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Abstract

Objective

The restricted maximum likelihood method and the Bayesian method are widely used to estimate
the genetic parameters of economic traits in livestock. This research aims to compare the results
of genetic analysis of growth traits in Rayeni cashmere goats using these two methods. This breed
is mainly bred in Kerman Province, Iran.

Materials and methods

In this research, individual records and pedigree information of the growth traits of Rayeni
cashmere goats that were collected from 1370 to 1385 in the breeding station of Rayeni cashmere
goats located in Baft City, Kerman province, were used. The traits studied in this research
included body weight at birth, three, six, and nine months. Univariate animal model for estimating
the variance components and genetic parameters of these traits using two methods, including
restricted maximum likelihood and Bayesian-based Gibbs sampling, was used.

Results

Fixed effects, including age, sex, age of dam, type of birth, the effect of year and month of birth,
and random effects including additive genetic effect and maternal genetic effects, were significant

for all traits. The direct heritability of growth traits from birth to nine was estimated using the
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restricted maximum likelihood method as 0.18, 0.14, 0.08, and 0.10, and using the Bayesian
method as 0.17, 0.08, 0.09, and 0.19, respectively. Maternal heritability of growth traits was also
estimated from birth to nine months using the restricted maximum likelihood method as 0.18,
0.08, 0.09, and 0.09, respectively, and using the Bayesian method as 0.17, 0.06, 0.06, and 0.13,
respectively.

Conclusions

The results of this research showed that the efficiency of the two methods of restricted maximum
likelihood and Bayesian-based Gibbs sampling for genetic analysis is affected by the amount of
data used. In situations such as birth weight, when there is a sufficient record with a suitable
structure, both methods have good and similar performance, and each of these two methods can
be used; otherwise, the efficiency of both methods will decrease. Therefore, it is necessary to
design and implement animal breeding programs where a sufficient number of records with a
suitable pedigree structure are collected for the investigated traits.
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Introduction

Goat farming is a widespread agricultural activity, and its products enjoy promising market
demand. The global goat population has steadily increased even in regions with developed
economies, despite changes in agrarian practices brought about by industrialization, globalization,
and technological advancements. Goats are primarily raised for meat, milk, and fiber production.
Goat farming plays a vital role in supporting the livelihoods of farmers in arid and semi-arid
regions, including significant parts of Iran. Recently, goat meat has been considered a main source
of animal protein in many countries in North Africa, Southeast Asia, and other parts of Asia, and
it can be regarded as an important protein source elsewhere. In Iran, as well, goat meat is

recognized as a source of animal protein. Considering the country’s growing population,
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improving the efficiency of goat meat production through the design and implementation of
breeding programs is crucial. Determining genetic parameters of target traits and selection criteria
is are key component of such breeding programs. Moreover, the accuracy of estimating these
genetic parameters significantly affects the success of breeding efforts. For estimating variance
components from balanced and unbalanced data, specific methods such as Restricted Maximum
Likelihood (REML) and Bayesian approaches are employed, especially for unbalanced data. So
far, no studies have evaluated growth traits in Rayeni cashmere goats using both REML and
Bayesian methods. This breed is mainly found in various areas of Kerman Province. The primary
objectives of raising Rayeni cashmere goats are, in order, meat, milk, and fiber production.
Generally, the number of kids decreases after birth due to various reasons, such as mortality,
which in turn reduces the number of available records for postnatal traits. Previous research also
shows that data size and structure significantly influence the accuracy of genetic parameter
estimation. Therefore, this study aimed to estimate the genetic parameters of growth traits using
a univariate model and both REML and Bayesian methods in Rayeni cashmere goats, to evaluate

the effectiveness of both methods under limited data conditions.

