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Table 1- Some statistical properties of the data used in this study

Case No of Cases Case No of Cases
No. of cows with record 580802 No. of calving years 25
No. of sires 7028 Avg. no. of daughters per sire 83
No. of dams 382788 Avg. no. of daughters per dam 15
Total no. of animals in the pedigree* 734298 Avg. no. of cows per herd 490
No. of herds 1185 Avg. no. of cows per province 29040
No. of provinces 20 Avg. no. of cows per calving year 23232

*Total number of animals in the pedigree (in the file of cows with records for five traits under consideration)

Table 2- Descriptive statistics of the traits under consideration

Trait No. of Min Max Mean SD CcVv
records
Total lactation milk yield (Kg) 580802 40.71 31100.58  9448.33 3596.55 38.06
305, 2X milk yield (Kg) 580802 607.65 17167.89  7792.28 1739.39 22.32
Avg. daily milk yield (Kg) 580802 0.39 61.92 30.01 6.48 21.59
Lactation length (d) 580802 60 600 315.46 102.77 32.58
First calving age (m) 580802 18 48 25.57 3.21 12.55
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Table 3- Estimate of annual change of inbreeding coefficient of Iranian dairy cows (calculated in the cows with
records for all five traits under consideration)

Parameter Estimate SE t Student P value
statistic
Intercept -21.837 7.248 -3.013 0.006
Regression coefficient 0.017 0.005 3.169 0.004
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Table 4- Estimated regression coefficients of different Quantiles of lactation milk yield (Kg) on
inbreeding coefficient

Percentile Intercept SE Regression SE P value
coefficient
5 -647.223 64.0278 -1.2013 3.0435 0.6931
10 -624.060 49.2988 -3.8874 2.3434 0.0971
15 -633.404 44,7194 -5.4698 2.1257 0.0101
20 -629.738 41.4112 -7.0518 1.9685 0.0003
25 -642.709 38.3795 -8.0075 1.8244 0.0001
30 -638.336 36.7111 -8.1306 1.7450 0.0001
35 -639.160 35.1598 -8.6891 1.6713 0.0001
40 -639.264 34.6134 -8.3272 1.6453 0.0001
45 -609.338 34.5104 -8.4139 1.6404 0.0001
50 -580.524 34.0681 -7.4341 1.6194 0.0001
55 -580.512 33.2300 -7.2388 1.5796 0.0001
60 -553.104 33.7271 -7.8385 1.6032 0.0001
65 -550.497 34.2580 -6.4669 1.6284 0.0001
70 -544.475 35.0988 -5.4694 1.6684 0.0010
75 -544.117 36.2726 -4.4856 1.7242 0.0093
80 -491.510 37.9054 -4.2403 1.8018 0.0186
85 -460.920 40.4698 -4.4019 1.9237 0.0221
90 -456.502 45.2065 -1.6223 2.1489 0.4503
95 -416.681 56.4312 2.2086 2.6824 0.4103
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Table 5- Estimated regression coefficients of different Quantiles of 305-d, 2X milk yield (Kg) on
inbreeding coefficient

Percentile Intercept SE Regression SE P value
Coefficient
5 5478.717 67.4426 -1.5596 3.2419 0.6305
10 5734.775 49.5027 -1.4966 2.3796 0.5294
15 5942.460 42.4518 -1.5072 2.0406 0.4602
20 6131.920 37.3972 -2.6921 1.7977 0.1343
25 6259.232 35.8791 -3.3359 1.7247 0.0531
30 6403.378 33.2680 -4.0150 1.5992 0.0121
35 6542.922 31.9812 -3.4215 1.5373 0.0260
40 6647.659 31.2530 -4.1385 1.5023 0.0059
45 6756.134 29.9960 -3.6302 1.4419 0.0118
50 6888.247 30.2394 -4.5541 1.4536 0.0017
55 6999.270 30.1754 -3.6577 1.4505 0.0117
60 7107.376 29.8160 -2.5470 1.4332 0.0756
65 7234.969 31.0138 -3.2164 1.4908 0.0310
70 7385.133 31.1649 -2.1626 1.4981 0.1488
75 7519.790 32.3043 -3.8194 1.5529 0.0139
80 7687.516 33.9290 -1.8001 1.6309 0.2697
85 7936.646 36.1874 -1.7653 1.7395 0.3102
90 8170.866 40.7916 -0.8984 1.9608 0.6468
95 8524.596 51.9585 0.1534 2.4976 0.9510
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Table 6- Estimated regression coefficients of different Quantiles of average daily milk yield (Kg) on
inbreeding coefficient

