

Growth or body development along with litter size, are
important economic traits in goat breeding as well as
reproduction. Having impact on genetic correlation with
body weight, identification of variation exists within FeecB
is pertinent. Considering the facts, the present work was
designed to investigate the FecB gene polymorphism and
their effects on body weight at growth stages in Black
Bengal Goat.
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MATERIALS AND METHODS

A total of 96 blood samples (5 ml each) of Black Bengal
goats were collected from jugular vein in vaccutainer
tubes under sterile condition. Genomic DNA was
isolated and purified from white blood cells using
proteinase-K  digestion and standard phenol-
chloroform extraction earlier described by Sambrook
et al. (1989). Quality of isolated genomic DNA
samples were checked by agarose gel electrophoresis
which were visualized under UV trans-illuminator.

In the present study, the primers with the sequence of
F: 5-CCAGAGGACAATAGCAA AGCAAA-3' and R:
5-CAAGATGTTTTCAT GCCTCATCAACAGGTC-3'
were utilized as earlier described by Supakorn et al. 2010.
Primers were synthesized by Xcelris Lab, Ahmedabad.

Polymerase chain reaction was carried out in 10 pL
reaction volume with about 1.5 ul (50-100 pg/ul) of
genomic DNA. The reaction mixture consisted of 0.5
ul (10 mM) dNTPs, 0.5 pl (25 mM) MgClL, 0.5 pl (20
ng/ul) each forward and reverse primer, 0.5 pl (5 units/
ul) Tag polymerase and 1.5 pl 10X PCR buffer. PCR
was conducted with the initial denaturation at 94°C for
3 min, followed by 33 cycles of 94°C for 30 sec, 58°C
for 30 sec, 72°C for 30 sec and final extension at 72°C
for 5 min. Amplified PCR products were subjected for
single strand conformational polymorphism (SSCP) through
polyacrylamide gel electrophoresis performed at 4°C for
4 hours at 200 V (Markoff et al. 1997). After running was
over, gel was kept for silver staining according to Bassam
et al. (1991). The gel was visualized for banding pattern

under light and documented followed by analysis of data
using available computer softwares like SPAB.

RESULTS AND DISCUSSION

In the present investigation, PCR-SSCP studies were
carried out on BMPR1B gene for detection of the point
mutation of FecB gene in Black Bengal Goat. Molecular
studies assessed the occurrence of polymorphism of FecB
gene in Black Bengal goat population studied. Gupta et
al. (2005) reported that the PCR-SSCP method is one
of the best method employed in detection of SNPs and
nucleotide base change.

AA AA AB BB BB

AA BB AB AA AB BB
Fig. 1. Different genotypic pattern of FecB gene

Three different SSCP variants were found which were
designated as AA, AB and BB (Figure 1). The highest
genotype frequency was observed for AB (0.38), which
was followed by BB (0.33) and AA (0.29) (Table 1). In
concordance to the current study, Polley et al. (2009)

Table 2. Least-square means of genotype affecting body weights at birth, 4-week, 8-week, 12-week, 24-week, 36-week and 48-week

of age in Black Bengal goats

Body weight at

Genotype Birth 4-week 8-week 12-week 24-week 36-week 48-week
Population 01.32+ 02.37+ 03.32+ 04.32+ 06.42+ 08.14=+ 10.02 £
mean(p) 00.02(96) 00.03(96) 00.05(96) 00.06(96) 00.12(96) 00.13(96) 00.11(96)

AA 0143+ 02.36 £ 03.18 £ 04.17 = 06.26 £ 08.12 09.91
00.03°(28) 00.06(28) 00.09(28) 00.12(28) 00.23(28) 00.26(28) 00.21(28)

AB 01.36 £ 02.37 03.25+ 04.30 = 06.35 + 08.13 + 10.11 £
00.02°(36) 00.05(36) 00.07(36) 00.10(36) 00.20(36) 00.21(36) 00.18(36)

BB 01.17 02.38 + 03.53 £ 04.48 = 06.66 + 08.16 = 10.04 =
00.03%(32) 00.06(32) 00.08(32) 00.11(32) 00.21(32) 00.23(32) 00.19(32)

# Means bearing same superscript in a column for a factor did not differ significantly with each other.

## Figures in parentheses are number of observations.
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worked upon BMPRIB gene (FecB) polymorphism in
Black Bengal Goat and reported three types of genotype
in FecB region. Similarly, Chu et al. (2010) also found
polymorphism of BMPR1B gene and obtained three types
of genotypes in Jining Grey goats.

