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Abstract: This study was conducted to compare of random regression (RR) 

animal and sire models for estimation of the genetic parameters for production 
traits of Iranian Holstein dairy cows. For this purpose, the test day records were 
used belonged to first three lactations of cows and for, milk, fat and protein yields 
traits where, collected from 2003 to 2010, by the national breeding center of Iran. 
The genetic parameters were estimated using restricted maximum likelihood 
algorithm. To compare the model, different criterion -2logL value, AIC, BIC and 
RV were used for considered traits. Residual variances were considered 
homogeneous over the lactation period. Obtained results showed that additive 
genetic variance was highest in the beginning and end lactation and permanent 
environmental variance was highest in beginning of lactation than other lactation 
period. Heritabilities estimate for milk, fat and protein yields by RR animal and 
sire models were found to be lowest during early lactation (0.05, 0.04 and 0.07; 
0.05, 0.19 and 0.13; 0.14, 0.19 and 0.15, for milk, fat and protein yields and in first, 
second and third lactation respectively). However, estimated heritabilities during 
lactation did not vary among different order Legendre polynomials, and also 
between RR animal and sire models. The variation in genetic correlations estimate 
in the RR animal and sire models was larger in the first lactation than in the second 
and third lactations. Thus, based on the results obtained, it can be inferred that the 
RR animal model is better for modeling yield traits in Iranian Holsteins. 
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Introduction  
 
The use of appropriate method for the genetic components evaluation of 

dairy cattle is an important program of dairy animal production. In conventional 
method, lactation yields are calculated based on the test day (TD) records. TD 
records are actually repeated observations measured along a trajectory days in milk 
(DIM) and the mean and covariance between measurements change gradually 
along the trajectory. Among the models that consider TD production, random 
regression model (RRM) has been widely observed to increase the accuracy of 
breeding value predictions (Strabel et al., 2004). Several studies have reported that 
heritability of daily milk yields varied with DIM. In addition, genetic correlations 
between repeated measurements usually tended to decrease as the time between 
them increased (Pander et al., 1992). The extension of test records to compute 305-
day yields is unable to account for these changes in the covariance structure. 
Secondly, the assumption that 305-day yields across parities measure the same trait 
suffers from the same limitations. An appropriate model for the analysis of 
repeated measurements over time or age should account for the mean and 
covariance structure that changes with time or age and should be feasible in terms 
of estimating the required genetic parameters.  

Schaeffer and Dekkers (1994) introduced the concept of the RRM for the 
analysis of TD records in dairy cattle as a means of accounting for the covariance 
structure of repeated records over time or age. Although, some investigations have 
been carried out in Iranian Holstein dairy cows in regard to the estimation of 
genetic parameters of milk yield traits by RR animal model (Mohammadi et al., 
2012a; Mohammadi et al.,  2012b) and RR sire model (Bohlouli and Alijani, 
2012), but compare RR animal and sire models in first three lactation has not yet 
been evaluated. Moreover, in literature several approaches were used lower 
additive genetic (AG) effect order of fit Legendre polynomial (LP) model than for 
the permanent environmental (PE) (Mohammadi et al.,  2012c; Takma and Akbas, 
2009; Lopez-Romero and Carabano, 2003). It seems that might be sufficient to 
capture most of the genetic and permanent environmental variability observed in 
the shape of daily milk production, producing less oscillatory and less extreme 
values for both variances and genetic correlations (Lopez-Romero and Carabano, 
2003). Therefore, the purpose of this study is estimation of genetic parameters and 
comparison of random regression animal and sire models of production traits, using 
of LP (lower order LP for the AG effect than for the PE effect) and -2LogL value, 
Akaike’s information criterion (AIC), Bayesian information criterion (BIC) and 
residual variance (RV) of the first three lactations of Iranian Holsteins. 
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Materials and Methods 
 
The TD milk yield records obtained from national breeding center of Iran, 

belonged to the first lactation dairy cow from 2004 to 2010. Age range by parity 
was 21 to 46 months, 32 to 65 months and 42 to 80 months for first, second and 
third lactation respectively. Edited data included the following: The TD data were 
excluded before 5th day and after the 305th day of lactation. In addition, irregular 
data for milk yield (<1.5 and >70 kg), fat percentage (<1.5 and >9 %), and protein 
percentage (<1 and >7 %), (then were converted to fat and protein yields) were 
excluded. Also, only cows with more than 5 TD records, and herds with more than 
10 cows per herd in year of calving were kept. The sires having progeny fewer than 
10 were eliminated. Four calving seasons (spring, summer, fall and winter) and 6 
subclasses for age at calving for the first lactation (<26, 26 to 28, 28 to 30, 30 to 
32, 32 to 33 and >33 months), 4 classes for the second lactation (<40, 40 to 43, 43 
to 45, and >45), and 3 classes for the third lactation (<54, 54 to 58, and>58) were 
defined. This resulted to classes of cows calving age-season, which were included 
in the RRM as fixed regression part. RRM used to fit yield records was: 

