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Abstract

Genetic parameter for reproductive traits in artificial insemination record were
estimated from total 7,941 record of 2,161 heifers and three parities of 2,078 cows. The
animals were daughters of 171 sires and whose ancestors were traced back to five
generations using pedigree information. The total number of animals in the pedigree was
15,600. Reproductive traits included 56 days non-return rate (NRR), success in first
insemination (SFI), number of insemination (IN), days from first to successful
insemination (FS), gestation length (GL), age at calving (AC), days from calving to first
insemination (CF), days open (DO), pregnancy rate (PR) and calving interval (CI).
Genetic study for reproductive traits of heifers

The genetic parameters of five reproductive traits in Japanese Black heifers were
estimated by restricted maximum likelihood (REML) with the use of univariate animal
model and the environmental factors strongly associated were identified by GLM.
Averages of reproductive traits over eleven years were assessed, and significant effects of
farm, year, month, artificial insemination (Al) technician and interaction of farm X year
on the traits were identified. Estimated heritability of FS was very low and that of age of
first calving (AFC) was higher than that of the other traits. A close genetic relationship
was observed among NRR, IN and FS; however, their heritabilities were very low.
Genetic study for reproductive traits of three parities of cows using multiple-trait
model

Data across three parities of cows were analyzed by multiple-trait model under which
the performance of a trait in different parities was treated as a different trait. AC
comprises age at first calving (AFC), age at second calving (ASC) and age at third calving

(ATC). Genetic parameters were estimated by REML via multiple-trait model. Estimated
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heritability of the traits showed little variation among parities. Heritability of AC was
higher than that of the other traits, although it was lower in later parities; 0.158, 0.107 and
0.088 for AFC, ASC and ATC, respectively. The genetic correlations between the same
traits across parities were generally high, ranging from 0.72 to 0.99.
Genetic study for reproductive traits of three parities of cows using repeatability
model

Data for three parities of cows were treating as repeated measurements. Heritability
ranged from 0.013 for NRR to 0.059 for CF. The highest repeatability was observed for
CF (0.142) and the lowest for FS (0.036). The lowest genetic correlation in absolute value
was observed between CF and IN (-0.075) and the highest between DO and CI (0.957).
Relationship between reproductive traits of heifers with reproductive traits of cows

Two-trait animal model was used to estimate genetic correlation between
reproductive traits of heifers with reproductive traits of cows. Reproductive traits for
heifers were coded as NRR-h, IN-h, FS-h and GL-h, respectively. Reproductive traits for
cows were four traits same as in heifers, which were coded as NRR-c, IN-c. FS-c, GL-c,
and CF, DO, PR and CI. AC has individual traits at each parity such as AFC, ASC and
ATC. The highest and the lowest genetic correlations were between FS-h and FS-c
(0.795) and between GL-h and PR (0.065), respectively. AFC was more favorable
compared with ASC and ATC. Due to the fact that AFC is a trait measured early, it shows
high genetic correlations with IN-c and FS-c (0.661 and 0.634, respectively) and moderate
genetic correlations with NRR-c, GL-¢, CF, DO, PR and CIL
Determination of penalty methods for interval from first to successful insemination

Five penalty methods created for handling 206 missing records (8.7%) of FS in
heifers were: C1 (FS average according to the number of inseminations), C2 (constant

number of days; 359), C3 (maximum number of FS days to each insemination), C4
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(average of FS at the last insemination and FS of C2) and C5. C5 was generated by adding
a constant number (21d) to the highest number of FS days in each contemporary group.
The bootstrap method was used to compare among the 5 methods in terms of bias, mean
squared error (MSE) and coefficient of correlation between estimated breeding value
(EBV) of non-censored data and censored data. MSE in C4 heritability was 0.633 x 107,
0.879 x 10, 0.876 x 10 and 0.866 x 10 for 5, 8.7,10 and 15%, respectively, of the
missing records. Thus C4 showed the lowest and the most stable MSE of heritability; the
coefficient of correlation for EBV was 0.88; 0.93 and 0.90 for heifer, sire and dam,
respectively.

Estimated genetic parameters for binary traits using Bayesian approach via Gibbs
sampling

The genetic parameters of NRR and SFI were estimated using Bayesian approach via
Gibbs sampling to determine the best model for analysis of binary traits. The variance
covariance components were estimated via Bayesian procedure by GIBBS1F90 and
THRGIBBS1F90, respectively for linear and threshold model. Estimated heritability for
SFI-h was similar to that for NRR-h by linear model. When threshold model was applied,
heritability of SFI-h was slightly higher than that of NRR-h. Estimated heritability for
SFI-c was higher than heritability for NRR-c on either linear or threshold model have
applied.

In conclusion, AFC is potentially more useful for genetic improvement of female
reproductive traits. Selection by AFC will provide high genetic improvement in
reproductive performance of Japanese Black heifers and cows. The repeatability model
seems to be more appropriate for estimating reproductive traits of cows because it yields
a low standard error in estimated parameters. We concluded that C4 was the best penalty

method for missing records of FS due to the stable value of estimated parameters and the
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highest coefficient of correlation. For estimated genetic parameter of binary traits,
threshold model was concluded to be better than linear model because BIC value for NRR
and SFI estimated by threshold model were lower than that by linear model for both

records of heifers and cows.
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Chapter 1

General introduction
1.1 Female reproductive traits

Production trait, especially carcass characteristics has been a primary object in
Japanese Black cattle. Reproductive trait is secondary in the breeding program, whereas
it directly influence biological and economical efficiencies of cow-calf production
(Dickerson, 1970; Costa et al., 2015). Female reproductive trait is a complex trait in beef
production systems and genetic evaluation procedures, which varies according to breed,
farm location, climate, nutritional management and mating system (Lopez et al., 2006).
Since the liberalization of domestic beef market in April 1991, beef farmers of Japanese
Black cattle commonly tend to pursue low production cost, and reproductive ability of
Japanese Black cows is one of the most critical element to achieve this target (Uchida et
al., 2002).

The common mating system applied in Japan is Al, According to Al record and
calving event, female reproductive traits have been classified into three categories as
listed below.

1.1.1 Interval traits

Interval traits which commonly used in beef breeding programs are CI, DO, GL, FS
and CF (Oyama et al., 2002; Goyache et al., 2005;Yaque et al., 2009). CI is the complex
trait defined as ability of animals to resume normal post-calving cyclicity, to express
oestrus of sufficient intensity to be detected, to conceive and establish pregnancy in
addition to maintain consistent gestation length (Berry et al., 2014). Interval trait defined

in heifers was FS, GL and AFC (Gutiérrez et al., 2002; Martinez-Velazquez et al., 2003).



1.1.2 Binary traits

Binary traits are those with only two outcomes, for example success is coded as 1 or
fail is coded as 0. NRR and SFI are the most common binary traits in cattle (Jamrozik et
al 2005; Sun and Su, 2010) but limited reports on beef cattle have been published. In
terms of genetic parameters estimation, the threshold model was assumed to be relevant
to binary trait because the threshold model is based on the assumption of an underlying
unobservable continuous response variable that follows the assumptions of a latent
normal distribution (Gianola and Foulley, 1983).
1.1.3 Count traits

The most common count trait is IN (Veerkamp et al., 2001; Yaque et al., 2009), under
ideal situation it would be possible for a cow to obtain one viable calf in one year (365
days). Often in farms arises a situation that the first insemination after calving is delayed
and in some cases, Al needs to be repeated. The increased number of services per
conception indicates the problems of reproductive ability of a cow which considerably
brings negative impact on farm profitability making farm management difficult (LeBlanc,
2007; Honarvar et al., 2010).
1.2 Present situation in genetic research of female reproductive traits

Improvements in reproductive performance can be more important than
improvements in productions traits in a conventional cow-calf operation because profit
comes from selling weaning calves at market (Melton, 1995). Production traits including
growth and carcass traits are focused in beef breeding system program because
availability of records and analysis procedures have been improved (Evans et al., 1999).
On the other hand, genetic improvement of reproductive traits is still challenging area
because it is difficulty in measuring and slow response of selection (Gutierrez et al., 2002;

Ibi et al., 2008).



Genetic parameters which represent genetic structure of animal population could be
changed over time by strong inbreeding, cross breeding and selection. Among them,
selection enjoy main course for improving genetic of traits. Essential parameters which
characterize population are heritability and genetic correlation. Heritability is the
proportion of genetic variation on phenotypic variation and is based on the alleles that are
inherited. The effect of alleles depends on their frequency in the population (Falconer and
Mackay, 1996). Because it is not often possible to have phenotypes between two
generations (parents and offspring), heritability is often measured across one generation
(Lynch and Walsh, 1998). A genetic correlation is defined as the proportion of genetic
covariation that is shared between two traits divided by the square root of the product of
genetic variation for each trait (Neale, 2016). Both heritability and genetic correlation are
not only required in research but also needed for designing effective breeding program.
1.2.1 Heritability for reproductive trait of beef cattle

In a review of 30 studies for estimated heritability of reproductive traits in beef cattle,
the average heritability for female reproductive traits is described generally low because
of a large, unexplainable portion of residual variation and considerable influence of farm
management (Cammack et al., 2009). Some traits have moderate heritability and
favorable genetic correlations with other reproductive traits and production traits.

CD reported to have moderate heritability (0.20) in Hereford cattle by Buddenberg
etal. (1990). Heritability of NC was reported by Meyer et al. (1990) in Zebu cross (0.357),
by Morris and Cullen (1994) in Angus cattle (0.33). Moderate heritability of AFC was
reported ranging from 0.20 to 0.28 by Morris et al., (1992; 2000), Frazier et al. (1999)
and Martinez-Velazquez et al (2003) in Angus cattle. Among them, AFC was reported to

have favorable genetic relationship with economical important traits.



1.2.2 Heritability for reproductive traits of Japanese Black cattle

Genetic studies for reproductive traits in Japanese Black cattle were limited. Among
these studies, GL was reported to have high heritability (0.40) by Oyama et al. (2004) and
(0.53) by Ibi et al. (2008). But, GL did not show favorable genetic relationship with other
reproductive traits and carcass traits in their studies. AFC of Japanese black cattle was
also moderately heritable. Some results for estimated heritability of AFC were 0.109 by
Uchida et al. (2001), 0.215 by Oyama et al. (2002) and 0.20 by Oyama et al. (2004). In
their studies, moderate genetic correlation was also reported between AFC and CI,
however heritability of CI was very low (0.047).

Low heritabilities for many reproductive traits do not indicate that reproductive traits
have less economical value. As stated by Dickerson (1970), economical and biological
efficiencies of cow-calf production are largely dependent on success of reproduction.
Furthermore, a trait with high heritability and favorable genetic correlation is absolutely
necessary as a basis for the selection decision to achieve successful genetic improvement
of all economically traits (Meyer et al., 1990). Our study focused on determining
reproductive trait which can be measured early, has high heritability and favorable genetic
relationship with important traits such as IN.

1.3 Objectives

1. Identify non-genetic factors strongly associated with reproductive traits and to estimate
genetic parameters of reproductive traits in Japanese Black heifers.

2. Estimate heritability of reproductive trait for cows at different parity and genetic
correlation between same traits among parity.

3. Estimate heritability, repeatability and genetic correlation for reproductive traits of
three parities of cows.

4. Estimate genetic correlation between reproductive traits of heifer and age at calving

4



and reproductive traits of cows.

5. Determine the best approach for handling missing records of heifer reproductive traits,
for estimating the genetic parameters and for predicting the breeding value of FS in
Japanese Black heifers.

6. Estimate genetic parameters for binary traits using Bayesian approach via Gibbs

sampling.



