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Abstract 
Taiwan native chicken strain (Taishu No. 7) carrying homozygous gene for heat shock 

protein 70 (HSP70) was evaluated for heritability, genetic and phenotypic correlations 

for body weight at birth (BW0), body weight at 16 weeks of age (BW16), egg weight 

at first egg (FEW), body weight at first egg (BWFE), age at first egg (AFE) and number 

of eggs laid up to 40 weeks of age (EN40) in female chickens. The multivariate animal 

model using the residual maximum likelihood procedure was applied. The estimations 

realized over three generations and the pedigree file was composed of 141 individuals. 

Heritability estimates of BW0, BW16, FEW, AFE, BWFE, and EN40 were 0.306, 

0.763, 0.071, 0.284, 0.681, and 0.200, respectively. The body weight traits showed that 

the BW16 had the negative genetic correlations with BW0, AFE, and EN40 (rg = –

0.061; rg = –0.242; rg = –0.087), but had the positive genetic correlations with FEW and 

BWFE (rg =0.419; rg =0.945). The egg production traits showed that the EN40 had the 

negative genetic correlations with BW16 and AFE (rg= –0.087; rg = –0.195), but had 

the positive genetic correlation with BW0, FEW, and BWFE (rg = 0.336; rg = 0.039; rg 

=0.182). Based on the results of this study, the BWFE could be introduced as a suitable 

indirect selection criteria for improving egg production because of the higher 

heritability and a positive genetic correlation with egg production. 
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Introduction 

 

Many countries have utilized the native chickens as 

genetic resources due to their valuable characteristics 

of adaptability, disease resistance, meat flavour, and 

egg quality. In Taiwan, the consumers traditionally 

prefer the meat and brown eggs obtained from native 

chickens compared to that from broilers, and are 

willing to pay more for them. Nevertheless, native 

chicken breeds generally have lower growth and egg 

production characteristics (Selvaggi et al., 2015). To 

meet consumer demand, Taiwan farmers had 

improved the production performance of native 

chickens by crossbreeding with exotic chickens (Lee, 

2006). However, the genetic variation and genetic 

parameters were not established, and the performance 

of the hybrid chicken decreased in a few generations. 

The Taiwan Livestock Research Institute (TLRI) has 

endeavoured to practice selective breeding among 

native chickens. The Taishu no. 7 chicken is one of the 
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TLRI chicken strains having red feathers and a single 

comb, established from the mating of indigenous 

chickens. The Taishu no. 7 chicken lays brown eggs 

(preferred by consumers in Taiwan) (Lee, 2006) and 

has the ability to accommodate to the summer weather 

in Taiwan (relative humidity of 70%, average daily 

temperature of 30°C). Since 2008, the Taishu no. 7 

chicken has been selected to carry the homozygote of 

the heat shock protein 70 (HSP70) gene for improving 

the thermal tolerance. Recently, the AA genotype of 

the HSP70 gene revealed higher thermal tolerance 

with no unfavorable impacts on growth and egg 

production traits (Liang et al., 2016). The Taishu no. 7 

chicken carries AA genotype of the HSP70 gene and 

produces about 63 eggs within 40 weeks under humid 

subtropical climate conditions, whereas the local red 

feather chicken produces about 45 eggs within the 

same period (Chao et al., 2005). Due to their higher 

egg production, the Taishu no. 7 chicken may have 

potential as a germplasm for improving egg 

production performance in indigenous chickens. 

Therefore, the objective of this study was to estimate 

genetic parameter for BW and egg production traits to 

find out genetic potential and the variability of the 

performance traits in the Taishu no. 7 chicken. 

 
Material and Methods 
 

Breeding and management 

The study was performed at the Kaohsiung Animal 

Propagation Station of the TLRI. Data were obtained 

over three consecutive years from 2008, and three 

generations (G) were recorded: G0, G1, and G2. The 

base population was hatched from 250 eggs that were 

obtained from the local chicken population maintained 

at the TLRI. Blood samples collected from 12-week-

old chickens were used for genomic DNA extraction 

to investigate the HSP70 gene polymorphisms using 

PCR-SSCP assays. Chickens were selected if they 

were homozygous for the HSP70 gene. G0 was 

composed of 10 males and 31 females, with superior 

body weight at 16 weeks of age in the base population. 