 
 
Where  is the tth record (milk, fat and protein yields) of mth cow in ith 
subclass herd-test-date (HTD), jth (j= 1 to 7) calving year (YC  and kth (k= 2 and 3) 
milking times ;  is the nth fixed regression coefficient for mth cow 
belong to lth; amn and pemn are in RR animal model, regression coefficients nth for 
AG and PE effects on mth cow and are in RR sire model, random regression 
coefficients nth sire for AG and PE effects on mth cow, respectively; p is the order 
fitting of fixed regression coefficients; r (r= 2 to 6) orders number of LP;  is nth 
LP, for tth day and  random residual effect associated with . 
Estimation of genetic parameters with restricted maximum likelihood (REML) 
methodology was done by REMLF90 (Misztal et al., 2002) program. For the 
standardized days in milk, the nth LP is given as (Krikpatrick et al., 1990);  
 

, where d*
t, is the tth  

 
DIM; t, is time and i, is order LP. The matrices notation of the model can be 
written as, ; where y is the a vector of observations, b 
is the a vector of fixed effects, a and pe were vectors of AG and PE effects 
respectively, e is the vector of residual effects and X, Q and Z are the incidence 
matrices. The (co)variance structure for random parts of the RR animal model was 
defined as:  
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, Where G is the genetic covariance matrix  

among RR coefficients,  is the Kronecker product function, A is the additive 
genetic relationship matrix coefficients among animals, is the variance of the 
PE effects, I represents an identity matrix, and R is the diagonal matrices of 
residual variance. The (co)variance structure for random parts of the RR sire model 
was defined as: 
 

, Where G is sire genetic (co)variance matrix  

 
among RR coefficients and A is additive numerator relationship matrix between 
sires. For the RR animal model, heritability for ith day in the lactation was  
 

calculated as:  , Where , ,where  

 
q is the vector of the associated LP; G and P are the (co)variance matrices for AG 
and PE, RR coefficients, respectively; and ,  and  are AG, PE and 
residual variances for tth DIM, respectively. For the RR sire model, heritability for 
 

 tth DIM was calculated as:  

 
Diagonal of above (co)variance matrices were sire AG variances (  and 

PE (  for 5th day to 305th DIM. Number of records of milk, fat and protein 
yields and other descriptive statistics are summarized in Table 1. AG correlation 
for 305-days production between LP were calculated as:  

 

 , Where , is genetic covariance between i and 
 
 j day,  and  are AG variance i and j day, respectively. Goodness 
of fit for the models (different LP) was examined using likelihood based criteria as 
-2Logl, AIC, BIC and RV values. AIC and BIC are: AIC = -2Logl + 2k and BIC = 
-2Logl + k*log (N - r(x)), where k is the number of parameters estimated, N is the 
sample size and r(x) is the rank of the coefficient matrix for fixed effects in the 
model. The model giving the lowest -2Logl, AIC, BIC and RV values is chosen as 
the better approximating model. Residual variance was considered homogeneous 
along the lactations, since the use of homogeneous residual variance in the 
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literature is cited as a good assumption for use in data analysis of dairy cattle 
(Costa et al., 2008). Estimation of genetic parameters with REML methodology 
was done by REMLF90 program (Misztal et al., 2002).  
 
Table 1. Descriptive statistics of data sets for milk, fat and protein yields 
 
 First lactation Second lactation Third lactation 
Parameter Model Model Model 
 Animal Sire Animal Sire Animal Sire 

Milk yield       
TD  records 928,513  686,871  445,499  
Means ±SD (kg) 30.14±7.481  32.74±10.006  33.26±10.753  
Number of cows with record 108,873  81,575  53,131  
Number of total animals 225,832 1593 183,407 1410 132,322 1131 
Number of HTD 17,820  3,752  3,530  
Number of herd- calving year 1,483  305  289  
Fat yield       
TD  records 788,577  586,584  381,896  
Means ±SD (g) 1±0.326  1.09±0.413  1.11±0.441  
Number of cows with record 96,511  72,518  47,422  
Number of total animals 206,371 1526 162,427 1336 120,414 1063 
Number of HTD 16,499  3,465  3,308  
Number of herd- calving year 1400  283  270  
Protein yield       
TD  records 653,317  483,048  311,108  
Means ±SD (g) 0.94±0.231  1.03±0.295  1.05±0.313  
Number of cows with record 79,501  59,147  38,304  
Number of total animals 171,360 142