Chapter 2

Genetic study for reproductive traits of heifers
2.1 Introduction

Reproductive traits in heifers can be measured at a relatively early stage of their
reproductive life; thus the inclusion of heifer reproductive traits in genetic evaluation
programs increases potential of genetic improvement. But studies on reproductive
performance of Japanese Black heifer are scarce.

Most reproductive traits in heifers are of low heritability in dairy cattle (Abe et al.,
2009; Liu et al., 2008; Tiezzi et al., 2012) and in beef cattle (Gutiérrez et al., 2002;
Martinez-Velazquez et al., 2003; Morris et al., 2000). The number of reports on
reproductive traits of Japanese Black heifers is relatively small. Low heritability of
reproductive traits is attributed to non-genetic effects, especially farm management
practice that largely affects the reproductive performance of heifers (Bolacali and Ozturk,
2008).

Selection of reproductive traits in heifers based on genetic parameters may
potentially solve reproduction problems. Therefore designing breeding programs at an
early stage necessitates selection of a reproductive trait with high heritability and
favorable genetic correlations with other reproductive traits. The objective of this part of
study is to identify non-genetic factors strongly associated with traits and to estimate
genetic parameters of reproductive traits in Japanese Black heifers.

2.2 Materials and Methods
2.2.1 Reproductive data
Reproduction records of Japanese Black heifers were obtained from the Artificial

Insemination Center of Northern Okinawa: data comprised artificial insemination and



calving events. A data set included reproduction records of heifers born between 2004
and 2014, first insemination occurring between 2005 and 2015, less than 10 services and
farms with a minimum of five records. Heifers with incomplete records, embryo transfer
donor or recipient, and bearing twin calves were excluded from the data set. Edited
records of 2161 heifers with NRR and 2047 heifers with FS, IN, AFC and GL were
analyzed. To evaluate the effects of age at first insemination, heifers were classified into
three age groups: <16, 16 to 19 and >19 month (Liu et al., 2008). Eight Al technicians
carried out the artificial insemination on the heifers from 164 farms. The number of
animals in the pedigree was 15,600.
2.2.2 Traits in study

The traits studied were NRR to 56 days (coded one when no subsequent insemination
occurred until 56 days after the first insemination, and zero otherwise); FS being the
number of days between the first insemination and the successful insemination which
resulted conception, IN, AFC defined as the difference between the heifer's date of birth
and the date of birth of her first calf, and GL being the interval in days from the last
insemination to the subsequent calving.
2.2.3 Statistical analysis

The GLM procedure of SAS 9.3 software (SAS, 2011) was used to test the
significance of reproductive traits. The linear model for NRR, FS, IN and GL was as
follows:
Vijkimop = Fi + Yi+ My + Ti + A+ FixY; + So + €ijtimop,
where Vijkimop is the observation of NRR, FS, IN and GL, F; the i fixed effect of farm, ¥;
the j™ fixed effect of year of insemination, M the k™ fixed effect of month of insemination,
T the 1™ fixed effect of Al technicians, 4, the m™ fixed effect of age at first insemination,

So the o random effect of sire, and eijximop the random residual of yijimop.

7



The following model was used for AFC:

Vijktop = Fi + Y+ My + Ti + FixY; + So + €ijkiop,

where yijkiop 1S the observation of AFC. Fj, Ty, and s, are as described in the previous model
where two effects were defined differently, Y; the j™ fixed effect of year of birth, M the
k™ fixed effect of month of birth and ejkiop the random residual of yiikiop. The GLM
procedure of SAS 9.3 software (SAS, 2011) was used to estimate the LSM of the year
effect. The univariate animal model by REML of the Asreml software (Gilmour et al.,
2015) was used to estimate the genetic parameters. The linear model for the analysis was
as follows:

y=Xb+ Gu +e,

where

y = a vector of reproductive traits,

b = a vector of fixed effect,

X = an incidence matrix for the fixed effects,

u = a vector of random genetic additive effect,

Z = an incidence matrix for the random effect and

e = a vector of random residuals.

The expectations for y, u and e are

0

The variance-covariance structure of random effects was

Xb
0
0

u]_ Ac? 0]

V[e Lo 162

where A is the numerator relation matrix, I the identity matrix, 62 and ¢Z2 the additive

genetic variance and residual variance, respectively.



2.3 Results

Table 2.1 presents the averages of the reproductive traits over eleven years were 67%,
1.76, 36.33 days, 25.8 months and 288.22 days for NRR, IN, FS, AFC and GL,
respectively.

Table 2.1 The descriptive statistic of reproductive traits Japanese Black heifers

Trait® No. of records Mean SD Minimum  Maximum
NRR 2161 0.67 0.47 0 1

IN 2047 1.76 1.08 1 10

FS (days) 2047 36.33 69.88 0 363
AFC (months) 2047 25.8 5.39 19.67 43.27
GL (days) 2047 288.22 4.94 263 303

YNRR: non-return rate, IN: number of inseminations, FS: interval from first to

successful insemination, AFC: age at first calving, GL: gestation length.

Farm effect was significant in all traits, year effect was significant in NRR, FS, GL
and AFC, and month effect was significant in only GL. The effect of Al technician was
significant in FS and AFC, whereas age at first insemination was not significant in any of
the traits; furthermore, the interaction of farm x year effect was significant in FS, AFC

and GL (Table 2.2).

Table 2.2 Significance of factors affecting heifer reproductive traits

Trait®; NRR IN FS (days) AFC (months) GL (days)
Source df  F-value P F-value P F-value P F-value P F-value P
Farm 163 1.27 0.0151 1.48 0.0002  1.81 <.0001 3.07 <0001 4.27 <.0001
Year 10 273 0.0016 1.5 0.1259  2.46 0.0048  3.16 0.0002  3.01 0.0005
Farmxyear 636 1.04 0.2632  0.95 0.7883  1.33 <0001 1.38 <0001 1.43 <.0001
Month 11 0.96 0.4796  1.13 0.3319  0.93 0.514 0.85 0.5848  3.64 <.0001
Technician 7 1.19 03124 143 0.2105 231 0.0423 295 0.0117  0.38 0.8635
Age 2 0.45 0.6399 1.73 0.1783  2.26 0.1049 - - 0.98 0.3767

9 NRR: non-return rate, IN: number of inseminations, FS: interval from first to successful

insemination, AFC: age at first calving, GL: gestation length.



Table 2.3 presents yearly trend of LSM of heifer reproductive traits. The highest LSM

for NRR was observed in 2010, and for IN and FS in 2005. The longest GL was observed

in 2010. Heifers born in 2010 showed the highest LSM for AFC.

Table 2.3 Yearly trend of LSM (£SE) of heifer reproductive traits

Trait®
Year®
NRR IN FS AFC GL

2004 - - - 26.28+0.45 -

2005 0.64+0.04 1.9940.11 100.83+10.76  25.55+0.43  287.20+0.42
2006 0.69+0.04 1.854+0.10 53.58+9.92 26.03+0.35  287.00+0.39
2007 0.62+0.03 1.834+0.09 66.48+8.80 26.16+0.35  288.45+0.34
2008 0.72+0.03 1.774£0.08 73.08+8.07 26.05+0.34  288.59+0.31
2009 0.68+0.03 1.71£0.08 49.05+7.91 26.24+0.33  288.80+0.31
2010 0.74+0.03 1.794+0.08 61.35+7.95 26.43+0.38  289.54+0.31
2011 0.65+0.03 1.984+0.09 73.05+8.71 25.26+0.44  288.93+0.34
2012 0.73+0.04 1.754+0.10 64.13+9.51 25.50+0.44  288.50+0.37
2013 0.70+0.04 1.77+0.11 52.77+£10.46  25.36+0.39  287.94+0.41
2014 0.60+0.03 1.854+0.10 42.114+9.55 24.10+0.42  286.90+0.37
2015 0.67+0.03 1.63+0.10 31.26+9.40 - 287.57+0.37

% Year of insemination for NRR, IN, FS and GL; year of birth for AFC.

Y NRR: non-return rate, IN: number of inseminations, FS: interval from first to successful
insemination, AFC: age at first calving, GL: gestation length.
Table 2.4 presents genetic parameters of heifer reproductive traits. Estimated

heritability of FS was the lowest, and that of AFC was higher than of the other traits

Table 2.4 Genetic parameters (£SE) of heifer reproductive traits

Trait? o, ol h?

NRR 6.05x10+0.005 0.21+0.007 0.027+0.024
IN 3.07x1072+0.093 1.58+0.068 0.019+0.023
FS 121.854+0.332 1026+0.532 0.011+£0.018
AFC 5.26+0.061 24.17+£0.012 0.180+0.028
GL 1.42+0.016 15.91+0.094 0.081+0.024

3 NRR: non-return rate, IN: number of inseminations, FS: interval from first to successful
insemination, AFC: age at first calving, GL: gestation length.

o02: additive genetic variance, o2: residual variance, h?: heritability.
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Table 2.5 presents genetic correlations and phenotypic correlations among
reproductive traits. The highest and the lowest genetic correlations were between FS and
NRR and between FS and GL, respectively, in absolute values. AFC showed moderate
genetic correlation with NRR and GL, but high with IN and FS. The phenotypic
correlation between NRR and GL was the lowest, whereas that between FS and AFC was

the highest

Table 2.5 Genetic correlation (+SE) above diagonal and phenotypic correlation (£SE)

below diagonal among reproductive traits

Trait® NRR IN FS AFC GL

NRR -0.636+0.031 -0.913+0.028 -0.351+£0.009 -0.569+0.047
IN -0.551+£0.016 0.874+0.025  0.625+0.048  0.226+0.026
FS -0.162+0.023  0.708+0.011 0.798+0.034  0.183+0.008
AFC -0.057+0.022 0.511+£0.018  0.881+0.008 0.299+0.021

GL -0.037+£0.024  0.080+0.022  0.043£0.025  0.129+0.024

9 NRR: non-return rate, IN: number of inseminations, FS: interval from first to successful

insemination, AFC: age at first calving, GL: gestation length.

2.4 Discussion

In the present study, NRR after the first service was slightly lower (67%) than
estimates in published results: 74% in Canadian Holstein heifers (Jamrozik et al., 2005),
and 73.9% in Holstein Friesian heifers in the Netherlands (Haer, 2013). FS of Japanese
Black heifers in Okinawa was 36.33 days and slightly longer than average reported for
the Rubia Gallega breed (30.60 days) (Yagiie et al., 2009). The average IN of Japanese
Black cows has been 1.41 (Sasaki et al., 2016), whereas it was lower than the average in
the present study; on the other hand, GL was consistent with their average (288 days). In
this study, AFC was 25.8 months, being slightly longer than 24.4, 25.1 and 24.98 months
compared with the previous report reports (Baco et al., 1998; Oyama et al., 2002; Uchida

et al., 2002, respectively), and records in Okinawa prefecture between 1990 and 2009
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have shown that AFC was 26.93 months, being longer than in the present study (Oikawa,
2017).

In the present study, analysis of variance showed that farm had a significant effect on
all reproductive traits of Japanese Black heifers in Okinawa, indicating that different
management practices on farms influenced heifer reproductive traits significantly. Animal
management standards on farms have a significant effect on the number of services to
Holstein heifers (M’Hamdi et al., 2011). Better reproductive performance of cows on
large farms relative to those on small farms is attributable to high standard equipment and
operating procedures (Dargatz et al., 2004). In the present study, the year of insemination
had a significant effect on NRR, FS and GL, and the year of birth had a significant effect
on AFC. A similar study on the Simmental breed, has shown that the year effect is strong
on female reproductive traits, the effect of the Al technician is significant on FS and AFC,
but age at first insemination is not significant in any of the traits (Bolacali and Ozturk,
2008). By contrast, reproductive traits in dairy heifers are influenced by age at first
insemination: heifers inseminated at an older age for the first time have a slightly higher
rate of success at first insemination and, as a result, require a smaller number of services
(Jamrozik et al., 2005). Furthermore, environmental variations, employment of an estrus
detector and the expertise of the Al technician may play major roles in a successful first
insemination (Bormann et al., 2006).

