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Introduction 
Transforming growth factor-beta 2 (TGFB2), one of the members of TGFBs family, was first 
discovered by its activity as a growth inhibitor of epithelial cells of monkey kidney (Holley 
et al., 1980). It regulates a plethora of cellular functions and their activity is critical for 
regulating numerous developmental and homeostatic processes (Massague 1990; Burt and 
Law 1994; Attisano and Wrana 2002). The complete sequence of cTGFB2 gene is 
approximately 70 kb long and composed of 7 exons and 6 introns (Burt and Paton, 1991). 
Chicken TGFB2 gene has been mapped to GGA3, approximately 77.0 cM from the 
centromere. QTLs for body weight have been found at the regions including or nearby the 
TGFB2 in different chicken populations (Kerje, Carlborg and Jacobsson et al. 2003; Ambo, 
Moura and Ledur et al. 2009). Based upon its genomic location and biological function, the 
objectives of the present study were to analysis the association of a new 62-bp indel mutation 
(g.-851_-790del) from position -851 to -790 relative to the transcription start site in the 
promoter region of TGFB2 gene with chicken growth and reproduction traits, and to compare 
the expression pattern of TGFB2 between three genotypes of this 62-bp indel mutation. 
 

Material and methods 
Chickens. A total of 1030 pedigreed Beijing You hens generated after mating 78 sires and 
356 dams were used in the present study, which were the second generation (G1) of a 
experimental population (G0, Ou, Tang and Sun et al. 2009) designed for divergent selection 
on BW17, EN40 and EW36 (High and Low). Phenotypic data were recorded for body weight 
at 7 (BW7), 9 (BW9), 11 (BW11), 13 (BW13), 17 (BW17) weeks old, egg weight at 36 wk 
of age (EW36), and total egg numbers from the age at first egg (AFE) to 40 wk of age (EN40) 
individually. In addition, 88 individuals were randomly selected, slaughtered at 17 wk of age 
and fresh livers were collected for total RNA extraction and Real-time quantitative PCR. 
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Polymorphism detection and genotyping. Genomic DNA was extracted from blood 
samples using a TIANamp Genomic DNA kit (TianGen, Beijing, China). The primer 
sequences were designed according to the sequence of cTGF-B2 (GenBank Accession No. 
X58071) and their sequences were: Primer62-F, 5'-GGAGGAAAAGAGTGGAGTGCT-3'; 
Primer62-R, 5'- CTGCGTCTGCAATTCAGTTT-3'. PCR was performed in a total volume of 
25 μl: 50 ng of template DNA, 2.5 μl of 10× PCR buffer, 2.0 μl of dNTP, 1.5 μl of Mg2+, 0.6 
μM of each primer, and 1.0 U of Taq DNA polymerase (Takara, Dalian, China). The mixture 
was denatured for 7 min at 95°C, following 35 cycles of 95°C for 30 s, 61°C for 30 s, and 
72°C for 30 s, and a finally extension at 72°C for 7 min. The PCR products were directly 
separated on a 3% agarose gel.  
 
RNA extraction. Total RNA of each liver sample was extracted using the RNAprep Tissue 
Kit DP431 (Tiangen, Beijing, China). Ten ug of total RNA was reverse transcribed into 
cDNA with the final volume of 20 ul using a High Capacity cDNA Archive Kit (Applied 
Biosystems Inc., Foster City, California, USA). 
 
Real-time quantitative PCR. Primers for amplifying TGFB2 and GAPDH were designed 
using the Primer Express program (Applied Biosystems), and their sequences were: 
TGFB2-F: TCTTGGCTGGAAATGGATTC; TGFB2-R: GCTGTTCGATTTTGGGTGTT; 
GAPDH-F: CTTTCCGTGTGCCAACCC; GAPDH-R: CATCAGCAGCAGCCTTCACTAC. 
Real-time PCR was performed on a Light-cycler 480 instrument following the default 
program using the LightCycler 480 SYBR Green I Master Kit (both from Roche Diagnostics 
GmbH, Mannheim, Germany). Melting curve analysis of the PCR products was performed to 
ensure specificity of the reaction products. Relative expression level was determined by the 

method of as described previously (Livak and Schmittgen, 2001). CTΔΔ−2
 
Statistical analysis. Associations of g.-851_-790del with growth and reproduction traits and 
comparison analysis of the expression pattern of the TGFB2 gene between genotypes were 
analyzed by MIXED procedure of SAS 9.2 (SAS Institute, Cary, N.C.) with the mixed linear 
model with genotype, line as fixed effects and dam, sire as random effects. The Bonferroni 
adjusted test was used for comparisons among different genotypes.  
 

