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Abstract: An experiment was undertaken to evaluate the impact of slow/rapid feathering sex linked-gene on
growth performance and certain skeletal dimensions in a broiler flock under selection for breast and thighs
weight with imposing restriction against low value portions of carcass over 3 generations. Analysis of variance
for all factors involved demonstrated that £'&"/& W genctypes are significantly superior than K-/KW for BW
at 1 and 14 day with reverse results for BW (42 days), BrL, ShW and DSC (p<0.05). Inter sex t-test comparisons
revealed significant superioty of £'%" males for BW (1 day) and GW (28-42 days). The K- females showed
significant greater ShW and DSC. Tnter family analysis revealed significant superiority of &'/ k"W genotypes
for BW (1 day) in 3 families. In one family, GW (1-42 days) was significantly greater for slow feathered birds
while m 2 other families the same birds showed significant greater means for GW (28-42 days) (p<0.05). The
slow feathered birds demonstrated significantly greater means for BrA in 3 families and BT in 2 families
(p<0.01). Inter family and inter females t-test comparisons showed significant superiority of KWW genotypes
for BW (14 days) in 3 families and for BrA, Brl, ShL. and ShW in 4 other distinct families. Considering KW vs
AW in an ANOVA for female’s data revealed consistent superioty of the fast feathered females (4" for all
growth related traits (except for BW at 28 days) as well as CW. Mean BrL. and Shl. were significantly greater
for slow feathered females while they were inferior for DSC. Tt is concluded that to incorporate fast feathering
gene (k™) in broiler breeding plans would be of positive economic outcome in commercial broiler production.
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INTRODUCTION

In many breeds of chicken, the primary and
secondary feathers of a newly hatched bird project well
beyond the down and wing coverts whereas in others
this 1s not the case. Serebrovsky (1992) attributed the
character to a single pair of sex-linked genes. Warren
(1925) verified this important construal and Hertwing and
Rittershaus (1929) assigned the K gene symbol to the
locus. Later on many reports appeared in the literature to
converse the locus exhaustively (Somes and JTakowsldi,
1974; Walker and Somes, 1979; Harris et al., 1984).

Poultry producers are particularly interested in the
economical impact of the K locus. Moreover, the sex of
newly hatched chicken can be determined by their rate of
feathering when the parents have the genotypes A™/Ak"
and K for sires and dams, respectively. The influence
of the locus on broilers as well as layers growth, mortality
(Lowe and Garwood, 1981; Lowe and Merkley, 1986,
Merkley and Lowe, 1988) and disease resistance (Somes
and Takowski, 1974; Harris et al., 1984) were intensively
investigated, however, no consistent accordance in the

results achieved. Earlier reports mainly confirmed the
priority of K'k'/k'W (fast feathered) birds over the
alternative genotypes. They generally attributed this
supremacy to the adequate feather cover and its
msulative role that aids in thermoregulation, especially in
cooler climates. They also extended the advantages of the
fast feathered birds to the ability of flying on the roosts at
an earlier age, therefore, getting some measure of
protection against predators and agamnst the risk of
crowding on the floor in comers of a brooder house
(Warren and Payne, 1945, Hutt, 1949, Hurry and
Nordskog, 1953). However, few pioneers reported that
there are no significant differences for fast- or slow-
feathered birds with respect to growth performance
(Godfery and Famsworth, 1952). Since 1960s, many
worls showed that the influence of sex-linked feathering
gene is diverged (Sheridan and McDonald, 1963;
Goodman and Muir, 1965) m either sexes (Merkery and
Lowe, 1986) and populations; and it is a locus
carrying a major gene with wide impact on whole
organism (Walker and Somes, 1979; Dunmington and
Siegel, 1986, Katanbaf ez al,, 1988; Chambers et al., 1994,
Leeson and Walsh, 2004 a, b; Zerehdaran et al., 2004).
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However, many recent reports are collectively still of
ambiguous results on which genotype (A'&%E'W vs.
K-/KW) has to be launched in commercial broiler flocks?
where min differences m bird’s performance are imperative
when applied to the vacant production costs and profit
limits. Therefore, this study was carried out to further
investigate the effect of major gene K compared to its
allele on growth performance and certain skeletal
dimensions in an experimental colored broiler flock.