Previous studies on Holstein heifers have shown that genetic variance in binary and
count traits are lower than those in interval traits (Guo et al., 2014; Liu et al., 2017). The
linear statistical model is appropriate and common for genetic analysis of interval traits;
however, it is not optimal for genetic analysis of binary traits, the nature of which violates
assumptions of normality under which the linear model is valid (Kadarmideen et al.,

2000). On the other hand, the threshold model has proved to be appropriate for evaluating
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binary traits, and heritabilities obtained with the model has usually been higher than that
obtained with the linear model for the same trait (Jamrozik et al., 2005). Nonetheless, a
disadvantage of the threshold model is that it produces biased estimates for variances of
random effects when categorical traits are analyzed together with interval traits for
estimating variance components (Boettcher et al., 1999; Luo et al., 2001). In the present
study, five reproductive traits were analyzed, only one of which was binary. Genetic
correlation among reproductive traits is difficult to estimate when pairs of trait are
analyzed under different models; therefore, the linear model was used to estimate genetic
parameters in this study.

In this study, heritability of NRR (0.027) was slightly higher than the estimate (0.012)
for dairy heifers (Liu et al., 2008) with the use of a linear model, whereas it was 0.019 for
IN and 0.011 for FS, which were in agreement with previous studies on dairy heifers,
ranging between 0.013 and 0.026 and between 0.013 and 0.017 for IN and FS,
respectively (Liu et al., 2017, 2008; Tiezzi et al., 2012). Furthermore, in the present study,
the estimated heritability of GL (0.081) was consistent with that in Japanese Black cows
(0.080) (Ib1 et al., 2008), whereas it is lower (0.037) in the Rubia Gallega breed (Yagiie
et al., 2009). In our study, AFC was the reproductive trait that demonstrated the highest
heritability (0.180), which was consistent with (0.215) in Japanese Black cattle (Oyama
et al., 2002), whereas higher heritability (0.28) was shown in Angus heifers (Martinez-
Velazquez et al., 2003), and lower heritability (0.09) was in the Tabapud beef breed
(Bernardes et al., 2015).

In the present study, genetic correlations among pairs of the traits varied
substantially: NRR showed negative and moderate genetic correlations with IN (-0.636)
and GL (-0.569). Genetic correlation between NRR and IN was slightly lower than those

estimated in Chinese Holstein heifers (-0.87)(Liu et al., 2017). NRR showed negative and
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high correlation with FS (-0.913), being similar to estimated value (-0.780) in Canadian
Holstein by Jamrozik et al. (2005), whereas the genetic correlation for NRR and GL was
low (0.25) in their study. The genetic correlation between FS and IN was favorably high
(0.874) in the present study (Table 2.5), but slightly lower than a previous estimate of
over 0.90 in dairy cows (Ghiasi et al., 2011; Jamrozik et al., 2005; Liu et al., 2017). These
high correlations seem to be attributable to the strong correlation between IN and FS. The
genetic correlations between GL and IN and between GL and FS were low in the present
study, but consistent with those in Rubia Gallega cows (-0.138) and (0.106), respectively
(Yagiie et al., 2009). IN and FS were recorded before conception, however GL is trait
related to the capability of heifers to maintain pregnancy to calving day. Thus, these low
genetic correlation indicates which these two traits (IN and FS) are genetically unrelated
to GL and may be influenced by different groups of genes. Consequently, selection of one
of the traits would have little effect on the other.

IN and FS showed high genetic correlations with AFC, whereas genetic correlations
between AFC and NRR, and AFC and GL were moderate in absolute values. High genetic
correlation seems to be due to the pleiotropic effect of genes, where a group of genes may
simultaneously have a common genetic effect on these three traits (IN, FS and AFC).
Heifers that calve early tend to have fewer IN and shorter FS. AFC is genetically
correlated with calving interval in Japanese Black cows (Oyama et al., 2002). Heifers that
conceive and drop the first calf early are expected to require a small number of
inseminations and to undergo a short calving interval.

2.5 Conclusion

The present study suggests that low heritability of the most reproductive traits in

Japanese Black heifers is strongly influenced by farm management practices, and that

large residual variance makes genetic evaluation difficult. NRR, IN and FS demonstrated
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close genetic relationship with one another, although their heritabilities were very low.
Among the reproductive traits, AFC has the highest heritability and favorable genetic

correlations with IN and FS.
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Chapter 3

Genetic study for reproductive traits of three parities of cows using

multiple-trait model

3.1 Introduction

The number of calves born in life of a cow is related to calf productivity, which
depends on calving interval and productive lifetime (Silva et al., 2015). Cows with
superior fertility tend to resume reproductive cycles early and show high possibility of
subsequent successful pregnancies (Schneider et al., 2005; Pravia et al., 2014; Naya et al.,
2017). Thus, the reproductive performance of cows is crucial for high calf productivity
and for economical efficiency in cow-calf production systems. Furthermore,
improvement of reproductive trait is very important.

Reproductive performance is measured more than one time over their lifetime. For
these observation, a multiple-trait model is a natural choice for analyzing traits across
parity. Whereas computationally the task may not be simple. Aspects of multiple-trait
analyses discussed include genetic evaluations for each parity and genetic correlation
between same trait among different parity. A multiple-trait analysis should theoretically
improve the accuracy of ranking animals for genetic merit of each trait (Schaeffer, 1983).

Analysis reproductive traits using multiple-trait model was conducted in dairy cows
(Liu et al., 2017; Tiezzi et al., 2012; Zink et al., 2011). Nevertheless, only limited results
are available on reproductive traits across parities in beef cattle. The aim of this part of
study was to estimate heritability of reproductive trait for cows at different parity and
genetic correlation between same traits among parity.

3.2 Materials and Methods
3.2.1 Reproductive data

Field records of artificial insemination and calving events for the first three parities
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of cows were collected from 184 farms. The data set was edited by the following criteria:
cows born between 2004 and 2014, age at first calving between 20 and 36 months, less
than ten inseminations per parity, and FS less than 365 days. The final data set available
for the first three parities of cows was 2,078, 1,840 and 1,822, respectively, and the total
number of animals in pedigree was 15,600.
3.2.2 Traits in study

Nine traits studied: NRR was coded as one when no subsequent insemination
occurred for 56 days after the first insemination, otherwise coded as zero, IN, FS was
interval between the first insemination and the successful insemination that resulted in
conception, GL was the interval in days from the last insemination to the subsequent
calving, CF was the interval between previous calving to first inseminations in the
subsequent breeding, DO was interval between previous calving to subsequent
conception, PR, CI and AC. PR was a count as described (Oseni et al. 2004): 1/[(DO —
VWP)/HI +1], where VWP was set at 50 days and HI was set at 21 days. AC was divided
into three traits: AFC, ASC and ATC.
3.2.3 Statistical analysis

Animal models were used to estimate the variance and covariance components of
female reproductive traits. Data across multiple parities were analyzed using the multiple-
trait model in which the performance of a trait in different parities was treated as different

traits. The linear model of the three-trait model is as follows:

Y2 Xz 0 0 b1 ZZ 0 0 a; e,
y3l=|(0 X3 O]||b|+|0 Z; O]||az|+|e3
YVa 0 0 X4 b3 0 0 Zyllay €yl ,

where y; is the vector of observations (i=2,3,4) representing parities 2,3 and 4 of cows
in model; b; the vector of fixed effects for the ith trait, including farm, month and year

of insemination (for NRR, FS, IN and GL) or month and year of calving (for CF, DO,PR
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and CI), month and year of birth (for AFC, ASC and ATC) and Al technician; a; the
vector of random additive genetic effect for the ith trait; and e; the vector of random
residuals for the ith trait. X;, and Z; are incidence matrices connecting b;, and a;, to

y;. It was assumed that

[A1] Oa, ' Ogay,
i |~N|0A :
a, ajn ’
€1 0.621 Gelen
~N|{ 0,1 :
€n O'ezn ’

where A is the numerator relationship matrix of additive genetic relationships between
individuals in the pedigree; I the identity matrix; agi, and aezi the additive genetic
variance and residual variance of the ith trait, respectively; o, and o, the additive
genetic covariance and residual covariance among the trait in nth parity. The variance
covariance components were estimated by REML using Asreml 4.1 software (Gilmour et
al., 2015).

3.3 Results

Table 3.1 presents descriptive statistic of reproductive traits for each parity of cows.
The range of means among parities was 0.71-0.74 for NRR; 1.47-1.52 for IN; 27.11-28.08
days for FS; 288.94-289.76 days for GL; 72.34-74.11 days for CF; 100.84-104.65 days
for DO; 0.66-0.70 for PR, 390.73-393.75 days for CI, and 39.65 and 52.93 months for
ASC and ATC, respectively. (Table 3.1).

Table 3.2 presents variance covariance component and heritability using multiple-
trait model. Estimated heritability did not show variation among parities except for AC,
whereas heritability of NRR was low and the lowest was shown in the fourth parity.
Heritability of AC was higher than of the other traits but tended to turn lower at later

parity, being 0.107 and 0.088 for ASC and ATC, respectively. Genetic correlation between
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the same traits across parities by the multiple-trait model was generally high, ranging
between 0.72 and 0.99 (Table 3.3).

Table 3.1 The descriptive statistic of reproductive traits in Japanese Black cows

Second parity Third parity Fourth parity
Traits? Means Ccv Means Cv Means Cv
NRR 0.71 0.63 0.73 0.59 0.74 0.59
IN 1.52 0.60 1.47 0.58 1.49 0.55
FS, days 27.11 2.21 28.01 2.25 28.08 2.08
GL, days 288.94 0.02 289.76 0.02 289.21 0.02
CF, days 74.11 0.51 73.31 0.49 72.34 0.50
DO, days 104.65 0.71 102.16 0.70 100.84 0.73
PR 0.66 0.47 0.67 0.48 0.70 0.54
ClI, days 393.75 0.19 391.73 0.18 390.73 0.19
AC* months 25.8! 0.21 39.652 0.19 52.93° 0.17

2 NRR: non-return rate, IN: number of inseminations, FS: interval from first to
successful insemination, GL: gestation length, CF: interval form calving to first
insemination, DO: days open, PR: pregnancy rate, CI: calving interval.

* AC: 'age at first, second and >third calving.

