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Inbreeding depression for growth traits in small ruminants: A meta-analysis
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ABSTRACT

Because of undesirable effects on economic traits and performance of animals, the inbreeding has always been a challenge
in animal breeding. Control of inbreeding at an appropriate level for improving the response to selection is very important.
Reported values for inbreeding depression rates varied across populations of small ruminants. The present study aimed to
investigate the effect of inbreeding on growth traits, including birth weight (BW), weaning weight (WW), sixth month
weight (6MW), ninth month weight (9MW) and yearly weight (YW) in small ruminants. A meta-analysis was performed in
order to obtain a more precise estimation of inbreeding depression. Meta-analysis is an analytical technique designed to
summarize the results of multiple studies. Comprehensive Meta-Analysis software was used to analyze data. Cochran’s Q
test and I-squared (I2) statistic were used to quantify heterogeneity of studies and select the appropriate analysis model. A
sensitivity analysis was applied by removing one study at a time to detect stability of overall results. Publication bias among
studies was determined using the Egger’s regression test. The results of this meta-analysis showed that the inbreeding
depression per one percent increase in inbreeding for BW, WW, 6MW, OMW and YW were -0.004, -0.054, -0.035 -0.13
and -0.067 kg, respectively. In addition, inbreeding effects were significant for BW and WW (p <0.05).

Keywords: Body weight traits, inbreeding depression, meta-analysis, sheep and goat.

* Corresponding author E-mail: m.razmkabir@uok.ac.ir



o SasS EAS g s as, Slis gl Sspe <l b oL Kes 5 ool YYY

5l zts $¥Y o, L (2002) Negussie et al.
56 2l g le JatisT o e 4+ F 5 zs3 VAD
O3y Slie lp 1) (Goten woye o lEl
h SaSy g (Kalo 7 (59 605 b 09 Mg
ENARE DRV £F WERTIRY T\ IRY IR /RN
ol g cnl e wes A)IS e SelS
Dgr eddd LISl gee (s mee 50 Sk
4 1y cul oo (2017) Mirzaee llaly et al.
Oig Slae lp Gerer RIPl sy Sl
Sy 5 (Sale 1 (Kol 7 o655 50d 039 g
YIVY NEP oy ) o plaiawgs jo
51 a5 wiles,S i3 w8 Y /8P o Yo/AY O F/AY
OeRgh 50 (P>[e0) 0g o S Lg)Lg.—l Sk
e Dy Sl M5 plaibsS g5
S5 b 039 9 WP 09 $lr 1) GePe il cenl
Van ) wis,S b5 0,5 AV FIf i 4
49 (2012) Dorostkar et al. (Wyk et al., 2009
) Seen 5l (B S8l Glie wibwsS (59, aslllas
cif a Sale WV 5 15 T g 5 lie sl
Mandal .sisge 55 o 8 FY 518 V8 YR Y
ol s Sl sl sl (2005) et al.
039 Slho p T hkhe lusiesS 3 spee
) (T 5 (oo (Fale P 155 ey
S w8 MY 51T VB cFA Ve iy
35 o s glal L 5l alS e onl aioged
P s S9) 2 R laddllas o (p<+/-0)
539 5 g5 (339 Cunl gy (2015) Rashidi et al.
P VPIO 9V s a ]y SsFe il oS et
3,8 1S
Sed 5l (A S8l Ol sl 0al 1S polie
Oglite SzeS (BaS loteds e slacener
sl Grpe 5l (A 28l 5l patine lude 5 wog
S aBlieed QAR S ygn ued ;3 W, Che
il g9y oadiplnl gl ST Jo 4 Bk
Gl sdiged o3Il b wcalize Iyl cov et en
5 dwlie oSy Wil Jglate mll g ouliplxl