Pedigreed eggs were produced by artificial 

insemination. From each of the 10 groups of G0, one 

sire and 3 to 6 hens were matched and used to 

constitute G1. The same selected procedure was 

performed to generate G2. The pedigree file was 

composed of 141 individuals. All birds lived in the 

same house conditions and fed the uniform diet. The 

diets (CP 18.2% and ME 2,947 kcal/kg for the starter; 

CP 15.5% and ME 2,855 kcal/kg for the grower; CP 

15.5% and ME 2,751 kcal/kg for the hen) and water 

were provided ad libitum. The relative humidity 

ranged between 50% and 60% and average daily 

temperature ranged between 25°C and 32°C. Data 

were collected from female chickens. At 16 weeks of 

age, all females were housed in laying cages 

individually, and recorded egg production daily. The 

evaluated traits in this study were BW0, BW16, FEW, 

BWFE, AFE, and EN40. This study operated 

following the Taiwanese laws regarding animal 

protection, and the Kaohsiung Animal Propagation 

Station, TLRI approved all animal experimental 

procedures. 

 

Statistical analysis 

Descriptive statistics were analysed using SAS general 

linear model (SAS Institute, 2001). The residual 

maximum likelihood (REML) approach of the VCE4 

computer program (Neumaier and Groeneveld, 1998) 

was applied for estimating the variance components 

and heritability of the six traits. The following model 

was used, as described in Poivey et al., (2001):  

 

y = Xβ + Z1 a + Z2 p + e 

 

Where y is the vector of chicken performance for the 

six traits measured; β is the vector of fixed effects (date 

of birth); a is the vector of random genetic effect with 

E(a) = 0; the variance of a is Aσ2a; A is the matrix of 

coefficients of relationship between the chickens, and 

σ2a is the additive genetic (co) variances; p is vector of 

random permanent environmental effect with E(p) = 0, 

and Var (p) = Iσ2p, where I is the identity matrix; e is 

the random residual with E(e) = 0, Var(e) = Iσ2e; and 

X, Z1, and Z2 are known incidence matrices connecting 

the performances and the effects. 

 
Results and Discussion 

 

Descriptive statistics of the traits 

Table 1 presents the descriptive statistics of the 

recorded traits for body weight and egg production in 

the Taishu no. 7 chicken. The mean BW0 was 28 g, 

which is within the ranges reported on native chicken 

in Ethiopia, Bangladesh, and Nigeria (Dana et al., 

2011; Faruque et al., 2013; Ndofor-Foleng et al., 

2015). The mean BW16 was 1353 g, which is higher 

than that observed in other indigenous chicken breeds, 

such as the Horro chicken of Ethiopia and the Korean 

native chicken (Dana et al., 2011; Cahyadi et al., 

2015). The mean FEW was 31 g, similar to the Korean 
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native chickens (Sang et al., 2006). The average AFE 

was 154 days, resembled the indigenous chicken in 

Korea, Iran and Ethiopia, where the average age at first 

egg laid was in the range of 148 to 190 days (Sang et 

al., 2006; Dana et al., 2011; Shadparvar and Enayati, 

2012; Firozjah et al., 2015). The average BWFE was 

1685 g, which is higher than that of the local chickens 

in Nigerian and Korea, but similar to Mazandaran 

native chicken (Sang et al., 2006; Oleforuh-Okoleh, 

2011; Shadparvar and Enayati, 2012; Firozjah et al., 

2015). The average EN40 was 63 eggs, lower than 

observed in the Korean native chickens and Esfahan 

native chicken (Sang et al., 2006; Dana et al., 2011; 