3.4 Discussion

A comparison of the average performance of reproductive traits in Japanese Black
cows between the present study and previous studies showed that CF (73.25 days) and
DO (102.55 days) in this study were shorter than the interval of 80 days and 112 days,
respectively, reported by Sasaki et al. (2016); CI (392.07 days) was shorter than the
interval (401 days) reported by Oyama et al. (2002); IN (1.49) was similar to the number
of inseminations (1.48) reported by Uchida et al. (2002); GL (289.31 days) was three day
longer than the average (286.51 days) reported by Ibi et al. (2008); FS (27.73 days) was
slightly shorter than (30.60 days) in Rubia Gallega beef cows reported by Yagiie et al.
(2009); NRR (73%) was almost 15% higher than the values reported in dairy populations

(Jamrozik et al., 2005; Liu et al., 2017, 2008; Tiezzi et al., 2012); and PR (0.67) was lower
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Table 3.2 Variance covariance component and heritability (+SE) of reproductive traits using multiple-trait model

Traits?
Parameter”  NRR IN FS GL CF DO PR CI AC*
a2, 0.389x102  0.209x10°  98.924 1.119 51.143 207.569 0319x10%  248.188 6.361'
o2, 0.259x102  0.179x10"  106.013 0.933 43.820 154.169 0.143x10%  196.605 5.304?
o2, 0.239x102  0.150x10"  75.684 0.897 66.070 159.702 0.293x102  235.827 5.608°
o2 0.188 0.754 3418.64 26.159 929.061 4765.93 0.053 4755.88 33.804!
2, 0.177 0.692 3766.16 17.970 889.411 4340.85 0.061 4358.99 44.151
a2, 0.181 0.630 3306.53 17.957 845.529 4612.26 0.136 4607.69 57.7623
h2 0.020(0.029) 0.027(0.028) 0.028(0.053) 0.041(0.045) 0.052(0.047) 0.042(0.044) 0.027(0.038) 0.049(0.048) 0.158(0.039)*
h2 0.014(0.022) 0.025(0.038) 0.027(0.033) 0.049(0.056) 0.047(0.057) 0.034(0.052) 0.023(0.034) 0.043(0.045) 0.107(0.037)"
h2 0.013(0.034) 0.023(0.029) 0.022(0.031) 0.047(0.027) 0.072(0.057) 0.034(0.033) 0.021(0.036) 0.048(0.042) 0.088(0.028)¢

*NRR: non-return rate, IN: number of inseminations, FS: interval from first to successful insemination, GL: gestation length, CF: interval

from calving to first insemination, DO: days open, PR: pregnancy rate, CI: calving interval.

b Ugi(i=2,3,4) additive genetic variance of ith parity, O'ezi(i=2,3,4) residual variance of ith parity, h?(i=2,3,4) heritability of ith parity.

* AC: 'age at first, second and third calving.
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Table 3.3 Genetic correlations (+SE) between reproductive traits in different parities using multiple-traits model

Traits®® NRR IN FS GL CF DO PR CI AC

Taya,  0.965(0.173) 0.972(0.077) 0.887(0.059) 0.908(0.046) 0.981(0.044) 0.923(0.087) 0.882(0.066) 0.969(0.071) 0.805(0.037)
Tasa,  0.926(0.154) 0.913(0.070) 0.872(0.037) 0.938(0.035) 0.973(0.049) 0.989(0.056) 0.889(0.065) 0.943(0.058) 0.721(0.031)
Taga,  0.936(0.157) 0.964(0.043) 0.870(0.032) 0.985(0.037) 0.938(0.060) 0.927(0.077) 0.903(0.059) 0.988(0.052)  0.956(0.044)

*NRR: non-return rate, IN: number of inseminations, FS: interval from first to successful insemination, GL: gestation length, CF: interval

from calving to first insemination, DO: days open, PR: pregnancy rate, CI: calving interval and AC: age at calving.
b Tasa; genetic correlation between performance of trait in parities i and j.
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than in beef cattle (0.75) reported by Martinez-Velazquez et al. (2003).

In multiple-trait analyses, the estimated heritability of AC (0.088-0.158) was higher
than that of the other reproductive traits; furthermore, that of AFC (0.158) was the highest
in this study but slightly lower than the estimated 0.215 in Japanese Black cows reported
by Oyama et al. (2002). On the other hand, range of estimated heritability of cow
reproductive traits from 0.013 for NRR in the fourth parity to 0.072 for CF in fourth parity
was consistent with estimates in a previous study on Japanese Black cattle (Oyama et al.,
2002) and other beef populations (Goyache et al., 2005; Yagiie et al., 2009). In a review
of 30 studies on the estimated heritability of reproductive traits in beef cattle, the average
heritability for female reproductive traits is described as generally low because of a large,
unexplainable portion of residual variation and considerable influence of farm
management on many of these traits (Cammack et al., 2009).

Compared with estimate by multiple-trait model in dairy cattle, heritabilities of CF
(0.052-0.072), DO (0.034-0.042) and CI (0.043-0.049) were also consistent with that of
previous studies reported by Liu et al. (2017) and Tiezzi et al. (2012). Interval traits of
FS, CF, DO and CI may be influenced by management decisions such as the length of the
voluntary waiting period or estrus synchronization applied at the farm (Ghiasi et al., 2011).

In this study, the threshold model was assumed to be relevant for binary trait NRR.
The linear model is directly based on the assumption of normal distribution, whereas the
threshold model i1s based on the assumption of an underlying unobservable continuous
response variable which follows the assumptions of a mixed linear model (Gianola and
Foulley, 1983). Nonetheless, the threshold model involves bias in the estimation of the
variance component when the number of fixed effects is high (Tempelman, 1998; Varona
et al., 1999). When estimating the binary trait by using the threshold model, heritability

appears high (Ghiasi et al., 2011; Kadarmideen et al., 2000). Heritability of NRR (0.013)
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in our study was lower than 0.04 estimated by Muir et al. (2004) using the threshold model.

Genetic correlation between the same reproductive traits in a pair of parities of cows
was high (over 0.87) with the exception for AC, for which the genetic correlation between
AFC and ASC was 0.805 and between AFC and ASC was 0.721 but with a relatively
large standard error, consistent with results by Bagnato and Oltenacu (1993) and
Roxstrom et al. (2001) in dairy cows. Although genetic correlation among different
parities within the same trait was high, additive genetic variance of DO and CI in the
second parity was larger than that in later parities. The same result was reported by Liu et
al. (2017) for FS, CF and DO.
3.5 Conclusion

The results from this part of study suggest that reproductive traits in the different
parity of cow should be treated separately to increase reliability and reduce bias in routine
genetic evaluations. Moreover, high genetic correlation between traits in different parities

of cows indicated that trait across parity could be analyses as repeated measurement.
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Chapter 4

Genetic study for reproductive traits of three parities of cows

using repeatability model

4.1 Introduction

Government survey reveals that reproductive performance in Japanese Black cow
declined consistently in recent decade. As reported by Sasaki et al. (2016), one of the
reasons for the gradual hike in the price of calves is the decline in reproductive
performance. The factor of this declining of reproductive performance is still unclear,
however, one of solution for that problem is genetic improvement of it. Incorporating
reproductive traits in breeding program is important as a way to improve production
efficiency because it is effective to stabilize farm management, also it has a direct effect
on total production costs (Costa et al., 2015; Schmidt et al., 2019). In addition of genetic
improvement, prediction of future calf crop is required for sustainable farm production.
In this situation, repeatability is important to quantifying the reproductive trait of same
cow, same farm with parity as a repetition.

The repeatability model assumes a genetic correlation of unity between all pairs of
records and equal variance for all records (Pereira et al., 2001). The low estimates of
repeatability for a trait indicated low genetic and permanent environmental variances to
temporary environmental variance ratios for that traits and reflected differences in their
response to the existing environmental conditions. This indicated that selection on the
basis of first record is not advisable. The subject of this part of study is to estimated
heritability, repeatability and genetic correlation reproductive traits of three parities of

COWS.
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4.2 Materials and Methods
4.2.1 Reproduction on records

The records have been used in Chapter 3 were analyzed. A total of 5,780 records
were available from three parities of 2,078 cows.
4.2.2 Traits in study

Reproductive traits were analyzed by treating records in three parities as repeated
measurements, except AC. It is difficult to accept AC as a repeatable trait as latter AC has
the former AC as its component.
4.2.3 Statistical Models

Animal model was used to estimate the variance and covariance components of
female reproductive traits. The records were analyzed based on the repeatability model
by treating records in multiple parities as repeated measurements.
y=Xb+Za+ Wpe +e (D)
The correlation between a pair of cow traits was estimated by using the following two-

trait animal model:

J=[0 2l zllal+ [0 wlbal+lel, @)

where y 1is the vector of observations, y; and Yy, representing pair of reproductive
traits in model (2); b; the vector of fixed effects for the ith trait, including farm, month
and year of insemination (for NRR, FS, IN and GL) and month and year of calving (for
CF, DO,PR and CI), Al technician and parity; a; the vector of random additive genetic
effect for the ith trait; pe; the vector of permanent environmental effects for the ith trait;
and e; the vector of random residuals for the ith trait. X;, Z; and W, are incidence
matrices connecting b;, a;, and pe; to y;. In matrix notation, the model can be

written as:
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where A is the numerator relationship matrix of additive genetic relationships between
individuals in the pedigree; I the identity matrix; oZ, o, and o¢ the additive genetic
variance, permanent environmental variance and residual variance of the ith trait,
respectively. The variance covariance components were estimated by REML using
Asreml 4.1 software (Gilmour et al., 2015).
4.2 Results

The mean for each trait was (0.73) for NRR, (1.48) for IN, (28.21) for FS, (289.42)
for GL, (73.82) for CF, (102.63) for DO, (0.67) for PR and (392.12) for CI. Large
coefficients of variation in NRR, IN, FS, CF, DO and PR indicated that these traits
displayed large proportions of phenotypic variation (Table 4.1). Heritability ranged from
0.013 for NRR to 0.059 for CF. The highest repeatability was observed at CF (0.142) and
the lowest for FS (0.036) (Table 4.2).

Table 4.1 The descriptive statistic of reproductive traits in three parities of cows

Traits? Number of records Means SD Minimum Maximum
NRR 5740 0.73 0.61 0 1

IN 5315 1.48 0.58 1 9

FS, days 5315 28.21 2.77 0 364

GL, days 5311 289.42 0.02 261 312

CF, days 4537 73.82 0.49 20 228

DO, days 4208 102.63 0.71 22 572

PR 4208 0.67 0.47 0.04 1

Cl, days 4208 392.12 0.19 301 860

2 NRR: non-return rate, IN: number of inseminations, FS: interval from first to
successful insemination, GL: gestation length, CF: interval form calving to first

insemination, DO: days open, PR: pregnancy rate, CI: calving interval.
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Table 4.2 Genetic variance, permanent environmental variance, residual variance, heritability (+SE) and repeatability for cow

reproductive traits using single-trait animal model

Traits?