3. Elsenburg Dormer
4. Muzaffarnagari

doddo
alS a5 sllasls BT o 4y ' giglaggs (b5l
o ol o o) solatdl Glis Sl
S 50 iglings il J S .l 034y plo 2!
e sl S 4 de El Gl cailio an
3 Gl gistings el ely (e oo
Sl o Go3pd sbml 5 Conex 0 D550

(Van Wyk et al., 2009) ol
sals Syso a4 lasyre Sl Ghy9n 5o
s sl sloolSi] 5 xS 5 4
Sls a5 ol ) A6 ONSe 5 Sstes sl
Jdo 4 ol ol o (Maximini et al., 2011)
Carez 5o 03l og S> g5 Slilgs o5 olass
Sl Wglta g o131 (g S ida 5l (s xSl (Ne)
ol A e ol Jls 4y oS ezl sl lado
Drobik ) 994 so (S5 £95 528, G 5l 9 SoFen
ool (K55 95 pas (& Martyniuk, 2016
LTy Lol 6,55 (2l 5 sl uly 1 el
Van Wyk ) aiS oo oga0m oaisl byl g oo 3
BT g0 Sl Jliz &y g0 Sepn (et al., 2009
i sl sl G lase esSd 2 0
b waliss o3l a5 bl o 3l oo 5 Sed oo
(Parland et al, 2007) ol aisls (el o2
l, Ss>p2 LU (1989) Falconer & Mackay
(S5 by Sazme @595 ((SumsSjgen Al
sy oSlee alS 5 oansS slagy; b
L is el Goee Wo)S 1S HeFe
S L s cdlb Lo syt
ket Sl 28lS 5o L) Sl
Sl cdl ) gaiglings gl 51 ol ol 8l
Slilp Gl Sl e 8 S T Ses
3 wotlacl oy Gall g oS50 sl
5as, olas (Weigel, 2001) wib oo axol>
Blod 4 45 axib e ol glapls Slio o Fge

sl el 3 coenl golaidl

1. Inbreeding
2. Inbreeding Depression



YYY VAR Sl o 5L (Y 8,58 oolul ol psle

S 3 (B3l gl axly (5jlade 4 Slies
ol (2Bly ylade pols LB sy iomes
3505 ly OBt ys LS jo o Shes tals

Spdise Ose ol 556 Jle oL

b 5959 3Mg0

ol Wil ‘5)37@.‘? 9 axdlao 590 wlawo
30 SoS HBaS Jlgis o beree )l b cdl
PO S et Oj9 N 059 Jeld) ad) Slas
5 ool slaejly () (ow)lb Ds g oSl s
)j‘" ‘" @PM &é‘" ‘"‘;’PM" A"_;Lo ‘5%15
M "AA:'_') Qu‘o" 3 "}e" ‘"m;" ‘"@PM
gire Dme g LKL 0 e aial
Science PubMed Jold b cwedSl Sig 2SI
oSy 5l eolaxwl L Springer ¢ Wiley MDirect

“inbreeding”, “inbreeding depression”,  slvaols
3l eolazul b “growth”, “traits”, “Sheep”, “goat”,
3 eize D gz OF g and o+ glo Sles
B 5 LBl sl s s easdll)| slaallas

Al ool 5

mating between related individuals
e.g. half-sibs mating i

@leies g hagh ool I ol @l (9,5 aadl>
S sly Sl o sl jsliie 4 S5 4z o 4
el o )5 4 (9 «8yap0 Glrssy Gsk )
50355 oo ¢ Jol> @l S 5 (sl enlis (sl
Ll p3¥ Come 4 (liwd jshiie 4 g ol 0]
Borenstein ef ) 5gi oo 55l \J.JJUL.B S el
Aal, 2011
@ plol ly whe Il o Ll
Glesaze @) 5 calie Slallas o on_lsS
el s a3 5 @l Goslaexr b aosls 51 S5
sleools (Ld=sls jo (Y JSo) sl ool oyl
sloosly poxd b oaSh Sgdood Wy S0
Lalys gl iz Cilyzr (g1 5 iy Slelllae
g >l 4l SH U w8 o ol Srmo wglad
cbassly 3.l (Glass, 1976) 53,5 Jol> 5 ls
Los iy ©ope @ Ol | oty Slalllas
(ol opl yo (Tyson, 1989) ols slowl Sj9,me
S35 syl 0yl 50 Sl s @y 4z
L S5 Gipgh oyl Cuwnl Glizee oVYlas o
Wy olhe o Gree Sl ee)n S
sebaie a4y g Jelol)d by a4y SreS A lgsis

