’ slo ool
Journal of Animal Science Research / vol.36 No.1/ 2026/pp 59-75 ol @olc

[Animal Science " Research |

Effects of inbreeding depression on growth traits in Iranian sheep: A meta-
analysis study

F Ghobakhloo?, S Zerehdaran **, A Javadmanesh !

Received: 2025-10-28 Revised: 2026-02-04 Accepted: 2026-04-13
1Department of Animal Science, faculty of Agriculture, Ferdowsi University of Mashhad, Mashhad,
Iran

“Corresponding author: zerehdaran@um.ac.ir

sloghagly o
-0 wolc © | Journal of Animal Science Research / vol.36 No.1/ 2026/pp 59-75 8
[Animat snce """ Regsarch | https://animalscience.tabrizu.ac.ir OPENCACCESS
N/

© 2009 Copyright by Faculty of Agriculture, University of Tabriz, Tabriz, Iran
This is an open access article under the CC BY NC license (https://creativecommons.org/licenses/by-nc/2.0/)
DOI: 10.22034/AS.2026.69876.1793

Introduction: Inbreeding depression indicates a decrease in mean phenotypic value with increase in
inbreeding level (Doekes et al 2021). The conventional method of livestock selection, in which animals
are selected based on estimated breeding values, leads to increase in genetic achievement but also in
inbreeding rates (Selvaggi et al. 2010). Inbreeding is caused by increased homozygosity, which
reduces the expression of dominance effects. When dominance effects are favorable (i.e., when
dominance is in the desired direction), reducing the expression of dominant effects leads to a decrease
in the mean phenotypic value. The degree of inbreeding may vary among traits (Doekes et al. 2021).
Loss of diversity and consequent increase in homozygosity may lead to reduced production in inbred
animals. Furthermore, decreased inbreeding in domestic animals can lead to reduced selection
response and genetic potential gains in economic traits. Therefore, it is important to estimate the effect
of inbreeding on these traits in order to determine the magnitude of changes associated with increased
inbreeding (Selvaggi et al. 2010). The rate of inbreeding should be limited to maintain the genetic
diversity at an acceptable level which is necessary for proper response to environmental changes and
selection in the future (Van WYy ketal 2009). The effect of inbreeding depression on economic traits
have been studied in many research studies. The results of these studies are not reliable because they
come from special experimental conditions and limited sample size (Roger St-Pierrer 2007). In many
cases, even contradictory results are observed from similar published studies. In such cases, meta-
analysis with the nature of aggregating the results of individual studies could be used as a tool to
achieve an overall result with higher reliability (Roger St-Pierrer 2007). In present study, meta-
analysis was used to investigate the effect of inbreeding depression on weight at different ages in
Iranian sheep based on the results of individual studies. By increasing the sample size, it is possible
to comment with greater confidence on the effect of inbreeding on growth traits in Iranian sheep.

Materials and methods: Information related to inbreeding depression on body weight of Iranian
sheep at different ages in 31 papers published in scientific journals, was used. Studied traits were
birth weight, weaning weight and weights at six, nine and twelve months of age. To access these
articles, a comprehensive search was conducted in Persian and English databases and journals using
the keywords inbreeding, inbreeding loss, production traits, and sheep in Persian and English. The
extracted data consisted of sample size and the regression coefficient between rate of inbreeding and
the average of studied traits called inbreeding depression. Studies with absence of these sorts of
information were removed from list of studies. Each study consisted of author name, year of
publication, journal title, sample size, breed, and regression coefficient presenting inbreeding
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depression and standard error or standard deviation. Inbreeding depressions were expressed in the
form of regression coefficient in studies. Regression coefficients were converted to correlation
coefficients to be used in meta-analysis. Normally, studies with significant results take more attention
and publish more easily. These kinds of studies with higher chance to be repeated are called
publication bias and may confuse the researchers. Funnel plot is a tool for presenting variation of
studies around average. It is assumed that effects of studies must be distributed randomly and
symmetrically around meta-analysis effect. In the case of publication bias, studies have an
asymmetric distribution around meta-analysis effect. Funnel plot was used to check the publication
bias in this study.