Parameter’ NRR IN FS GL CF DO PR CI
Odrsa 0.242x102  0.187x10"  93.845 1.021 57.469 193.668 0.191x10! 235.103
aﬁem 0.639x102  0.229x10!  37.749 0.591 79.231 213.579 0.343x10! 239.766
0l 0.171 0.697 3548.91 20.403 823.303 4947.06 0.793 4545.85

h3;,  0.013(0.017) 0.025(0.017) 0.025(0.019) 0.046(0.020) 0.059(0.029) 0.036(0.021) 0.022(0.007) 0.047(0.009)
rep 0.049(0.018) 0.056(0.017) 0.036(0.018) 0.073(0.018) 0.142(0.022) 0.076(0.021) 0.063(0.012) 0.095(0.016)

¥NRR: non-return rate, IN: number of inseminations, FS: interval from first to successful insemination, GL: gestation length, CF: interval

form calving to first insemination, DO: days open, PR: pregnancy rate and CI: calving interval.
b 0323 ,-additive genetic variance for cows traits, 05323 ,-permanent environmental variance for cow traits, 0'3223 ,.residual variance for

cow traits, h3, :heritability for cow traits, rep :repeatability for cow traits.
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Table 4.3 Genetic (above the diagonal) and phenotypic (below the diagonal) correlations (=SE) among reproductive traits

Trait* NRR IN FS GL CF DO PR CI
NRR -0.319(0.016) -0.708(0.013) 0.347(0.039)  0.628(0.092)  -0.194(0.062) 0.378(0.062)  -0.122(0.083)
IN -0.615(0.009) 0.903(0.014)  -0.184(0.007) -0.075(0.053) 0.481(0.019) -0.598(0.076) 0.525(0.032)
FS -0.197(0.014)  0.715(0.007) -0.133(0.036)  0.255(0.063)  0.917(0.018)  -0.807(0.014) 0.866(0.017)
GL -0.024(0.015) 0.018(0.014)  -0.011(0.014) 0.233(0.033)  0.081(0.013) -0.402(0.011) 0.697(0.016)
CF 0.034(0.017)  -0.021(0.016) 0.180(0.021)  -0.078(0.016) 0.427(0.007)  -0.487(0.018) 0.498(0.011)
DO 0.126(0.095) 0.714(0.016)  0.831(0.082)  0.192(0.046)  0.382(0.069) -0.924(0.013)  0.957(0.008)
PR 0.173(0.012)  -0.322(0.017) -0.247(0.024) 0.019(0.025)  0.096(0.018)  -0.881(0.043) -0.825(0.017)
CI -0.053(0.019)  0.629 (0.021) 0.691(0.036)  0.158(0.034)  0.479(0.067)  0.916(0.021)  -0.823(0.029)

¥NRR: non-return rate, IN: number of inseminations, FS: interval from first to successful insemination, GL: gestation length, CF: interval

form calving to first insemination, DO: days open, PR: pregnancy rate and CI: calving interval.
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The lowest genetic correlation in absolute value was observed between CF and IN (-
0.075) and the highest between DO and CI (0.957). Phenotypic correlation among
reproductive traits ranged from 0.011 (between FS and GL) to 0.916 (between DO and
CI) (Table 4.3).

4.3 Discussion

Estimated heritabilities of cow reproductive traits by using the repeatability model
ranged from 0.013 for NRR to 0.059 for CF. Heritability of DO (0.036) and CI (0.047)
were consistent with the estimates in a previous study on Japanese Black cattle (0.05) by
Oyama et al. (2004) but lower than (0.135) for DO and (0.106) for CI reported on
Asturiana de los Valles beef cattle by Goyache et al. (2005), where the cow was raised in
pasture and they were mated by natural mating. Heritability of FS (0.025) and IN (0.025)
were lower than those for FS (0.078) and for IN (0.071) reported by Yagiie et al. (2009)
in Rubia Gallega beef cattle for which paddock mating were applied. Whereas heritability
of CF (0.059) and GL (0.046) were similar to their estimates (0.050) and (0.037) for CF
and GL, respectively. Heritability of NRR (0.013) in our study was lower than the
estimate (0.04) by Muir et al. (2004) estimated by the threshold model.

The benefit of repeatability model is provide an estimate of permanent environmental
effect on a trait (Schaeffer, 2011). In this study, repeatability for DO (0.076) and CI
(0.095) was consistent with previous estimates of 0.087 and 0.092, respectively (Oyama
et al., 2002), but repeatability for GL (0.073) was considerably lower than their estimate
(0.403). That difference seems to be due to fixed effects fitted to the mixed model; the
high repeatability in their study may be attributable to specific practices on the farm
especially that common environmental effect may influence their estimation. In our study,
the range of repeatability for interval traits (0.036-0.142) was generally consistent with a
previous study on other beef populations (0.082-0.147; Yagiie et al., 2009). Compared
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with a study on dairy cattle, the repeatability estimate for NRR (0.049) in our study was
higher than 0.010 estimated by Tiezzi et al. (2012). For IN, the estimated repeatability
(0.056) in our study agreed with the range (0.022 to 0.080) reported by Kadarmideen et
al. (2000), Demeke et al. (2004), Estrada-Ledn et al. (2008) and M’Hamdi et al. (2010).

Our phenotypic correlation was consistent with that in previous studies
(Kadarmideen et al., 2003; Liu et al., 2017). CF and FS were component traits of DO, and
DO and GL were component traits of CI. Among these, CF is a trait that indicates ability
to recover estrus after calving, and FS is a trait that indicates ability of the cycling cow to
conceive. CF is a trait strongly affected by artificial factors such as delay of insemination
at the first estrus postpartum and failure of heat detection. PR showed high phenotypic
correlations with DO and CI, and moderately high correlations with IN, FS, CF and AC.
The high correlation between PR and DO may to be related because PR was calculated
based on the DO interval and CI has a close genetic relation to DO.

The genetic correlation among pairs of cow traits varied substantially. NRR showed
negative genetic correlation with FS and IN, (-0.708 and -0.319 respectively), and agreed
well with -0.78 for NRR-FS (Jamrozik et al., 2005) and -0.51 for NRR-IN (Liu et al.,
2017). On the other hand, the genetic correlation of FS with IN was favorably high (0.903),
being consistent with the results (higher than 0.90) of several previous studies on dairy
cows (Ghiasi et al., 2011; Gonzalez-Recio and Alenda, 2005; Jamrozik et al., 2005; Liu
et al., 2017). As this high correlation indicates that IN is actually recorded at the end of
the FS period, cows with longer FS generally undergo a large number of IN and vice versa.
In our study, the genetic correlation of NRR with DO and CI was low and negative (-
0.194 and -0.122, respectively). Low genetic correlation may be caused by the hypothesis
that a group of genes affecting NRR are different from one affect DO and CI. These results

agree with those of Liu et al. (2008) (-0.18) for NRR-DO and of Muir et al. (2004) (-0.09)
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for NRR-CI.

In our study, the genetic correlation of IN with DO and CI (0.481 and 0.525,
respectively) was in good agreement with another study on beef cattle (Yagiie et al., 2009).
Our genetic correlation of FS with DO and CI was favorably high (0.917 and 0.866,
respectively); Yagiie et al. (2009) has also reported high genetic correlation of FS-DO and
FS-CI. The genetic correlation between FS and DO, in our study, was consistent with
previous estimates ranging from 0.78 to 0.99 (Ghiasi et al., 2011; Gonzalez-Recio and
Alenda, 2005; Liu et al., 2017, 2008).

In our study, the genetic correlation of CF with IN was negatively low (-0.075) but
that with NRR, DO and CI was positively moderate, ranging from 0.427 to 0.628. These
results were consistent with previous reports by Gredler et al. (2007) for NRR-CF and
Guo et al. (2014) for CF-DO and CF-CI. Yagiie et al. (2009), however, have reported
lower genetic correlation (0.304 and 0.383) for CF-DO and CF-CI, respectively, while
Gonzalez-Recio and Alenda (2005) and Ghiasi et al. (2011) have reported a higher genetic
correlation, ranging from 0.76 to 0.98. In our study, the genetic correlation of CF-FS was
low (0.255) and consistent with 0.27 estimated by Jamrozik et al. (2005), but slightly
lower than estimates of 0.500 and 0.580 by Gonzalez-Recio and Alenda (2005) and Ghiasi
et al. (2011), respectively. The low genetic correlation between CF and FS indicates that
these two traits are influenced by different groups of genes. FS was measured before
calving and described as the capability of cows to conceive, whereas CF was measured
after calving and described as the capability of cows to recover estrus after calving.

The negatively low correlation of GL-IN (-0.184) and GL-FS (-0.133), in our study,
was consistent with that in studies on another beef population (Yagiie et al., 2009) and on
dairy population (Jamrozik et al., 2005). GL showed low genetic correlation with NRR,
CF and DO, which could be due to NRR, CI, DO, FS and IN being measurements for
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efficiency of conception, whereas GL is the interval from the day of conceiving to the day
of calving. Furthermore, the genetic correlation between GL and CI was higher than that
among the other traits. As stated by Goyache et al. (2005), CI is a complex trait that
includes not only GL as a component trait but also variation in the ability of cows to
conceive.

PR showed moderate genetic correlation with NRR, IN, GL and CF, but high genetic
correlation with FS, DO and CI. These genetic correlations seem to be caused by the
pleiotropic effect of genes, where a group of genes may have common genetic effect on
the four traits (FS, DO, CI and PR) simultaneously. The estimated genetic correlation
between DO and CI in this study (0.957) was similar to that reported in both dairy cows
(Ghiasi et al., 2011; Guo et al., 2014) and beef cattle (Goyache et al., 2005), thus, the
present result supports the argument that DO is an earlier alternative to CI.

4.5 Conclusion

The repeatability model seems to be more appropriate for estimating reproductive
traits because it yields a low standard error in estimated parameters. As an additional
information, the repeatability model provides an estimate of permanent environmental
effect on a trait. In this part of study, CF is showed the highest repeatability. However, the

lowest genetic correlation was observed between CF and IN.
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Chapter 5

Relationship between reproductive traits of heifers with reproductive traits of cows
5.1 Introduction

Good reproductive performance is a basis to improve lifetime productivity.
Reproductive traits of heifer can be measured early, so they have advantage of early
evaluation and shorter generation interval as a consequence. A heifer trait with high
heritability and favorable genetic relationship with cow trait is desirable to conduct earlier
selection. Selection of reproductive trait of heifer will bring faster genetic improvement
of reproductive performance and calf cropping productivity (Abe et al., 2009).

Several studies reported genetic correlations of reproductive traits between heifers
and cows in dairy cattle (Andersen Ranberg et al., 2005; Jamrozik et al., 2005; Abe et al.,
2018; Liu et al., 2008, Tiezzi et al., 2012). Estimated genetic correlations between
reproductive traits in heifers and cows were required in a study for designing selection
program. They indicated that selection of heritable reproductive traits in heifers may
improve reproductive performance during their lifetime. In Japanese Black cattle genetic
correlations between reproductive traits of heifer and cow have not been reported.
Objective of this study is to estimate genetic correlations between reproductive traits of
heifers and cows.

5.2 Materials and Methods
5.2.1 Reproductive data

A data set consists of reproduction records of heifers which have been also used in

Chapter 2 and reproductive records of three parities of cows in Chapter 4 were analyzed

in this part study.
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5.2.2 Traits in study
Four reproductive traits for heifers, eight reproductive traits for cows and three traits
of age at calving were included in this study. Reproductive traits for heifers were NRR,
IN, FS, and GL, then denoted as NRR-h, IN-h, FS-h and GL-h, respectively. Reproductive
traits for cows were four traits same as in heifer, which denoted as NRR-c, IN-c. FS-c,
GL-c, and CF, DO, PR and CI. Age at calving were individual traits at each parity such
as AFC, ASC and ATC.
5.2.3 Statistical Models
Two-trait animal model was used to estimate genetic correlation between
reproductive traits for heifer and age at calving with reproductive traits of cows.
The two-trait model was:
w=[o xllnl+ e 2llal+[el

where Yy is the vector of reproductive traits of heifers or age at calvings, and y, the

)

vector of reproductive traits of cows; b; the vector of fixed effects for the ith trait,
including farm, month and year of insemination (for NRR, FS, IN and GL of heifers and
cows), month and year of calving (for CF, DO,PR and CI of cows) and month and year
of birth (for AFC, ASC and ATC), parity (for reproductive trait of cows) and Al
technician; a; the vector of random additive genetic effect for the ith trait; and e; the
vector of random residuals for the ith trait. X;, and Z; are incidence matrices connecting
b; and a; to y;. The variance covariance components were estimated by REML using
Asreml 4.1 software (Gilmour et al., 2015).
5.3 Results

Genetic correlations between reproductive traits of heifers and cows varied from low

to high: the highest and the lowest genetic correlations were between FS-h and FS-c and
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Table 5.1 Genetic correlations (+SE) between heifer traits and cow traits

Heifer Cow traits?

