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INTRODUCTION 
Intense selection for specific traits by geneticists has lead to great improvement in the growth 
rate, carcass yield, and efficiency in meat-type chickens (Havenstein et al., 1994). As a result, 
contemporary meat-type chickens reach marketing weight at about 42 days of age, whereas 
about 52 days were required to reach similar body weights ten years ago. These positive effects 
have been accompanied by multiple negative correlates including: musculoskeletal 
abnormalities, pulmonary hypertension (ascites) and reduced disease resistance (Julian, 1998). 
This reduction in fitness is mainly because of a tremendous increase in body mass without 
parallel improvements in the internal organs, vascular system, and skeleton to support such a 
rapidly growing and large body mass (Dunnington and Siegel, 1996).  
 
A unique population of birds has been developed to address these issues consisting of an 
inbred x outbred cross (Deeb et al,. 2001). This resource population was established by 
crossing one modern broiler sire, from a commercial broiler breeder male line, with dams from 
two unrelated highly inbred lines (>99% inbred) developed from US commercial Leghorn 
layers, and from an imported native Egyptian line (Fayoumi) (Zhou and Lamont, 1999). 
Varieties of phenotypic measurements related to growth, muscling, inner organs, and skeleton 
were recorded for the F2 populations and contemporary pure inbred and broiler birds. Based on 
means and phenotypic distributions of the F2 populations compared to their parental lines, the 
effective number of genes affecting each trait and heterosis was estimated relative to the 
known genetic selection history for each trait. The results suggest that a high number of genes 
with small epistatic effects are involved in traits such as body weight and shank length. 
Significant findings included distinctive genetic architectures between the two inbred lines by 
differing numbers of genes and likely different genes affecting specific traits (Deeb et al., 
2001). It is well documented that various endocrine factors are essential components to growth 
and lean tissue accretion in meat-type chickens (Simon, 1989 ; Vasilatos-Younken, 1999).  
 
The present study was undertaken to determine if variation in endocrine and metabolic factors 
is present among the broiler, inbred lines and the F2 crosses. Metabolic and endocrine markers 
including plasma glucose, lactate, insulin, glucagon, triiodothyronine (T3), and thyroxine (T4) 
were measured. These circulating factors are indicative of metabolic state and may shed light 
on the broad range of growth and body composition measurements that have been previously 
described for this population.  
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MATERIALS AND METHODS 
Experimental Animals. The Iowa Growth and Composition Resource Population (IGCRP) 
was established by crossing modern broiler sires with dams from two highly inbred lines US 
commercial Leghorn layers (Line Ghs6.6) and Fayoumi (Line M15.2) (Deeb et al., 2001). 
Breifly, the F2 offspring (n=816) evaluated in this study were all grand progeny of a single 
broiler sire founder. Contemporary stocks (broilers, inbreds and crosses) were grown in a 
single house, separated by dividers to prevent undue stress and competition resulting from the 
differences in body size of the different lines. Birds were grown under standard management 
conditions from hatch to 8 weeks having ad libitum access to feed and water.  
 
Plasma Measurements. Blood samples were collected in EDTA-treated tubes from 8 week 
old birds prior to sacrifice, centrifuged at 2000 x g for 20 minutes and plasma collected into 
tubes containing 1000 IU trasylol as a preservative. Plasma glucose (Glu) and lactate (Lac) 
were determined by specific electrode analysis (YSI Biochemistry Analyzer, 2700 Select). 
Plasma concentrations of insulin (Ins) (McMurtry et al., 1983), triiodothyronine (T3) and 
thyroxine (T4) (McMurtry et al. 1988) were determined using double antibody RIAs. Plasma 
glucagon (Gln) was determined using an RIA kit (Linco Research, Inc.).  
 
Statistical Analysis. Data were analyzed by two-way ANOVA for line/cross and sex effects 
(SAS Institute, 2000). Correlations were determined by bivariate fit of a linear model in pair-
wise comparison. Global significance level was set at p<0.05. Heterosis was calculated for 
each trait as the difference between the F2 least-square-mean and the contemporary mid-
parents value of the founder lines and expressed as the absolute value and as the percentage of 
the expected mid-parent values. Significant levels of heterosis were determined by comparing 
the mean of the F2 population with their respective mid-parent values using a one-way 
ANOVA. The estimation of the number of genes that contributed to the observed variation in 
the F2 population was based on the work of Wright (1968) taking into consideration both 
variation introduced by either sex or hatch and the environmental variance was estimated by 
the phenotypic variance of the inbred lines (Deeb and Lamont, 2002). 
 
