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INTRODUCTION 
The use of the naked neck gene (NA) in poultry production has been discussed in many studies, 
either for broiler (Deeb and Avigdor, 1999 ; Yahav et al., 1998) or layer production (Mérat, 
1986 ; Fraga, 1992). Bordas and Mérat (1984) observed a favorable effect of the NA gene on egg 
production at a high ambient temperature as well as a favorable effect of the association of the 
NA gene with the sex-linked dwarf gene, DW. Besides, crossbreeding effects are known to be 
important in layers. The purpose of this paper was to analyse the egg production traits at two 
ambient temperatures in two dwarf lines of brown-egg layers carrying the NA gene or not, that 
have been selected on average clutch length for 16 generations. Their cross was also included, in 
order to compare purebred and crossbred performance at moderate or high temperature. 
 
MATERIAL AND METHODS 
Genetic background and husbandry.  Two selected lines were established from a common 
base population in 1985, and have been selected on average clutch length (Tixier-Boichard et al, 
1996). One line (L1) was normally feathered and the other (L2) was homozygous for the NA 
gene. In year 2000, (generation 16 of the lines), 5 sires of L1 and 6 sires of L2 were used to 
generate, in a single hatch, four genetic groups (L1×L1, L1×L2, L2×L1 and L2×L2) each 
carrying one of the three genotypes homozygous normal (NA*N/NA*N), heterozygous 
(NA*NA/NA*N) or homozygous for the mutation (NA*NA/NA*NA). The female chicks were 
reared in floor pens, the temperature of room was decreased gradually from 35°C to 22°C during 
the first six weeks, and was maintained at 22°C up to 16 weeks. At 17 weeks of age, the pullets 
were housed in individual cages, genotypes being equally distributed among 6 chambers of 48 
cages each. The light regimen was 14L:10D. Ambient temperature was kept at 22°C until 90% 
of pullets had entered into lay, and then, the temperature was raised in a single day to 32°C for 
half of chambers. Relative humidity could not be controlled very well, but monitored 
continuously, in the 32°C chambers, it ranged from 30 to 50 %, and, in 22°C chambers, it ranged 
from 60 to 80 %. Water and food were supplied ad libitum. The layer mash contained 16.4 % 
crude protein and 11.2 MJ ME/kg. Egg production was recorded daily for each hen from the first 
egg to 48 weeks of age. Oviposition time was recorded manually between 31 and 34 weeks of 
age. The traits of egg composition were determined on four eggs per hen, between 33 and 34 
weeks of age, and body weight was measured at the same time. Two eggs were used to record 
Haugh units, and presence of meat or blood spots; two other eggs were used to determine the 
percentage of each component (yolk, albumen, shell). 
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Statistical analysis.  Analyses were done in two steps : 
- the four genotypes were compared within each temperature using the model:, yij = µ + Gi + eij. 
(Gi : two purebreds and two reciprocal crossbreds), and the following contrasts were estimated 
1)line effect, L1 vs. L2, 2)reciprocal effect, L1×L2 vs. L2×L1, 3) heterosis, (L1+L2) vs. (L1×L2 
+ L2×L1). 
- because the reciprocal effect was not significant for most traits, L1×L2 and L2×L1 genotypes 
were merged in a single genotype, F1, for the second analysis using the model yijk = µ + Gi + Tj + 
Gi×Tj + eijk, where Gi was the genotype effect, i=1 to 3, and Tj the ambient temperature effect, 
j=1 to 2, and Gi×Tj the genotype by temperature interaction effect. For the analysis of egg 
weight,  body weight was added as a covariable in the model. 
All analyses were carried out with the GLM procedure of SAS (SAS, 1995). The chi-square test 
was used to compare the frequency of hens showing at least one egg with blood or meat spots. 
Generally, traits were normally distributed except for clutch length and % broken eggs. 
 
RESULTS AND DISCUSSION 
Crossbreeding effects. Only two traits showed a significant reciprocal effect at the temperature 
of 22°C, namely BW and Haugh units. Crossbred progeny of L1 dams had a lower BW and 
higher Haugh units. Heterosis effect was significant for BW at both ambient temperatures 
(6.84% at 22°C and 5.64% at 32°C), and was significant for clutch length (24.9%) at the 
temperature of 32°C only. 
Generally, body weight exhibits less heterosis than reproductive traits, but it may be different 
with dwarf lines (Mérat et al., 1994). The magnitude of heterosis is expected to be greater in 
crosses between strains from different foundation stocks than in crosses between strains selected 
from a common foundation stock. In this work, the magnitude of heterosis was limited, and 
appeared to depend on the environment for the clutch length, which was the trait selected in the 
parental lines. This may suggest that the temperature stress (32°C) could reveal non-additive 
gene action, that did not take place in normal conditions (22°C). It must be noticed however, that 
the F1 cross was also heterozygous for the NA gene, and that any specific effect of the 
heterozygous genotype will be confounded with heterosis in the present design. In the previous 
study by Bordas and Mérat (1984), both heterozygous and homozygous genotypes at the NA 
locus were compared within-family, obtained by mating heterozygous parents, and the results 
showed that the performance of the heterozygous genotype could be either intermediate 
between both homozygous, or close to one of the homozygous, depending on the trait and on the 
ambient temperature. 
 