trait® NRR-c IN-c FS-c GL-c CF-c DO PR CI
NRR-h  0.417(0.021) -0.574(0.023)  -0.327(0.016)  -0.568(0.037)  0.369(0.015) 0.434(0.017) -0.422(0.031)  0.390(0.017)
IN-h -0.592(0.028)  0.734(0.018) 0.455(0.016) 0.427(0.026) 0.335(0.016) 0.431(0.031) -0.152(0.019)  0.456(0.021)

FS-h -0.388(0.036)  0.485(0.015) 0.795(0.024) 0.538(0.026) 0.281(0.013) 0.597(0.018) -0.142(0.017)  0.371(0.026)
GL-h -0.290(0.025)  0.289(0.011) 0.077(0.015) 0.087(0.015) -0.333(0.039)  0.292(0.018) 0.065(0.016) 0.276(0.016)

aNRR-c: non-return rate of cows, IN-c: number of inseminations of cows, FS-c: interval from first to successful insemination of cows, GL-
c: gestation length of cows, CF: interval form calving to first insemination, DO: days open, PR: pregnancy rate, CI: calving interval.
" NRR-h: non-return rate of heifers, IN-h: number of inseminations of heifers, FS-h: interval from first to successful insemination of heifers ,

GL-h: gestation length of heifers.
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Table 5.2 Genetic correlations (+SE) between age at calving with cow traits

Age at calving®

Cow traits®

NRR-c IN-c FS-c GL-c CF-c DO PR CI
AFC -0.396(0.027)  0.661(0.024) 0.634(0.026) -0.279(0.035)  0.422(0.019) 0.533(0.018) -0.505(0.014)  0.436(0.025)
ASC 0.251(0.024) 0.584(0.029) 0.221(0.023) -0.166(0.019)  0.580(0.015) 0.627(0.021) -0.375(0.019)  0.483(0.021)
ATC -0.072(0.031)  0.402(0.259) 0.598(0.019) -0.086(0.032)  0.521(0.024) 0.441(0.023) -0.202(0.022)  0.402(0.025)

aNRR-c: non-return rate of cows, IN-c: number of inseminations of cows, FS-c: interval from first to successful insemination of cows, GL-

c: gestation length of cows, CF: interval form calving to first insemination, DO: days open, PR: pregnancy rate, CI: calving interval.

® AFC: age at first calving, ASC: age at second calving and ATC: age at third calving.
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between GL-h and PR, respectively, in absolute values (Table 5.1).

AFC showed high genetic correlation with FS-c and IN-c but moderate correlations with
others reproductive traits of cows. ASC indicated low genetic correlation with FS-c and GL-
¢ and high genetic correlations with DO, whereas ATC showed low to moderate genetic
correlations with reproductive traits of cows (Table 5.2).

5.4 Discussion

The inter trait genetic correlations between IN-h with IN-c and FS-h with FS-c were high
(0.734 and 0.795, respectively) however, genetic correlation between heifer and cow traits
ranged from low to high (0.065-0.795). This agreed with results of several studies on dairy
cows (Jamrozik et al., 2005; Liu et al., 2008; Tiezzi et al., 2012).

The low genetic correlation of PR with IN-h, FS-h and GL-h may be due to physiological
and genetic factors. As a physiological factor, the metabolic pathway shows large change
after the first calving. One of the key aspects of the change related to reproduction is milk
production that is associated with increased metabolism of the steroid hormone (Wiltbank et
al., 2006). As a genetic factor, gene expression in heifers might be different from that in cows
(Tiezzi et al., 2012). The differential expression pattern of genes between heifers and cows
may potentially play a role in the low genetic correlation between heifer traits and PR of
cows, indicating that reproduction traits of heifers and cows should be evaluated as different
traits. Thus reproductive traits of heifers and cows need to be evaluated separately, although
most reproductive traits in heifers genetically correlate strongly with reproductive traits in
subsequent parities (Liu et al., 2017).

In term of common practice in Japan, heifers undergo the first insemination when they

are older than 12 months or their body height reaches more than 118 cm. Based on that fact,
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AC is closely related to reproductive efficiency because delay of calving indicates that cows
need more than one insemination for their conception. Fourth groups of reproductive traits
for cows defined based on the patterns of genetic correlations with AC.

The first trait group measured abilities of cows to recycle after calving, indicated by CF
in the present study, which had genetic correlations with AC ranging from 0.422 to 0.580.
The second group of traits described the capacities of cows to conceive at subsequent
breeding, including NRR-c, IN-c and FS-c. Genetic correlations between these traits with
AC were moderate to high, ranging from 0.221 to 0.661 in absolute values, except for the
genetic correlations of NRR-c with AFC (-0.396) and ATC (-0.072). The third group of traits
described the capacities of cows for maintaining pregnancy, indicated and GL-c, which had
negative low genetic correlations with AC (-0.279 to -0.086). The fourth group of the traits
was DO, PR and CI which measured the combined abilities to recycle, conceive and maintain
pregnancy. Most genetic correlations between these traits with AC were moderate to high,
ranging from 0.202 to 0.627 in absolute values.

In the present study, AFC was considered to be the most useful for genetic improvement
of reproductive traits, compared with ASC and ATC. Since AFC is a trait measured early, it
shows high genetic correlation with IN-c and FS-c (0.661 and 0.634, respectively) and
moderate genetic correlation with NRR-c, GL-¢, CF, DO, PR and CI. Based on that result,
AFC can be used as an early indicator of ability of cows to maintain regular reproductive
cycle. Furthermore, AFC is a trait routinely recorded in breeding programs for reproductive
traits in beef cows (Gutiérrez et al., 2002; Oyama et al., 2002; Martinez-Veldzquez et al.,
2003). AFC is suggested to be the most promising trait for genetic improvement of

reproductive traits.
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5.5. Conclusion

In this study, AFC was considered to be most favorable compared with ASC and ATC.
Since AFC is a trait measured early, AFC also indicated moderate to high genetic correlations
with traits which measured the abilities to recycle, conceive and maintain pregnancy. Based
on the result, AFC can be used as an early indicator for ability of cows to maintain regular

reproductive cycle.
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Chapter 6

Determination of penalty methods for interval from
first to successful insemination

6.1 Introduction

Reproductive traits of heifers are measured relatively early in their productive life and
have positive genetic correlations with reproductive and yield traits in dairy cows (Abe et al.,
2009). Thus genetic analysis of reproductive traits in heifers should be conductive to the
improvement of reproductive performance without loss of genetic progress in yield traits. A
problem in evaluating FS of heifers is the high number of unsuccessful inseminations termed
“open heifer”. Farmers tend to cull heifers that do not conceive after a series of inseminations
in that early culling can reduce the cost of feeding the animals. In the present study, heifers
that did not conceive were culled and categorized under “missing FS record”. Thus, records
of all animals are crucial for valid genetic analysis.

For solving the problem of missing records, several penalty methods have been proposed
by animal geneticists: Adding 21 days to the largest record within a contemporary group, has
been proposed based on the estrous cycle of female cattle (Johnston and Bunter, 1996).
Adding a constant number of 30, 60 or 90 days to a missing record, has been proposed, based
on the number of months after the last insemination (Bormann and Wilson, 2010). In this
study, we set up one approach based on the number of inseminations and another based on
the estrous cycle of female cattle. The objective of this study is to determine the best approach
for handling missing records of heifer reproductive traits, for estimating the genetic

parameters and for predicting the breeding value of FS in Japanese Black heifers.

40



6.2. Materials and Methods
6.2.1 Data set

A data set consisted of records of artificial insemination, calving events and FS in heifers.
The data set was edited by the following requirement: heifers born between 2003 and 2015,
first insemination of heifers between 2005 and 2016, and farms with a minimum of five
records. The final data set comprised 2367 records of heifers from 164 farms, including 206
(8.7% of the total) missing records. The data structure is presented in (Table 6.1). FS is
computed as the interval in days between the first insemination date and the last insemination
date that resulted in conception. Three percentages (5%, 10% and 15%) of the records were
investigated with the use of a random censoring scheme.

Table 6.1 Structure of source data

Class Number
Heifer with data 2,161
Open heifer 206
Sire 101
Dam 1,317
Farm 164
Age* 3
Animal in pedigree 15,600

*Age class : <16, 16 to 19 and >19 month
6.2.2 Penalty method

Two penalty approaches were used in this study: 1) based on the number of inseminations,
2) based on the estrous cycle of female cattle. FS days tend to be prolonged with the
increasing number of inseminations, and based on this relationship, four penalty methods,
coded C1, C2, C3 and C4, were set up. The last penalty method (C5) was based on the estrous

cycle of female cattle (Johnston and Bunter, 1996). When P is days of penalty, the methods
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are:

1. C1 : average FS according to the number of inseminations.

P = nx, where ny is the average number of FS days at the number of times till the last
insemination plus one.

2. C2 : constant number of days (359), derived from the highest expectation of FS in the

records, P = nm, where nm =359.

3. C3 : maximum number of FS days to each insemination.

P = n,, where ny is the maximum number of FS days to the nth insemination.

4. C4 : average of nx and nm, where nx is the average number of FS days at the number of
times till the last insemination.

5. C5 : a constant number (21d) was added to the highest number of FS days in each
contemporary group. P = ng + 21, where ng is the maximum number of FS in each
contemporary group.

6.2.3 Bootstrap method

The bootstrap method is one of the most powerful variance estimation techniques applied
to complex sample statistics, whereby simulation is conducted to generate multiple data sets
from an original data set (Efron and Tibshirani, 1993). The principle of bootstrap is based on
resampling of records from a current data set, that is composed of pseudo samples distributed
according to the same distribution as of the original sample. A data set with missing values
is generated by a random sampling scheme from the original data by replacement. Although
each resampled data set has the same number of observations as the original sample, the
composition of the data set is different. Therefore, each of these data sets randomly deviates

from the original data set.
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In the present study, the bootstrap method was used to compare five penalty methods in
terms of bias, MSE and the accuracy of EBV. Resampling was generated 100 times from the
original data. The bias and error variance computation requires between 50 and 200
resamplings (Efron, 1990). The number of bootstrap replications suggested is a minimum of
100 for standard error estimation (Thai et al., 2013). Nonetheless, an approach using the
bootstrap technique has been proposed for obtaining robust estimates of heritability (Reverter
et al., 1998; Rao and Prabhakaran, 2001). In the present study, the steps of bootstrap were as
follows:

(1) Generate a resampled data set 100 times from the original (non-censored) data.

(2) Choose 8.7% of missing records within each resampling data set by the random censoring

scheme.

(3) Estimate genetic parameters and predict EBV for each data set.

(4) Calculate the average of genetic parameters and predicted EBV.

(5) Compare the penalty methods by bias and MSE of heritability and correlation of EBV
with a non-censored data set.

(6) Repeat steps 1 to 5 for three other percentages (5%, 10% and 15%) to assess the influence
of different proportions of missing records on the inference.

6.3 Results

The mean FS in C5 was higher than in the other methods. On the other hand, among the
methods based on the number of inseminations, the highest and the lowest mean FS was

observed in C2 and C3, respectively (Table 6.2).
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Table 6.2 Basic statistics of FS in the penalty methods at each percentage of missing records

Percentage of missing

Method 5% 8.7% 10% 15%
Mean SD Mean SD Mean SD Mean SD
Cl 59.34 72.64 64.78  78.12 65.69  91.63 70.73 92.33
C2 72.18 82.34 78.18  86.47 80.21 87.58 93.03 95.84
C3 60.26  71.02 6493  75.52 68.16  78.13 72.89 82.88
C4 64.83 78.36 68.45  80.29 71.87 81.43 78.15 87.52
C5 107.43  120.60 111.35 123.04 113.23 124.97 119.12  131.26

The estimated genetic variance, residual variance and heritability of the non-censored
data set were 136.15; 10,527; 0.012, respectively. C1 showed high heritability ranging
between 0.011 + 0.019 and 0.014 + 0.016. The lowest heritability was 0.009 + 0.017 and the
highest was 0.015 £ 0.019 in C2. C3 also showed heritability ranging between 0.008 + 0.019
and 0.015 + 0.019. C4 demonstrated medium heritability, whereas C5 showed unstable
heritability. All penalty methods showed large standard errors of heritability (Table 6.3).