4 
137,950 1247 98,466 982 

Number of HTD 14,127  2,938  2,648  
Number of herd- calving year 1,227  254  223  
 

Results and Discussion 
 
    The values of comparison criteria (-2Logl, AIC, BIC, RV) for first three 
lactations and for the different LP of milk, fat and protein yields traits by RR 
animal and sire models were given in Tables 2 to 7. The choice for the best RR 
(animal and sire models) has been commonly taken based on test results of 
different criterions and genetic parameters. Among the LP models, that a lower 
order polynomial for the AG component than for the PE effects, the better the 
results observed by Mohammadi et al., (2012b,c); Lopez – Romero and Carabano, 
(2003); Takma and Akbas, (2009). Thus, based on the results from most of the 
comparison criteria, it can be inferred that the models with a better quality fit were 
those which used lower order polynomial for the AG than for the PE effects. 
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a. Model comparison 
a.1. First lactation 

   Choice of best LP model partly depends on partly the criteria that were 
used. While RR animal model with LP (2,6) for milk, fat and protein yields, had 
the lowest -2Logl, AIC and BIC values. Therefore, according to these criteria, the 
RR animal with LP (2,6) was selected as the best model. Furthermore, LP (2,6) for 
milk yield and LP (5,6) for fat and protein yields had lowest RV values (Table 2).  
According to comparison criteria's values, RR sire model with LP (5,6) for milk 
and protein yields and LP (3,6) for fat yield had the lowest -2Logl, AIC and BIC 
values. However, LP (2,6) for milk yield and LP (3,6) for fat and protein yield had 
lowest RV values (Table 3). The values of the criteria's were decreased when the 
order of fit for the PE effects than AG was increased in the LP models. This results 
agreeing with the results presented by Takma and Akbas (2009); Lopez – Romero 
and Biasus et al. (2011) for Holstein-Friesian; Costa et al. (2008) for Brazilian 
Holstein and Carabano et al. (2003); Bignardi et al., (2009); El Faro et al., 
(2008); Meyer, (2001); Brotherstone et al., (2000); Albuquerque et al., (2005). The 
RV value for the three traits and both models decreased as order PE effect 
increased. 

 
Table 2. Comparison criteria's used in the first lactation by RR animal model and their levels 

Trait Model Number of 
Parameters -2Logl AIC BIC RV 

 LP(2,4) 14 5,745,809.76 5,745,837.76 5,745,893.19 12.53 
 LP(2,5) 19 5,731,287.98 5,731,287.98 5,731,325.98 11.73 
 LP(2,6) 25 5,725,100.92 5,725,150.92 5,725,249.90 11.27 

Milk LP(3,4) 17 5,845,163.30 5,845,197.30 5,845,264.61 12.59 
 LP(3,5) 22 5,845,163.42 5,831,062.42 5,831,150.53 11.71 
 LP(3,6) 28 5,825,896.61 5,825,952.61 5,826,063.47 11.30 
 LP(4,5) 26 5,949,498.45 5,949,550.45 5,949,653.39 11.82 
 LP(5,6) 37 6,066,980.98 6,067,054.98 6,067,201.48 11.40 
 LP(2,4) 14 337,253.53 337,281.53 337,335.96 0.04820 
 LP(2,5) 19 336,219.52 336,257.52 336,331.29 0.04729 
 LP(2,6) 25 335,652.92 335,602.92 335,800.11 0.04669 

Fat LP(3,4) 17 455,945.73 455,979.73 456,045.82 0.04812 
 LP(3,5) 22 454,931.95 454,975.95 455,061.48 0.04724 
 LP(3,6) 28 454,265.78 454,321.78 454,430.63 0.04668 
 LP(4,5) 26 575,895.08 575,947.08 576,048.16 0.04723 
 LP(5,6) 37 696,701.50 696,775.50 696,919.34 0.04656 
 LP(2,4) 14 -294,064.67 -294,036.67 -293,983.39 0.01582 
 LP(2,5) 19 -296,005.54 -295,967.54 -295,895.23 0.01540 
 LP(2,6) 25 -297,002.48 -296,952.48 -296,854.36 0.01508 

