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ABSTRACT

This study aimed to estimate the genetic parameters of body weight traits in Markhoz goats, using B-spline random
regression models. The data used in this study included 19549 records collected during 29 years (1992-2021) in Markhoz
goat Breeding Research Station, located in Sanandaj, Iran. The model used to analyze data included fixed effects (year of
birth, sex, type of birth and age of dam) and random effects including direct additive genetic, maternal additive genetic,
permanent environmental and maternal permanent environmental assuming homogeneous and heterogeneous residual
variance during the time. Akaike (BIC) and Bayesian (BIC) information criteria were used to compare the models and
bspg.4.4.4.4 was selected as the best model. The direct heritability values for birth, 3-month, 6-month, 9-month and 12-
month weights were estimated to be 0.14, 0.16, 0.08, 0.28 and 0.26, respectively. Genetic correlation between body weights
at birth and 3-month, birth and 6-month, birth and 9-month, birth and 12-month, 3-month and 6-month, 3-month and 9-
month, 3-month and 12-month, 6-months and 9-month and 9-month and 12-month were 0.22, 0.38, 0.21, 0.56, -0.26, 0.30,
0.62, 0.86 and 0.77, respectively. The highest phenotypic correlation was between the weight of 9-month and 12-month
(0.82) and the lowest correlation was between birth weight and 3-month and 6-month (0.12). The results showed that the 9-
month weight is a good criterion for selection in Markhoz goats.
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Table 1. Characteristics of used data

Parameters No. of animals
Individuals 5510
Records 19468
Sires 260
Progeny with known sire 5170
Dams 1611
Progeny with known dam 5119
Founder animals 340
Individuals with known sire and dam 5119
Dams with unknown parents 309
Sires with unknown parents 31
Individuals without record 3639

8 soliiwl 50 Joe Jaw yo a5 ub LT
3 gho 35 b ol i Sl W e a8
(o5 ans 5 5l8 93 (58 0) mhans 4 b g £95 (obo
YA L Wy Jlo d(Jlo Ve B Y) mlaw 4 b jole e
3y e 3 Olge y 5 YA B VYVY) b
a Yl ools I3 Jaw o SeS e Ojgod
o b oole 5 5 slaalliyy alS ol o a8 el S
Sl 5 s 0dl (55l A5 o Sale VY
W0,8 o w3y ol ol lels o ol olsle

S Jels Jae ol o ol LT
hee (sydle (Ll (SB) e (il
Sl g 0e yole sl ass g ply s
JU Sppe a eslinal 8y90 sladae (hagh
ool o ek 4 S Sa (ol il bz l))
5 oilte Djge 90 4 ouileaBl Wib)ly laJae
oulyly puile Gl 0wl (6)8 uilmials
o o Ll e S Sy 4 owilasdl
a g o ke a oailenBl bl uilrial
BVAY ((Sie, VAe B A) (S3e, A0 b)) &
P 3 D e (559, VP LYVY 5 (S5, YV
5,5l &ly WOMBAT (Meyer, 2006) s
Ojy Slie (S5 slayehl g Wby slaadlse
Al oolaiwl oy

ools el 5 oslap b (Kale YA o )L oyl
Lo Gigeel Gl 5 Yo B Y 5l aVle g o
oolaiwl (eole 1 VO L V- L § 3 y») oole sloy
SS9 Vg 5l o 0ad Wgte o5l ZlS Wgd e
I SVS GIRYE PR FUERIPVE T WG VLR VP PRI W
o g ool lax jobe 5l ey o 5 o Nl oo
wdsi jole b L 9o ailyy, (Sale ez JIav
Y] o)La.i’; A]Li:)'.g o Lo J,ch w0, o ..\,.,564
ol oo BT slas e85, olows g jole ojles
S5l e 5 5 mosls (g5lwoolel (gl .09 8,55, VAFFA
3,50 Slaw .al colazwl Microsoft Excel 2016
(Sole i« Sale aw cgi slayyy Jols asllas
3,90 ool Claxin oy S 5 Salo &