Bias of estimated heritability in five penalty methods is presented in Table 6.4. C1 and
C2 had bias ranging between 0.61 and 1.91 and between 0.54 and 2.71, respectively. The
same trend was observed in both methods, where the lowest bias occurred in 10% and the
highest in 15% of the missing records. The bias in C3 ranged between 0.79 and 2.54, with
the lowest in 5% and the highest in 10%; in 8.7% it was lower than in the other penalty
methods. The bias in C4 ranging between 0.48 and 2.49, demonstrated fluctuation within
different percentages of the missing records. C5 showed the highest bias among the penalty

methods at all percentages of missing records.
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Table 6.3 Genetic variance, error variance and heritability (+SE) of FS for non-censored
data and data set with missing FS in five penalty methods.

Percentage of missing Method o2 o2 h?
non-censored data 136.15 10,527 0.012 £0.016
Cl 193.76 13,808 0.014+£0.016
C2 199.07 14,669 0.013+£0.019
5% C3 172.65 13,190 0.013+£0.019
C4 140.31 11,366 0.012+0.018
Cs 891.07 61,925 0.015+0.023
Cl 210.95 14,654 0.014 +0.020
C2 250.54 16,743 0.015+0.019
8.7% C3 197.07 13,887 0.015+0.019
C4 151.25 13,260 0.011+0.018
C5 1051.6 104,080 0.010 £ 0.021
Cl 217.59 15,943 0.013+0.019
C2 224.08 18,066 0.012+0.017
10% C3 113.86 13,599 0.008 £ 0.019
C4 171.63 16,469 0.010+0.018
C5 1694.5 111,500 0.015 £0.021
Cl 231.04 20,307 0.011+0.019
C2 199.11 21,068 0.009 +0.017
15% C3 263.13 16,743 0.008 +£0.019
C4 139.81 14,035 0.010+0.019
Cs 2033.8 161,740 0.012 +0.022

o02: additive genetic variance, oZ: residual variance, h?: heritability.

MSE of estimated heritability in five penalty methods is presented in Table 6.5. The
result showed that C1 had the highest MSE in 8.7%, and a variable MSE between different
percentages of missing records. C2 showed a moderate MSE, ranging between 1.047 and
1.552, and the trend increased as the percentage of missing records became higher. C3
showed a low MSE, the lowest occurring in 5% and increasing as missing records increased.
The highest MSE was observed at 15% of missing records. C4 showed a moderate MSE of

estimated heritability, ranging between 0.633 and 0.879. CS5 had a larger MSE ranging
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between 1.423 and 1.876.

Table 6.4 Bias of estimated heritability (x107) in five penalty methods

Method Percentage of missing
5% 8.7% 10% 15%
Cl 1.47 1.12 0.61 1.91
C2 0.64 1.17 0.54 2.71
C3 0.79 1.05 291 2.54
C4 0.48 2.12 0.57 2.49
C5 2.18 2.39 2.53 2.67

The average correlation between the EBV of the five penalty methods and the EBV from
the non-censored data set is shown in Table 6.6. The correlation in C1 in 8.7% of the missing
records was 0.82, 0.84 and 0.83 for heifer, sire and dam, respectively. The correlation
between C1 and non-censored data was high in 5% and decreased as the percentage of
missing records increased. C2 and C3 showed moderate correlation in 8.7% (0.81, 0.87 and
0.83) and (0.86, 0.90 and 0.86) for heifer, sire and dam, respectively. The highest correlation
was found in C4 (0.88, 0.93 and 0.90) for heifer, sire and dam, respectively. C5 showed the
lowest correlation (0.41, 0.46 and 0.41) for heifer, sire and dam, respectively, with the same

trend as in C1, C2 and C3 in terms of different missing records.

Table 6.5 MSE (x10™) of estimated heritability in five penalty methods

Method Percentage of missing
5% 8.7% 10% 15%
Cl 0.776 1.899 1.344 1.453
C2 1.047 1.334 1.337 1.552
C3 0.786 1.266 1.345 2.781
C4 0.633 0.876 0.879 0.866
C5 1.442 1.876 1.423 1.775
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Table 6.6 Average of correlation between EBV of five penalty methods and EBV of non-
censored data set in FS

Percent of missing Method Heifer Sire Dam
C1 0.89 0.87 0.90

C2 0.87 0.85 0.86

5% C3 0.92 0.94 0.92
C4 0.92 0.95 0.93

C5 0.50 0.60 0.52

C1 0.82 0.84 0.83

C2 0.81 0.87 0.83

8.7% C3 0.86 0.90 0.86
C4 0.88 0.93 0.90

C5 0.41 0.46 0.41

C1 0.79 0.82 0.79

C2 0.77 0.85 0.80

10% C3 0.82 0.87 0.84
C4 0.87 0.91 0.89

C5 0.43 0.44 0.41

C1 0.69 0.71 0.73

C2 0.71 0.81 0.73

15% C3 0.73 0.81 0.76
C4 0.78 0.87 0.83

C5 0.39 0.42 0.38

6.4 Discussion
6.4.1 Estimated parameters

Heifers that have a true FS are those with successful insemination, gestation and calving.
Eliminating an open heifer from the data set would yield biased or underestimated genetic
parameters (Liu et al., 2017). In the present study, genetic and error variances tended to be
large when the penalty data were included, and those in C4 were the lowest among the five
penalty methods in 8.7%, whereas those in C5 were the highest. The effect of 30, 60 and 90
penalty days on calving day and age at first calving in the Angus heifer has demonstrated that
genetic and error variance increase when a high penalty score is included in the analysis

(Bormann and Wilson, 2010). They have concluded that the smallest number of penalty days
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is recommended in genetic analysis because their result showed that the lowest standard error
of heritability was estimated at the smallest penalty score.

In the present study, heritability of a non-censored data set was 0.012 + 0.016, lower than
the average estimates in C1, C2 and C3, but slightly higher than those in C4 and C5. Standard
errors of heritability of penalty methods were all higher than the heritability of a non-
censored data set. Compared with previous reports, our heritability estimates were within the
range of estimates in the literature. For Holstein heifers (Liu et al., 2008; Haer et al., 2013)
and Ayrshire heifers (Fogh et al., 3003), FS heritability has ranged between 0.01 and 0.02.

In the present study, all of the penalty methods showed positive bias in heritability
estimates. The bias in C5 was higher than that in the other penalty methods, making its error
variance five times higher than the other penalty methods.

MSE is the most important criterion in evaluating the performance of a predictor or an
estimator; it is also useful in acquiring the concepts of bias and accuracy in statistical
estimations (Maiti et al., 2014). Estimates with a small MSE are better because they are closer
to the real value (Burnham and Anderson, 2002). Taking those aspects into consideration in
the present study, MSE was calculated to compare the penalty methods: C4 showed the
lowest MSE; however, C1 and C5 were both higher, demonstrating that C4 was better than
the other methods.

6.4.2 Percentage of missing records

In the present study, 8.7% of the records were missing, and 5%, 10% and 15% were
designed to assess the influence of the missing records. The genetic and error variances in
C1 and C5 tended to increase as the percentage of missing records increased; in C2, C3 and

C4 they were inconsistent in the 10% and 15% missing records; in C4 they were the lowest
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in 5%, 8.7% and 15% as compared with the other methods; however, in 10% of the missing
records, the lowest variance was observed in C3. The reason for the fluctuation in genetic
and error variances in 10% and 15% of the missing records was attributable to changes in
pedigree structure. This phenomenon may be due to the deletion of key animals with regard
to pedigree.

C1 showed the lowest MSE in 5% and the highest in 8.7% compared with the other
percentages. In C2 MSE tended to be similar to those in C3 and C4, where the lowest MSE
occurred in 5% and increased as the percentage of missing records became higher. In C4
MSE was lower than in the other methods at all percentages of missing records. C5 showed
the highest and the most unstable MSE among the different percentages. When the percentage
of missing records rises up to 15%, heritability tends to be lower because genetic variance
decreases, while error variance increases. The change in genetic and error variances is
reinforced with higher missing percentages in conjunction with changes in the data structure
(Guo et al., 2001).

6.4.3 Prediction of EBV of heifer and parent

The coefficient correlation of EBV for heifer was lower than that for sire and dam,
whereas it was higher for sire in 8.7%, 10% and 15 % of the missing records. In 5% of the
missing records, it was higher in C1 for heifer than for sire, whereas in C2 it was higher for
heifer than for dam or sire. In the other percentages, it was lower for heifer than for sire or
dam, which may be attributable to the decreased accuracy for heifer EBV at higher
percentages of missing records.

The coefticient correlation in C3 was lower than in C4 but higher than in the other three

methods. In C4 it was consistent and highest for heifers, sires and dams at all the percentages
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of missing records. In C5 it was the lowest for heifer and parents among the five penalty
methods. The penalty in C5 was based on the highest number of FS days, as identified in
each contemporary group plus the constant number (21d). Thus the penalty by the simple
addition of certain days resulted in a less accurate EBV and a lower correlation than the other
methods. This phenomenon could be due to changes in EBV ranking when penalty data are
implemented (Newcom et al., 2005). Smaller changes in EBV ranking may result in C4
attaining the highest correlation with a non-censored data set, demonstrating that the penalty
data in C4 are the most appropriate for handling missing records of FS in genetic analysis.
6.5 Conclusion

This study indicates that C4 is the best penalty method for missing records because it
has the lowest MSE and average standard errors of heritability. It also demonstrated the
highest accuracy for EBV and consistent results for all the percentages of missing records.
C1 and C2 are inadequate because they are too extreme to infer true FS, whereas C4 seems
to have properties that reflect true FS. True FS of heifers with missing records may be higher
than the average FS at the number of times till the last insemination but lower than the highest

expectation of FS in the records.
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Chapter 7

Estimated genetic parameters for binary traits using Bayesian approach
via Gibbs sampling

7.1 Introduction

NRR and SFI have been used to evaluate reproductive performance in dairy cattle
(Gonzalez-Recio et al., 2005; Chang et al., 2006; Liu et al., 2008; Tiezzi et al., 2012).
Nevertheless only limited studies evaluated NRR and SFI for reproductive performance in
Japanese Black cows.

NRR could be used to assess the ability of female cattle to conceive and maintaining
pregnancy in early period of gestation. The advantage of NRR is a property which can be
measured early and NRR is less biased due to fewer missing record than other reproductive
traits (Andersen-Ranberg et al., 2005; Sun and Su, 2010). NRR has disadvantage that a cow
which does not return within 56 might be pregnant or showing no return without pregnancy.
In this case SFI can be used as an alternative trait for evaluating the ability of female cattle
to conceive and maintain gestation.