Yousefi et al., 2013), but higher than observed in the 

Indian native chicken, Horro chicken, Mazandaran 

native chicken, (Dana et al., 2011; Haunshi et al., 

2011; Firozjah et al., 2015) and Taiwan local red 

feather chicken produces about 45 eggs at 40 weeks of 

age (Chao et al., 2005). Compared with other 

indigenous chickens, the Taishu no. 7 chicken has a 

satisfied performance in EN40 trait. The AFE trait 

showed the lowest phenotypic variation with a 

coefficient of variation (CV) of 9.14%, whereas the 

EN40 has the highest CV value of 26.25%. Because 

the chickens were selected to be homozygous for the 

HSP70 gene in this study, the lower CV values of traits 

were expected. Furthermore, the breed was developed 

to have similar characteristics. Due to high CV value 

of EN40 trait, more data will be necessary to estimate 

for finding out the genetic variability of egg 

production trait (Mulder et al., 2007). 

 

Heritabilities 

The estimations of heritabilities, genetic and 

phenotypic correlations for body weight and egg 

production traits are shown in Table 2. The heritability 

of BW0 in this study was 0.306, higher than the 

estimated value (0.13) by Shadparvar and Enayati 

(2012), similar to that reported in Mazandaran native 

chickens (0.33), Horro chickens of Ethiopia (0.40) and 

Esfahan native (0.42) (Dana et al., 2011; Yousefi et al., 

2013; Firozjah et al., 2015). Yousefi et al., (2013) 

explained that the higher heritability of body weight at 

birth was attributed to excluding the maternal and 

permanent environmental effects in statistical model, 

this supports our result of the heritability estimates for 

BW0. The heritability of BW16 in the present study 

was 0.763, higher than the value (0.31) reported by 

Cahyadi et al., (2015), but similar to high heritability 

values in Nigerian local chicken (0.72) (Rotimi et al., 

2016). The heritability estimations of the egg 

production traits showed that the heritability of FEW 

was 0.071, lower than the values (0.12 and 0.20) 

reported in the Mazandaran native chicken 

(Shadparvar and Enayati, 2012; Firozjah et al., 2015). 

The heritability of AFE was 0.284, lower than the 

value (0.34) reported by Shadparvar and Enayati 

(2012), but similar to that reported in Iranian native 

fowls (0.27) (Ghazikhani et al., 2007), and in Korean 

native chickens (0.12 to 0.32) (Sang et al., 2006). The 

heritability of BWFE was 0.681, similar to that of in 

Nigerian local chicken (0.56) (Oleforuh-Okoleh et al., 

2011); higher than the range (0.39 to 0.43) in four 

strains of Korean native chickens reported by Sang et 

al., (2006). The EN40 heritability was 0.200, lower 

than the range (0.24 to 0.36) reported in four strains of 

Korean native chickens (Sang et al., 2006), but higher 

than the values reported in Iranian native fowls (0.14) 

and in Mazandaran native chickens (0.15) (Ghorbani 

et al., 2012; Shadparvar and Enayati, 2012). Compared 

with other indigenous chickens, Our results showed 

that the Taishu no. 7 chicken has relatively a high 

heritability of BW16, suggesting that selection at 16 

weeks of age may be effective in improving body 

weight. The comparatively lower heritability estimates 

for egg production of the native chickens in this study 

may be attributed to the heritability of egg production, 

which is controlled by many genes. Selection for this 

characteristic in the homozygous native chicken 

generally shows slow progress. This result was 

confirmed by previous reports showing that native 

chickens are poor egg layers (Chao et al., 2005; Dana 

et al., 2011).  

 

Genetic and phenotypic correlations 

The BW0 had negative genetic correlations with 

BW16, FEW, and AFE (rg = –0.061; rg = –0.313; rg = 

–0.509), but had positive genetic correlations with 

BWFE and EN40 (rg = 0.191; rg = 0.336). In the 

present study, the BW0 had a low and negative genetic 

correlation with BW16 (rg = –0.061) was not in 

consonance with the previous reports reported that the 

phenotypic and genetic correlations between body 

weights at various ages were positive in various 

chickens (Sang et al., 2006; Dana et al., 2011; Momoh 

et al., 2014). However, the growth of bird is generally 

nonlinear (Zhao et al., 2015), other researches 

suggesting that more efficient selection would be 

realized on the growth curve parameters (Mignon-

Grasteau et al., 1999; N’dri et al., 2006). Manjula et al. 