Random effects model was applied for analyzing the collected data. The meta-analysis was performed
using CMA software version 3. Using the 1% and Q indices, the heterogeneity among studies was
examined. Values between 0 to 25% shows very small amounts of heterogenty, values between 25 to
50% presents small heterogenty, values between 50 to 75% considerable amount of heterogenty and
values higher than 75% shows high rate of heterogeneity among studies.

Results and discussion: The range of 12 index for fixed model was from 82.83 to 98.54. According
to high heterogeneity among studies, random effect model was used for meta-analysis. According to
the funnel plot, the result of the meta-analysis was free of publication bias, and on the other hand,
examining the funnel plot for growth traits in this study showed that using a fixed effect model to
express the results was inappropriate. The estimated correlation coefficients for birth weight were -
0.001 (with confidence interval of -0.11 to 0.009), for weaning weight was -0.02 (with confidence
interval of -0.443 to 0.003), for weight at six months was -0.46 (with confidence interval of -0.99 to
0.007), for weight at nine months was -0.03% (with confidence interval of -0.76 to -0.011) and for
weight at twelve months was -0.09 (with confidence interval of -13.13 to -0.041). According to the P
value, the result obtained from the meta-analysis showed that the effect of inbreeding depression on
birth weight, weaning weight and weight at six months of age were not significant, while it has highly
significant on weights at nine and twelve months of age in Iranian sheep breeds (P < 0.01). This
means that with a one percent increase in inbreeding, the average of weights at nine and twelve
months of age decrease by 43 and 90 grams, respectively. Therefore, using appropriate mating
strategies for Iranian sheep breeds are very important for controlling inbreeding depression at 9 and
12 months of age. Choosing appropriate mating strategies in the herd to control and reduce inbreeding
is important and should be considered.

Keywords: Inbreeding depression, Growth traits, Iranian sheep, Meta-analysis
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Table 1. list of studies used in this meta-analysis (authors, year of publication, breed, Number and inbreeding
depression (kg) for studied traits)

Autor year Breed N BW wWw 6MW  9MW YW
Hussain.A. et al 2006 Thalli 17250 -0.051 0.01
Mottaghinia.G. et al 2012 Iran Black 6030 -0.0054 -0.0051 -0.105 -0.123  -0.126
Mirzamohamadi.E. et al 2012 Iran-black 5716  -0.009  -0.029
Dorostkarl.M. et al 2012 Moghani 8836  -0.007 -0.291 -0.026 -0.019 -0.042
Ghavi Hossein-Zadeh.N 2012 Moghani 8494  -0.009 0.057 -0.079  -0.045 -0.159
Rashedi Dehsahraei.A. et al 2013 Lori-Bakhtiari 7697 0.005 -0.109  -0.283  -0.193  -0.234
Farhangfar, H and Mottaghinia,Gh 2013 Baluchi 11837 -0.0067 -0.0349
Mirza Mohammadi.E 2014 Balouchi 12040 -0.0026
Almasi.M. et al 2014 Zandi 6140 -0.0034 -0.042 -0.06 -0.04 -0.076
Jafari.S 2014 Makooei 5860 -0.064 -0.0013 -0.0039 -0.0029 -0.0028
Mokhtari.M.S. et al 2014 Iran-Black 6082 -0.007 -0.037
Yavarifard.R. et al 2014 Mehraban 10278 0.0063  0.014 0.048 0.004 0.098
Etegadi.B. et al 2014 Guilan 14549  0.0054  -0.028 0.02
Asefi.Y. etal 2015 Zandi 5633 -0.0035
Bahri Binabaj.F. et al 2015 Karakul 6780 0 -0.05 -0.014  -0.042 -0.055
Yeganehpour.Z. et al 2015 Lorestansheep 6440  -0.004 -0.02 -0.247  -0.0045
Patiabadi.Z. et al 2016 Shal 6692  -0.001 -0.017 -0.005 -0.019
Naghavian.S. et al 2016 Kordi 7170 -0.0013 0.08 0.001 -0.065  -0.092
Gholizadeh.M and Ghafouri-Kesbi, F 2016 Baluchi 7225  -0.001 -0.01 -0.018 -0.01  -0.0131
Yeganehpur.Z. et al 2016 Lori 6440  0.0045 -0.01 -0.076  -0.077
Mirzaee llaly.M. et al 2017 Sangsari 7028 -0.0014 -0.0077 0.014 0.0209 -0.029
Keshavarzpour.M. et al 2017  Lori-Bakhtiari 7693  -0.011  -0.106  -0.259 -0.161  -0.239
Ahmadi.S. et al 2018 Moghani 2443 0.022 -0.044  -0.185 -0.111  -0.326
Ghafouri-Kesbi.F. et al 2018 Moghani 12787 -0.018 -0.031
Rashidi.A. et al 2018 Zandi 6140  -0.034  -0.042
Rashidi.A. et al 2018 Baluchi 14374  0.024 -0.029
Rashidi.A. et al 2018 Iran-Black 7036  -0.012  -0.025
Baneh.H. et al 2019 Iran-Black 5173 -0.0034 -0.032 -0.014 -0.044  -0.023
Behmaram.R and Mohamaddiyeh, M 2019 Moghani 6859  -0.059  -0.019 -0.02 -0.035 -0.038
Badereh.S. et al 2020 Baluchi 4032 -0.0064 -0.061
Ghorbani,A and Farzi,A 2020 Moghani 11721  -1.06 0.113 0.126 -0.089 0.817
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Hashemi.M and Ghavi Hossein-Zadeh.N 2020 Shall

