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Extended Abstract

Background: In poultry breeding, reliable genetic parameters for economic traits are necessary
to develop breeding programs. However, estimated genetic parameters in studies with small
sample sizes are associated with large standard errors. Therefore, it is recommended to combine
the obtained estimates from different studies to increase the reliability of genetic parameters. A
meta-analysis is a statistical analysis that combines the results of several scientific studies. The
advantages of meta-analysis studies in poultry breeding are high statistical power, ability to
extract more information about poultry population, evaluation of the effects in different subgroups
of poultry population, and overcoming on limitations of small sample size. Proper use of meta-
analysis method in studies related to livestock and poultry prevents the repetition of unnecessary
work and it saves time and reduces costs. Considering the importance of estimation of genetic
parameters for productive and reproductive traits in laying hens and the fact that no
comprehensive systematic review and meta-analysis has been performed to investigate the genetic
parameters in this species, the goal of this study is to use meta-analysis for estimation of weighted
mean of genetic parameters for desired traits through combining the results of different studies.
Methods: In this study, data collection was performed from international and Persian databases
including Google scholar, Scopus, Web of Science, PubMed, Science direct, Magiran, Irandoc,
SID. The search process in the mentioned databases was performed using the keywords including
genetics, phenotype, heritability, correlation, reproductive traits, sexual maturity, egg number,
egg weight, laying hen and their possible combination. At first, the studies that were repeated in
different databases were deleted from study. Then, the titles list of all remaining articles was
prepared. In the first stage, i.e. screening, the title and abstract of remaining articles were carefully
studied and unrelated articles were deleted. In the second stage, i.e. evaluation of studies, the full
text of related articles remaining from the screening stage were investigated. From search of
different databases, 152 articles were obtained and finally 33 articles between 1984 and 2022
were used in analysis and 119 articles were excluded. Meta-analysis of genetic parameters for egg
production and maturation traits in laying hens was performed by agregating the results of 33
articles. The 12 index showed that the heterogeneity in all investigated traits for heritability and
genetic and phenotypic correlations was more than 70%, so random effects model was used for
data analysis. The software package Comprehensive Meta-Analysis (version 2) was used to
perform statistical analysis and estimation of weighted means of heritability and genetic and
phenotypic correlations for sexual maturity age, sexual maturity weight, egg number and egg
weight, standard error and 95% confidence interval.

Results: Based on results, the highest weighted mean of heritability is for egg weight (0.49), and
then for the sexual maturity weight (0.31), and the lowest heritability was for egg number (0.29).
The highest positive weighted mean of genetic correlations was between sexual maturity weight
and egg weight (0.53) and then between sexual maturity age and sexual maturity weight (0.31),
also the highest negative genetic correlation was between egg number and egg weight (-0.36) and
then between sexual maturity age and egg number (-0.25). The highest positive weighted mean
of phenotypic correlations was between sexual maturity weight and egg weight traits (0.24) and
then between sexual maturity age and sexual maturity weight traits (0.19). As well as the highest
negative phenotypic correlations was between egg number and egg weight (-0.18) and then
between sexual maturity age and egg number (-0.16). Comparing of obtained 95% confidence
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interval from meta-analysis and the range of mentioned changes in the articles for all the genetic
parameters for investigated traits showed that the aggregation of the results of studies has caused
a significant reduction in this range. For example, the changes of heritability range in the articles
for sexual maturity age was 0.045-0.56, while after aggregation of the results by meta-analysis,
95% confidence interval of heritability for this trait decreased to 0.31-0.38. Also, the comparison
of the standard error by meta-analysis of desired traits with the range of the standard error in
different studies showed that the aggregation of the results of different studies has greatly reduced
the standard error of all the genetic parameters for investigated traits, for example, the standard
error for heritability of egg weight in the studies was in the range of 0.071-0.18, but by meta-
analysis it was reduced to 0.004.

Conclusion:it can be concluded that combining the results of different studies will significantly
decrease the 95% confidence interval, decrease the standard error and increase the accuracy of
the results. Considering the importance of estimation of accurate genetic parameters for
improving economic traits in breeding programs, the reported estimates in the present study are
suitable for use in breeding programs when accurate genetic parameters estimation for important
economic traits in laying hens is not available, so, the results of meta-analysis studies can be used
in breeding programs with more confidence compared to the results of individual studies.
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; ; p); EN & EW (rg, rp)
SMA hl ; EN h#); EW (h¥); SMW (h%); SMA & EN (rg, rp); SMW & EN (rg,rp) SMW & EW (rg,p); EN & EW (rg, rp); SMA
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Mielenz et al., 2004
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Woic et al., 2010
Savegnago et al., 2011
Rajkumar et al., 2011
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Shada et al., 2012
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Yousefi et al., 2013

