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Abstract: An experiment was undertaken o evaluate the effect of naked
neck (Na) gene in a single or double state on the growth performance and
immune response in chickens. Two hundred and twenty (NaNa, Nana and
nana) one day old chicks were used. They were reared under similar
environmental, managerial and hygienic conditions from hatching to 16
weeks of age. The high and low ambient temperatures recorded during the
whole experiment were 27 and 23C, respectively. The curremt results
revealed that the Nana genotype had significantly heavier body weight
compared 10 nana one. However, there were no significant differences
between NaNa and nana genotypes for body weight. Also, The Nana
genotype consumed more feed compared to nana and NaNa genorypes. The
presence of Na gene in a single or double state significantly improved feed
conversion ratio compared to nana sibs. With respect to cutaneous basophil
hypersensitivity (CBH) response, the NaNa genotype significantly increased
toe-web swelling at 48 and 72 hrs after PHA-P injection compared to Nana
and nana genotypes.

There were no significam differences among genotypes for relative
weight of both spleen and thymus. However, the Nana genotype significantly
increased relative bursa weight compared to both NaNa and nana
genotypes. Also, the Nana genotype significantly increased hematocrit level
compared 1o nana and NaNa genotypes. There was no significant
difference among genornypes for plasma total protein, albumen. globulin and
relative weight of both gizzard and liver. Concerning the phagocytic
activity, the Nana genotype had significantly lower levels of carbon in their
circulation as compared to nana genotype. Opposite trend was noticed for
NaNa genotype.

There was positive relationship between plasma globulin and body
weight was observed in Nana genotype, but inverse and low relationships
were showed in both NaNa and nana genotypes, Negatively relationship
between body weight and toe-web swelling measured at all times afier PHA-
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P injection was observed in NaNa genotype. Opposite trend was observed in
nana genotype.

There was positive correlation between relative spleen weight and
relative thymus weight was observed in both NaNa and Nana genotypes.
Similar trend, but very low was observed in nana genotype. The relative
bursa weight was negatively correlated with toe-web swelling for all
genotypes at all times. There was highly significant positive relationship
between toe-web swelling measured at 48h post PHA-P injection and toe-
web swelling measured ar 72h post PHA-P injection was observed in all
genotypes,

INTRODUCTION

The economic importance of the Na gene is related to its effect on
heat tolerance because it reduces feather cover by about 40 and 20% in the
NaNa and Nana genotypes, respectively (Merat, 1986; Cahaner et al., 1993;
Galal, 1999; Deeb and Cahaner, 1999). Numerous studies have supported
the better growth, feed efficiency, carcass composition, meat yield, egg
production and disease resistance by Na gene at high ambient temperature
(Merat, 1986; Horst and Rauen, 1986; Galal, 1999; Fathi and Galal, 2001).

Reports on the influence of major genes, such as naked neck gene,
on immunocompetence of chicken are few. Some other major genes such as
dwarfism and slow feathering have been evaluated for their possible
influence in Immunocompetence in chicken (Klingensmith et al., 1983;
Bacon et al., 1986) and showed no adverse effect. Other reports on naked
neck and frizzling genes are scanty in the literature.

Bird’s immune response of individual consists of three major
factors; antibody response (humoral immunity). T-cell mediated immunity
and phagocytosis (Fathi et al., 2003). Coordination of these systems enables
an individual to resist infection and diseases. Genetic control of these facets
of the immune systern may be independent of each other (Cheng and
Lamont, 1988; Sarker et al., 2000; Lie et al., 2001). Marrow and Abplanalb
(1981) reported the that wivo response of lymphocytes to
phaytohemaglutinin-P  (PHA-P) and Concanavalin-A (Con-A). The
polygenic control of antibody response and cell mediated immunity was
observed by Lamont and Dietert (1990). The defensive functions of
phagocytosis come into effect immediately upon the invasion by the foreign
material, whereas the T-cell need time to be stimulated and proliferated
before they respond to invasion (Lamont, 1986; Cheng and Lamont, 1988).
Alvarez et al.(2002) found that Nana chickens were the best responders to
immunization with Salmonella gallinarium antigens and they also showed a
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good innate immune response against salmonella infection. The current
study was undertaken to find out the effects of naked neck gene on
performance and immunocompetence of chicken.