MATERIALS AND METHODS

An experimental colored broiler flock was used over
three generations to evaluate the response to selection
for breast and thighs weight with imposing restriction
against low value portions of carcass. The methodology
used in the selection program is described in detail by
Khosravima et al. (2006). The day-old chicks were wing
banded, distinguished for fast or slow feathering and
randomly allocated in the pens placed in a naturally
ventilated open shed (with 0.9 m?® bird™ density). The
average effective populaton size end number of
progenies in each generation was 545 and 1250,
respectively. Corn and soybean meal based starter
(22% CP, 3100 kecal ME kg™ 1-14 days) and grower (20%
CP, 3100 kcal ME kg™ 15-42 days) diet as well as water
were provided ad Ilibitum under round the clock
lighting regime.

Individual body weight from day old up to 42 days of
age was recorded biweekly. Breast characteristics
including Angle (BrA; at 35 days), Length (BrL; at
41 days) and Width (Brw, at 4ldays) were measured
with 0.2, 0.1 and 0.01 mm precision, respectively. Shank
Length (ShL) and Width (ShW) along with drumstick
circumference (DSC; at the most fleshy pomnt) were
measured with 0.01 mm accuracy at 35 days. Breast
measurements were then used to establish a breast index
(Brl) in order to estimate the breast volume as below:

Brl = [BrW = Sin (180° - 0.5 BrA) » 0.5 Brw] x 0.33 BrL

Random samples of the birds were weighed and
slaughtered to evaluate the carcass weight and yield at
42 days.

Data were subjected to analysis of variance
(ANOVA) or t-test comparisons using the General Linear
Model (GLM) and t-test procedures of Statistical Analysis
System (SAS Institute, 1998), respectively, to study the
mfluence of generation, genetic group, sex and rate of
feathering as fixed effects along with sire and live body
weight (42 days) as random effects as well as the
interaction between fixed effects on variables concerned.

Body weight (42 days) as a continuous variable was
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incorporated in the models and used to analyze the
carcass allied traits. All data expressed in percentage
were subjected to arc sin transformation prior to
analysis. Means for each fixed effect and sigmficant
interactions were separated using Duncan’s Multiple
Range Test.

RESULTS

The primary statistics for the concerned variables and
the assigned symbols are presented in Table 1. Growth
related traits had greater variability, represented by a
higher Coefficient of Variation (CV), as bird’s age
advances. The external body measurements (except breast
dimensions) showed greater variability than body weight
and gaim at various ages.

Results from ANOVA for all fixed and random effects
using nearly 3000 records, demonstrated a significant
superiority of A"A"/K W genotypes over K-/KW for BW at
1 and 14 days. However, the reverse results observed for
BW (42 days). The slow feathering genotypes showed
consistent greater means for all skeletal dimensions, but
the differences were only significant for Brl., ShW and
DSC (p=<<0.05) (Table 2).

Inter sex t-test comparisons revealed highly
significant supericty of £4" genotype over K- in male
birds for BW (1 day) and GW (28-42 days). Similarly, &
bearing female chicks showed greater means for all growth
related traits, however, the difference was only significant
for BW (1 day) (p<0.05). Among the skeletal dimensions

studied, there were sigmficant differences between

Table 1: Primary statistics' for growth allied variables and body

measurements
Standard

Variable? Svmbol N Mean _error CcV
Body weight (g, 1 day) BW (1 day) 2051 40.00 0.071 9634
Body weight (g 14 day) BW (14 day) 2949 210.94 1.023 1032
Body weight (2 28 day) BW (28day) 2956 634.14 1.629 13.97
Body weight (g 42 day) BW @8day) 2978 118625 3.287 15.12
Gain weight GW (1-42 days) 2951 1145.00 3.280 15.54
(g; 142 days)

Gain weight GW (28-42 days) 2956 55215 2255 1221
(g; 28-42 days)

