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SUMMARY

Data from a complete 4 X 4 diallel crosses experiment with a total number
of 1414 pullets representing sixteen different genotypes were used. The pure
genotypes used were three lines of Fayoumi breed (a high egg production
selected line, a heavier body weight at 8-wk of age selected line and a random
bred control line) and a White Leghorn breed.

The objectives of this work were to examine the potential of the non-
additive gene effects for improving egg production and egg weight of Fayoumi
breed, through testing the significance and estimating the effects of: heterosis,
maternal, general and specific combining abilities, and sex-linked effects. The
potential of using different pure Fayoumi lines as sire or dam lines were also
studied.

Sire effect proved to be more important for egg number (EN)
measurements (egg number of 60, 90 and 120 days). Significant general
combining ability, maternal and sex-linked effects were found for all studied
traits. Heterosis was significant for all studied traits but sexual maturity weight.
Specific combining ability was significant for sexual maturity age and egg
weight (EW) measurements (average egg weight of 60, 90 and 120 days).
Indication of incomplete dominance was found in EW measurements, while
overdominance and epistasis associated with sex-linked and maternal effects
were the major factors affected EN measurements.

The results proved the importance of non-additive gene effects for egg
production traits (EN & EW). Results suggested that increasing egg production
of Fayoumi could be achieved by crossing different Fayoumi lines (up to 15%
increase) and strongly recommended crossing Fayoumi with White Leghorn
breed (up to 36% increase). The improvement expected in one generation,
from crossing Fayoumi with White Leghorn, is far more than what would be
expected through conventional selection methods that use additive genetic
variance. More improvement would be expected if crossing is accompanied
with reciprocal recurrent selection.
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INTRODUCTION

Native breeds of chickens have been under different breeding programs for
improving its performance. Most of these programs have been focussing on
additive genetic effects. However, nonadditive genetic effects are very
important for egg production in chickens (Sheridan and Randall, 1977:
Sheridan, 1980: Bennett et af, 1981: Fairfull et al, 1983, 1987: Gowe and
Fairfull, 1982). Studying the non-additive gene action requires crossing the
genotypes of interest. Crossing a line to several others provides an additional
measure of that line. The variance between crosses can be partitioned in a
way that has great importance for understanding the use of crossbreeding for
improvement (Falconer, 1991). ‘

Historically, poultry breeders have used breed crosses and more recently
strain crosses to take advantage of heterosis (Fairfull, 1990). Dominance was
broadly believed to be the only caused of heterosis (Fairfull et al., 1987).
However, Dickerson (1965) and Sheridan (1980) stated that dominance model
was not sufficient to explain heterosis that occurred in crosses between
different breeds or between unrelated strains of the same breed. Epistasis
was shown to be a major mechanism of heterosis in Leghorn strain crossing
(Fairfull et af., 1987).

There are some studies on local breeds crossing, however, most of these
studies concentrated on the growing periods (Sabri, 1979; Stino, et al., 1981;
Sabra, 1990; Sheble et al, 1990; Mandour et a/., 1996). More studies on the
effect of non-additive gene action for egg production are needed for local
breeds of chicken. Fayoumi is one of the most well characterized local breeds
of chickens. It could be considered as an egg-type bird. Two lines of Fayoumi
were established at Fayoum Poultry Research Station, one for heavier body
weight at 8 wk of age, the other for high egg production number (Ragab and
El-Hossari, 1970).

The objectives of this work were to examine the potential of the non-
additive gene effects for improving egg production and egg weight of Fayoumi
chickens, through testing the significance and estimating heterosis, maternal,
general and specific combining abilities, and sex-linked effects. The potential
of using different Fayoumi lines as sire or dam lines were also studied.

Three Fayoumi lines two of which where subjected to selection for several
generations as well as, a White Leghorn breed were used to evaluate the
effect of crossing.
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MATERIALS AND METHODS

Birds and Measurements;

Data from 1414 pullets representing a complete 4 X 4 diallel cross were
used in this study. The sixteen different genotypes were 4 pure genotypes, 6
two-way crosses and their 6 reciprocal crosses. The pure genotypes used
were three lines of Fayoumi breed and a White Leghorn line (WW). The
Fayoumi lines were two selected lines (PP: selected for high egg production;
GG: selected for heavier body weight at 8 wk of age, Ragab and El-Hossari,
1970); and unselected random bred control line (RR). The data for this work
were obtained from Fayoum Poultry Research Station records.

Birds were produced in two hatches. Sexual maturity age (SMAGE) and
body weight (SMBW) were recorded as age and body weight at first egg for
each pullet. Egg production was recorded individually for 120 days and was
used for calculating egg production for 60 days (ENB0), 90 days (EN90) and
120 days (EN120) for each hen. Eggs were weighed daily the next day of
laying and average egg weight for 60 (EW60), 90 (EW90) and 120 days
(EW120) were calculated for each hen.