MATERIALS AND METHODS
Genetic flock and husbandry

Heterozygous naked neck (Nana) females were artificially
inseminated with heterozygous naked neck (Nana) males. The offspring
produced (220 chicks) were wing-banded and brooded in electrical brooding
batteries. At 4 weeks of age, they were transferred to rearing battenies. All
chicks were brooded and reared under similar environmental, managerial
and hygienic conditions. Feed and water were provided ad libitum. They
were fed a diet containing 18% crude protein and 2870 kcal ME/kg. The
average high and Jow ambient temperatures recorded during the
experimental period were 27 and 23° C, respectively.

Measurements and observations
Phenotypic parameters

Individually body weight was determined for each genotype within
sex at 8 and 12 weeks of age. Also, body weight gain was calculated from 8
to 12 weeks of age. Feed consumption and feed conversion ratio was
determined from 8 to 12 weeks of age.

Immunocompetence measurements
Phytohemagglutinin Injection (In vivo cell-mediated immunity assay)

Response induced in vivo by mitogen was evaluated by injection of
phytohemagglutinin-P (PHA-P) into the toe web between the second and the
third digits of male chicks. Ten chicks from each sex within genotype at 7
weeks of age were used. Each chick was intradermally injected in the toe
web of the left foot with 100 pg PHA-P (Sigma Chemical Co., St. Louis,
MO 63178} in 0.1 ml of sterile saline measured with a constant tension
caliper before injection and at 24, 48 and 72 hr after PHA-P injection. The
toe-web swelling was calculated as the difference between the thickness of
the toe web before and after injection.

Relative lymphoid organs and some organs weight

After completion of phytohemagglutinin assay, the same chicks were
weighed and slaughtered. The bursa of Fabricius, spleen, thymus (all lobes
from left side of the neck), liver, heart and gizzard were removed and
weighed to the nearest milligram.
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Blood parameters

At 7 weeks of age and after completion of phytohemagglutinin-P
assay, a 2.0 ml blood samples was withdrawn from the jugular vein during
slaughter. The resulting plasma was stored at ~20 C for latter analysis. The
frozen plasma was thaw prior to analysis. Plasma total protein and albumen
were determined by enzymatic methods using available commercial kits
(Stanbio Laboratory, 1261 North Main St. Boerne, Texas 78006, USA). The
globulin was calculated as the difference between the total protein and
albumen.

Carbon Clearance (Mononuclear Phagocytic System Function Assay)

The phagocytic ability of chicks was determined by the carbon
clearance assay (CCA) based on the method of Cheng and Lamont (1988)
and modified by Fathi et al. (2003). Briefly, the supematant fraction of
Black India ink (Design/Hggins, 4415, Sanford, Bellwood, Illinios 60104)
was obtained through centrifugation (5000 rpm for 30 min). At 16 weeks of
age, 5 males from each genotype were injected with ink at the rate of 1
ml/kg body weight into the left wing vein. The blood samples at 0, 3 and 15
min after ink-injection were taken from the opposite wing and immediately
transferred into 2 ml of 1% sodium citrate. The samples were then
centrifuged at 5000 rpm for 4 min. The relative amount of carbon particles
remaining in the supernatant was measured spectrophotometerically at a
wave length of 640 nm using samples at zero min as the zero value.

Statistical analysis

Data were subjected to a two-way analysis of variance with
genotype and sex effects using the General Linear Model (GLM) procedure
of SAS User's Guide, 2001. When significant difference among means were
found, means were separated using Duncan's multiple range test. Correlation
coefficients were calculated using PROC CORR to analyze the relationship
between relative lymphoid organs weight and the response to PHA-P
injection.