Carcass weight (g) CwW 2853 783.25 2222 15.16
Carcass yield (%5) CY 2024 7480 0026 1.88
Breast Length (cm) BrL 2977 10849 0133 6.68
Breast Width (cm) Brw 2977 51.38 0.090 952
Breast Angle (Degree)  BrA 2977 84.64 0134 8.62
Breast Depth (mim) BrD 2977 1892 0.032 926
Breast index Brl 2976 326.82 1.590 2647
Shank length (cm) SHL 2975 81.57 0263 17.61
Shank Width (imim) Shw 2966 999 0.053 29.03
Drum stick DSC 2970 3674 0103 15.26

circurnterence (imim)

!: Basic statistics were calculated by MEANS procedure of SAS software
(SAS Institute, 1998), % All variables have been recorded at 42 days of age,
3: LVP = Low Value Portion (including neck, rack, saddle and wings)
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sexes. In females, the K- males showed greater ShW and
DSC. Mean Shl. was significantly higher for the fast
feathered birds but the reverse results observed for DSC
(Table 3).

Inter family analysis (using pooled data over sexes)
for 8 larger half sib families (on average n = 27) revealed
an average 1 g sigmficant superiority in BW (1 day) for
KK/ KW bearing birds over their sibs with the

alternative feathering genotypes for leg measurements

Table 2: Partial ANOVA results for fixed effects of sex, Feathering Rate
(FR) and their interactions derived form general model used!

Feathering genotype F-test results
Variableg? K- Bk Sex FR SexxFR BW (6w)
BW (g 1 day) 3954 403§ # B pg
BW (g, 14 day) 209.63a 212040 #  #F pg -
BW (g 28 day) 637.000 631.OF #  #E pg -
BW (g; 42 day) 1175.000 1198.000 ** ng ns -
GW (g, 1-42 days) 1157.88 113438 ** g ns -
GW (g, 28-42 days) 562.14* 543.81° ** g ns -
CW (2) 7909 77690° * ns  ns i
CY (%) 74.83* 74758  ns * ns ik
BrL (mm) 108720 10828 #*  # ns -
Brw(mm) 51.48 51.30a ** ns ns -
BrA (Degree) 84.83 8456 ns ns ns -
BrD (mm) 18.93 18910 ** pg ns -
Brl 32057 32438 % ng ns -
ST, (mim) 82.09* 81.14*  **  ng ns -
SW (mm) 10.142 986 **  ng ns -
DSC (mm) 37.33 36250 " ng ns -

' Yy = p+ GENiHGG, + G(S) k + Se, + FR,+(all interactions) + b (BW;
-BW) + ey where 1 flock mean and GEN;, GG, SE; and RF, are the
fixed effects of ith, jth, Ith and mth generation, genetic group, sex and rate
of feathering, respectively. G(8), BW and e are represent the random
effects of k™ sire, mean live body weight (6w) and the residual error,
respectively, > Variables are introduced in Table 1, **: Within raw and
for each effect, values with different letter differ significantly (p<0.01),
" p<0.01, ": p<0.05, *: Non significant

in either genctype (K-/K#) for BW (1d) in 3
families. Tn one family, GW (1-42 days) was significantly
greater for slow feathered birds (1158 vs. 1118 g)
while in two other families the birds of the same
genotypes showed greater GW (28-42 days) by 7.26 and
3.91% (p<0.05; Table 4). With respect to skeletal
dimensions, the slow feathered birds demonstrated
greater BrA i 3 families by 2.91, 4.14 and 4.19%
and a significant supremacy over the fast feathered
birds for Bil m 2 families by 13.09 and 1.475%
(p=0.01; Table 4).

Inter family and inter females t-test comparisons for
7 larger half sib families showed signficant superiority of
KW genotypes over k" sibs for BW (14d) in 3 families by
2.21, 6.34 and 8.29% (p<0.05; Table 5). The BrL was
significantly higher for the fast feathered females in one
family (106 vs. 103 mm). In 4 distinct families, the slow
feathered females showed greater values for BrA, Brl, Shl.
and ShW by 516, 7.14, 3.77 and 4.54%, respectively
(Table 5).