Blanco et al., 2014
Ymeshram et al., 2014
Hartmann et al., 2014
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(1P) (ogsd (o (1) (S5 (Stawor (%) 523 Sy (EW) 055 059 «(EN) 055 3Iass (SMW) (quix £k (g (SMA) (o E5b



V¥

sl g il sl slp oolitul 3,90 (39 ipen
8 (S35 I ol > (il L Al s oS
b Slio s phicdly dy5ln > e g (il
(Emamgholi Begli et al., 2009; Jafari et al., 2015)

3blke ol Jols (ohoyd A0 el dgas s léo
Olas gphcdlyy glp YlEs p> 0ud ) Clyuss diold 4
OBl o Lo ying ) ol e a5 3l (Ui () 3590
ol Jio losdy Cuanlodd odgae (pl o dag LB
i Bl (o Cibio 390 50 CVe (s pdydlyy Ol
&Sl e &S s pd ccdly HIE /N0 /05 diely )
Gxoyd A laebl dgus lblke by, bwy @b
Josa) cél yals” «/YY=+/FF & Can opl g piscdlyy
(Y

aely b Haisyge @liw 3Ulke 3ylilisl (clas awslio
=l zess &S bl calisee o yimngy 3kl (gllas
3yl 3 kil olas s gals ceb walisee b yingh
Jbe plgisds uslodd (o) 3)90 Clao 13 (s pdycdlyg
lapiggs )3 055y Cubo (5 phcilyy 2yl (sllad
@ Ul hay b (Jg 039 o/ VV=o/VA dloly )5 Jaiuo
Sluliwl slbs ials (¥ Jsis) cooladl jials /<« F
Oliseb! b1 g 0 uls 3y9lp come il cel
@l b awlie 3 ) bl b il @l oo e
Dges odlatwl (o135 Mol gladaly > Jatue o yimgl
YUY sl s o iz claw splcslyy K jbges
Caolodds y,l58

Sl e o g (25559 10d (s o250

M55 e ye 1 (e ag 5 g Slio (S5} slaastinl B ool b

IR 0 55 Slho (6399 (F39 aSle
sk 0js 5 o Slie il Sis (xSke @l
Pt SIS Eye > 059 ()jg 9 A Slho 5 (o>
el G ocwlads )15 Y Jes  sblke
039 % by iy (35 0eke n VL oselcussa,
g (N7 (i Eob 09 o ol Jam g (+/F]) 055
(+/74) 055 oo o 4y bgyyo (g pdycdlyg jlade o oS
o barye Glas a5yl 4 ds g b dad o lis guls g
L ocplply )l vy spdcdly 055 Mg g Esb
Sguty 4 (390 U e o Sl Q;“l Sl e Ol
sbiwly » Baiss pl @l cdbcws law pl (Sj
Ghobakhloo et al., ) )Kea g sldlgd Guios mls
oS b iopan Ao ol o e 55, (2022
e Olas u'i""’) slbasiwl ) 3)91)3 &9 &S 6,500
slp @il d9 008 ploxl Gl (og 8y (53U
5 (oddudyy pu o) <NVAY Cuipa deady clao
2 393 b 45 105 3505 (i Eol )3 o) +/FFY
Gholipoor et al., ) sib o pobs Guios gl sliwl,

(2022
NS (B g Fomb plie dajiagh (Sp
P clie cpl @pbcdhy 5l eVl polie daiagh
ol aslodds Lil5S ool 3 o imedy ol b dunlio
osly cilisee b ytingsy )3 0ad )1 (6 el Gliee
basre baylyds o cogles Judoy cnl (San olb Cibo S
9 (s 2990 e i3 lo adlate (ol LalpS g (090

_ o S5 Glese )3 Eob g g5 Clao (s pdicdlyy (Sig 6Ske =V Jouo
Table 2. Weighted mean of heritability for egg production and maturity traits in laying hens