Statisticai analysis:
Raw data were corrected for hatch effect by Least Square Analysis of

variance (Harvey, 1987), using genotype and hatch as fixed effects and error
as arandom effect. The corrected data were analyzed using the following two
mathematical models:
Modef 1:
Y =g +5 +Dp + (SD); + ey
where:
Y= The kth observation on the hen from the iih line of sire mated to the jth
line of dam ‘
u = The overall mean
S; = The fixed effect of the ith sire line, i=1,...,4
D; = The fixed effect of the jth dam line, j=1,...,4
(SD); = The fixed effect of the interaction between the ith line of sire and the
Jth line of dam
ey = The random error effect associated with the ijkth individual
This model was applied to estimate the fixed effect of using any line as a sire
or dam and the interaction between different combinations (Harvey, 1975).
Model 2:
Yo = a0 * Ay + Pytgrbgy + my toy o +ey
where:
Y= The kih observation on the hen produced from mating a sire from the ith
line with a darmn from the jth line in the hih type of breeding (purebred or
crossbred)
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u = The overall mean

h,= An effect common to all progeny of the hth type of breeding (linebred or
crossbred), h=1,2

P.= An effect common to all progeny of a mating between a dam of the ith
line and a sire of the ith line, i=1,...,4

g, = The effect of the general combining abifity of the ith (jth) line

m; = The effect of the maternal ability of the jth dam line, j=1,...,4

¢; = The effect of the specific combining ability of the ijth or jith cross (i7))

r; = The sex-linked or reciprocal effect of the ijth cross (i?f)

enx = The random error

Model 2 was suggested by Kidwell ef al. (1960). This model was used to test
the significance and to estimate the effacts of heterosis, pure, maternal,
general combining ability (GCA), specific combining ability (SCA), and sex-
linked, by applying the restrictions suggested by Harvey (1975). The
restrictions were :

Thy =X Py =R m =X g = 6 =L g =Ly =X i = 0.

Data from both pure and cross genotypes were used to estimate the heterosis
effect, while pure genotype data were used to estimating the pure effect,
however, cross genotype data were used toestimate general combining ability,
specific combining ability, maternal and sex-linked effects.

General Linear Model procedure of SAS software (SAS Institute, 1985)
was used for statistical analysis. Contrast statement available in SAS software
was used for testing the significant of heterosis between each pair of pure
genotypes, while the estimate statement was used for estimating the effects of
different studied parameters. Least square means were ranked by Duncan's
multiple range test (Duncan, 1955)

RESULTS AND DISCUSSION

Results showed common properties to all studied traits. Significant
differences were found among the four pure genotypes (Table 1 & 2). Results
from applying Model 1 indicated that the effect of, at least one pure genotype
when used as a sire (dam) line depended upon the dam (sire) genotype. This
was true for all studied traits, where sire by dam interaction was significant
(Table 3). According to Kan et al. (1959) the variation between dams centains
one-quarter of the additive genetic variance and all the maternal effects, while
the interaction component in the diallel contains epistatic deviations. Using
Model 2 showed that, except for both GCA and SCA, all other genetic
parameters (heterosis, pure, maternal, sex-linked effects) were significant (P<
0001) for all studied traits. Least square constants estimated for GCA and
maternal effects were, in most cases for all studied traits, opposite in signs
{Table 5). This is in agreement with Kidwell et al. {1960} who reported a
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negative correlation between the two effects and concluded that maternal and
general combining ability effects were highly confounded.

Table 1. Number of birds and least squre means + SE for sexual maturity traits

Genotype Number SMAGE SMBW
Pure:

PP 161 1700+ 1.1 " 12158 +8.8 *F
GG 174 179.3 + 1.9 oo 1284.5+85¢
RR 182 163.8 1.0 12628 +8.3 ¢
VWY 128 180.8 + 1.2 ™@ 13526 +9.9°
Crosses:

PG 72 183.8 + 1.7 p™ 1330.0 +13.2 ¢
GP 47 ©163.3+2.0i 1199.1 +16.3 9
PR 89 1884+ 15b 1283.9 +11.9¢
RP 110 184.3 + 1.3 p° 1245.5 +10.7 °°
PW 31 179.7 + 2.5 °%f 1202.9 +20.1 9
WP 71 184.2 + 1.7 b° 1418.4 +13.3 b
GR 72 186.4+1.7 b 1346.0 +13.2 °
RG 48 175.7 + 2.0 % 1201.5 +16.2
GW 59 197.7 +1.8° 13473 +146 ¢
WG 47 178.7 + 2.0 90 1262.2 +16.3 ¢
RW 71 1743 +1.7 9 1475.3 +13.3 2
WR 52 1746 + 1.9 9" 1164.8 +15.5 9

SMAGE : Sexual maturity age. SMBW : Sexual maturity body weight,

PP, GG, RR, WW : Fayoumi egg production, growth, and random bred lines:
and White Leghorn breed, respectively.