Considering feathering rate as a fixed effect
(KW and £*W) in the ANOVA model to analyze the
female’s data revealed a consistent superiority of
the fast feathered females (K'W) over the slow
feathered ones (KW) for all growth related traits as well
as CW. Except for BW at day 28, the means for all
traits were significantly greater in A" genotypes.
Compared to the fast feathered females, mean Brl.
and Shl. were significantly higher f or the slow
feathered ones (Table 6). On the contrary, the fast
feathered females showed a significantly greater mean for
DSC (Table 6).

Table 3: Inter-sex comparisons (t-test) for variables considered by the fixed effect of feathering genotype (3*%* vy K- in males and &*F vy KW in fermnales)

Males Females

Variables! 'k K- T-value Y KY T-value
BW (g, 1day) 40.83 3970 5.4614%* 40.07 39.34 3.6701%*
BW (g; 14 day) 21872 216.11 0.9628% 207.45 201.67 1.87%6™
BW (g; 28 day) 667.64 665.10 0.5226™ 607.67 603.08 1.834
BW (g; 42 day) 1266.31 1279.88 1.4214= 1113.79 1100.08 1.8898*
GW (g 1-42 d) 1223.69 1238.15 1.519%= 1073.26 1060.56 1.75123
GW (g, 28-12 d) 50867 615.38 2.564] #* 506.75 497.49 1.7693%
CW (g) 835.80 843.60 1.2019= 735.70 727.10 1.7220™
CY (%) 75.03 74.99 04428+ 74.56 74.62 0.8367
BrL (mm) 111.74 111.49 0.6535 105,93 105.36 1.7767
Brw(mm) 5245 52.25 07183 50.51 50.55 0.1748*
BrA (Degree) 84.62 84.95 0. 7996 84.52 84.46 0.1820
BrD (mm) 19.32 19.17 1.4237= 18.63 18.64 0.1616™
Brl 34937 349.00 Q.0750% 307.29 306.37 0.2379%
ST, (mim) 83.78 84.79 0.9533= 79.34 78.81 2.0513"
SW (rrim) 10.30 10.46 2.4342% 9.56 o976 1.0059=
DIC (mm) 37.65 38.51 3.1792" 35.29 35.91 2.0700

*IVariables are introduced in Table 1, **: p<0.01, *: p<0.05, = Non significant
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Table 4: Inter-family comparisons (t-test results) for variables considered by the fixed effect of feathering genotype (A*%" or ¥*Wvs K- or KWF) irrespective of
seX

T-values for selected famnilies

Variables 1 2 3 4 h] 6 7 8

BW (g; 1 day) 0.4166ns 0.4732ns 0.848%ns 0.1049ns 2.0098* 2.0321* 2.3686* 1.1437ns
BW (g; 14 day) 0.2176ns 0.0541ns 0.2641ns 0.7553ns 1.9668ns 1.0668ns 1.6572ns 0.1608ns
BW (g; 28 day) 0.1135ns 0.0223ns 0.1720ns 0.7342ns 1.6263ns 0.3700ns 0.3534ns 0.5166ns
BW (g; 42 day) 0.6556ns 0.0365ns 1.9167ns 0.7331ns 0.4136ns 1.4243ns 0.4181ns 1.0206ns
GW (g; 1-42 days) 0.6500ns 0.0481ns 2.0300% 0.7381ns 0.3648ns 1.3520ns 0.3493ns 0.9842ns
GW (g; 28-42 days) 0.5266ns 0.0019ns 2.9420%% 0.3995ns 0.6303ns 1.9777* 0.0963ns 1.5085ns
CW (g) 0.4341x 1.2564 0.1106% 0.0523= 0.0082 1.78286ms 0.4873 0.4841=
CY (%) 0.4643™ 1.7480r 1.2658* 0.5290 1.2857= 0.4126™ 0.0690 1.3444
BrL (mm) 1.0207ns 1.1528ns 0.5437ns 0.1483ns 0.9738ns 1.6223ns 1.6223ns 0.2387ns
Brw(mm) 1.6660ns 0.7131ns 1.881%s 1.0793ns 0.0603ns 1.4417ns 1.4417ns 0.0801ns
BrA (Degree) 1.1082ns 0.6989ns 2.3150% 1.3748ns 0.8993ns 3.0481 3.0481 1.5990ns
BrD (mm) 1.5638ns 0.40035ns 0.0896ns 0.4873ns 0.7363ns 0.2980ns 0.2980ns 0.6384ns
Brl 1.7253ns 0.8131ns 1.9269ns 1.1734ns 0.2932ns 2.8645%* 2.864 5% 0.5630ns
SL (rmum) 1.0791ns 0.3506ns 0.5363ns 0.0212ns 0.1242ns 0.1845ns 0.1845ns 1.6087ns
SW (mm) 1.6568ns 0.4867ns 1.2546ns 1.6706ns 0.3565ns 1.2785ns 1.2785ns 1.3414ns
DSC (mum) 0.5564ns 0.4236ns 1.2302ns 0.9801ns 0.1666ns 1.2934ns 1.2934ns 0.7623ns