Materials and methods

In the present study, data on growth traits of Rayeni cashmere goats collected over 15 years
(1991-2006) were used. It should be noted that the data were gathered by the Rayeni Cashmere
Goat Breeding and Improvement Center located in Baft city, Kerman Province, and we did not
interact directly with the recorded animals. Appropriate univariate models were used for the
genetic analysis of body weight at each of the ages studied. The fixed effects in the models
included year and month of birth, sex, dam age, type of birth, and animal age in days (as a
covariate). In Model [a], in addition to fixed effects, direct additive genetic effects and random
residual effects were included (y = Xb + Zaa + ¢ [a]). To assess the importance of maternal genetic
effects, Model [b] was used, which was derived from Model [a] by adding maternal genetic
effects. The covariance between direct and maternal genetic effects was assumed to be zero (y =
Xb + Zsa + Zom + e (6am = 0) [b]). To evaluate the importance of the covariance between direct
and maternal genetic effects, Model [c] was applied. This model included fixed effects, direct and
maternal genetic effects, their covariance, and residual effects (y = Xb + Zisa + Zom + € (Gam # 0)
[c]). Model [d] was derived by adding permanent maternal environmental effects to Model [c].
Thus, it included all fixed and random effects (y = Xb + Zia + Zom + Wmpe + € (Gam # 0) [d]). In
the models, y is individual records of body weight at each age; b is vector of fixed effects; a is
vector of direct additive genetic effects; m is vector of maternal genetic effects; mpe is vector of
maternal permanent environmental effects; e is vector of residuals and X, Zi, Z., W are the
incidence matrices for fixed, direct genetic, maternal genetic, and maternal permanent

environmental effects, respectively.
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Results

In the Results section of a quantitative paper, summarize the collected data and the results of
any analyses performed on those data relevant to the discourse that is to follow. Report the data
in sufficient detail to justify your conclusions. Mention all relevant results, regardless of whether
your hypotheses were supported, including results that run counter to expectation; include small
effect sizes (or statistically nonsignificant findings) when theory predicts large (or statistically
significant) ones. Do not hide uncomfortable results by omission. In the spirit of data sharing, raw
data, including study characteristics and individual effect sizes used in a meta-analysis, can be
made available as supplemental materials or archived online. However, raw data (and individual
scores) generally are not presented in the body of the article because of length considerations.
Analyze data and report findings, including effect sizes and confidence intervals or statistical

significance levels.

Conclusions

The results showed that adding maternal genetic effects to the direct additive genetic effects
in Model [b] led to a significant increase in the log-likelihood value of the model for birth weight,
3-month, 6-month, and 9-month weights. However, including the covariance between direct and
maternal genetic effects and the maternal permanent environmental effects did not significantly
improve the model. Therefore, Model [b] was used for further genetic analyses. Previous studies
have emphasized the importance of pedigree relationships, number of offspring per dam, and
percentage of dams with records for accurate maternal effect estimation. Accordingly, the data
structure was examined first. Both REML and Bayesian methods produced similar estimates of
direct and maternal heritability for birth weight, but this similarity diminished at older ages,
reaching its lowest at 9 months. The number of records at birth, 3, 6, and 9 months were 4,117,
2,948, 2,597, and 1,460, respectively, indicating the highest number of records at birth and a sharp
decline afterward. The dataset structure also showed that 100% of sires and dams had records for
birth weight, but this decreased to 68.62% of sires and 54.83% of dams at 9 months. Similarly,
the average number of offspring per sire for birth weight was 20.18, while for 3, 6, and 9 months
weights it dropped to 15.59, 13.74, and 10.42, respectively. Furthermore, while 100% of animals
had birth weight records, only 35.46% had records at 9 months. Genetic parameters of body
weight traits in goats have previously been estimated using REML and Bayesian methods across
various breeds and models. The studies differ in data structure and models used, leading to varying
estimates. It is well established that proper data structure and sufficient sample size are crucial
for accurate genetic parameter estimation. Although the present findings fall within the general
range of previous studies, they do not align well with those that used well-structured data or
multivariate models, which tend to yield more accurate results. In those studies, the direct
heritability of body weight increases with age, while maternal heritability decreases, which is not