(2017) estimated the genetic parameters for body 

weight gain and growth curve parameter traits in the 
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Korean native chicken and obtained that the genetic 

correlation between the weight gain from birth to 2 

weeks of age and weight gain from 14 to 16 weeks of 

age was negative (rg = –0.140); this supports the result 

of the present study. 

The genetic correlations of BW0 with FEW and with 

AFE were negative, suggesting that the heavier chick 

at birth tend to have lighter egg weight at first egg and 

earlier age of laying. However, the phenotypic 

correlations between these traits were positive, 

resulted in heavier chick at birth had a heavier egg 

weight at first egg and later age of laying. It suggested 

that the environments sufficiently affecting these 

traits, caused the genetic correlations be opposite 

observed phenotypic correlations. The positive genetic 

correlation between BW0 and BWFE was 0.191, 

lower than the value (rg =0.89) reported in the Nigerian 

indigenous chick (Udoh and Jaja, 2014), but similar to 

that reported (rg = 0.25) in Mazandaran native breeder 

hens (Shadparvar and Enayati, 2012). In the present 

study, the low positive genetic correlation between 

BW0 and BWFE might be caused by the nonlinear 

growth of chicken. Therefore, studying on the growth 

curve for Taishu no. 7 chicken is required in the future 

work. Our result of the positive genetic correlation 

between BW0 and EN40 was different from that 

observed by Yousefi et al. (2013), reported that the 

BW0 of Nigerian indigenous chick had a negative 

correlation coefficient (rg = –0.04) with the number of 

eggs, but similar to that reported in Mazandaran native 

breeder hens (rg = 0.03) and Horro indigenous 

chickens (rg = 0.42) (Dana et al., 2011; Shadparvar and 

Enayati, 2012).  

The BW16 has been used to estimate if the hens have 

attained a well-developed body frame that is suitable 

for egg production. In the present study, the estimated 

genetic correlation between BW16 and FEW (rg = 

0.419) was higher than the genetic correlation (rg = 

0.23) between body weight at 12 weeks of age and 

FEW in Mazandaran native breeder hens (Shadparvar 

and Enayati, 2012). The genetic and phenotypic 

correlations between BW16 and AFE were negative 

and moderate (rg = –0.242 and rp = –0.476) 

respectively, suggesting that these two traits are 

restricted by the levels of genetic correlation. BW16 

and BWFE have a high genetic correlation (rg = 

0.945), because both BW16 and BWFE participate in 

the assessment of sexual maturity. However, BW16 

and BWFE have a negative and moderate phenotypic 

correlation (rp = –0.468); this indicates that the 

characteristics of these traits were influenced by 

environmental effects. BW16 and EN40 had a low 

genetic (rg = –0.087) and phenotypic (rp = –0.048) 

correlations, implying that these two traits were 

dominated by disparate and non-linked genetic loci. It 

might explain the reason that selected chickens with 

superior BW16 had no significant effect on egg 

production in the present study. On the other hand, 

BW16 had the highest value of heritability (h = 0.763) 

among the other growth traits measured, accordingly, 

the chickens were selected at 16 weeks of age could be 

the suitable approach to develop meat breeds in Taishu 

no. 7 chicken. 

The genetic correlation between FEW and AFE (rg = 

0.727) was higher than the value (rg = 0.39) in 

Mazandaran native breeder hens (Shadparvar and 

Enayati, 2012), but similar to the observation by 

Agaviezor et al., (2011). Consistently, the phenotypic 

correlation between FEW and AFE was positive (rp 

=0.529). The genetic and phenotypic correlations 

between FEW and AFE were both positive, indicated 

that chickens were selected for heavier FEW would 

result in later egg production. The genetic and 

phenotypic correlations between FEW and BWFE 

were positive (rg = 0.430 and rp = 0.592) respectively, 

implied that selection for heavier egg weight at first 

egg would result in increase chicken body weight at 

first egg. This result was similar to that reported in 

Mazandaran native breeder hens (rg = 0.54 and rp = 

0.21) (Shadparvar and Enayati, 2012). The FEW had 

a low and positive genetic correlation with EN40 (rg = 

0.039) was not in consonance with the previous reports 

reported that genetic correlations with FEW and EN40 

were negative in Korean native chicken (rg = -0.05) 