Table 1. Allelic and genotype frequencies of Black Bengal goat
for FecB gene

Gene No. of Allele Genotype frequency
Animal frequency

A B AA AB BB

FecB 96 048 052 029 038 033

Least-square analysis (Harvey W.R. 1990) of variance
showed significant (P<0.01) effect of genotype on body
weight at birth. The least square mean of body weights at
birth for genotype BB (01.17+00.03 kg) was significantly
lower than that of genotype AA (01.43£00.03 kg) and
genotype AB (01.36+00.02 kg) (Table 2). Similar findings
of Smith et al. (1993) supported this fact that body weights
were lighter (P<0.05) at most gestational ages in BB/B+
(homozygous carrier/heterozygous carrier) than in ++
(homozygous non-carrier) fetuses. Walling et al. (2000)
reported that animal carrying a Booroola allele were
lighter than non-carrier and observed that Booroola gene
is closely linked to a locus affecting early growth and
hypothesized that 80% of animals inheriting Booroola
allele also inherit the low growth allele. These findings are
in consonance to the present results.

However, in contrast to the current study, Visscher et
al. (2000) found that carriers and non-carriers had same
initial and end weights. Also, Kolte et al. (2005) observed
no significant effect of FecB on live weights in any age
group of Garole sheep.

It was also observed that genotype had non-significant
effect on body weight at 4-week, 8-week, 12-week, 24-
week, 36-week and 48-week of age. Important reasons
that can be attributed to the effect being non-significant
at later ages are that it might be due to small sample size
and because at birth, genetic factors have greater effect
including FecB gene while afterwards, other factors also
contribute to the growth traits including management and
nutrition.
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CONCLUSION

Present findings suggest that FecB gene has nega-
tive effect on body weight at birth only. At later
stages of life, it does not show any effect on growth
rate or body development and present research may
be continued further on larger sample size and in
different species of goat for more conclusive study
on effects of FecB gene on different growth traits
which may be used for marker assisted selection
also.

REFERENCES

Bassam, B.J., Caetano-Anollés, G. and Gresshoff, PM. 1991.
Fast and sensitive silver staining of DNA in polyacrylamide
gels. Anal. Biochem., 196: 80- 83.

Chu, M.X., Zhao, X.H., Zhang, Y.J., Jin, M., Wang, J.Y.,
Di, R., Cao, G.L., Feng, T., Fang, L. and Ma, Y.H. 2010.
Polymorphisms of BMPR-IB gene and their relationship with
litter size in goats. Molecular Biology Reports, 37(8): 4033-
4039.

Gupta, N., Malik, G., Chaudhary, S. and Gupta, S.C. 2005.
Single Strand Conformational Polymorphism- a technique
for SNP and mutation detection. Molecular Technique for
Gene Characterization and genome analysis. Indian J. Anim.
Sci., 31: 146-151.

Harvey, W.R. 1990. Mixed Model Least Squares and Maximum
Likelihood Computer Program. User’s Guide for LSMLMW
and MIXMDL.

Kolte, A.P., Mishra, A.K., Kumar, S., Arora, A.L. and Singh,
V.K. 2005. A Study on Effect of Carrying FecB Gene on
Body Weight in Garole and GarolexMalpura Sheep. Asian-
Aust. J. Anim. Sci., 18(10): 1379-1382.

Markoff, A., Savov, A., Vladimirov, V., Bogdanova, N.,
Kremensky, I. and Ganev, V. 1997. Optimzation of single
strand conformation polymorphism analysis in the presence
of polyethylene glycol. Clinical Chemistry, 43(1): 30-33.