' Variables are introduced in Table 1, *#: p<0.01, *: p=0.03, *: Non significant

Table 5: Inter-family and inter-female comparisons (t-test results) for variables considered by the fixed effect of feathering genotype (8" W vs XI)
T-values for selected families

Variables! 1 2 3 4 5 6 7

BW (g; 1 day) 0.9162ns 0.9162ns 1.3834ns 0.8748ns 0.8748ns 0.5203ns 0.9162ns
BW (g; 14 day) 0.2419ns 0.2419ns 0.0018ns 2.1190% 2.1190% 2.3269% 0.241%ns
BW (g; 28 day) 0.0649ns 0.0649ns 1.3102ns 1.3038ns 1.3038ns 0.1683ns 0.0649ns
BW (g; 42 day) 0.0913ns 0.0913ns 1.0698ns 1.7270ns 1.7270ns 0.2303ns 0.0913ns
GW (g 1-42d) 0.124%ns 0.1249ns 1.0345ns 1.6962ns 1.6962ns 0.4113ns 0.1249ns
GW (g; 28-42 days) 0.0634ns 0.0634ns 0.5443ns 1.0199ns 1.0199ns 0.1874ns 0.0634ns
CW (g) 2.0478" 0.0182 1.7142% 0.7401* 0.4873* 0.4841™ 2.0572
CY (%) 2.0723* 0.7059 0.3288 0.2951" 0.0690" 1.3444% 0.3442%
BrL (mm) 0.1945ns 0.1945ns 1.6915ns 2.0385% 1.0009ns 1.2363ns 0.1945ns
Brw(mm) 0.7755ns 0.7755ns 1.5871ns 0.8531ns 0.6877Tns 0.2476ns 0.7755ns
BrA (Degree) 0.4141ns 0.4114ns 1.4576ns 1.4110ns 2.7305%* 1.7507ns 0.4141ns
BrD (mm) 0.7083ns 0.7083ns 0.4648ns 0.0204ns 1.1844ns 0.8646ns 0.7083ns
Brl 0.7158ns 0.7158ns 2.0554% 1.2882ns 1.1404ns 0.8733ns 0.7158ns
SL (rmum) 0.2724ns 0.2724ns 0.6734ns 0.8002ns 2.5505% 0.5659ns 0.2724ns
SW (mm) 0.285%ns 0.285%ns 2.2315% 0.8732ns 1.0023ns 0.8333ns 0.2859ns
DSC (mm) 1.2011ns 1.2011ns 0.9263ns 1.2425ns 0.168%ns 0.0178ns 1.2011ns

!"Variables are introduced in Table 1,": p<<0.05, *: Non significant

Table 6: Partial ANOVA results for fixed effect of Feathering Rate (FR) based on data corrected for all fixed and random effects in the general model used!
Feathering genotype tor females