(%) 2oasls ol glbs azels S piacilyg asal Ol 391> sles Crhcdly oVl dhw  cao
&Ylis &Yl Ghoyd 20 SEs |yl h2 Number of trait
SE range in papers h2range in papers Cl (95%) articles
99.16 0.006-0.07 0.15-0.56 0.22-0.46 0.002 0.34 11 SMA
94.13 0.07-0.19 0.07-0.54 0.31-0.40 0.003 0.36 27 SMW
97.48 0.007-0.14 0.14-0.70 0.22-0.35 0.003 0.29 24 EN
96.65 0.07-0.18 0.18-0.91 0.43-0.55 0.004 0.49 32 EW
(EW) 035 059 (EN) o35 3laas {SMW) (guicx 5 159 (SMA) (ouix E5k oo
Study Weight Estimate [95% CI]
Oni et al. 1991.1 in 10% 0.15[0.13, 0.16]
Oni etal. 1991.2 n 10% 0.04[0.03, 0.06]
Okoleh 2011 - 9% 0.56[0.44, 0.68]
Shada et al. 2012 - 9% 0.24[0.14,0.34]
Yousefi etal 2013 | 10% 0.1810.16, 0.20]
Tongsiri et al. 2015.1 = 0% 0.50 [0.42, 058]
Tongsiri et al 2015.2 - 0% 0.38 [0.30. 0.46]
Tongsiri et al 20153 = 0% 0.41[0.31. 051]
Tongsiri et al 2015 4 - 0% 0.53[0.41 065]
Jasouri et al 2017 —-— 8% 0.50[0.36, 0.64]
Aftroung et al. 2019 - 9% 032[022.047]
Summary - 100% 034022, 0 46]
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Figure 1. Forest plot for heritability of Sexual maturity age (SMA)
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Study Weight Estimate [95% CI]
Rosay et al. 1894 —— 4% 0.33[0.21,045
Kinney et al. 1965 — 2% 0.40[0.11,069
Craig et al. 1969 —a— 4% 0.43[0.35,051

Yoo etal 1983 —-— 3% 0.43[0.29,0.57
Oni etal. 19911 | ] 5% 0.37[0.35,0.39
Oni etal. 1991.2 u 5% 0.22[0.21,0.24
Mielenz et al. 2004 —— 4% 0.19[0.11, 0.27]
Paleja et al. 2008 —_— 2% 0.42[0.20, 0.64]
Woic etal 2010 —— 4% 0.42[0.34, 0.50]
Savegnago et al. 2011 -+ 5% 0.54 [0.48, 0.60]
Rajkumar et al. 2011 — 1% 0.27 [-0.10, 0.64]
Shada et al. 2012 —— 4% 0.34[0.26, 042
Woic etal 2012 - 5% 0.55[0.51, 0.59]
Yousefi et al. 2013 u 5% 0.15[0.13,0.17)
Ymeshram et al. 2014 i —_—— 2% 046[021,0.71

Hartmann et al. 2014 —— 4% 0.34[0.26,0.42
Yietal 2014 — 3% 0.32[0.18,0.46
Younis et al. 2014 —_— 1% 0.07[-0.28,0.42
Tongsiri etal. 2015.1 . 4% 0.45[0.37,0.53
Tongsiri et al. 2015.2 —.— 4% 0.44[0.36, 0.52]
Tongsirn et al. 2015.3 —.— 4% 0.37[0.27,0.47]
Tongsir et al. 2015.4 —— 4% 0.46 [0.34, 0.58]
Jasouri et al. 2017 —a— 3% 0.35[0.19,0.51

Chandan et al. 2018 —_— 3% 0.38[0.19, 0.56]
Attroung et al. 2019 —— 4% 0.27[0.19, 0.35]
Liuet al. 2019 —— 4% 0.40[0.30, 0.50;
Kassa 2021 —— 4% 0.19[0.11,027
Summary &> 100% 0.36[0.31,0.40]

T T T 1
05 0 05 1

Heritability

_ i sl Ojy o iy SR jlage Y S
Figure 2. Forest plot for heritability of Sexual maturity weight (SMW)