Protein LP(3,4) 17 -215,687.16 -215,653.16 -215,588.46 0.01584 
 LP(3,5) 22 -217,614.93 -217,570.93 -217,487.21 0.01538 
 LP(3,6) 28 -218,500.41 -218,444.41 -218,337.85 0.01508 
 LP(4,5) 26 -210,562.43 -210,510.43 -210,411.48 0.01541 
 LP(5,6) 37 -21,849.19 -21,775.19 -21,634.38 0.01507 

LP (i,j) is i and j order for AG and PE effects respectively 
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Table 3. Comparison criteria's used in the first lactation by RR sire model and their levels 
 

Trait Model Number of 
Parameters -2Logl AIC BIC RV 

 LP(2,4) 14 5484,199.66 5,484,227.66 5,484,283.09 12.53 
 LP(2,5) 19 5469,699.11 5,469,737.11 5,469,812.34 11.72 
 LP(2,6) 25 5463,526.73 5,463,576.73 5,463,675.71 11.24 

Milk LP(3,4) 17 5451,945.11 5,451,979.11 5,452,046.42 12.57 
 LP(3,5) 22 5437,851.36 5,437,895.36 5,437,982.47 11.69 
 LP(3,6) 28 5432,759.56 5,432,815.56 5,432,926.42 11.26 
 LP(4,5) 26 5424,443.13 5,424,495.13 5,424,598.07 11.81 
 LP(5,6) 37 5409,632.05 5,409,852.05 5,409,852.55 11.39 
 LP(2,4) 14 97,856.22 97,880.22 97,938.65 0.04813 
 LP(2,5) 19 96,475.70 96,513.70 96,587.57 0.04756 
 LP(2,6) 25 95,434.10 95,484.10 95,581.29 0.0459 

Fat LP(3,4) 17 97,639.89 97,673.89 97,739.98 0.04784 
 LP(3,5) 22 97,469.80 97,513.80 97,599.33 0.04673 
 LP(3,6) 28 94,456.61 94,456.61 04,621.01 0.04653 
 LP(4,5) 26 95,640.84 95,692.84 95,793.92 0.04718 
 LP(5,6) 37 96,184.02 96,258.02 96,401.86 0.04654 
 LP(2,4) 14 -491,247.93 -491,219.93 -491,166.65 0.01582 
 LP(2,5) 19 -493,173.95 -493,135.95 -493,063.64 0.01540 
 LP(2,6) 25 -494,162.09 -494,112.09 -494,016.95 0.01503 

Protein LP(3,4) 17 -512,130.26 -512,096.26 -512,031.56 0.01583 
 LP(3,5) 22 -514,043.99 -513,999.99 -513,916.27 0.01536 
 LP(3,6) 28 -514,909.18 -514,853.18 -514,746.62 0.01502 
 LP(4,5) 26 -516,223.87 -516,171.87 -516,072.92 0.01540 

 LP(5,6) 37 -516,885.57 -516,811.57 -516,670.76 0.01505 
 

b. Variances and heritabilities  
b.1. First lactation 

   The AG and PE variances as a function of DIM for milk, fat and protein 
yields for RR animal and sire models for first lactation are shown in Figure 1. For 
all traits studied in each both RR animal and sire models, AG variance was 
observed higher at the end of lactation. On the other hand, the maximum PE 
variance was observed at the beginning of lactation, and after this period, PE 
variance decreased (5-50 DIM) and following by a small increase at the end of 
lactation. The trends in the AG and PE variances in this study for RR animal model 
and traits yields in first lactation are consistent with other studies (Abdullahpour et 
al., 2010; El Faro et al., 2008; Bignardi et al., 2009; Strabel et al., 2005; Pool et 
al., 2000; De Melo et al., 2007; De Roos et al., 2004). On the other hand, 
inconsistent the results achieved in this study, AG variances was increased as 
lactation progressed and was highest in middle lactation and subsequently 
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decreased at the end of lactation for Iranian Holsteins (Shadparvar and 
Yazdanshenas, 2005); and Turkish Holstein-Friesian (Takma and Akbas, 2007). 
Moreover, PE variance was highest in end lactation for Turkish Holstein-Friesian 
(Takma and Akbas, 2007). However, the trend in the AG and PE variances in this 
study for RR sire model was similar to the results obtained by Bohlouli and Alijani 
(2012).  