F-test results

Variables? KY Y for sex
BW (g 1 day) 39.35b 40.07a 0.0001 #*
BW (g; 14 day) 201.67b 207.45a 0.0834ns
BW (g; 28 day) 603.38a 607.68a 0.0979ns
BW (g; 42 day) 1102.3¢F 1117.42a 0.9984™
GW (g; 1-42 days) 1060.57h 1073.26a 0.5907ns
GW (g; 28-42 days) 497.4% 506.75a 0.6287ns
CW (g) 730.8(F 737.53a 0.5246™
CY (%) 74.63° 74.57a 0.2551%
Brl. (mim) 105.36b 105.93a 0.6777ns
Brw(mm) 50.55a 50.51a 0.0588ns
BrA (Degree) 84.46a 84.52a 0.5461ns
BrD (mm) 18.64a 18.63a 0.1401ns
Brl 306.37a 307.2%9a 0.1065ns
SL (mm) 78.81b 79.34a 0.0082#*
SW (rrim) 9.76a 9.57a 0.6233ns
DSC (mm) 35.91a 35.29b 0.5322ns

'Y= pt GENAF GGit G(S)k+ FR 1+ (all interactions)+ b(BW — BW)+ e yywhere 1; flock mean and GEN, ;GG and RF are the fixed effects of ith, jth
and Ith generation, genetic group, sex and rate of feathering, respectively. G(S), and ey, are represent the random effects of kth sire and the residual error,
respectively, % Variables are introduced in Table 1, **: Within raw and for each effect, values with different letter differ significantly (p<0.01), **: p<0.05,

s Non significant
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DISCUSSION

Results from wvarious analytical models applied
(Table 2-6) show that the fast feathering genotypes are
generally superior to the alternate genotypes with respect
to the early growth performance. These findings are in fair
accordance with the results reported by the other
researchers (Warren and Payne, 1945; Hutt, 1949; Jull,
1952; Plumart and Mueller, 1954; Dunnington and Siegel,
1986). Such a primacy could be reasoned out by the
presence of adequate feather cover and consequently the
msulative role of feathers which aids the fast feathered
birds in thermoregulation. This greater covering of the
body affords fast feathering genotypes (A"4"/k"W) lower
requirement of energy for maintenance of body
temperatire and thus leaves more energy available for
growth. However, there are many reports in contradiction
with the results obtained where the slow feathered birds
showed equal (Godfery and Farnsworth, 1952; Sheridan
and McDonald, 1963; Lowe and Garwood, 1981) or even
greater (Merlkery and Lowe, 1988) growth capabilities even
at early ages compared to the fast feathered birds.
Differences in experimental populations and protocols
used may have contributed to these contradictory results,
indicating that this area warrants further investigation.

The results from the current study demonstrate the
greater means for most of the skeletal dimensions in the
slow feathered birds (Table 2, 3 and 6). Reports on
comparison between feathering genotypes for skeletal
dimensions or body measurements are scanty to further
converse the matter. Moreover, the primacy of a
feathering genotype over the other seems to be diverged
by sex (Table 3). These results in agreement with the
findings of Walker and Somes (1979), Dunmington ef al.
(1987) and Katanbaf et al. (1988) reveal that the K gene 1s
a mutation with broad influence on whole organism
growth and that its effects could not be interpreted
independently from sex associated factors. The
substantial alliance among sex related factors and
feathering genotypes has been verified by many reports
(Lowe and Garwood, 1981; Zerehdaran et ai., 2004).

To further mterpret the mmpacts of sex associated
feathering loci it could be verified that results from whole
data set analysis, sex wise and inter family comparisons
are diverged for individual traits and even for a single trait
at various ages. These observations reveal that the loci
mfluences growth of the whole organism through out the
bird’s life much beyond on its impact in accelerating
the growth of the feathers and its consequential
isolative advantages (Siegel and Dunningham, 1987,
Chambers ef al., 1994). Many researchers attributed the
mmpact of feathering loci on growth of chicken to the
deviated nutrient requirements in genotypes relevant
(Moran, 1981 ; Deschutter and Leeson, 1986; Kafr et al.,
1986, Weinberg et al, 1986, Zelenka et al, 1992,

13

Fosta et al, 2001; Pakdel etal, 2002; Leeson and Walsh,
2004 a, b). The debates are specifically focused on amino
acid requirements of the voung birds (Deschutter and
Leeson, 1986), particularly for cystine. Moran (1981) and
Engler et al. (1985) reported a slightly higher sulfur amino
acid requirements of females than males due to
differences between sexes in the rate of feathering.
With respect to fast vs. slow feathering, they discussed
that with increasing demands for uniformity of market
broilers; there 13 an increasing need to account for
variation in rate of feathering in order to evaluate amino
acid requirements accurately.