Percentile Intercept SE Regression SE P value
Coefficient
5 22.4574 0.2249 -0.0082 0.0108 0.4455
10 24.0584 0.1744 -0.0059 0.0084 0.4796
15 25.0239 0.1505 -0.0126 0.0072 0.0806
20 25.8580 0.1367 -0.0143 0.0066 0.0297
25 26.5065 0.1291 -0.0203 0.0062 0.0011
30 27.2201 0.1213 -0.0177 0.0058 0.0024
35 27.8185 0.1167 -0.0215 0.0056 0.0001
40 28.3260 0.1151 -0.0244 0.0055 0.0001
45 28.9235 0.1128 -0.0267 0.0054 0.0001
50 29.5020 0.1122 -0.0240 0.0054 0.0001
55 30.1077 0.1110 -0.0211 0.0053 0.0001
60 30.6490 0.1101 -0.0240 0.0053 0.0001
65 31.1444 0.1121 -0.0201 0.0054 0.0002
70 31.7462 0.1164 -0.0205 0.0056 0.0002
75 32.3178 0.1193 -0.0174 0.0057 0.0024
80 33.1507 0.1231 -0.0192 0.0059 0.0012
85 33.7824 0.1289 -0.0215 0.0062 0.0005
90 34.7763 0.1452 -0.0112 0.0070 0.1087
95 36.3831 0.1858 -0.0021 0.0089 0.8104
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Table 7- Estimated regression coefficients of different Quantiles of lactation length on inbreeding

coefficient
Percentile Intercept SE Regression SE P value
Coefficient

5 100.0617 3.6720 -0.0181 0.1765 0.9182
10 99.6241 3.6306 -0.2315 0.1745 0.1846
15 112.0018 2.3157 0.0407 0.1113 0.7143
20 128.9328 1.6438 0.1470 0.0790 0.0629
25 147.4986 1.4218 0.1360 0.0683 0.0466
30 161.4090 1.3813 0.1499 0.0664 0.0239
35 173.8796 1.3900 0.2228 0.0668 0.0009
40 185.9859 1.4736 0.3152 0.0708 0.0001
45 195.9955 1.5879 0.3388 0.0763 0.0001
50 204.1279 1.7038 0.4024 0.0819 0.0001
55 212.0572 1.7957 0.4060 0.0863 0.0001
60 219.2539 1.9636 0.3932 0.0944 0.0001
65 224.8965 2.1521 0.3896 0.1034 0.0002
70 234.1904 2.3350 0.5395 0.1122 0.0001
75 243.9615 2.6518 0.6308 0.1275 0.0001
80 256.1066 2.9789 0.7766 0.1432 0.0001
85 265.9812 3.3445 0.7695 0.1608 0.0001
90 280.1739 3.8875 0.6333 0.1869 0.0007
95 302.6289 4.4607 0.5422 0.2144 0.0115
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Table 8-Estimated regression coefficients of different Quantiles age at first calving (month) on
inbreeding coefficient

Percentile Intercept SE Regression SE P value
Coefficient
5 21.0246 0.0378 0.0027 0.0024 0.2592
10 21.8218 0.0282 0.0040 0.0018 0.0251
15 22.3691 0.0245 0.0059 0.0016 0.0002
20 22.8556 0.0248 0.0049 0.0016 0.0021
25 23.2985 0.0247 0.0056 0.0016 0.0004
30 23.7545 0.0255 0.0055 0.0016 0.0007
35 24.1891 0.0268 0.0063 0.0017 0.0002
40 24.6642 0.0287 0.0064 0.0018 0.0005
45 25.1454 0.0302 0.0068 0.0019 0.0004
50 25.6478 0.0329 0.0090 0.0021 0.0001
55 26.1933 0.0360 0.0094 0.0023 0.0001
60 26.8340 0.0396 0.0106 0.0025 0.0001
65 27.5202 0.0451 0.0117 0.0029 0.0001
70 28.3455 0.0498 0.0165 0.0032 0.0001
75 29.2868 0.0568 0.0186 0.0036 0.0001
80 30.5035 0.0695 0.0170 0.0044 0.0001
85 32.1860 0.0871 0.0187 0.0056 0.0008
90 34.5185 0.1180 0.0168 0.0075 0.0258
95 38.4656 0.1854 0.0204 0.0118 0.0847
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Introduction: Inbreeding, which has been defined as the mating between relative animals, leads to
increase homozygous genotypes and decrease heterozygous genotypes in a population. As a result,
the progenies of such mating are inbred (Wakchaure and Genguly 2015). Reduction of the traits
associated with physiological efficiency and reproductive potential are the most important impacts
of inbreeding in the farm animals (Filho et al. 2015, Fleming et al. 2018). Traits in livestock have
different heritabilities suggesting that they are not influenced by inbreeding in a similar pattern and
that although animals’ fitness is generally deteriorated; the magnitude of inbreeding depends on the
type of the trait (Roff 1998; Derose and Roff, 1999, Wright et al. 2008, Mikkelsen et al. 2010).
Until now, all studies regarding effects of inbreeding on productive and reproductive traits of dairy
cows have been focused on using the statistical models in which inbreeding coefficient was
included as covariable (Behmaram et al. 2017) or as the classified variable (Amirzadeh 2012). As
inbreeding coefficient is defined as a covariable in the model, only a regression coefficient is
estimated describing average changes of the trait per increasing / decreasing inbreeding coefficient.
As a matter of fact, inbreeding may unequally influence the shape of distribution of the trait. Based
on this assumption, this research aimed to estimate inbreeding effects on some productive and
reproductive traits of Iranian dairy cows using Quantile regression statistical method.