The minimum heritability for all traits in early lactation was observed (The 
heritabilities of RR animal model 0.05, 0.04 and 0.07 and heritabilities of RR sire 
model 0.08, 0.05, 0.05 for milk, fat and protein yields respectively). Generally, 
heritability for both models and all traits, increased sudden in during the lactation 
period. The trend of heritabilities of yield traits in this study for first lactation, were 
similar to results obtained in the Iranian Holsteins, by Bohlouli and Alijani, (2012); 
Shadparvar and Yazdanshenas, (2005); Razmkabir. (2008).  Also, agreeing with 
the results presented by Biassus et al., (2011); Gengler et al., (2005); Olori et al., 
(1999) and Gengler et al., (1999). This increase in heritabilities estimate is 
associated not only with the increases on the values of AG components but also 
with the reductions in values of PE components between models. Because 
heritabilities is low in early lactation, is obtained PE at this stage of lactation high 
and given that AG variance was higher in late lactation. The small differences in 
heritabilities estimate between models do not indicate a preferred order of the LP. 
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Figure 1. AG and PE variances in first lactation obtained for milk, fat (multiplied by 103) and 
protein yields (multiplied by 103) and Estimated heritability (h2) for traits as a function of DIM 

Table 4. Comparison criteria's used in the second lactation by RR animal model and their levels 
 

Trait Model Number of 
Parameters -2Logl AIC BIC RV 

 LP(2,4) 14 4,229,308.22 4,229,336.22 4,229,389.90 19.16 
 LP(2,5) 19 4,078,380.18 4,078,418.18 4,078,491.04 19.02 
 LP(2,6) 25 3,927,327.79 3,927,377.79 3,927,473.65 18.16 

Milk LP(3,4) 17 3,997,675.53 3,997,709.53 3,997,774.72 19.03 
 LP(3,5) 22 3,846,845.05 3,846,889.05 3,846,973.41 18.46 
 LP(3,6) 28 3,695,816.86 3,695,872.86 3,695,980.23 17.45 
 LP(4,5) 26 3,587,932.73 3,587,984.73 3,588,084.43 18.22 
 LP(5,6) 37 3,233,363.09 3,233,437.09 3,233,578.97 17.71 
 LP(2,4) 14 511,006.34 511,034.34 511,087.06 0.07081 
 LP(2,5) 19 509,667.76 509,705.76 509,777.31 0.06883 
 LP(2,6) 25 508,491.09 508,541.09 508,635.23 0.06752 

Fat LP(3,4) 17 606,574.43 606,608.43 606,672.45 0.07067 
 LP(3,5) 22 605,039.63 605,083.63 605,166.48 0.06879 
 LP(3,6) 28 603,826.87 603,882.87 603,988.31 0.06748 
 LP(4,5) 26 645,428.45 645,480.45 645,578.36 0.06763 
 LP(5,6) 37 716,087.18 716,161.18 716,300.51 0.06754 
 LP(2,4) 14 -6,793.21 -6,765.21 -6,713.67 0.02446 
 LP(2,5) 19 -9,019.73 -8,981.73 -8,911.78 0.02354 
 LP(2,6) 25 -10,028.62 -9,978.62 -9,886.58 0.02286 

Protein LP(3,4) 17 65,633.83 65,667.83 65,730.41 0.02448 
 LP(3,5) 22 63,256.46 63,300.46 63,381.45 0.02352 
 LP(3,6) 28 62,196.44 62,252.44 62,355.52 0.02288 
 LP(4,5) 26 66,436.65 66,488.65 66,584.36 0.02296 
 LP(5,6) 37 67,524.55 67,586.55 67,734.76 0.02291 
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a.2. Second lactation 
   According to comparison criteria's values for second lactation, RR animal 

model with LP (5,6) for milk yield and LP (2,6) for fat and protein yields had the 
lowest for -2Logl, AIC and BIC values. However, LP (5,6) for milk yield, LP (3,6) 
for fat yield and LP (2,6) for protein yield had lowest RV values (Table 4). 
Furthermore, RR Sire model with LP (5,6) for milk yield and LP (3,6) for fat and 
protein yields had the lowest -2Logl, AIC and BIC values. Also, LP (2,6) for milk 
yield and LP (5,6) for fat yield and LP (3,6) protein yield had lowest RV values 
(Table 5).  
 
