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Table 1- Pedigree information of Fars native fowl population

Pedigree

Number

No. of total birds
Inbred birds
Sires
Dams
Birds with offspring

Birds without offspring

No. generations
Full-sib groups

63250
40184
2782
14855
17637
47631
25
12247
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Table 2- Descriptive statistics of studied traits in Fars native fowl population

Traits AEW  EWI () EN WSM (g) ASM BW12 BWS8(g) BW1(g)
(¥) (number) (day) @)

No. records 45804 45826 47376 46848 47305 60485 48846 43134
Mean 46.62  37.13 50.72 153826  157.30  909.16 59248  34.55

Sd 4.77 5.69 15.69 216.41 1937 19137 11423 3.54

Minimum 30.36 20 1 1000 103 300 200 20
Maximum 79.20 73 115 2600 268 1900 1100 53.60
Coefficient of ~ 10.22 15.31 30.94 14.07 12.32 21.05 19.28 10.26

variation (%)

AEW: average egg weight at 28th, 30th, 32nd weeks, EW1: egg weight at first day of laying, EN: egg number, WSM:
weight at sexual maturity, ASM: age at sexual maturity, BW12: body weight at 12 weeks of age, BW8: body weight at

8 weeks of age, BW1: body weight at 1 day of age.
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Table 3- Mean changes of individual and maternal inbreeding in different generations

Generation Total number of birds Mean maternal Mean individual
inbreeding inbreeding

1 1345 0 0

2 1738 0 0

3 1658 0 0

4 3293 0 0

5 3653 0 0.0006
6 2563 0.0006 0.0006
7 2896 0.0006 0.0007
8 2745 0.0006 0.0021
9 2818 0.0020 0.0070
10 3005 0.0048 0.0116
11 2987 0.0118 0.0265
12 2374 0.0251 0.0349
13 3027 0.0350 0.0106
14 2099 0.0350 0.0239
15 2962 0.0231 0.0199
16 2607 0.0205 0.0221
17 2619 0.0218 0.0361
18 2616 0.0352 0.0311
19 2511 0.0299 0.0336
20 2445 0.0336 0.0413
21 2484 0.0411 0.0487
22 1947 0.0491 0.0513
23 2358 0.0510 0.0582
24 2014 0.0577 0.0611
25 2484 0.0609 0.0671

Mean 0.022 0.024
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Figure 1- The trend of individual and maternal inbreeding changes over 25 generations
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Figure 2- The Genetic trend of the studied traits in Fars native fowl population
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Figure 3- The phenotypic trend of the studied traits in Fars native fowl population
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Table 4- Results of model fitting to studied traits based on LRT (A), AIC (B) and BIC (C) methods
A
Traits Model
1 2 3 4 5 6
BW1 -62641.10 -56344.91 -56170.53 -56168.76 -55977.94 -55977.94
BW8 231196.49 -231127.31 -231128.37 -231128.26 -231115.04 -231115.04
BW12 -308968.37 -308910.63 -308910.46 -308908.87 -308899.29 -308898.81
ASM -142195.13 -142157.46 -142150.44 -142090.17 -142144.63 -142081.49
WSM -261556.61 -261549.23 -261551.46 -261551.36 -261548.44 -261548.08
EN -126439.26 -126438.38 -126438.16 -126432.69 -126437.96 -126432.48
EW1 -94697.10 -94693.59 -94693.14 -94664.76 -94691.94 -94662.83
AEW -74075.22 -74052.28 -74053.16 -74044.02 -74046.54 -74034.58
B
Traits Model
1 2 3 4 5 6
BW1 -62643.10 -56347.91 -56186.53 -56190.10 -55981.94 -55982.94
BW8 -231198.49 -231130.31 -231131.37 -231132.26 -231119.03 -231120.03
BW12 -308970.37 -308913.63 -308913.46 -308912.87 -308903.29 -308903.82
ASM -142197.13 -142160.46 -142153.44 -142094.17 -142148.63 -142086.49
WSM -261558.61 -261552.22 -261554.46 -261555.36 -261552.44 261553.08
EN -126441.26 -126441.38 -126441.16 -126436.69 -126441.96 -126437.48
EwW1 -94699.10 -94696.59 -94696.14 -94668.76 -94695.94 -94667.83
AEW -74077.22 -74055.29 -74056.16 -74048.02 -74050.54 -74039.58
C
Traits Model
1 2 3 4 5 6
BW1 -62651.77 -56360.91 -56186.53 -56190.10 -55999.28 -56004.61
BW8 -231207.28 -231143.50 -231144.56 -231149.85 -231136.63 -231142.03
BW12 -308979.37 -308927.14 -308926.97 -308930.89 -308921.30 -308926.33
ASM -142205.89 -142173.60 -142166.58 -142111.70 -142166.15 142108.39
WSM -261567.36 -261565.35 -261567.59 -261572.86 -261569.94 -261574.96
EN -126459.99 -126454.47 -126454.25 -126454.15 -126459.42 -126459.30
EwW1 -94707.83 -94709.68 -94709.23 -94686.22 -94713.40 -94689.66
AEW -74085.95 -74068.38 -74069.25 -74065.48 -74068.00 -74061.41