64964 -0.0009 -0.009 -0.008

BW-= birth weight; WW= weaning weight; 6MW= 6-month weight; 9MW= 9-month weight and YW= yearling weight
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Table 2. Heterogeneity test for traits among studies

Trait Q value Qdf Pvalue I? (random) 12 (fix)
BWO 180.545 31 0 0 82.83
WW 900.9 31 0 22.31 96.55
BW6 1377.224 20 0 0 98.54
BW9 306.825 18 0 4.58 94.133
YW 443.132 15 0 23.28 96.61

BWO0= birth weight; WW= weaning weight; BW6= weight at 6 months; BW9= weight at 9 months and YW= yearling
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Funnel Plot of Standard Error by Fisher's Z
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Figure 1. Funnel plots for the publication bias, A) birth weight; B) weaning weight; C) weight at 6 months; D)
weight at 9 months; E) yearling weight
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Table 3. Results of meta-analyses for growth traits

Trait Sample size Correlation coefficient
BW 239207 -0.001

WW 213184 -0.020

6MW 94990 -0.046

IMW 63471 -0.043

YW 49036 -0.090

Lower limit  Upper limit P value Z value
-0.011 0.009 0.857  -0.18
-0.043 0.003 0.091 -1.689
-0.099 0.007 0.091 -1.689
-0.076 -0.011 0.009 -2.602
-0.139 -0.041 0.003  -3.579

BW-= birth weight; WW= weaning weight; MW= 6-month weight; 9MW= 9-month weight and YW= yearling weight

Study name Statistics for each study
Lower Upper

Correlation limit limit ZValue p-Value
Keshavarzpour M -2 00 anE ~EE 0375
HUSSAINA -0 -0.065 00 £T0 0.000
Naghadan 5 0013 Rilic:] ;3 053 [ikcey
Bahrl Binaal F 0005 Rilivc) ooz -5 0543
Darosiar M =0.007 =00 1 va) =151 0608
Pallanadl Z =00 =005 QI =008 0835
Jaans 0054 0058 0055 4205 0.000
Gholizadeh M -0 0oz oz ~Q0Es [l=Evd
Yeganehpur £ Q255 alsk) agra L3 003
Ghadl Hosseln-Zaden N 000 -0am il -vd ki) ame
RashidlA Qg2 QxEE k) [Fox) Q.00
Miokmiarl ML Q.07 00 Qo 42 0823
Yauartard R a3 agsT Qg aTT 003
EeqgadlB 0005 Rilived amm 0551 as1s
Baneh H =0.003 =005z QIS =0EH 0818
Ghoroanl A =00 =003 0o =0050 0es2
MilrzamonamadlLE 000 00 anT 06880 PR =)
GhaturHKesoLF 0013 0043 Qo -1.354 0188
Milrzamonamadl E 0003 0012 Qo014 0305 a7Fed
Anmadls agrz oo am 3563 003
AsellY =000 =003 QI Rk ox) ares
Bahrl Blnaba). F 0.000 =00 Qo Q000 1.000
Milrzaes lialy M -0 -0 Qozd 1114 090
Farnangtar, H 0007 Rilive) amm AT 0453
Almasl W =0.003 -0.0x {41 vrd TS a7as
Behmaram R =0.005 =003 aois =04sz 0623
MoRaghinia G 0008 -0 Qo a4z 0E73
Yeganahpur Z 000 0025 Qo - 0745
Baderen 5 0005 0057 oo 406 0685
RashidlA =00 =005 {41 vrd =007 asis
Rashidl A& =0.003 -0.0x {41 vrd TS 0785
Farnangtar, H -0.005 0oz ooz -8 0505
Podied -0 -2 00 015 08