keeping small populations
e.g. Markhoz goats

i
>y &

g

inbreeding depressionin progeny

P
growth }

| Meta-analysis \/ S

: - l
e survival

wreed 5l iU el anllae gly Tl 5l Ssles JSi N S
Figure 1. schematic diagram of meta-analysis of inbreeding depression

1. Meta-Analysis



o SasS EAS g s as, Slis gl Sspe <l b oL Kes 5 ool YY'f

8l (pls olawd) aiges o3l cllae jlacl Jlo ¢ Jsl
Sl Blsul bl olitil g o Sgee 3l o0b
2 lr Gee 5l 56 Sl glas sl 5l S e
(S loged ey gl Sl Lo a &8y o

et 508l oy p Sl rizes g Mz loged
OMU"’)‘; )Lﬂ.&o OLA.MJ| as Lg"))‘}" 3 ] 6)5)..0
10 ool Jlse olitdl dwlxe gz 3 dlolses 5l 09

SD

SE="2 )
VN

dgad Slasi N g 4lso oLl SE alolee opl jo a5

Sygo 4y Slalllas jo e 5l LU cdladl
Ssdigo GBI ) e

Ol Bis> g ol jlreo
a5 wan bl Sbllas ((SgS hash 0
Serpp 5l ool Bl =Y wiog JolS e glls -
o315l Y sxog 03,5 0,915 a5 8,90 Slao sl
(309 00,5 )38 Olas sl |y (plo dlawy) daiges
I, SE) o,laibwl glas L (SD),lso 3l,oul -F
35 Oyee a4 SYlAe Bds Jlse .diogs 00,5 5,158
shls hid a5 SYe -V «g 90 Yo - 10y
oS GYEe -F o)l ,ST oYlae -Y caiog 0ul S