RESULTS AND DISCUSSION
Body weight, feed consumption and feed conversion ratio

Body weight, body weight gain, feed consumption and feed
conversion ratio as affected by Na gene, sex and their interaction are
summarized in Table 1. The Nana genotype had significantly heavier body
weight at 8 and 12 weeks of age compared to NaNa and nana ones. Similar
trend was noticed for body weight gain calculated from 8 to 12 weeks of
age. There were no significant differences between NaNa and nana
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genotypes for body weight and body weight gain. Concerning the sex effect,
the male chickens showed significantly heavier body weight and body
weight gain compared to female ones. However, the interaction effect
between Na gene and sex was not significantly affected on either body
weight or body weight gain.

With respect to feed consumption, results obtained indicated that the
heterozygous naked neck genotype consumed more feed compared to NaNa
and nana sibs by about 121.9 and 76.7 g, respectively. Similar trend, but
statistically significant, was observed for male chickens compared to female
ones. The presence of Na gene in a single or double state significantly
improved feed conversion ratioc compared to nana sibs. Also, the feed
conversion ratio of male chickens was significantly better than that of
female ones. Both feed consumption and feed conversion ratio were not
significantly affected by interaction between Na gene and sex.

Cell-mediated immunity

There was good indications that cell-mediated immunity plays an
important role in controlling and clearing intracellular bacterium (Kougt et
al., 1994, 1995). Data listed in Table 2 and Figure 1 showed that PHA-P
mediated swelling response in toe-web as affected by Na gene, sex and their
interaction. The presence of Na gene in a double state increased toe-web
swelling at all time compared to Nana and nana genotypes, but the
differences were statistically significant at 48 and 72 hr after PHA-P
injection. These findings were in agreement with Patra er al. (2004), who
reported significantly higher CMI estimates in Nana and NaNa broilers
compared to nana. Also, Fathi et al. (2005) reported that CMI response was
found to be significantly higher in naked neck (Nanaff) and frizzled
{nanaFf) genotypes at all interval time than to normally feathered (nanaff)
ones. Likewise, El-Safty et al., (2005) found that the presence of naked neck
gene significantly increased toe-web swelling compared to normaily
feathered genotype. In contrast, Martin er al. (1989), Kundu et al. (1999)
and Haunshi (1999) reported non-significant effect of CMI response to Con-
A on naked neck and frizzle gene. From genetic standpoint, Morrow and
Abplanalp (1981) reported that at least two alleles control PHA-P response
in birds, whereas a cross between PHA-P high responder and low responder
lines was tested for mitogenic response to PHA-P, an intermediate result
was seen. With respect to sex effect, it could be observed that the female
chickens are significantly hyper responder to PHA-P at 24 and 72 hour post
injection compared to male ones. Similar trend was noticed at 72h post
PHA-P injection, but the difference was not statistically significant.
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Relative lymphoid organs weight

Body weight and relative lymphoid organs weight of male chickens
at 7 weeks of age as affected by Na gene are summarized in Table 3. The
live body weight of Nana and nana males was significantly heavier than that
of NaNa ones.

Lymphoid organ weights are easily measured and reflect body's
ability to provide lymphoid cells during an immune response (Heckert e af.,
2002). Primary and secondary lymphoid organs weights provide the site for
maturation lymphocytes, and for the interaction between lymphocytes and
antigens. The spleen and bursa are the important lymphoid organs involved
in the development and differentiation of T or B lymphocytes (Eerola et al.,
1987; Toivanen et al., 1987). There were no significant differences among
genotypes for relative weight of spleen. Opposite trend was noticed for
relative bursa weight, where the presence of Na gene in a single state
significantly increased relative bursa weight compared to both homozygous
dominant (NaNa) and recessive (nana) genotypes. In contrast, Fathi et al.
(2005} reported that the presence of Na gene in a single state significantly
decreased the relative weight of both thymus and bursa by about 19.8% and
11.8%, respectively compared to normally feathered ones.