] 00 =\3|)‘ \ Jj.).? Ie oolaiul
Oole Liegh opl 5o eoliiul )50 (g k] Jow
}"g'_;.':CQ:' + Z:{nf__ulﬂm Bm {:t:'_:l')+ E:{:—_Dl G'p m Bm {:ti'}')+
E:{;zgl}{pm Bm (:t:-}-)+ anc—_[:-lapm Bm {:t:’_;l')"'

kg—1 .
Em_[) ppm Bm ‘:_ti_;l')+ei_;l'

ol 4y bgsye 39 9,65, Vil (Jae (nl po
Slr Sl g5y curo Bole o 5 WS 9

P ‘ypm ‘apm (V 4z ,0) Coumoz 0l Souis

pm 5pm
Ll ln (Bolas s )S) culpd eolp ool
Al yole (Bl Sess eains (ol 1 (S5
B (ti; csyole oils Jame g plo ello o
kf ‘tija)S.Lo.c a by ol & eyl Cyealm)
Ky s Ko KoK, s Sl ggm Sy sl (A5l 4,
iolas LT olys asliiul 8j50 conli culys slass
), (Meyer, 2005) osg ouileudl 1 &5 4
zoss BB XKakukrke &j90 4y b Jos (g5
oilp 4z sanasglis Xl o a5 wsb e
(Linear, 1) oz wilgs oo a5 ol (Gladbazaiz)
(Cubic, ¢) ¥ a>,s L (Quadratic, q) ¥ a>,o
iy 4 Kooy KR kv Ka  pooren ol
lp osliial 3550 (g )55 ol pe osmalis
(5 obe sl S s (S2al38 S U1
Aol g 5ok gedld lae g e oSl Laore



e 3oLl g )S 5 slo Joe 5l eolanl b oy 59 Slao (S5 sl el )l 0 5] 1) Ked g baes] Y¥A

(oilmial g uilie eailenBl ibjly b b5lp
¥ ooule 4z sl e Jow a5 wo 5 cunslie
LT el Bolar ST ez b (5 slaJas)
‘Lg)al.o LS”"")S‘ L;i»-»-’) oo gs‘“"‘)s‘ L;i""’)
Gobe codls s g ply salls aoxe il g
a4 .oy BIC § AIC polie o S lyls
5 bspa.4.3.4.4 Jow uilxie > 50 Joe o e
Sy9lp slp bspa.dddd Jow bl cdl> o
BIC )L..r.a 3A|C )L».’.A “vao.b Ca.w)é p.u)lil );.)LD.A
odgh opl o eolatwl 0,50 calize sla Jow (gl y

Gl 00 00l QL..».) Y 9 Y 6[@J9A> B

255 51 yiolyly 5 il sl sBaR 50 3,591 2
Jol> g pdyilyy Wiy, g i)y sloadlge 50
Joaz 0 dsllas 5,90 Slas lp b Jos o i 3
amiliz Cowl ool ool LIS Y 9 ) Gl SO 4 F
osbyly Cans was o lid ¥ Jgas slaosls
el eed bly @ yole (el (ane
Oy 0> A B O Jae) S s sl
IoN 5l i (6 pdudlyg (Vo) ;JL.,@
Sele A 035 0 VY B (Y Jow) g5 (59 sl
09 &l I Sl gyele rdisdls o (V Jo)
Joe) (Sabe 4 (59 )0 /AL O o) 05 s
Sl ohegn onl Sl Jel> s o Ogline (V
2o Gl mls b ole sndycdlyy ol
sl (S5 el ly e )l Cillae mlie
S5 ol)ly S Gl Glbly 4 650k
Dt oSl (9 l)ly 4 s (o2l

0.400
0.300

0.200

Direct Heritability

0.100

0.000

—=@— Heterogenous

calin kel Joko oolil
Sysly oo il oJoe ety Sl ) Gae
O, sladse o Sl Gubjly laadlge
Ioldee Jowe ey ol sy Bolas
S ol olee jlas™s 5 eolaal alidee (slajLne
G oLl Les 5 (AIC, Akaike, 1970) ST
A4l (6 ias 0,15 (BIC, Schwarz, 1987)