Means within a column with no common letter are significantly different {P<.05).

Sexual maturity age;
GG and WW genotypes reached sexual maturity significantly at older age

than PP and RR (Table 1). Significant differences were found between each of
PG, GR and GW crosses and its reciprocal cross (GP, RG and WG,
respectively). The differerice between a cross and its reciprocal was
associated with difference in sex-linked effects of both crosses, where PG, GR
and GW showed positive sex-linked effects, while their reciprocal crosses
(GP, RG, WG) showed negative sex-linked effects (Table 5). Hossari (19866)
and Hossari et al. (1995) reported sex-linked effect in crossing PP and GG
Fayoumi lines. Bordas et al. (1969) found marked differences between
reciprocal crosses in SMAGE, when two lines of Rhode Island Red were
crossed.
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Although the overall heterosis effect was significant (P< .0001), testing the
heterosis effect for each pair of pure genotypes showed insignificant heterosis
between PP and GG; and between RR and WW (Table 3). The crosses RW
and WR showed intermediate SMAGE compared to their parent values (Table
1), which was an indication of additive gene effect. The cross GP was
significantly younger while its reciprocal (PG) was older than their parents (PP
and GG). Insignificant heterosis between PP and GG pure genotypes (Table
3) was aresult of the way heterosis was calculated. Heterosis was calculated
as the difference between the mean of each pair of crosses and the mean
value of their parents. However a positive sex-linked (Table 5) effect was
found for PG cross and a negative sex-linked effect was found for GP craoss.
Heterosis in SMAGE was reported in crossing two lines of Rhode Island Red
divergently selected for residual feed consumption by Bordas et al. (1996).
Additive gene effects were observed in progeny of crossing RR with WW,
where RW and WR crosses were intermediate in SMAGE between their
parent values (Table 1), as well as, heterosis hetween RR and WW was not
significant (Tables 3 & 8). However, other crosses (PG, GP, GR, RG, GW,
WG) showed different degree of maternal and sex-linked effects. Dominance
gene action was observed in crossing PP with WW, while overdominance
effects were observed in crossing PP with RR, where PR and RP crosses
reached SM older than their parents.

Sexual Maturity Body Weight:

Significant differences were found between each cross and its reciprocal
except for PR and RP crosses (Table 1). PG, WP, GR, GV and RW crosses
recorded significantly heavier SMBW than their reciprocal crosses GP, PW,
RG, WG and WR, respectively. The difference between any cross and its
reciprocal was associated with a differences in sex-linked effect, where all
heavier crosses showed positive sex-linked effects while their reciprocal
crosses showed negative effects. Fairfull, 1980 stated that some reciprocal
differences could result from sex-linked and maternal effects. Dominance
gene effect was ncticed when crossing RR with PP lines, where their crosses
were not significantly different than the heavier RR parent. However, all other
crosses showed significant differences with their reciprocal crosses as a result
of maternal and sex-linked effects. Although the heaviest genotype was RW
cross, the lightest was its reciprocal cross WR. This indicated the magnitude
of maternal and sex-linked effects associated with overdominance and
epistatic gene action in these crosses.

Results indicated that dam effect is more important than sire effect for
SMBW trait, where only PP and WW lines showed significant sire effect while
all lines showed significant dam effect (Table 4). Dam effect contains one-
quarter of the additive genetic variance and all the maternal effects (Kan ef al.,
19569). The relative effects for PP when used as a sire or a dam line were
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negative. The PP was subjected to selection for high egg number for several
generations, which resulted in lighter SMBW than GG and RR Fayoumi lines.
Insignificant heterosis, GCA and SCA effects were found for SMBW (Table
3). Several investigators reported significant heterotic and SCA effects for
body weight of growing period when applied crossing within local lines or
breeds (Sabri, 1979 & Sabra, 1990) or when crossing local with exotic breeds
(Sabra, 1990; Sheble et al, 1990; Mandour et al, 1996). Bordas reported
heterosis for SMBW, however, Ramappa and Goward (1973) reported
insignificant SCA for growing period and concluded that non-additive gene
effects might not be important for body weight during this period,

£gg Numbers Measurements:

Comparing the significance of the least square constants estimated for sire
effect with those of dam effect for EN60, EN90 and EN120 showed that sire
effects were more substantial than dam effects for these egg number
measurements (Table 4). Significant differences between each two reciprocal
Crosses were found except for RW and WR reciprocal crosses, Superiority of
one of the two reciprocal crosses could result from sex-linked and maternal
effects (Fairfull, 1990). Except for PW, GP and WR crosses, all crosses
showed significant sex-linked effects at EN120 measurements. Reciprocal
effects are more of a consideration in layers than in meat birds. Gowe and
Fairfull (1982) and Fairfull ef al. (1983) have reported impertant reciprocal
effects for most traits of commercial significance in White Leghorn chickens.