Study Weight Estimate [95% CI]
Craig etal. 1969 —— 4% 0.4410.30,0.58
Yooetal. 1983 - 4% 0.1970.09,0.29
Oni etal. 1991.1 [ ] 5% 0.13[0.12,0.15
Onietal 19912 ] 5% 021[0.20,023
Hagger et al. 1994 — 4% 0.2970.19,0.39
Wei etal 1995.1 — 3% 0.70[052,088
Wei etal. 1995.2 - 4% 0.5410.44,064
Frances et al. 1997 - 4% 0.31[0.23,0.39
Besbes et al. 1999 - 4% 0.30[0.22,0.38
Sabri et al 1999 R 3 5% 0.2470.18,0.30
Tierz et al. 2002.1 - 4% 0.32[0.24,040
Tierzetal 2002.2 &+ 5% 0.29[0.23,035
Paleja ef al. 2008 — 3% 0.23[0.07,0.39
Okoleh 2011 - 4% 0.28[0.18,0.38
Woic et al. 2012 [ ] 5% 0.15]0.13,0.17
Yousefi etal 2013 [ ] 5% 0.16[0.14,018
Ymeshram etal 2014 _ 2% 054[027,082
Hartmann et al. 2014 E o 4% 0.54[0.46,0.62
Tongsiri et al. 2015.1 - 4% 0.19[0.11,0.27
Tongsiri et al. 2015.2 - 4% 0.20[0.12,0.28
Tongsiri et al 20153 - 4% 018[0.08,0.28
Tongsiri etal 20154 —— 4% 0.38]0.26,050
Jasouri etal 2017 . 3% 0.15[-0.01,0.31
Liuetal 2019 — 4% 0.1410.04,0.24
Summary -> 100% 0.2910.22,0.35]
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Figure 3. Forest plot for heritability of egg number (EN
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Study Weight Estimate [95% CI]
Kinney et al. 1965 — 2% 0.30[-0.05, 0.65]
Craig etal. 1969 E 4% 067[0.59,0.75]
Yoo etal. 1983 —— 3% 0.69[0.53,0.85]
Hagger et al. 1994 —a— 3% 0.75[0.66, 0.85]
Wei etal. 1995.1 — 3% 081[0.71,1.11]
Wei et al. 19952 [ 2% 081[057,105]
Frances et al. 1997 —— 4% 0.48[0.40,0.56]
Besbes etal. 1999 —a— 3% 0.43[0.35,0.63]
Sabri etal 1999 - 4% 0.70[0.64,0.76]
Tierzetal. 2002.1 —— 4% 0.54[0.46,0.62]
Tierzetal. 2002.2 —a— 4% 0.40[0.32,0.48]
Buitenhuis et al. 2004 —_— 3% 0.29[0.09, 0.49]
Paleja et al. 2008 — - 2% 050[025,074]
Yahaya et al. 2009 - 4% 066[0.58,0.74]
Woic etal. 2010 - 4% 0.50[0.44,0.56]
Okoleh 2011 —a— 3% 0.44[0.34,0.54]
Rajkumar et al. 2011 1% 0.55(-0.08,1.18]
Savegnago et al. 2011 —a— 3% 0.34[0.22,0.46]
Shada etal. 2012 L] 4% 0.24[0.22,0.26]
Woic etal. 2012 4% 0.74[0.70,0.78]
Yousefi et al. 2013 [ ] 4% 0.36[0.34,0.38]
Blanco et al. 2014 L3 4% 0.49[0.47,0.51]
Hartmann et al. 2014 —— 4% 041[0.33,049]
Yietal 2014 —— 3% 0.54[0.40,0.68]
Ymeshram etal. 2014 —— 3% 0.18[0.02,0.35]
Younis etal. 2014 i 1% 0.401-0.01,0.81]
Tongsiri et al. 2015.1 —— 4% 0.43[0.35,0.51]
Tongsiri etal. 2015.2 —— 4% 0.38[0.30, 0.46]
Tongsiri et al. 2015.3 . 3% 0.36[0.26, 0.46]
Tongsiri etal. 2015.4 —— 3% 0.45[0.33,0.57]
Chandan etal. 2018 —— 3% 0.32[0.14,0.51]
Kassa 2021 — 4% 0.34[0.26,0.42]
Summary < 100% 0.49[0.43,0.55]
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Figure 4. Forest plot for heritability of egg weight (EW)
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Table 3. Weighted mean of genetic correlations for egg production and maturity traits in laying hens

sy S . Sisads diold 3 5kl glas aiols

Trait 1 Trait 2 N ulas 10 pliebl 392 N . Sli@ sl

\ G Y G - 555 Ikl SE Sy Ve (S5 oY %) 12

Number (rg) 3l Cl (95%) rg range in SE range in (%)1

of articles 9 ° papers papers

SMW 9 0.31 0.004 0.21-0.37 0.02-0.92 0.01-0.11 99.47

SMA EN 13 -0.25 0.007 -0.28-0.11 -0.98-0.23 0.01-0.16 99.60
EW 12 0.22 0.005 0.11-0.28 0.04-0.86 0.05-0.24 99.29

SMW EN 9 -0.20 0.008 -0.26-0.14 -0.77-0.24 0.01-0.15 99.67
EW 8 -0.53 0.005 0.42-0.63 0.15-0.70 0.01-0.08 98.26

EN EW 13 -0.36 0.005 -0.38-0.07 -0.55-0.11 0.02-0.24 99.23
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Table 4. Weighted mean of phenotypic correlations for egg production and maturity traits in laying hens
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of articles (95%) papers papers
SMW 9 0.19 0.003 0.14-0.21 0.24-0.32 0.01-0.04 81.37
SMA EN 12 -0.16 0.007 -0.28-0.03 0.55-0.31 0.02-0.05 92.15
EW 11 0.18 0.008 0.09-0.24 0.18-0.38 0.02-0.19 90.13
SMW EN 9 -0.14 0.003 -0.21-0.05 -0.38-0.10 0.01-0.08 69.09
EW 8 -0.24 0.002 0.21-0.29 0.19-0.41 0.01-0.07 76.20
EN EW 11 -0.18 0.006 -0.21-0.01 0.39-0.08 0.02-0.05 96.65
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