BW?1: body weight at 1 day of age, BW8: body weight at 8 weeks of age, BW12: body weight at 12 weeks of age, EW1:

egg weight at first day of laying, EN: egg number, AEW: average egg weight at 28th, 30th, 32nd weeks, ASM: age at

sexual maturity and WSM: weight at sexual maturity.

Table 5- Genetic parameters obtained based on the best model for the studied economic traits

Traits Model h2.+SE C%+SE h2m+SE
BwW1 S 0.13+0.01 0.24+0.02 0.34+0.01
BWS8S S 0.31+0.01 0.03+0.01 0.03+0.01
BW12 5 0.38+0.01 0.02+0.004 0.02+0.005
ASM 6 0.53+0.02 0.02+0.005 0.06+0.01
WSM 2 0.51+0.01 0.01+0.003 -

EN 4 0.17+0.01 - 0.02+0.005
Ew1l 4 0.28+0.02 - 0.03+0.005
AEW 6 0.59+0.02 0.02+0.004 0.02+0.005

BW?1: body weight at 1 day of age, BW8: body weight at 8 weeks of age, BW12: body weight at 12 weeks of age,

ASM: age at sexual maturity, WSM: weight at sexual maturity, EN: egg number, EW1: egg weight at first day of laying
and AEW: average egg weight at 28th, 30th, 32nd weeks.
h?,: direct heritability, h?m: maternal heritability and ¢?: maternal environmental variance as a proportion of phenotypic

variance
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Table 6- Regression coefficients of studied traits on individual and maternal inbreeding percentage

Traits Individual inbreeding Maternal inbreeding
BW1 0.02+0.0002 -0.001+0.0001
BW8 -1.07+0.003 0.59+0.0006
BW12 -2.14+0.0002 0.07+0.0006
ASM 0.38+0.0002 -0.06+0.0003
WSM 0.27+0.0002 0.52+0.0003

EN -0.07+0.0002 -0.01+0.0003
EW1 0.08+0.0002 -0.01+0.0002
AEW -0.01+0.0006 0.03+0.0002

BW1: body weight at 1 day of age, BW8: body weight at 8 weeks of age, BW12: body weight at 12 weeks of age,
ASM: age at sexual maturity, WSM: weight at sexual maturity, EN: egg number, EW1: egg weight at first day of laying

and AEW: average egg weight at 28th, 30th, 32nd weeks.
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Introduction: Performance of native fowl can be improved by making changes in feeding, rearing
and health issues. Genetic improvement of these breeds can be achieved through the breeding
programs such as selection, crossbreeding, or both. Selection programs may be time consuming but
implementing them will lead to a continued improvement (Padhi 2016). Considering the genetic
diversity among the native fowl breeds of Iran, several breeding stations were established in different
provinces of the country for the purpose of reproduction and genetic improvement of these breeds.
Mating related animals in closed populations leading to accumulated inbreeding and reduced genetic
diversity has destructive effects on additive genetic variance and phenotypic values (Falconer and
Mackay 1996). Inbreeding is associated with an increase in homozygosity and usually decrease the
fitness of individuals in the population, which is referred to as inbreeding depression (Ayroles et al.
2009). Inbreeding depression in domestic animals can cause reduced selection response and potential
genetic gain in economic traits (Selvaggi et al. 2010). Since the improved Fars native fowls have been
raised in a closed population and selected for some important economic traits during the successive
generations, their inbreeding coefficients may increase and reduce the effectiveness of breeding
programs. Therefore, it is of significant importance to monitor the inbreeding rate and its
consequences on different traits. The purpose of this study was to monitor the inbreeding rate and
evaluate its possible effects on some important economic traits in improved Fars native fowl
population using the pedigree information of 25 generations via different models.