and Mazandaran native breeder hens (rg = -0.66) (Sang 

et al., 2006; Shadparvar and Enayati, 2012), but 

similar to that reported in three laying lines of quails 

(rg = 0.09 to 0.58) (Hidalgo et al., 2011). The low and 

positive genetic correlation of FEW and EN40 in 

Taishu no. 7 chicken, indicated that the selection on 

FEW traits has the positive impact on EN40, but to a 

lesser degree.  

The early sexual maturity consequently will result in 

the increment of total egg number. Therefore, the 

chicken has acted to reduce the time to sexual 

maturation. The AFE had the negative genetic 

correlations with BWFE (rg = –0.300) and EN40 (rg = 

–0.195) respectively, indicated that selection of early 

sexual maturity would result in heavier BWFE and 

increased egg production.  

The BWFE had a low and positive genetic correlation 

with EN40 (rg = 0.182), indicating that BWFE had the 
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lesser contribution to the variation in the number of 

eggs produced. However, the BWFE relatively had the 

highest heritability (h2 = 0.681) among the other traits 

measured in this study and would be suitable as an 

indirect selection criteria for improving egg 

production. 

 

Table 1. The recorded traits of the Taishu no. 7 female chickens used in this study, showing the number of 

observations (N), mean, standard deviation (SD), coefficient of variation (CV), and minimum and 

maximum values1. 

Traits N Mean SD CV (%) Minimum Maximum 
BW0 (g) 90 28 3.1 10.81 20 37 
BW16 (g) 90 1353 188.0 13.89 1028 1883 
FEW (g) 90 31 6.1 19.57 13 51 
AFE (day) 90 154 14.1 9.14 126 201 
BWFE (g) 90 1685 243.3 14.44 1226 2386 
EN40 (eggs) 90 63 16.6 26.25 17 103 

1BW0 = body weight at birth; BW16 = body weight at 16 weeks of age; FEW = egg weight at first egg; AFE = 

age at first egg; BWFE = body weight at first egg; EN40 = total number of eggs laid up to 40 weeks of age. 

 

Table 2. Heritability (diagonal), genetic (above the diagonal) and phenotypic (below the diagonal) 

correlations between different body weights1 and egg production traits2 in Taishu no. 7 female chickens 

Traits BW0 BW16 FEW AFE BWFE EN40 
BW0  0.306 –0.061 –0.313 –0.509 0.191 0.336 
BW16  –0.023 0.763 0.419 –0.242 0.945 –0.087 
FEW  0.118 –0.005 0.071 0.727 0.430 0.039 
AFE  0.122 –0.476** 0.529** 0.284 –0.300 –0.195 
BWFE 0.061 –0.468** 0.592** 0.913** 0.681 0.182 
EN40  –0.069 –0.048 –0.038 0.536** 0.424** 0.200 

1BW0 = body weight at birth; BW16 = body weight at 16 weeks of age 
2FEW = egg weight at first egg; AFE = age at first egg; BWFE = body weight at first egg;  

EN40 = total number of eggs laid up to 40 weeks of age  
**Significant (p < 0.01)  

 

Conclusion 
 
In the present study, we investigated the suitable 

selection criteria to enhance the productivity of the 

growth and egg production in native chicken 

production system. Results estimated that both BW16 

and BWFE have high heritabilities, showed these traits 

could be used as the direct selection criteria for 

improving growth performance. Although BW16 has 

high heritability, the genetic correlation with EN40 

was negative. On the other hand, the BWFE had a 

higher heritability and a positive genetic correlation 

with egg production, and is introduced as a suitable 

indirect selection criterion for improving egg 

production. This study established the foundational 

genetic parameter in Taishu no. 7 chicken; however, 

further work using a larger data set is recommended to 

confirm the current findings. 
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