Table 5. Comparison criteria's used in the second lactation by RR sire model and their levels 

Trait Model Number of 
Parameters -2Logl AIC BIC RV 

 LP(2,4) 14 4,411,819.78 4,411,847.78 4,411,901.46 19.36 
 LP(2,5) 19 4,400,704.30 4,400,742.30 4,400,815.16 18.02 
 LP(2,6) 25 4,394,670.29 4,394,720.29 4,394,816.15 17.07 

Milk LP(3,4) 17 4,400,252.15 4,400,286.15 4,400,351.34 19.41 
 LP(3,5) 22 4,388,902.53 4,388,946.53 4,389,030.89 17.99 
 LP(3,6) 28 4,383,316.83 4,383,372.83 4,383,480.19 17.08 
 LP(4,5) 26 4,382,730.14 4,382,782.14 4,382,881.84 18.16 
 LP(5,6) 37 4,371,164.33 4,371,238.33 4,371,380.21 17.32 
 LP(2,4) 14 324,051.78 324,079.78 324,132.50 0.07078 
 LP(2,5) 19 322,760.46 322,798.46 322,870.01 0.06878 
 LP(2,6) 25 321,536.82 321,386.82 321,680.96 0.06859 

Fat LP(3,4) 17 324,099.90 324,133.90 324,197.92 0.07071 
 LP(3,5) 22 322,811.02 322,855.02 322,937.87 0.06872 
 LP(3,6) 28 321,228.29 321,284.29 321,389.73 0.06737 
 LP(4,5) 26 323,483.46 323,535.46 323,633.37 0.06875 
 LP(5,6) 37 323,161.27 323,235.27 323,374.60 0.06734 
 LP(2,4) 14 -160,719.99 -160,691.99 -160,640.45 0.02445 
 LP(2,5) 19 -162,932.71 -162,894.71 -162,824.77 0.02350 
 LP(2,6) 25 -163,948.96 -163,898.96 -163,806.93 0.02287 

Protein LP(3,4) 17 -167,528.72 -167,562.72 -167,432.14 0.02358 
 LP(3,5) 22 -168,787.98 -168,743.98 -168,662.99 0.02349 
 LP(3,6) 28 -169,779.61 -169,723.61 -169,620.53 0.02282 
 LP(4,5) 26 -168,896.18 -168,844.18 -168,748.47 0.02352 
 LP(5,6) 37 -169,562.56 -169,488.56 -169,352.35 0.02285 

 
b.2. Second lactation 

   The trend of the AG variance estimates during the second lactation for RR 
animal and sire models and all traits were high at the beginning, then this trend 
decreased and subsequently increased at the end of lactation. However, the trend of 
the PE variance estimates during the second lactation was more similar to the first 
lactation (Figure 2). The AG and PE variances patterns observed in the study were 
comparable with those obtained by Cobuci et al. (2011) on Brasilian Holstein. The 
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minimum heritabilities for all traits in the second lactation were at the early 
lactation and trend of heritabilities was also similar to the results obtained of first 
lactation.  

l 

 
 

 RR animal model  
RR sire model 

A: RR Animal model, B: RR Sire mode  
A: RR Animal model, B: RR Sire mode 

 
Figure 2.  AG and PE variances in second lactation obtained for milk, fat (multiplied by 103) 

and protein yields (multiplied by 103) and Estimated heritability (h2) for traits as a function of 
DIMa.3. Third lactation 

     According to results obtained of comparison criteria's values for third lactation, 
RR animal model with LP (2,6) for milk, fat and protein yields had the lowest for -
2Logl, AIC and BIC values. However, LP (2,6) for milk yield, LP (3,6) for fat and 
protein yields had lowest RV values (Table 6). Moreover, RR sire model with LP 
(5,6) for milk and protein yields and LP (3,6) for fat yield had the lowest for -
2Logl, AIC and BIC values. However, LP (2,6) for milk yield and LP (3,6) for fat 
and protein yields had lowest RV values (Table 7).  
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Table 6. Comparison criteria's used in the third lactation by RR animal model and their levels 
 

Trait Model Number of 
Parameters -2Logl AIC BIC RV 

 LP(2,4) 14 3,050,656.30 3,050,684.30 3,050,735.34 21.07 
 LP(2,5) 19 3,042,083.66 3,042,121.66 3,042,190.92 19.43 
 LP(2,6) 25 3,037,826.83 3,037,876.83 3,037,967.96 18.34 