Heterosis was positive and significant for all egg number measurements
(Table §5). Although heterosis could be due to different degrees of dominance
or epistasis, the significant differences between reciprocal crosses in this
experiment would suggest that some genes responsible for dominance and
epistasis effects are presented on sex-chromosomes, and accountable for
maternal and sex-linked effects expression. Significant GCA, maternal and
sex-linked effects were found in EN measurements, however, SCA was
significant only at EN60 (Table 3). Poggenpoel et al. (1996) found indication
for maternal or dominance effects for egg number traits in a flock of White
Leghorn selected for €gg production. Significant heterosis, maternal, sex-
linked and SCA found in our study, indicated the importance of non-additive
gene effects for egg production, This is in agreement with Fairfull et al. (1987)
who concluded that egg production is a trait that is heavily influenced by non-
additive gene action.

Crosses of Fayoumi with WW. showed higher heterotic effects than crosses
among Fayoumi genotypes. This is in agreement with Gowe and Fairfull
(1982), where they reported substantial heterosis with unrelated scrosses.
Crossing GG with WW resulted in the highest heterotic value of all other
crosses for all EN measurements, while crossing GG with RR showed the
highest heterotic effect of all crosses among Fayoumi genotypes (Table 4).
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Hossari (1970), Dourgham {1980) and Hossari, et al. (1895) reported a
heterosis in egg production from crossing PP and GG Fayoumilines. The
cross RG recorded the highest egg production at EN120 among all Fayoumi
crosses, where its production (77.7 eggs) represented about 15.7% increase
over its mid-parent value ((64.5+69.8/2)=67.15 eggs}. Crosses WP and WG
showed higher egg production than their reciprocal crosses (PW and GW
respectively), as well as, higher egg production than all other genotypes.
These indicated the presence of genes linked to Z chromosome in WW breed,
which affected positively egg production. The cross WP recorded EN120 of
86.8 eggs, while mid-parent value for that cross ((71.3+67.2)/2) was 69.25
eggs. The WP value represented about (86.8/69.25) 25% increase over its
mid-parent value and about 29% over its PP Fayoumi parent. For WG cross
the EN120 was 92.4 eggs, which represented about 36% increase over its
mid-parent value ((71.3+64.5)/2=67.9 eggs) and about 43% over its GG
Fayoumi parent.

Egg Weight Measurements:

Eag weight of WW was significantly the heaviest and that of PP was
significantly the lightest off all genotypes studied at all EW measurements
(Table 2). Examining the difference between each cross and its reciprocal
showed that in most cases it was narrower than the difference between the
two parents. Comparing crosses with their mid-parent indicated an incomplete
dominance in EW traits, where values for each pair of reciprocal crosses were,
generally, between their mid-parent value and the higher value of the two
parents (Table 2).

Significant sire, dam, and interaction were found for egg weight
measurements (Table 3). Relative WW sire and dam effects were positive,
while other lines showed negative values, which reflected the magnitude of the
differences in EW values between WW and Fayoumi lines (Table 2).

Significant differences were observed in hertosis, maternal, GCA, SCA and
sex-linked effects (Table 3). Poggenpoel et al. (1996) reported sex-linked
effect for egg weight. Abplanalp et al. (1984), Fairfull et al. (1983, 1987) and
Bordas et al. (1996) reported a heterotic effect in egg weight. The difference
between each pair of reciprocal crosses was less demonstrated in EW
measurements compared to the other studied traits in this study. Bordas et al.
(1996) reported a reciprocal difference in egg weight.

Although the three Fayoumi lines had the same genetic base, significant
heterosis was obtained, which indicates that selection in PP and GG lines may
have modified their genome, which was revealed through heterosis when
crossing these Fayoumi lines. Dam effects were more substantial than sire
effects for SMBW, however, sire effects proved to be more important for egg
production measurements. Significant heterosis, maternal and sex-linked
effects for egg number and egg weight measurements proved the importance
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of non-additive gene effects for these traits. Indication of incomplete
dominance was found in egg weight. Resuits suggested that improving egg
production of Fayoumi could be achieved by crossing different Fayoumi lines
and strongly recommended crossing Fayoumi with White Leghorn breed. The
improvement expected in one generation, from crossing Fayoumi with White
Leghorn, which can be up to 43% increase, is far more than that would be
expected from conventional selection methods which focusing on additive
genetic effects. More improvement would be expected if crossing is
geccompanied with reciprocal recurrent selection.
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