Lo Bolas BT gl Jae obs)l jsbaie @
5 (V) laaoles 5l (i 9 SOBT Lre 51 oolasu!

o eolaw! (V)
AIC=-2(Log L) +2p QD)
BIC =—2 (Log L) + p log(n-x) D)

slawi P e glatin o o W Log L da oo oyl jo
ol Jelge zalaw olasi X oo o5y slaxi Nl il )y
A oolawl (g5 Ml jlxe pgo dolrs jo .all o
I T shiie 0 ST silon 5 s o
Al ol claymally ol b oowzms sl Joe il
G ez ST @y crd Jlne ol el 0y F
50,5 o0 by 0k byl b slawi b slo Jow (sl
& o ol Jae bl & i e blas
aS Joe (Boligon et al., 2011) coul jiin SOIST
Slsie a asl BIC 5 AIC Jlade ool sl
Sl Sy sl oyl e e i
3o Dlao Gor (Srod alyd 951 (sln 055 e
O oolaziwl OGP M )| axllao

o g @

> g0 o adlhae 0y50 slaools a5l

—&— Homogenous

Birth weight Weaning weight

6-month weight

9-month weight 12-month weight

peiine (g pdydlys N S
Figure 1. Direct heritability



Y¥a VE) i) oF 5,Lads Y 5,95 eyl ol psle

Table 2. Log likelihood, AIC criterion and BIC criterion for homogeneous models

Row Model Log L AlIC BIC
1* bspg.4.3.4.4 -16613.8 33301.61 33592.96
2 bspg.2.2.4.4 -17755.6 35777.74 35565.13
3 bspg.3.4.3.4 -18150.2 36366.30 36626.15
4 bspg.2.2.3.4 -20395.6 40837.15 41018.26
5 bspg.4.4.2.4 -20425.3 40918.57 41186.29
6 bspg.4.3.2.4 -20508.6 41077.23 41313.46
7 bspg.4.4.3.4 -20601.6 41277.17 41568.52
8 bspg.2.2.2.4 -20656.8 41353.57 41511.06
9 bspg.3.3.3.4 -20555.2 41396.71 41168.35
10 bspg.4.4.4.4 -20729.4 41540.77 41863.62
11 bspq.4.4.4.3 -20743.8 41561.56 41852.92
12 bspg.3.4.4.4 -21017.4 42108.79 42400.14
13 bspg.2.4.4.4 -21043.1 42154.24 42421.96
14 bspg.4.4.4.2 -21049.3 42166.64 42434.36
15 bspg.2.2.4.2 -21340.1 42720.28 42877.77
16 bspg.4.2.4.4 -22148.2 44364.45 44632.18
17 bspq.2.4.2.2 -24708.4 49456.89 49614.38
18 bspg.3.3.3.3 -25734.0 51518.08 51714.94
19 bspg.4.2.2.2 -25825.7 51691.38 51848.87
20 bspg.2.2.3.2 -25835.2 51702.32 51828.31
21 bspg.2.2.2.3 -26043.9 52119.89 52245.88
22 bspg.2.3.2.2 -26146.4 52324.86 52450.85
23 bspg.3.2.2.2 -26237.4 52506.87 52632.86
24 bspg.2.2.2.2 -28364.0 56754.03 56856.40

* The best model
osilial sloJaw (sl BIC [Las g AIC jLuss o gled Cewyo oy )& polde ¥ Jgao
Table 3. Log likelihood, AIC criterion and BIC criterion for heterogeneous models