Blood parameters and some organs

Data listed in Table 4 showed the effect of Na gene on some blood
parameters and some organs of chicken. The presence of Na gene in a single
state significantly increased hematocrit level compared to nana sibs.
Opposite trend was observed when compared between NaNa and nana
genotype. The NaNa genotype was slightly increased total plasma protein,
albumen and globulin compared to nana sibs. Opposite trend was noticed
for Nana genotype. Conversely, Fathi et al. (2005) concluded that the total
plasma protein, albumen and globulin of naked neck males were
significantly higher than that of normal type by about 22.8, 31.6 and 10.4%,
respectively.

The presence Na gene in a double state significantly increased
relative heart weight compared 10 nana genotype by about 40.4%. However,
there was no significant difference between Nana and nana genotypes for
relative heart weight. The NaNa genotype increased relative weight of both
gizzard and liver compared to nana counterparts. However, the Nana
genotype was intermediate.
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Phagocytic activity

The defensive functions of phagocytosis come into effect
immediately upon the invasion by the foreign materials. The Phagocytic
activity was measured by injection of India Ink into the birds for all three
genotypes and comparing their ability to clear the injected carbon from
circulating over a period of time. This was accomplished by obtaining
optical density of the plasma samples collected at zero and after 3 and 15
min of ink injection. An increase in the percentage of OD value would be
indicative of more carbon present in the sample at the time of quantification.
Data listed in Table 5 showed that the Nana genotype had significantly
lower levels of carbon in their circulation as compared to nana genotype.
Similar trend was not observed in NaNa genotype. This result indicated that
the mononuclear Phagocytic index for heterozygous naked neck birds was
more efficient than those for NaNa and nana genotypes. However, Haunshi
et al. (2002) did not detect a difference between naked neck and normally
feathered genotypes for phagocytic ability.

Phenotypic correlation coefficients

Data presented in Table 6 showed the phenotypic correlation
coefficients among body weight, relative lymphoid organs weight and toe-
web swelling of NaNa, Nana and nana genotypes. Negative relationship
(rp=-0.52) between body weight and relative spleen weight was observed in
Nana genotype. However, this correlation was low and positive in both
NaNa and nana genotypes. The body weight was positively correlated with
relative weight of both bursa and thymus of NaNa genotype. Inversely,
these relationships were inverse and moderate in Nana genotype. The
relationship between body weight and relative bursa weight was very low in
nana genotype. Muir and Jaap (1967} reported that bursa of Fabricius
weight at hatching was negatively associated with post-hatching body
weight. Similar relationship was observed for turkey (Li er al., 2001), but
the body weight was high positively correlated (rp=0.58) with relative
thymus weight in the same genotype. Positive relationship between plasma
globulin and body weight was observed in Nana genotype, but inverse and
low relationships were observed in both NaNa and nana genotypes.

The body weight was negatively correlated with toe-web swelling
measured at 24, 48 and 72h post PHA-P injection for NaNa genotype.
Opposite trend was observed in nana genotype, whereas these correlations
were positive. With respect to Nana genotype, it could be observed that the
relationship between body weight and toe-web swelling at 24h post PHA-P
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injection was inverse. Opposite trend was noticed at 48 and 72h post PHA-P
injection.

Relative spleen weight was negatively correlated with relative bursa
weight in both NaNa and nana genotypes. Inversely, this correlation was
positive in Nana genotype. Positively correlated between relative spleen
weight and relative thymus weight was observed in both NaNa and Nana
genotypes. Similar trend, but very low, was observed in nana genotype. The
relationship between relative bursa weight and relative thymus weight was
highly positive correlated in Nana genotype. Similar trend, but low, was
observed in both NaNa and nana genotypes.