Milk LP(3,4) 17 3,116,815.18 3,116,849.18 3,116,911.15 21.09 
 LP(3,5) 22 3,107,908.88 3,107,952.88 3,108,033.08 19.39 
 LP(3,6) 28 3,103,942.97 3,103,998.97 3,104,101.04 18.37 
 LP(4,5) 26 3,213,432.47 3,213,484.47 3,213,579.25 18.94 
 LP(5,6) 37 3,241,645.56 3,241,719.56 3,241,928.44 18.63 
 LP(2,4) 14 377,214.95 377,242.95 377,293.04 0.07522 
 LP(2,5) 19 376,045.34 376,083.34 376,155.19 0.07280 
 LP(2,6) 25 375,140.86 375,190.86 375,285.39 0.07134 

Fat LP(3,4) 17 443,975.77 444,009.77 444,074.05 0.07516 
 LP(3,5) 22 442,788.17 442,832.17 442,915.36 0.07274 
 LP(3,6) 28 441,831.03 441,887.03 441,992.91 0.07123 
 LP(4,5) 26 455,416.16 455,468.16 455,566.48 0.07265 
 LP(5,6) 37 576,442.18 576,516.18 576,656.09 0.07128 
 LP(2,4) 14 33,618.62 33,646.62 33,695.47 0.02606 
 LP(2,5) 19 31,702.01 31,740.01 31,806.30 0.02488 
 LP(2,6) 25 30,889.61 30,939.61 31,026.84 0.02406 

Protein LP(3,4) 17 83,516.39 83,550.39 83,609.93 0.02605 
 LP(3,5) 22 81,469.32 81,513.32 81,590.08 0.02483 
 LP(3,6) 28 80,616.94 80,672.94 80,770.64 0.02404 
 LP(4,5) 26 81,034.64 81,086.64 81,177.36 0.02495 
 LP(5,6) 37 82,751.44 82,825.44 82,954.54 0.02407 
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Table 7. Comparison criteria's used in the third lactation by RR sire model and their levels 
 

Trait Model Number of 
Parameters -2Logl AIC BIC RV 

 LP(2,4) 14 2,889,766.33 2,889,794.33 2,889,845.37 19.64 
 LP(2,5) 19 2,896,038.46 2,896,080.46 2,896,145.72 19.38 
 LP(2,6) 25 2,891,858.66 2,891,908.66 2,891,999.79 18.28 

Milk LP(3,4) 17 2,897,117.58 2,897,151.58 2,897,213.55 21.09 
 LP(3,5) 22 2,888,251.98 2,888,295.98 2,888,376.18 19.33 
 LP(3,6) 28 2,887,742.47 2,887,798.47 2,887,900.54 18.37 
 LP(4,5) 26 2,882,782.41 2,882,834.41 2,882,929.19 19.57 
 LP(5,6) 37 2,874,637.55 2,874,711.55 2,874,846.43 18.58 
 LP(2,4) 14 245,627.43 245,655.43 245,705.52 0.07515 
 LP(2,5) 19 244,507.21 244,545.21 244,613.19 0.07270 
 LP(2,6) 25 243,622.79 243,672.79 243,762.24 0.07110 

Fat LP(3,4) 17 245,594.39 245,628.39 245,689.22 0.07510 
 LP(3,5) 22 244,444.14 244,488.14 244,566.86 0.07267 
 LP(3,6) 28 243,506.91 243,562.91 243,663.09 0.07103 
 LP(4,5) 26 244,861.89 244,913.89 245,006.92 0.07271 
 LP(5,6) 37 244,584.23 244,658.23 244,790.62 0.07105 
 LP(2,4) 14 -73,910.45 -73,882.45 -73,833.60 0.02605 
 LP(2,5) 19 -75,821.63 -75,783.63 -75,717.11 0.02482 
 LP(2,6) 25 -76,592.40 -76,542.40 -76,455.17 0.02399 

Protein LP(3,4) 17 -78,291.81 -78,257.81 -78,198.49 0.02604 
 LP(3,5) 22 -80,310.36 -80,266.36 -80,189.60 0.02475 
 LP(3,6) 28 -81,120.91 -81,064.91 -80,967.21 0.02397 
 LP(4,5) 26 -80,921.91 -80,869.91 -80,779.19 0.02483 
 LP(5,6) 37 -81,559.19 -81,485.19 -81,559.19 0.02402 

 
b.3. Third lactation 

   The AG variances pattern of RR animal model in the third lactation was 
similar to those obtained in the second lactation. However, AG variances for milk 
and protein yields by RR sire model lowest was at beginning of lactation. Shape of 
heritability for all traits in third lactation and by RR animal model was similar to 
the obtained in the first and second lactations. Moreover, the patterns of heritability 
by RR sire model were the minimum at around 210 DIM. 
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                  RR animal model RR sire model 