Row Model Log L AlIC BIC
1* bspq.4.4.4.4 -15697.4 31482.81 31829.28
2 bspq.4.2.4.4 -15737.3 31548.67 31840.02
3 bspq.3.4.4.4 -15770.7 31621.46 31936.44
4 bspq.2.4.4.4 -15780.3 31634.57 31925.93
5 bspq.4.4.3.4 -15972.6 32025.19 32340.16
6 bspq.3.3.3.4 -16097.3 32258.74 32510.72
7 bspq.2.2.3.4 -16105.9 32263.82 32468.56
8 bspq.4.3.2.4 -16115.9 32297.83 32557.68
9 bspq.4.4.2.4 -16260.6 32595.23 32886.59
10 bspq.2.2.4.2 -16302.4 32650.83 32650.83
11 bspq.2.2.4.4 -17362.5 34784.96 35021.19
12 bspq.4.4.4.2 -17361.7 34797.39 35088.75
13 bspq.2.4.2.2 -17781.0 35608.04 35789.15
14 bspq.4.3.4.4 -17825.8 35717.70 35977.56
15 bspq.4.2.2.2 -18096.0 36238.01 36419.12
16 bspq.4.4.4.3 -18139.8 36350.68 36674.66
17 bspq.3.3.3.3 -18259.8 36575.69 36796.18
18 bspq.2.2.3.2 -18444.6 36927.36 37076.97
19 bspg.3.2.2.2 -18775.8 37589.54 37739.16
20 bspq.2.2.2.2 -21146.2 42324.43 42450.42
21 bspq.3.4.3.4 -23452.3 46922.52 47206
22 bspg.2.2.2.3 -26107.5 52252.97 52402.59
23 bspq.2.2.2.4 -27963.8 55961.59 56095.46
24 bspg.2.3.2.2 -30222.4 60482.74 60632.35

* The best model
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Table 4. Variance components and heritability obtained using the most appropriate models

Trait Model ol Gl Gl Cpot ol Pe* h2 hZ,
S 1 002 0005 010 002 000l 014  014+003 003002
9 2 001 002 000 001 0960 001  001+0.01  002+0.02
R 1 060 005 040 001 2500 000  016+0.02  0010.01
Weaning weight (90-150 days) 2 100 020 109 020 1510 005  025£0.03  0.05:0.02
_ 1 060 014 260 004 3724 001  008:0.02  002+0.01
6-month weight (151-210) 2 110 040 390 040 1533 005  015+0.03  0.05:0.03
_ 1 270 034 620 016 0126 002  028:0.03  0.04+0.02
9-month weight (211-300) 2 530 140 701 130 1553 008  032+0.04  0.08:0.04
. 1 430 052 1120 030 0126 002  026:003  003+0.02
12-month weight (301-365) 2 580 070 1387 190 1897 008 0.24+0.04  003+0.01

Model 1 is bspq.4.4.4.4 and model 2 is bspq.4.3.4.4

.. = Additive genetic variance; @, = Maternal genetic variance; o,-.; = Permanent environmental variance of animal; ..; = Permanent environmental variance
of dam; Pe” = The ratio of Permanent environmental variance of dam to phenotypic variance; hZ = Direct heritability; hZ, = Maternal heritability
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Figure 2. Maternal heritability
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Table 5. Genotypic and phenotypic correlations between body weight traits of Markhoz goats in different ages
Genotypic Phenotypic

Age (day) Heterogenous Homogenous Heterogenous Homogenous
1-90 -0.91+0.12 -0.96+0.09 0.12+0.01 0.63+0.02
1-180 0.22+0.13 -0.49+0.08 0.12+0.03 0.59+0.02
1-270 0.38+0.10 0.13+0.12 0.19+0.02 0.49+0.03
1-360 0.21+0.12 0.14+0.09 0.17+0.02 0.30+0.03
90-180 0.56+0.07 0.68+0.09 0.27+0.01 0.80+0.02
90-270 -0.26+0.09 0.10+0.11 0.21+0.02 0.61+0.02
90-360 0.30+0.09 0.38+0.011 0.27+0.02 0.48+0.02
180-270 0.62+0.05 0.79+0.07 0.61+0.01 0.89+0.01
180-360 0.86+0.06 0.91+0.05 0.53+0.01 0.73+0.01
270-360 0.77+0.04 0.94+0.03 0.82+0.01 0.85+0.01
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