ings 03,55 ylsE 1y IS ledlll

Wosls zl yziw!
owy ‘nb 4.Lo.> )| dxdllao LI .lay)a Sleds|

Jedzst 8 cpl o eolatwl 890 Slalllae Slivgas .\ Joux

Table 1. Characteristics of studies included in this meta-analysis

Inbreeding depression

Study Year of publication ~ Species Breed BW WW MW OMW W
Boujenan & Chami 1997 Sheep Sardi 0.0001  0.0056 - - -
Boujenan & Chami 1997 Sheep Beni guil -0.0061  -0.0469 - - -
Barczak et al. 2009 Sheep  Wielkopolska breed-1 -11.8 - - - -
Barczak et al. 2009 Sheep  Wielkopolska breed-2 -10.5 - - - -
Barczak et al. 2009 Sheep Polish merino -3.7 - - - -
Barczak et al. 2009 Sheep East fresian -12.09 - - - -
Barczak et al. 2009 Sheep White-head mutton 16 - - - -
Barczak et al. 2009 Sheep Black-head mutton -0.1 - - - -
Barczak et al. 2009 Sheep Prolific-meat line -6.4 - - - -
Barczak et al. 2009 Sheep Meat line in dorsety -3.5 - - - -
Hossein-zadeh 2012 Sheep Moghani -0.009 0.057  -0.08 -0.045  -0.159
Gholizadah 2016 Sheep Baluchi -0.001 -0.01  -0.02  -0.01 -0.131
Negussie et al. 2002 Sheep Horro 0.0035 -0.0063 -0.03 - -0.103
Mandal et al. 2005 Sheep Muzaffarnagari -0.01 -0.048 -0.08 -0.129 -0.112
Ceyhan et al. 2011 Sheep Ceyhan 0.0245  -0.0234 - - -
Mokhtari et al. 2014 Sheep Iran-Black -0.007  -0.037 - - -
Rashidi et al. 2015 Goat Markhoz -0.0031 -0.0165 - - -
Dorostkar et al. 2012 Sheep Moghani -0.007  -0.291 -0.03 -0.019  -0.042
Norberg & Sorensen 2007 Sheep Texel -0.11 - - - -
Norberg & Sorensen 2007 Sheep Oxford Down -0.088 - - - -
Norberg & Sorensen 2007 Sheep Shropshire -0.082 - - - -
Mirzamohamadi 2014 Sheep Iran-black -0.009  -0.029 - - -
Yeganeh pour 2015 Sheep Lorestan native -0.004  -0.0203 -0.25 -0.0045 -
Alsheikh 2005 Sheep Egyptian barki -0.006  -0.015 - - -
Analla et al. 1999 Sheep Merino -0.13 -0.65 - - -
Eteqadi 2013 Sheep Guilan province 0.0055 0.02841 0.02 - -
Mardi et al. 2014 Sheep Makooei 0.0012  -0.0664 -0.1  -0.083 -0.0756
Rostami Zade 2017 Goat Rayeni Cashmere -0.0084 0.4472 0.146  -0.79  -0.5298
Yavarifard et al. 2014 Sheep Mehraban 0.00634 0.01468 0.048 0.00409 0.0986
Ercanbrack & Knight 1991 Sheep Rambouillet -0.008  -0.114 - - -
Ercanbrack & Knight 1991 Sheep Targhee -0.014  -0.116 - - -
Ercanbrack & Knight 1991 Sheep Columbis -0.002  -0.087 - - -
Almasi 2013 Goat Markhoz -0.5 -4.8 - - -
Van Wyk 2009 Sheep Elsenburg Dormer -0.008  -0.099 - - -

1. Regression
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2. Comprehensive Meta-Analysis
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Table 2. Results of heterogeneity test for studied traits

Heterogeneity analysis

Trait Q-value P-value  I-squared Model
BW 2850.060 0.001 98.807 Random
A% 20150.925 0.001 99.891 Random
6MW 844.341 0.001 98.934 Random
IMW 39.674 0.001 82.356 Random
YW 52.637 0.001 88.601 Random
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Table 3. Results of Egger’s regression test for studied

traits
Trait  dff P-value
BW 33 0.313
WwWwW 21 0.352
oMW 8 0.308
IMW 6 0.345
YW 5 0.001

*df: degree of freedom
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Table 4. Results of meta-analyses for studied traits

Trait # Breed Sample Correlapon L(.)W.er Upp;r P-
size  coefficient  limit limit value

BW 35 263265  -0.004 -0.006 -0.002 0.001
wWwW 23 111506  -0.054 -0.064 -0.044 0.001
6MW 10 52843 -0.035 -0.134  0.064 0.479
IMW 8 23762 -0.013 -0.052  0.026 0.525
YW 7 21056 -0.067 -0.166  0.032 0.101
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Figure 2. Forest plot for birth weight using random-effects model; black horizontal line is indicative of confidence
interval for each study; Diamond located in the bottom of plot represents summary of results
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Figure 3. Forest plot for weaning weight using random-effects model; for additional details refer to Figure 2 caption
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Figure 4. Forest plot for 6-month weight by random-effects model; for additional details refer to Figure 2 caption
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Figure 5. Forest plot for 6-month weight using random-effects model; for additional details refer to Figure 2 caption
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Figure 6. Forest plot for yearling weight using random-effects model; for additional details refer to Figure 2 caption
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