Relative bursa weight was negatively correlated with toe-web
swelling for all genotypes at all times. This suggests that the size of bursa
did not affect the cell-mediated immune response (Fathi et al., 2003).
Significant positively relationship between plasma globulin and toe-web
swelling measured at all time was observed in NaNa genotype. Similar
trend, but low, was observed in Nana genotype. However, these correlations
were moderate in nana genotype.

The toe-web swelling measured at 24h post PHA-P injection was
highly significant positively correlated with toe-web swelling measured at
48 and 72h post PHA-P injection. Similar trend, but not statistically
significant, was observed in nana genotype. However, these relationship
were moderate in Nana genotype. Highly significant positive relationship
between toe-web swelling measured at 48h post PHA-P injection and toe-
web swelling measured at 72h post PHA-P injection was observed in all
genotypes. The previous results were confirmed by Fathi et al. (2003). They
reported that there were significantly positive correlation coefficients
between the swelling in toe-web measured after 72h post-injection and the
swelling after 24h and 48hr for all studied strains.
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Table 1. Body weight, weight gain, feed consumption and feed conversion
ratio as affected by Na pgene, sex and their interaction

(Means+SE).
Genotype Preb.
Frait Sex NaMa Nana nana  Overall G s G*S
Body weight at 8 Male 4915 603.7 4884 5219 56.02 0.01 NS
wk, g 4272 #3341 25447

Female 409.5 474.0 4372 4402
+20.62 *10.27 +18.63

Overall 450.5° 538.9° 462 8°
Dody weight at 12 Male 10253 11450 982 10532 0.001 0001 NS
wk, g +75 48 =44 25 +33.36

Female 7832 5019 7799 821.7
+25.19 +16.29 +28.08
Overall 9043% 10279 8846°
Weight gain, g Male 5338 5413 500.8 5253 0.03 0.001 NS
8-12 wk +39.39 +15.40 +32.95
Female 3737 4279 3428 814
+18.43 +15.79 =19.77
Overali 4538% 484 6* 421.0°

Feed consumption, Male 13458 14778 13800 14012 NS 000 NS
g £12928 #6300  +56.39
8-12 wk Female  1069.0 11807 11252 11250

+1j.66 25053 £35.63
Overall 1207 4 1329.3 12526

Feed conversion Male 25 27 29 26 0.M 0. NS
fatio +0.05 +(.06 +0.21
8-12 wk Female 29 28 33 30
x0.12 =0 08 +0.12
Overall 2.7 2 e
"7 *Means for the same trait without common superscripts differ significantly.
G = genotype
S =sex

113



Nazmi, A. er.al.,

Table 2. Means +SE of PHA-P mediated swelling response in toe-webs as
affected by Na gene, sex and their interaction at7 week of age .

Genotype Prob.
Trait Sex NaNa Nana pang Overall G 5 G*S
Toe-web swelling after Male 021 0.18 0.14 018
24h{mm) 20.03 +0.01 +0.02
Female 0.22 0.23 0.24 023
+0.02 +0.02 +0.03
Overall 0.22 0.21 [ RL] NS 0.61 NS
Toe-web swelling after  Male 015 013 01l [IRK}
48h{mm) +0 04 =0 02 +00]
Female 018 0.17 017 0.17
*0 02 +0.02 2002
Overall 017" 012° 0.14° 005 002 NS
Toe-web swelling after  Male il 0.08 0.06 008
T2hymm) +0.03 +0 01 =0.01
Female o1l 010 009 0l0
+{.02 +0.01 26.02
Overall ol 6.09° 0.07* 003 NS N$

¥ Means for the same trait without common superscripts differ significantly.
G = genotype, S = sex

Table 3. Means+SE of body weight and relative lymphoid organs weights for naked
neck and normally feathered genotypes at 7 wk of age.

Genotype
NaNa Nana nana Prob.