observed here. As mentioned, fewer records were available for weights after birth, affecting data
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structure and estimate accuracy. In such cases, multivariate models are more appropriate and yield
more reliable estimates for traits with sparse records. The univariate REML and Bayesian models
used in this study showed that as record numbers decrease, the estimated genetic parameters
deviate more from those obtained in multivariate studies. Thus, neither REML nor Bayesian
univariate models are sufficiently effective under limited data conditions, and multivariate models
are recommended instead. The results indicate that when the data structure is adequate (e.g., birth
weight in this study), REML and Bayesian models perform similarly in estimating variance
components. However, when data are limited or unbalanced, their effectiveness diverges. Prior

studies also show that both methods are effective when enough well-structured data are available.
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Table 2. Least squares mean with standard error and number of animals (in parentheses)
for the fixed effects
Saledi ()5 Sale (s 0 Sale 4 0 Ao ws g}‘f}‘
9 months weight 6 months weight 3 months weight Birth weight Fixed effects
kk kk sksk kk SeX
17.6+0.05(759) 15.5+0.04(1326) 10.6+0.03(1526) 2.18+0.03(2161) Male
15.0+0.05(708) 13.4+0.05(1169) 9.16+0.03(1422) 1.90+0.03(1956) Female
sk sk sk sk Birth type
17.1+0.06(1004) 14.6+0.04(1956) 10.1+£0.03(2288) 2.444+0.03(3094) Single
16.3+0.07(389) 14.4+0.06(539) 9.16+0.05(951) 2.10+0.04(1422) Twin
15.5+0.14(20) 13.3£0.12(24) 6.25+0.09(30) 1.74+0.05(145) Multiple
N s - s Age of dam
(year)
15.6+0.04(383) 12.7+0.03(686) 9.20+0.03(838) 2.0+0.02(1240) 1
16.32+0.05(320) 13.54+0.03(692) 9.60+0.03(785) 2.04+0.03(991) 2
17.0+0.05(288) 13.24+0.04(453) 13.54+0.04(692) 2.09+0.03(768) 3
16.1+0.06(191) 13.24+0.05(245) 9.734+0.05(297) 2.11+0.04(433) 4
15.5+0.07(101) 12.7+0.07(114) 9.54+0.06(130) 2.16+0.05(193) 5
18.2+0.19(16) 14.7+0.16(22) 10.47+0.15(23) 2.08+0.9(57) 6
*% Hk Hk *% Birth year-
month
*3k 3k 3k _ Age (in
days)

Table 3. The maximum log-likelihood of different univariate models for the growth traits of

Rayeni cashmere goats

Jdu[d] Jdu[c] Jufb] Jua] <
Model [d] Model [c] Model [b] Model [a] Traits
1887.00 1886.99 1885.99 1861.36 Birth weight
4111.86 -4102.97 -4112.10 4116.72 3 months weight
4067.09 -4067.00 -4067.36 -4073.12 6 months weight
-231483 2314.85 -2314.83 -2317.24 9 months weight

ilie Jdo oyt yRle (o 090 G Sl PSS 8 53 (0 0y Sl g aboiyd pSTas i)l Jlade #
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JUR AN >)5T)39L;}L.,L\? Sy dms o lis aisdS Gldllas ol gl aub eolatwl (oly (S8 5 50 Ay les (S5

198



RN,

Y€€ ()0 g (53905

wamsml,

4 syole Sll 3938 Caod s g oy 03liil 3y90 (slaodly Hld Lo lanl sl Gudss s 1 (Gerstmayer 1992)
5 9 maiima (6 phcdlyy ubly slo adlgo uda () Joan) 00,5 adllae uly (S8 b y0 ady Slie (Se§ LT Jue

iy A (G g wleiiuwd yiSlus gy 93 jledlaiwl b (Sl & 5 (Sale i o Sabe dw oi i (g0l (g pdy Clyg

el cawday [b] Jto m cotiie Jito 3l odliiul b golis cpl .ol o 03,91 0 9 ¥ Jolis )