Correlation and 5% CI

-1.00 050 0.0 050 1.00

Favours A& Favours B

*Pooled = The results of meta-analysis vsing random model

Figure 2. Forest plot for birth weight using random-effects model
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Study name Statistics for each study Gorrelation and §5% CI
Lower Upper

Correlation limit limit ZValue p-Value
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Chaturbileshl F 01 0081 -0om 2034 0042
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BanT Enaza) F 0050 QTS -Q0zs -3855 Qo0
Mirzaee I3l M 0008 =0.03& 00m 59 0580
Famangfar, H L] 0053 n? ~3805 aon
Rashed| DersanraslA A1 005 asi2 1833 a3
Admacl bt 0042 -0.ar Ams -1008 sl sch
SevmEmR 013 Q048 e -] [=F=4]
kioftaghinla & 0052 0078 =005 -1818 0000
Yeganepur I =020 =0046 0.0 =155 aur
Eaceren § 082 Q0 2051 3804 Qo
RashbdlA 0025 00051 0.0 -8 QoS3
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Pooka 0020 0043 0om =168 aoet

1.00 050 0.50 1.00
Favours A Favours B

*Pooled = The results of meta-analysis using random model

Figure 3. Forest plot for weaning weight using random-effects model

Study nams Statistics for each study Correlation and §5% CI
Livassr Uppar

Correlation P Ismit ZNalve pValue
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Yavarilaed R 0058 a.o7Ta 0128 [Ny 0.0:00
Hashmmi. b 0008 038 0018 0821 0. 535
Etwgagi B .07 ] 0.090 T.139 0,000
Barah. H 0014 0047 0018 0888 0.388
Gherbani A 0.1 0.140 .21 9 495 0000
ARmadi 5 0.185 £0.X29 0.140 8002 0.000
Bahri Binsbaj. F 0014 0045 o7 -3.890 0.374
hlirzaes llaty M 0 085 0,034 0.085 4,188 0.000
Rmshedi Carsahrma & 284 £.307 380 22140 0000
Alrmasi M -0.080 <0085 < 028 3435 0.001
Bahimarami R <0.030 <0084 0023 <0.910 0.383
Mettaghinia O 0105 £0.134 0077 -T. 148 0000
Yeganshpur £ <0247 HIT3 0221 LAT.989 0,000
Pocled -0.048 0099 0.007 -1.689 0.081

4.0 0.50 1.00
Favours A Favours B

*Pooled = The results of meta-analysis using random model

Figure 4. Forest plot for 6-month weight by random-effects model
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Study name Statistics for each study Correlation and 95% CI
Lower Upper
Correlation limit Emit  ZValue p-Value
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Yeganehpur Z 0005 0033 0024 0310 075
Pooled 0043 0076 0011 2602 0009
400 0.50 0.50 1.00
Favours A Favours B
*Pooled = The results of meta-analysis using random model
Figure 5. Forest plot for 9-month weight using random-effects model
Study name Statistics for each study Correlation and 95% CI
Lower Upper
Correlation  limit limit ZValue p-Value
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*Pooled = The results of meta-analysis using random model
Figure 6. Forest plot for yearling weight using random-effects model
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