Results and discussion 
The number of genotypes g.-851_-790wt/wt, g.-851_-790wt/del and g.-851_-790del/del were 

 
 



648, 356 and 27, respectively. The χ2 test results demonstrated that the genotypic frequencies 
of g.-851_-790del did not fit with Hardy–Weinberg equilibrium (P = 0.01), the del allele was 
rare compared with the wt allele (0.20 vs. 0.80). 
 
Table 1 shows the estimated effects of g.-851_-790del on growth and reproduction traits. 
Significant effects of the g.-851_-790del on BW7 (P = 0.0013), BW11 (P = 0.0369), BW13 
(P = 0.0241), and BW17 (P = 0.0035) were revealed, such effects remained significant even 
after Bonferroni correction for multiple testing. The individuals with genotype 
g.-851_-790wt/wt showed the greatest BW17, with more than 90 g compared with those with 
genotype g.-851_-790del/del, and the birds with genotype g.-851_-790wt/del were in 
between homozygotes. However, there was no effect on egg production (EW36 and EN40) 
recorded in present study approached a statistically significance. 
 

 Table 1: Effects of the g.-851_-790del on growth and reproduction traits. 
Genotype Traits P-value 

wt/wt wt/del del/del 
BW7(g, 10301) 0.0013** 553.50±4.75 A2 535.18±5.45B 535.80±13.43AB

BW9(g, 1030) 0.2979 661.33±7.21 646.69±9.15 675.25±28.69 
BW11(g, 1030) 0.0369* 738.68±9.61a 712.20±11.38b 690.82±30.57ab

BW13(g, 1030) 0.0241* 1003.05±8.97a 978.04±10.24b 973.31±24.85B

BW17(g, 1030) 0.0035** 1302.55±10.65A 1276.46±12.34AB 1211.65±31.31B

EW36(g, 869) 0.3292 53.98±0.23 53.55±0.28 53.35±0.86 
EN40(869) 0.9930 56.71±0.74 56.85±0.99 56.69±3.90 

 1Number of animals. 2Least square mean values (±SE). Different letters denoting significant 
difference between groups: a,bP<0.05, A,BP<0.01. **P<0.01, difference is highly 
significant.*0.01<P<0.05, difference is significant. 
 

Table 2: Comparison of TGFB2 mRNA level among three genotypes. 
Genotypes Number of animals Relative level of mRNA P-value 

g.-851_-790wt/wt  55 0.7594±0.07a

g.-851_-790wt/del  30 0.9736±0.10ab

g.-851_-790del/del  3 1.3413±0.27b

0.0340*

*0.01<P<0.05, difference is significant. a,bP<0.05.  

 
 

 
 



The TGFB2 mRNA level showed a significantly (P<0.05) highest level for individuals with 
g.-851_-790del/del among three genotypes, whereas that of g.-851_-790wt/wt had the lowest 
one (Table2). Considering the predominant for chicken growth of g.-851_-790wt/wt 
genotype, such results of mRNA expression showed that TGFB2 seems to play negative 
effect on chicken growth and this is consistent of the previous report that TGFBs act as 
negative autocrine growth factors in many cell types. Given the results of association and 
expression analysis above, the significant predominant effect of this 62-bp indel on chicken 
growth may be due to its regulative effect on TGFB2 expression. However, further evidence 
of function validation for the 62-bp indel mutation is needed in our future endeavors. 
 

Conclusion 
In the present study, a novel 62-bp indel mutation from position -851 to -790 
(g.-851_-790del) relative to the transcription start site in the promoter region of TGFB2 gene 
was identified. This 62-bp indel mutation was associated with body weight at 7, 11, 13, 17 
weeks old and it could be a potential genetic marker to improve the growth of Beijing You 
chickens. 
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