sailadle yuilsly (07m) (53l Sy wilyly 0%) il 381 (S5 uiliyly W 2505 £ Jgua
& g (Sl (il ((Slo dmw o5 (339 (W) (5,5 (5725 1,9 9 (W%0) palliomno (g 2y 9 (0%)

cslodin y3 JSTas (g, b ool 3y90 0 Suly S5 2 Salbo
Table 4. Estimates of additive genetic variance (¢,), maternal genetic variance (¢m), error

variance (¢%), direct heritability (h’s) and maternal heritability (h?») of birth weight, 3-, 6-

and 9-months weight of Rayeni cashmere goats using maximum likelihood method

hn h24 o2 6%m 6% Trait
0.18+0.04 0.18+0.04 0.11 0.03 0.03 Birth weight
0.08%0.06 0.14%£0.05 4.58 0.52 0.91 3 months weight
0.09+0.07 0.08%+0.07 6.87 0.83 1.21 6 months weight
0.09+0.08 0.10£0.08 7.04 0.81 0.93 9 months weight

Ojs Sl iy Clyg 5 meiie sy by sl (pebie 3l cshm g (o) ST Bg) 93 5l edliiul L
odeawy 365 e 'y yieS A (Kalo &5 (s jd &S cobdy ol il ialS We 5 o i 50 Al ol Lol el Cnddy Ao
SN g a Sk &g Sale jid o Sale dw algi )loj 10 (59 )65 ) sl )l Guisd 0 .(0 9 ¥ Jodo ) cl
ol 3y68y 2lawd oy il (ghyld il b duslie 0 Wgi yloj 53 458 a5 S o oyl guls cpl g VEF o YOAY YAFA
by o Gig ln 2555y M (ppieS (Sale & (4w > ASgsboas cl wl (22l g5 5l ey i 3 b35S
() Jo2 ) 092 39290 () 55
g 038 3555 b (V- +) oyl g oy oled gl 4 amd g0 (L izmed (3o (] )3 03lai sl 390 (gloaly L3 L
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Table 5. Estimates of additive genetic variance (62,), maternal genetic variance (6m), error

variance (%), direct heritability (h?;) and maternal heritability (h?,) of birth weight, 3-, 6-

and 9-months weight of Rayeni cashmere goats using Bayesian method

h%n h% o% o%m o4 Trait
0.17+£0.04 0.17+0.04 0.12 0.03 0.03 Birth weight
0.06+0.05 0.08+0.05 6.32 0.45 0.59 3 months weight
0.06+0.07 0.09+0.06 10.72 0.83 1.21 6 months weight
0.134+0.08 0.19+0.08 12.07 2.36 3.61 9 months weight

s ela by il eslar wl b 3 calises gl calisee i w )d 8 (5e (SuB sla jielyl ar 535 Cldlles )

Alshorepy et al., 2002; Ligda & Gabrilidish 2000; Portolano et al., ) coul oaus )5l (g5 9 (olokin )
Supakorn & Pralomkarn 2002; Boujenane & Hazzab 2008; Rashedi Dehsahraee et al., 2013
Oiglate Gladss pl o )y HIK5 sl Jde piored g oaliol 5590 (sla o3l Hlid L ¢ dliws [(Gerstmeyer 1992; 2009;
Sl amd o LS abSE Slidiss 5,00 55 pb b 5 alie lius (gl o 3,9l (Ss (sl eyl oyl plo Al o
Gl aenl ()l canlio )i lo b 3 cla 0303 3439 4S5 jgkas Cl g0 (S sl 2oyl 35905 s 69y 2 b 02l
a5l b Ll ayls )5 a8 guls ol atels p> ysls s 5| ol zlis Lis a (Maniatis and Pollott 2003)
33585 ook salad Ml o 5 pusms g Wl el Gy o piie ki Jhe b g cawlio [l b (SIS cla ooy 5l a8 ool
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