Effects of ambient temperature, genotype and interaction.  Table 1 shows the results for all 
production traits. Mortality was higher at 32°C than at 22°C for both purebreds, and highest in 
normally feathered hens, no significant difference was observed between temperatures for the 
mortality of crossbreds, which remained low. 
Egg production traits. The genotype by temperature interaction significantly affected all traits 
related to laying intensity, namely laying rate, egg number, clutch length, and oviposition 
interval. 
The high ambient temperature affected significantly all traits except the age at first egg (AFE), 
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which was expected because the temperature was raised after 90% of pullets had started to lay. 
At 32°C, egg number was decreased by 35% in L1 genotype, 18% in L2 and 26% in crossbreds. 
Clutch length decreased markedly, and percentage of broken eggs increased significantly at 
higher ambient temperature. The decrease in clutch length was associated with an increase in the 
oviposition interval of about 1 hour. Previous studies on laying hens carrying also the DW gene 
and the NA gene, showed a decrease in egg number by about 10-12 % with a temperature of 
31°C (Tixier-Boichard and Bordas, 1998 ; Bordas and Mérat, 1984). In the present work, the 
decrease in egg number was larger, it could be due to the difference in environmental conditions 
(32°C instead of 31°C), or to a difference in the duration of the recording period, slightly longer 
in the present study. It has been shown already that aging hens are more sensitive to temperature 
stress (Bordas and Mérat, 1992). Furthermore, the selection on clutch length in L1 and L2 
genotypes has markedly improved laying intensity, and may have increased the temperature 
sensitivity of the normally feathered hens (L1 genotype). 
The genotype affected only age at first egg and body weight. Age at first egg was earlier by 
about one week in L1 hens as compared to L2 hens, and the mean value for F1 hens was strictly 
intermediate, whatever the temperature. BW of homozygous naked neck hens was the lowest in 
both environments. 
Egg composition traits. There was no genotype by temperature interaction on these traits. 
The high ambient temperature significantly affected all traits except the frequency of blood and 
meat spots. The higher ambient temperature decreased egg weight as well as body weight by 
about 12% on average, whatever the genotype. Shell thickness, shell %, yolk % were decreased, 
Haugh units were increased. The decrease in ratio of yolk to albumen was due to a decrease in 
yolk % (-1.36 unit on average) as well as an increase in albumen % (+1.91 unit on average). An 
apposite result was obtained in a previous study (Bordas et al., 1980), using normal-sized naked 
neck layers. 
The genotype significantly affected egg composition traits, except the occurrence of blood and 
meat spots. Mean performance of L2 and F1 genotypes showed that the NA gene increased egg 
weight, even after adjustment for differences in body weight, at both temperatures. A higher 
ratio of mean egg weight to body weight is a constant effect associated with the NA gene in the 
homozygous state, whatever the temperature (Bordas and Mérat, 1984). This increase is 
generally associated with a higher albumen %, and higher Haugh units, as found in the present 
study. Homozygous naked neck hens had also the highest shell thickness and percentage of 
eggshell at two ambient temperatures. The effect of heterozygous genotype is generally similar, 
with a lower magnitude at high temperatures. At 22°C, egg composition traits did not differ 
between L2 and F1 which both differed from L1, but, at 32°C, F1 was generally intermediate 
between L2 and L1, except for shell thickness where F1 did not differ from L1, and for yolk % 
where F1 did not differ from L2. 
In conclusion, in the severe temperature conditions used here, the L2 line appeared to perform 
much better than L1, and generally better than the F1 cross, except for the selected trait, average 
clutch length, which exhibited significant heterosis at 32°C. Both purebreds and crossbreds 
showed better performance at 32°C than the unselected dwarf control line used for the selection 
experiment, and maintained at 23°C in another building (Tixier-Boichard, unpublished). 
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Table 1.  Performance of purebred and crossbred at two different ambient temperature 
and significance of genotype, ambient temperature and interaction effects  
 

 22 °C  32 °C   Significant 
Variables L1 L2 F1  L1 L2 F1 MSE  G E G×E 

N,  present / housed 60/61 33/34 45/49  48/60 28/34 45/50      
Egg production traits            

AFE, day 135a 142c 139b  134a 142c 137b 7.4  ***   
Laying rate, %  89.7 86.4 88.3  58.0a 70.8b 64.8b 14.6   *** ** 
Clutch length, day 11.8a 9.5b 11.3ab  4.1 5.3 5.8 4.7   *** * 
Oviposition interval,h 24.4 24.6 24.4  26 25.2 25.5 0.86   *** ** 
Egg number, 327d 173 161 167  113a 132b 124ab 29   *** ** 
Broken egg, % 6.23 5.25 6.75  9.54 7.34 6.37 9.6   ***  

Body weight  1774a 1615b 1778a  1523ab 1455b 1560a 206  *** ***  
Egg composition traits            

Egg wt., g 46.5a 49.5b 49.4b  40.0a 44.3b 42.8b 3.6  ** **  
Haugh unit 81.6a 87.3b 85.1b  87.8a 91.3b 89.9ab 6.2  *** ***  
Shell thickness,mm 3.35a 3.53b 3.49b  3.11a 3.32b 3.16a 0.29  *** ***  
% of shell 8.83a 9.30b 9.18b  8.38a 8.79b 8.44ab 0.77  *** **  
yolk / albumen, % 47.0a 43.5b 45.4ab  43.5a 41.3b 41.6ab 4.3  *** ***  
Blood spots, % 16.95 9.68 6.98  10.64 6.67 7.50      
Meat spots, % 47.5 41.9 41.9  36.2a 10.0b 22.5ab      

L1, L2 were purebreds, F1was crossbred, G = genotype effect, E = ambient temperature effect,   
G×E = G by E interaction; *, **, *** significant respectively at P< 0.05, 0.01 and 0.001. 
a,b,c Different superscripts indicate significant difference at the same ambient temperature. 
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