A: RR Animal model, B: RR Sire model 
 

A: RR Animal model, B: RR Sire model 
 

 
Figure 3. AG and PE variances in third lactation obtained for milk, fat (multiplied by 103) 
and protein yields (multiplied by 103) and Estimated heritability (h2) for traits as a function of 
DIM 

 
Genetic correlations 

Generally, genetic correlations between TD yields for both RR animal and 
sire models was highest when periods closer to each other and the lowest was 
observed between distant TD. These results agree with results of Biassus et al. 
(2011); Cobuci et al. (2011); Jakobsen et al. (2002) and Costa et al. (2008). The 
variation in genetic correlation estimates was larger in the first lactation than in the 
second and third lactations, although the trends within lactation were similar for 
both RR animal and sire models. These results are in agreement with previous 
studies which have reported the effect of parity on the estimation of genetic 
parameters in Holstein-Friesian (Liu et al., 2000; Guo et al., 2002; Cobuci et al., 
2011). 
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A    Milk yield  
Fat yield 

 

 
Protein yield 

 

 
S   Milk yield 

 
Fat yield 

 
Protein yield 

 
Figure 4. Genetic correlations in the first lactation obtained by RR animal model (A) and RR 
sire model (S) as a function of DIM. (Genetic correlations are presented only first lactation) 
 
Conclusion 

 
It is assumed that all mates are of similar genetic merit and this can result in 

bias in the predicted breeding values if there is preferential mating. According to in 
the RR animal model using of all animal records, therefore is for estimation of 
genetic parameters high accuracy. Thus, based on the results from the comparison 
of RR animal and sire models and comparison criteria, it can be inferred that the 
RR animal model which used lower order polynomial for the AG component than 
for the PE effects is better for modeling yield traits in Iranian Holsteins. Variations 
in heritability estimates across lactation were associated to different trends in 
genetic and PE variances. Trends of the heritability estimates during the second 
and the third lactation were more similar than those between the first and the 
second or the third lactation. Genetic correlations between individual TD records 
within traits and both RR animal and sire models and for different lactations were 
high for adjacent tests and decreased as the interval between tests increased. 
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Procena genetckih parametara i poređenje modela slučajne 
regresija grla i oca (random regression animal and sire 
models) za proizvodne osobine u prve tri laktacije goveda 
rase iranski holštajn 
 

A. Mohammadi, S. Alijani  
 
Rezime 
 
           Cilj ovog istraživanja je bio da se uporede modeli slučajne regresije (RR) 
životinje i oca u proceni genetičkih parametara za proizvodne osobine muznih 
krava rase iranski holštajn. U tu svrhu, dan testiranja korišćeni su podaci dnevnog 
testiranja u prve tri laktacije krava za osobine prinosa mleka, masti i proteina, koji 
su prikupljeni od 2003 do 2010 godine, od strane nacionalnog oplemenjivačkog 
centra Irana. Genetski parametri su ocenjivani koristeći algoritam ograničene 
maksimalne verodostojnosti. Da bi se uporedili modeli, korišćeni su različit 
kriterijumi - 2logL vrednost, AIC, BIC i RV u razmatranju osobina. Rezidualne 
varijanse su smatrane homogenim tokom perioda laktacije. Dobijeni rezultati su 
pokazali da je aditivna genetička varijansa bila je najveća u početku i na kraju 
laktacije i stalna varijansa životne sredine bila je veća u početku laktacije nego u 
drugim periodima laktacije. Procene  heritabiliteta za prinosa mleka, masti i 
proteina, utvrđeni prema modelima slučajne regresije (RR) životinje i oca, 
utvrđeno je da su najniže tokom rane laktacije (0.05, 0.04 i 0.07, 0.05, 0.19 i 0.13, 
0.14, 0.19 i 0.15, za prinose mleka, masti i proteina u prvoj, drugoj i trećoj 
laktaciji, respektivno). Međutim, procenjeni heritabikliteti tokom laktacije nisu 
varirali između Ležandra polinoma različitog redosleda a takođe između 
modelaslučajne regresije (RR) životinje i oca. Varijacija procenjenih genetskih 
korelacija u modelima slučajne regresije (RR) životinje i oca bila je veća u prvoj 
laktaciji nego u drugoj i trećoj laktaciji. Stoga, na osnovu dobijenih rezultata, može 
se zaključiti da je model slučajne regresije (RR Animal model) životinje bolji za 
modelovanje osobina prinosa goveda rase iranski holštajn. 
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