From the results obtained it could be concluded that;
there are no conecrete reason to believe X and £ alleles
have identical impact on growth performance. Although
the effect of the genes K, &" assumed to be equal or
constant, the genetic background with which they interact
are not 1dentical in either sexes and from an mdividual,
family and flock to the other. Diverged results for impact
of this locus on growth performance could be attributed
to two reasons. Firstly, over the generations, bird’s
genetic make up constantly changing due to genetic
selection and nutritional advances. Secondly, it 1s not
clear that all genotypic combinations involving the &, £
genes were used in all previous studies or that the
performances of homozygotes and hetrozygotes were
measured separately. Tn today’s efficient, competitive and
swiftly changing broiler industry, small differences in
bird’s performance especially at early ages (e.g., 0.1% in
feed conversion or 1.0% in body weight) are imperative
when applied to current production costs and profit
marging. Therefore, incorporating the fast feathering gene
(K"y with a reasonable influence on early growth
performance would be of positive economic outcome in
commercial broiler production.

REFERENCES

Chambers, JR., E. Smith, E.A. Dunnington and
P.B. Siegel, 1994. Sex-linked feathering in chicken: A
review. Poult. Sci., 74: 1855-1874.

Deschutter, A. and S. Leeson, 1986. Feather growth and
development. World’s Poult. Sei. T, 42: 259-267.
Dunnington, E.A. and P.B. Siegel, 1986. Long term
selection for 8 week body weight in chicken: Direct
and correlated responces. Theor. Applied Genet.,

71:305-313.

Dunnington, E.A., PB. Siegel, MN. Katanbaf and
W.B. Gross, 1987. Response of early and late
feathering broilers to various stressors. Poult. Sci.,
66: 168-70.

Engler, K., O.P. Thomas and E. Bossard, 1985. The
sulphur amino acid requirement of 3 week old
broilers. Proceeding Maryland Nutrition Conference,
pp: 5-10.



Res. J. Poult. Sci., 2 (1): 9-14, 2008

Fotsa, J.C., P. Merat and A. Bordas, 2001. Effect of the
slow (K) or rapid (k") feathering gene on body and
feather growth and fatness according to ambient
temperature in a Leghom x brown egg type cross.
Genet. Sel. Evol, 33: 659-670.

Godfery, EF. and G.M. Farnsworth, 1952. Relation of the
sex linked rapid feathering gene to chick growth and
mortality. Poult. Sci., 31: 65-68.

Goodman, B.L. and F.V. Muir, 1965. The influence of
comb and feathering phenotypes and body weight
and dressing percentage m broilers. Poult. Seci,
44: 644-648.

Harris, D.L., V.A. Garwood, P.C. Lowe, P.Y. Hester, L..B.
Crittenden and A.M. Fadly, 1984. Influence of sex-
linked feathering phynotypes of parents and progeny
upen lymphoid leucosis virus nfection status and
egg production. Poult. Sci., 63: 401-413.

Hertwig, P. and T. Rittershaus, 1929. Die Erbfaktoren der
Haushuhner. T. Beitrag: Die Ortsbestimmung von 4
Faktoren im X-Choromosom. 7. ind. Abst. Veretb.,
51:354-372.

Hurry, LF. and A'W. Nordskog, 1953. A genetic analysis
of chick feathering and its influences on growth rate.
Poult. Sci., 32: 18-25.

Hutt, F.B., 1949. Genetics of Fowl. McGraw, Hill Book
Company, Inc. New York.