Trait
Body weight, g 31567 396.7* 3773  0.02
+2034 224,16 21521
Spleen weight. g 0.763 08iz 0.835 NS
+0.10 +0.07 +0.12
Spleen, % 0.24 0.21 0.22 NS
+.0.03 +0.02 +0.03
Bursa weight. g 0.429°  0.741* 0621 001
+0.09 (.11 +0.10
Bursa. % 0.13°  0.19*  016° 001
=0.02 +0.03 =0.02
Thymus weight. g 0.740 0879 0.856 NS
+0.13 +0.13 +0.15
Thymus, % 0.22 0.23 0.21 NS
=0.03 +0.03 +0.03
"B Means for the same trait without common superscripts differ
significantly.
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Table 4. Means +SE of blood parameters and some organs weight of naked
neck and normally feathered males at 7 week of age.

Genotype
Trait NaNa Nana nana Prob.
Hematocrit level. % 36.11° 4154 3705° .02

+1.26 +1.53 1.39

Total plasma protein, g/dl 3.23 287 3.00 NS
+0.20 +0.16 +0.12

Plasma albumin. g/dl 1.45 1.27 1.38 NS
+0.07 =006 +0.06

Plasma globutin. g/di 1.78 1.60 1.64 NS
+0.20 +0.15 +0.09

Heart weight. g 221 213 1.99 NS
+0.17 +0.14 +0.15

Gizzard weight, g 9.58 10.35 1463 NS
+0.49 +0.49 +0.50

Liver weight, g 12.47 13.31 12.61 NS
+0.80 +0.92 +0.74

Heart, % 073" 0.54°  052° 003
+0.10 +0.04 +(.02

Gizzard, % 3.07 2.70 2.82 NS
+0.10 +0.20 *0.10

Liver, % 3.99 3.48 337 NS

+0.20 0.30 +0.20
** Means for the same trait without common superscripts differ
significantly.

Table 5. Carbon clearance for naked neck and normally feathered genotypes
at 16 week of age.

Genotype
Trait NaNa  Nana nana Prob.
OD increase % (3min) 566° 467 567 002

1.6 %130 +1.30
OD increase % (15min) 484"  3.00° 461° 001
+1.46 097 +0.88
OD increase % =[(OD reading at a considered time - OD reading at 0
min}Y OD reading at 0 min] X 100.
a,b Means for the same trait without common superscripts differ significantly
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Table 6. Phenotypic correlation coefficients among body weight, relative
lymphoid organs weight and toe-web swelling of NaNa, Nana and nana

genotypes.
Variable SP BP THP PG T24 T48 T72 Genoty
pe

Body weight, (BW) 0.03 0.42 057 -0.14 043 -0.38 -0.43 NaNa
~0.52 -0.3% -0.33 044 -0.27 0.20 012 Nana

0.19 0.01 0.58 -0.07 0.65¢ 0.18 0.35 nana

Spleen, % (SP} -0.52 0.06 0.02 -0.09 0.16 0.06 NaNa
058 0.56 -0.05 0.7 -0.08 <023 Nana

-0.17 058 0.18 -0.02 0.09 048 nana

Bursa, % (BP) 6.27 -0.16 -0.55 -0.63* -0.60 NaNa
0.56 0.11 -0.03 006 -0.38 Nana

0.05 -0.3% -0.25 -0.62* -0.48 nana

Thymus, % (THP) -0.14 -0.69* -0.50 -0.42 NaNa
0.42 0.16 0.15 -0.27 Nana

-0.31 017 -0.03 0.27 nana

Plasma globulin 0.62* 0.74%* 072+ NaNa
{PG) -0.27 0.14 0.14 Nana
0.12 0.38 0.38 nana

Toe-web swelling at 0.88+** 0.84%+ NaNa
24h (T24) 035 0.36 Nana
0.60 0.58 nana

Toe-web swelling at (0974 NaNa
48h (T48) 0.78%* Nana
0.88%+ nana

Toe-web swelling at NaNa
72h (T72) Nana
nana

"p<0.05 | p<0.01 | p<0.001
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Fig. 1. Toe- web swelling as affected by naked neck gene and sex,
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