Materials and methods: Data of 63,250 birds during the period 1369-1397 (25 generations) recorded
in the breeding station of Fars native fowl were included in the study. Studied traits include body
weight at hatch (BW1), body weight at 8 weeks of age (BW8), body weight at 12 weeks of age
(BW12), age at sexual maturity (ASM), weight at sexual maturity (WSM), egg weight at 1% day of
laying (EW1), egg number (EN) and average egg weight (AEW). Individual and maternal inbreeding
coefficients of all birds were estimated using the CFC program. Estimated inbreeding coefficients
grouped into seven different categories of inbreeding: 0, 0 to 5%, 5 to 10%, 10 to 15%, 15 to 20%,
20 to 25% and 25 to 30%. Regression coefficients of studied traits on individual and maternal
inbreeding percentage were estimated by Wombat software (May 2007) and restricted maximum
likelihood (REML) method using six different models. Individual and maternal inbreeding
coefficients were also included as a covariate in the model. In this study, among the six statistical
models considered for each trait, finally, the appropriate model for each of them was selected through
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three methods of likelihood ratio test (LRT), Akaike’s information criterion (AIC) and Bayesian
information criterion (BIC).

Results and discussion: Pedigree analysis showed that 40,184 birds were inbred, and the mean of
individual and maternal inbreeding was relatively low over 25 generations. The average individual
and maternal inbreeding did not differ much over the generations. According to the results, the mean
inbreeding for all birds and inbred one was approximately 2% and 4%, respectively. From the fifth
generation onwards, the average inbreeding (individual and maternal) of birds in the whole population
was increasing. In the first four generations, inbreeding rate of population was estimated to be zero,
which may be due to the unknown pedigree information in the first generations. Various studies have
shown that accurate estimation of inbreeding is highly dependent on pedigree information. The results
of a previous study on laying hen strains indicated that pedigree information influenced the inbreeding
estimation in the first generations (Szwaczkowski et al. 2003). In another study, Cassell et al. (2003)
reported that the use of incomplete pedigree in estimating the mean inbreeding reduces the mean
inbreeding estimate and the variance of these estimates in cows. From the fifth to eighth generation,
the rate of individual and maternal inbreeding was very small. Distribution of birds in different
categories of inbreeding showed that 36.57% (23,066 birds) were non-inbred. Classifying birds into
different inbreeding groups indicated that the highest number of inbred birds was in the inbreeding
group 0 to 5% (47.72%) and 5 to 10 % (15.48%). Although the number of inbred birds was high, but
the amount of inbreeding coefficient was significantly low, reflecting careful planning of mating in
the station. The study of Kamali et al. (2007) on the pedigree information of Fars native fowl (21,245
birds) during eight generations demonstrated that the inbreeding rate is low. In addition, in the
previous study on the improved Mazandaran native fowl during 26 generations, it was shown that the
rate of inbreeding is relatively low, which is in accordance with the results observed in the present
study (Ghorbani and Omrani 1399). According to the fitted models, model 5 for BW1, BW8 and
BW12, model 6 for ASM and AEW, model 2 for WSM, model 4 for EN and EW1 were considered
as the most suitable models. Estimating the inbreeding depression in the studied traits revealed the
most effect of inbreeding on the BW12, so that for every 1% increase in individual inbreeding, BW12
is reduced by 2.14 grams. Also, for a percent increase in individual inbreeding, BW8 decreases by
1.07 grams. The highest effect of inbreeding was observed on BW8 and BW12, so that for a percent
increase in individual inbreeding, BW12 decreases by 2.14 grams and BW8 decreases by 1.07 grams.
ASM was significantly affected by inbreeding depression. ASM increased by 0.38 day per 1%
increase in inbreeding. The findings of earlier studies regarding the inbreeding effect on the ASM
have shown that increased inbreeding does not have the same effect on different strains. For example,
increase in inbreeding level results in increased ASM in the Leghorn (Sewalem et al. 1999) and
decreased ASM in the New Hampshire (Szwaczkowski et al. 2003). Taken together, pedigree analysis
showed that the depression effect of inbreeding on egg traits including EN, EW1 and AEW was
negligible.

Conclusion: According to the results of pedigree analysis, inbreeding rate of improved Fars native
fowl population is increasing at an acceptable level with a relatively gentle slope. In addition,
depression caused by inbreeding in the population was fairly low. Since maintaining genetic diversity
and keeping down the inbreeding rate in the station are considered as main factors in developing the
breeding programs, it can be concluded that the implementation of breeding programs and selection
of superior birds during the generations has gone in the right direction.

Keywords: Fars, Inbreeding, Model, Native fowl, Selection