Tull, MLA ., 1952, Poultry Breeding. John Wiley and Sons,
Ins., New York.

Kafri, 1., B.S. Jomer and J.A. Cherry, 1986. Skin breaking
strength in broilers: Relationship with skan thickness.
Poult. Sci., 65: 971-978.

Katanbaf, MN., D.E. Jones, E.A. Dunnington,
W.B. Gross and P.B. Siegel, 1988. Anatomical and
physiological responses of early and late feathering
broiler chickens to various feeding regimes. Arch.
Geflugelk, 52: 119-126.

Khosravinia, H., HN.N. Murthy and M.G. Govinedaiah,
2006. TImposing restriction in selection for
disproportionate  cut-up carcass vield in an
experimental flock of broiler chicken. J. Poult. Sei.,
42:108-119.

Leeson, S. and T. Walsh, 2004a. Feathering in commercial
poultry. 1. Feather growth and composition. World’s
Poult. Sci. T, 60: 42-45.

Leeson, 8. and T. Walsh, 2004b. Feathering in commercial
poultry. L. Factors influencing feather growth and
feather loss. World’s Poult. Sci. T, 60: 51-60.

Lowe, P.C. and I'W. Merkley, 1986. Association of
genotypes for rate of feathering in broilers with
production and carcass consumption traits. Effect of
genotypes, sex and diet on growth and feed
conversion. Poult. Sci., 65: 1853-1858.

14

Lowe, P.G. and V.A. Garwood, 1981. Independent effect
of K and £ alleles and maternal origin on mortality
and performance of crossbred chickens. Poult.
Sct., 60: 1123-1126.

Merkley, TW. and P.C. Lowe, 1988. Association of
rate-of-feathering genotypes in broilers with
production and carcass composition traits. 2. Effect
of genotypes and diet on processing traits and lipid
deposition. Poult. Sci., 67: 914-919.

Moran, E.T., 1981. Cystine requirements of feather-sexed
broiler chickenwith sex and age. Poult. Sci.,
60: 1056-1061.

Pakdel, A., Van J.AM. Arendonk, AI.T. Vereijken and
H. Bovenhuis, 2002. Direct and maternal genetic
effects for ascitesrelated traits in broilers. Poult. Sci.,
81:1273-1279.

Plumart, P.E. and C.D. Mueller, 1954. Effect of sex-linked
early feathering on plumage from 6-12 week of age.
Poult. Sei., 54: 715-721.

SAS Institute, 1998. SAS User’s Guide: Statistics. SAS
Institute Inc., Cary, NC.

Serebrovsky, A.S., 1992, Crossing over mvolving
three sex linked genes in chicken. Am. Nat.,
55:571-572.

Sheridan, A K. and MW. McDonald, 1963. The
relationship between feathering and body weight in
broiler chicken. Poult. Sci., 42: 1465-1471.

Siegel, P.B. and E.A. Dunmington, 1987. Selection for
growth in chickens. CBC Crit. Rev. Poult. Biol.,
1:1-24.

Somes, R.G. and RM. TJakowski, 1974. A survey of
possible associations between morphologic traits
and resistance to Marek's disease. Poult. Sci,
53:1675-1680.

Walker, HE. and R.G. Somes, 1979. The effect of
temperature on the uropigial gland diol diesters in the
K mutation of the domestic chicken. Poult. Sci.,
58: 998-1000.

Warren, D.C. and L F. Payne, 1945. Influence of the early
feathering gene upon a chick’s growth rate. Poult.
Sci., 24: 191-192.

Warren, D.C., 1925. Inheritance of rate of feathering in
poultry. T. Hered, 16: 13-18.

Zelenka, J., 3. Kracmer and S. Maly, 1992. Methiomne
digestability in male and female chickens with
varying rates of feathering. Fytotechmicka Rada,
9: 269.

Zerehdaran, S., A.L.J. Vereijken, Van J.AM. Arendonk
and E.H. Vander Waaij, 2004. Estimation of genetic
parameters for fat deposition and carcass traits in
broilers. Poult. Sci., 83: 521-525.