Material and methods: The data set was provided by Animal Breeding Centre, Iran. Foxpro
(version 2.6) and UEStudio (version 09) software were utilized for editing initial data. Final data
consisted of 580,802 records belonging to 580,802 first-parity cows distributed in 1,185 herds (over
20 provinces of the country) and calved between years 1991 and 2015. The traits under
consideration were lactation milk yield (TMILK), 305d, 2X milk yield (MILK3052X), average
daily milk yield (ADM), lactation length (LL), and age at the first calving (AFC). The average of
the traits in the final data set was 9,447 Kg, 7,792 Kg, 30 Kg, 315 d and 25.6 m, respectively.
Holstein gene percentage (HGP) of the cows in the pedigree file was set to be in the range of 50 to
100 and AFC of the cows was set to be between 18 and 48 months. Inbreeding coefficient (IC) of
individual animals was calculated by CFC software (Sargolzaei et al. 2006). Fitting a series of the
Quantile regression models was conducted with the use of SAS (version 9.4) software. Quantile
regression, which was introduced by Koenker and Bassett (1978), extends the regression model to
conditional quantiles of the response variable, such as the 90th percentile. Quantile regression is
particularly useful when the rate of change in the conditional Quantile, expressed by the regression
coefficients, depends on the Quantile (Chen 2005). In all the models used in this research, fixed
effects of province, year and month of calving, as well as linear co-variables of HGP, IC and AFC
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(except of the model for AFC as the trait) were included. For TMILK, lactation length was also
included as linear co-variable. Moreover, in addition to the quantile models and for the sake of
estimating usual regression coefficient, general linear model (GLM) was also fitted for each trait in
which a single regression coefficient of the trait on IC was defined. Ordinary least-squares
regression can be used to estimate conditional percentiles by making a distributional assumption
such as normality for the error term in the model. The main advantage of Quantile regression over
ordinary least-squares regression is its flexibility for modeling data with heterogeneous conditional
distributions (Chen 2005).

Results and discussion: Based upon the analysis of main pedigree file, the total number of animals
was 1,941,871 (16,169 sires and 895,376 dams) among which the number of base and non-base
animals were 246,388 (3,936 sires and 120,287 dams) and 1,695483 (12,233 sires and 775,089
dams), respectively. Total number of inbred animals in the pedigree was 1,211,343. Average IC for
total as well as inbred animals was found to be 0.9149% (minimum 0% and maximum 47.02%) and
1.4651% (minimum 0.00038% and maximum 47.02%), respectively. For the cows with records for
all five traits, IC ranged from 0 to 38.45% with the average of 1.13% (SD=1.63%). Estimate of
annual change of IC was found to be 0.017 (SE=0.005), which was statistically significant (P<0.01)
indicating that there is a positive increase of inbreeding in Iranian dairy cows’ population over the
time. Within each trait, different Quantiles were unequally influenced as animal’s IC increased.
Vast majority of the estimated regression coefficients in different Quantiles were statistically
significant (P<0.05). Based upon fitting Quantile regression model and the average estimated
regression coefficients, it was found that TMILK, MILK3052X, ADM, LL, and AFC changed -5.5
(Kg), -2.6 (Kg), -18 (g), 0.35 (d) and 0.30 (d), respectively as the IC of the animal increased by 1%.
Estimated simple regression coefficients based on fitting GLM models were found to be -9.83 Kg
(SE=1.332 KQg), -6.9 Kg (SE=0.169 Kg), -32 gram (SE=4.2 gram), 0.2087 d (SE=0.08234 d) and
0.0158 m (SE=0.0024 m), respectively and all were statistically significant (P<0.05).

Conclusion: This research indicated that different Quantiles of some productive and reproductive
traits of Iranian dairy cows are not equally affected by inbreeding phenomenon suggesting that
Quantile regression models are needed to be utilized in the future research for evaluating the
impacts of inbreeding on the other traits, which are of great economic importance.
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