Montgomery, G.W., McNatty, K.P. and Davis, G.H. 1992.
Physiology and molecular genetics of mutations that
increases ovulation rate in sheep. Endo. Rev., 13(2): 309-327.

Piper, L.R. and Bindon, B.M. 1996. The Booroola Merino.
Prolific Sheep, 152—160.

Piper, L.R., Bindon, B.M. and Davis, G.H. 1985. The single gene
inheritance of the high litter size of the Booroola Merino.
Genetics of Reproduction in Sheep, 115-125.

Polley, S., De, S., Batabyal, S., Kaushik, R., Yadav, P., Arora,
J.S., Chattopadhyay, S., Pan, S., Brahma, B., Datta, T.K.

69


http://www.springerlink.com/content/?Author=M.+X.+Chu
http://www.springerlink.com/content/?Author=X.+H.+Zhao
http://www.springerlink.com/content/?Author=Y.+J.+Zhang
http://www.springerlink.com/content/?Author=M.+Jin
http://www.springerlink.com/content/?Author=J.+Y.+Wang
http://www.springerlink.com/content/?Author=R.+Di
http://www.springerlink.com/content/?Author=G.+L.+Cao
http://www.springerlink.com/content/?Author=T.+Feng
http://www.springerlink.com/content/?Author=L.+Fang
http://www.springerlink.com/content/?Author=Y.+H.+Ma
http://www.springerlink.com/content/0301-4851/37/8/

O Kumar et al.

and Goswami, S.L. 2009. Polymorphism of fecundity genes
(BMPR1B, BMP15 and GDF9) in the Indian prolific Black
Bengal goat. Small Ruminant Research, 85:122-129.

Sambrook, J., Fritsch, E.F. and Maniatis, T. 1989. Molecular
cloning: A Laboratory Manual 2™ ed. Cold spring Harbour,
Cold Laboratory press, NY.

Smith, P., O, W.S., Hudson, N.L., Shaw, L., Heath, D.A.,
Condell, L., Phillips, D.J. and McNatty, K.P. 1993. Effects
of the Booroola gene (FecB) on body weight, ovarian
development and hormone concentrations during fetal life.
Journal of Reproduction and Fertility, 98: 41-54.

Souza, C.J., MacDougall, C., Campbell, B.K., McNeilly, A.S.
and Baird, D.T. 2001. The Booroola (FecB) phenotype
is associated with a mutation in the bone morphogenetic
receptor type 1B (BMPR1B) gene. Journal of Endocrinology,
169: R1-6.

Supakorn, C. and Pralomkarn, W. 2010. Sheep FecB Gene
Polymorphism Role In Thai Meat Goat Proliferation Rate. In:

70

Proceedings of the 9th World Congress on Genetics Applied
to Livestock Production, Leipiz, Germany, 2010.

Visscher, A.H., Dijkstra, M., Lord, E.A., Suess, R., Roesler,
H.J., Heylen, K. and Veerkamp, R.F. 2000. Maternal and
lamb carrier effects of the Booroola gene on food intake,
growth and carcass quality of male lambs. Animal Science
(Penicuik), 71: 209-217.

Walling, G.A., Dodds, K.G., Galloway, S.M., Beattie, A.E., Lord,
E.A., Lumsden, J.M., Montgomery, G.W. and McEwan, J.C.
2000. The consequences of carrying the Booroola fecundity
(FecB) gene on sheep live weight. Proceed. Br. Soc. Anim.
Sci., p. 43.

Wilson, T., Yang, X.W., Jennifer, L.J., lan, K.R., Joanne, M.L.,
Eric, A.L., Ken, G.D., Grant, A.W., John, C.M., Anne,
R.O., Kenneth, P.M. and Grant, W.M. 2001. Highly prolific
Booroola sheep have a mutation in the intracellular kinase
domain of bone morphogenetic protein IB receptor (ALK-6)
that is expressed in both oocytes and granulosa cells. Biology
of Reproduction, 64: 1225-1235.

Journal of Animal Research: v.6 n.2. April 2016