RESULTS AND DISCUSSION 
The concentrations of plasma metabolites and hormones are summarized in Table 1. 
Comparison of specific lines/crosses indicates significant differences in plasma concentrations 
between groups. Differences in lactate levels suggest that the Leghorn line has increased 
anaerobic energy production over the broiler and Fayoumi lines. The Fayoumi birds had 
significantly higher levels of T3 and lower levels of T4 suggesting a shift towards increased 
metabolic rate. These measures are consistent with the increased physical activity and behavior 
associated with these birds. High insulin levels in the broilers suggest insulin insensitivity as 
compared to the inbred lines. Increased glucagon levels in the inbred lines suggest increased 
liberation from energy stores as compared to the broilers. These comparisons indicate 
significant differences in the regulation of energy metabolism between the founder lines. 
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Table 1. Plasma concentrations of metabolites and hormones measured 
 

Line/Cross Glucose 
mg/L 

Lactate 
mg/L 

T3 
 

T4 
 

Insulin 
ng/mL 

Glucagon 
pg/mL 

Broiler 1978±80A 418±25A 2.06±0.11A 6.98±0.27A 3.06±0.16A 181±28A 
F2-Ghs6 2176±29B 465±9A 1.87±0.04AB 9.17±0.10B 2.53±0.06B 394±10B 
F2-M15 2071±31A 290±10B 2.33±0.04AB 8.82±0.11C 3.10±0.06A 320±11C 
Ghs6 1974±77A 625±24C 2.15±0.10A 10.7±0.27D 2.42±0.15B 451±27B 
M15 2067±78AB 327±25B 3.23±0.10D 6.48±0.27A 2.49±0.16B 289±28C 

(Mean±Std Error)    A,B,C,D Means with no common superscripts differ significantly (P>0.05) 
 
Upon comparison between measured metabolites and hormones across all birds tested, many 
significant correlations were observed (P<0.05). These correlations as well as correlations with 
compositions traits are summarized in Table 2. Positive correlations between circulating 
glucose and glucagon and glucose and lactate, as well as negative correlations between 
circulating T3 and T4, insulin and glucagon were observed and are consistent with previous 
observations. Positive correlations of composition traits with insulin and negative correlations 
with T3, both key regulators in establishing basal metabolic rate, were also observed.  
 
Table 2. Correlations between metabolite and hormone levels and composition traits 
 

Trait Glu Lact T3 T4 Ins Gln BWT %Fat %Breast %Liver 
Glucose  + ns ns ns + ns ns ns ns 
Lactate   - + - + - ns ns ns 
T3    - + - - - - + 
T4     + + - + ns - 
Insulin      - + + + ns 
Glucagon       - ns - ns 
BWT        + + + 
% Ab Fat         + + 
% Breast          + 
% Liver           

Significant positive correlations “+” and negative correlations “-“ (P<0.05) 
 
Heterosis was estimated for each of the traits in the F2 crosses and is summarized in Table 3. 
These data indicate that there are significant heterosis effects on each of the traits measured 
with significance generally in only one of the two genetic backgrounds. These observations 
suggest that there are different genetic associations with each of the traits measured between 
the Leghorn and Fayoumi backgrounds. Estimation of the effective number of genes that 
contribute to the variation in each of the traits collected is also summarized in Table 3. These 
data suggest that a relative few genes are responsible for the variations observed in the 
measured phenotypes with the exception of T4 variation in the Leghorn background. This 
estimate is likely due to almost identical phenotypic variance between the F2-Leghorn and the 
Leghorn founder measures.  
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Table 3. Estimates of heterosis and number of genes influencing the measured traits 
 

Estimates Glu Lac T3 T4 Ins Gln 
Heterosis F2-Ghs6.6A 167.7 -62.3 0.4 -0.4 -0.2 45.8 
Heterosis F2-M15.2A 19.3 -83.2 2.0 -0.4 0.2 62.1 
Heterosis % F2-Ghs6.6B 8.8 -12.9 4.5 -20.8 -8.7 15.7 
Heterosis % F2-M15.2B 1.0 -24.5 29.9 -15.1 7.8 28.7 
Heterosis P(t) F2-Ghs6.6C 0.0051 0.9087 0.0447 <0.00001 0.7321 0.0046 
Heterosis P(t) F2-M15.2C 0.1614 <0.00001 <0.00001 0.0320 0.4114 <0.00001 
 
Gene Number F2-Ghs6.6 0.1 0.3 0.1 13.7 0.3 0.6 
Gene Number F2-M15.2 0.1 0.8 0.4 1.0 0.2 0.3 

A Absolute, B Percentage of parent mid-values, C Significance of comparing the F2 mean with the parent 
mid-values 
 
CONCLUSION 
The IGCRP is a unique population representing a powerful resource for identifying loci and/or 
genes for growth related traits. The distinct characteristics of both the Leghorn and Fayoumi 
inbred background lines are apparent in this study. The heterosis differences between each of 
the inbred lines for the phenotypes collected in these studies supports the notion of a differing 
genetic architecture between the Leghorn and Fayoumi birds. The metabolites and hormones 
measured in this study have demonstrated classic associations with each other in addition to 
associations with body composition traits.  
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