NRR and SFI are both binary traits. Theoretically, threshold model is more appropriate
than linear model for estimating genetic parameter of this type of traits. Linear model is based
on assumption of normal distribution, whereas threshold model is based on the assumption
of an underlying unobservable continuous response variable that follows normal distribution
(Gianola and Foulley, 1983). On the other hand, Tempelman (1998) and Varona et al. (1999)
reported that threshold model has bias in the estimation of variance component when the
number of fixed effects is large. The objective of this study was to estimate heritability of

NRR and SFI using Bayesian approach via Gibbs sampling.
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7.2 Materials and Methods
7.2.1 Data Set

Field records of artificial insemination and calving events for heifers and the first three
parities of cows were collected from 184 farms. The data set was edited by the following
criteria: cows born between 2004 and 2014, age at first insemination more than 12 months
and age at first calving between 16 and 36 months.

Table 7.1 Structure of source data for NRR and SFI

Traits Heifer Cow
NRR

0 672 1437
1 1489 4343
SR

0 1002 2206
1 1159 3574
Total numbers of records 2161 5780

NRR was coded as one when there was no subsequent insemination at 56 days after the
first insemination and zero otherwise. SFI was coded as one if the cow was inseminated only
once and had a subsequent calving and zero otherwise. Traits of heifers were denoted as
NRR-h and SFI-h, whereas that for cow denoted as NRR-c and SFI-c. The final data set
available after editing were 2161 of heifers and 5780 of cows. The detailed information of

the datasets is presented in Table 7.1.

7.2.2 Statistical model
7.2.2.1 Linear Model
Single trait linear animal model used for NRR and IN separately for heifers and cows

data were:
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y=Xb + Zu +e, (1)
and
y=Xb+Za+ Wpe +e. 2)
In the above model, y is vector of observations of particular reproductive traits for
heifers (model 1) and cows (model 2); b is vector of fixed effects including farm, month
and year of insemination, Al technician and age at first calving and parity (only for model
2); a is vector of random additive genetic effect; the pe is vector of permanent
environmental effects (only for model 2); and e is vector of random residuals for the ith trait.
X, Z and W are incidence matrices connecting b, a, and pe to y.
7.2.2.2 Threshold model
The single trait threshold animal model assumed an underlying liabilities (L) of NRR
and SFI (y) with the same effects as linear animal model, but the response of observation was

modeled with the following distribution:
n
roin = [ o
i=1

n

= H[I(Li <t)I(y; =0) + I(t; < L; < t)I(y; = 1)]
i=1

where t; isthreshold that define the two categories of response and 7 is an indicator function
that takes value one if the condition specified is true, otherwise the value is zero. The genetic

parameters were estimated via a Bayesian procedure (Wang et al., 1993) assuming that the

normal distribution with density as:
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p(a|62)~N(0, Ad?),
p(pe|o.)~N(0,Ad3,),
p(e|a)~N(0, Ac?),

where A is the numerator relationship matrix of additive genetic relationships between
individuals in the pedigree; I the identity matrix; o2, g5 (only for cows) and @5 the
additive genetic variance, permanent environmental variance and residual variance,
respectively.

The variance covariance components were estimated via Bayesian procedure by
GIBBS1F90 and THRGIBBS1F90, respectively for linear and threshold model (Misztal,
2002). After burn-in of the first 1,000,000 samples and taken apart at every 250 cycles
(sampling interval), resulting posterior distribution with 4,000 samples in which inferences
were performed. Value from burn-in step and sampling interval were evaluated through the
POSTGIBBSI1F90, which uses the Geweke diagnostic test (Geweke, 1992) based on the Z
test of average equality of the conditional distribution data logarithm.

7.3 Results

Estimated heritability for SFI-h was similar to that for NRR-h when it was analyzed by

linear model. When threshold model was applied, heritability of SFI-h was slightly higher

than of NRR-h (Table 7.2).
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Table 7.2 Genetic variance, error variance and heritability (posterior SD) for NRR-h and
SFI-h for analysis using linear and threshold models

Trait Model A o2 h?

NRR-h Linear 0.0056 0.2148 0.025(0.066)
Threshold 0.0314 0.9421 0.032(0.038)

SFI-h Linear 0.0064 0.2379 0.026(0.074)
Threshold 0.0375 0.9341 0.039(0.022)

oZ: additive genetic variance, o2: residual variance, h?: heritability.

Estimated heritability for SFI-c was higher than heritability for NRR-c even if either
linear or threshold model was applied (Table 7.3). In general, threshold model showed lower

posterior standard deviation than linear model.

Table 7.3 Genetic parameters for NRR-c and SFI-c for analysis using linear and threshold

models.
Trait Model o2 Ope o2 h?
NRR-¢ Linear 0.0029 0.0074 0.1726 0.016(0.091)
Threshold 0.0219 0.0329 1.0173 0.020(0.025)
SFI-c Linear 0.0048 0.0096 0.2139 0.021(0.036)
Threshold 0.0312 0.0801 1.0249 0.027(0.013)

02 : additive genetic variance, o2 : residual variance, aﬁe: permanent environmental

variance, h?: heritability.

The estimated heritability for all traits both in heifers and cows showed low values of
Geweke (p-value) ranged (0.012-0.022) and MCE ranged (0.001-0.004). They also
represented narrow interval of CIH. DIC of estimates heritability by linear model were
ranged from 3173.27 to 7997.49, while those by threshold model were lower, ranging from

2086.90 to 4683.37 (Table 7.4).
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Table 7.4 MCE, CIH and DIC for heritability estimates by linear and threshold models

Model Trait Geweke (p-value) MCE CIH DIC
Linear NRR-h 0.017 0.003 0.000-0.038 3173.27
SFI-h 0.022 0.004 0.000-0.044 3674.31
NRR-c 0.013 0.001 0.000-0.024 6259.84
SFI-c 0.016 0.001 0.000-0.035 7497.49
Treshold NRR-h 0.015 0.001 0.016-0.045 2086.90
SFI-h 0.018 0.002 0.018-0.050 2401.25
NRR-c 0.012 0.002 0.008-0.032 4618.09
SFI-c 0.014 0.002 0.012-0.031 4683.37

7.4 Discussion
7.4.1 Estimates of heritabilities

Linear model produces a heritability estimate in observed scale, while threshold model
provides a heritability estimates in underlying scale (liability). A direct comparison on
estimated heritabilities of NRR and SFI in beef cattle is not available at the present. The
estimates of heritability for NRR and SFI were slightly higher than those reported in dairy
cattle. For NRR, Wall et al. (2003) and Veerkamp et al. (2001) reported heritability estimates
0f 0.018 and 0.019, respectively, using linear model, but Sun and Su (2010) and Andersen-
Ranberg et al. (2005) reported lower heritability (0.011 and 0.010). Using threshold model,
the estimates in the range of 0.014 to 0.050 were reported by Sun and Su (2010), Heringstad
et al. (2006) and Gonzalez-Recio et al. (2005).

For SFI, the estimates ranging between 0.010 and 0.017 were reported by Veerkamp et
al. (2001), Kadarmideen et al. (2003), De Haas et al. (2007) and Sun and Su (2010), using
linear model. Whereas, Gonzalez-Recio and Alenda (2005) and Sun and Su (2010) estimated

slightly higher heritability of 0.040 and 0.020, respectively by threshold model.
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7.4.2 Comparison between heifers and cows

The estimates of heritability for NRR and SFI in heifers ranged between 0.025 and 0.039
slightly higher than those in cows (0.016-0.027). This result was similar to estimated
heritability for NRR using linear model reported by Liu et al. (2017) in dairy cattle. This
difference between heifers and cows may be resulted by genetic and physiological factors.
This result suggested that NRR and SFI are different trait when measured on heifers and
cows. The interpretation of this result is that, given a pool of genes affecting reproductive of
an individual, gene expression in heifers might be different from that in cows (Tiezzi et al.,
2012). Physiological status of female cattle changes considerably after the first calving.
When the cows start to produce milk, metabolism of the steroid hormone increase and affect
reproductive performance as a consequence (Wiltbank et al., 2006).
7.4.3 Model comparison

Geweke criteria and error of Monte Carlo chain (MCE) were used to monitor the
convergence. They were obtained by calculating the variance of samples for each component
divided by the number of samples (Geweke, 1992). Low values of Geweke criterion and
MCE for both linear and threshold models indicated that the amount of a posteriori for
heritability estimate was valid for binary trait. Furthermore, the low value indicated that chain
size for the particular Bayesian analyses was confirmed to reach convergence (Figueiredo
Filho et al., 2018).

CIH estimated by threshold model showed narrower interval than that estimated by
linear model. This result indicated that threshold model showed higher reliability of the
estimates. DIC is a parameter which makes model comparison being based on a posteriori

distribution of the likelihood ratio. Model with smaller value of DIC is better in terms of
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heritability estimates (Spiegelhalter et al., 2002). Based on the value of DIC, threshold model
is better than linear model for estimated genetic parameter for binary traits. DIC value for
NRR and SFI estimated by threshold model were lower than that by linear model for both
heifers and cows data set.

SFI showed more appropriate for evaluation of first insemination. Besides SFI showed
slightly higher heritability than NRR, the records of success or fail of the data is more reliable.
Thus the result of this study suggested that NRR and SFI on heifers and cows should be
analyzed separately as a different traits. In term of model comparison for estimated
heritability of binary traits, threshold model showed more reliable results than linear model.
7.5 Conclusion

The result of this study suggested that NRR and SFI on heifers and cows should be
analyzed separately as a different trait. SFI showed more relevant for evaluation of first
insemination. Besides SFI showed slightly higher heritability than NRR, the records of
success or fail of the data is more reliable. The values of Geweke criteria and MCE indicated
that chain size for the particular Bayesian analyses for either linear or threshold models was
confirmed to reach their convergence. Whereas, narrow interval of CIH and smaller value of
DIC suggested that threshold model was more appropriate than linear model for estimate

genetic parameters of binary traits.
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Chapter 8

General Conclusion

The study of reproductive traits in heifers suggests that low heritability of reproductive
traits is strongly influenced by farm management practices, and that large residual variance
makes genetic evaluation difficult. NRR, IN and FS demonstrated close genetic relationship
with one another, although their heritabilities were very low. Among the reproductive traits
of heifer, AFC has the highest heritability and favorable genetic correlations with IN and FS.

Estimated heritability of most female reproductive traits in three parities of Japanese
Black cows is low. Multiple-trait analysis showed that genetic correlations between same
traits among different parities of cows were high. Whereas, repeatability model seems to be
more appropriate for estimating reproductive traits because it yields a low standard error in
estimated parameters. The repeatability model have additional benefit to provide permanent
environmental effect on a trait.

In the study of relationship between reproductive trait of heifers and cows, AFC was
considered to be the most desirable trait compared with ASC and ATC. Since AFC is a trait
measured early, it AFC also indicate moderate to high genetic correlations with traits which
measured the abilities to recycle, conceive and maintain pregnancy.

Study of penalty methods for FS indicated that C4 was the best penalty method for
missing records because it had the lowest MSE and average standard errors of heritability. It
also demonstrated the highest accuracy for EBV and consistent results for all the percentages
of missing records. Furthermore, C4 seemed to have properties that reflect true FS because

the value was in interval between C1 and C2. While, C1 and C2 were too extreme to infer
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true FS. Then study of different model for binary traits using Bayesian approach via Gibbs
sampling resulted that values of Geweke criteria and MCE indicated that chain size for the
particular Bayesian analyses for either linear or threshold models was confirmed to reach
their convergence. Whereas narrow interval of CIH and smaller value of DIC suggested that
threshold model is more appropriate than linear model for estimating genetic parameters of
binary traits.

AFC is considered a key trait in the reproductive cycle of and as an indicator of sexual
maturity in female cattle. Improvement of AFC will play an important role for increasing
reproductive performance in subsequent parities. Based on favorable genetic correlations
with important traits such as IN and FS, AFC can be used as an early indicator of ability of
cows to maintain regular reproductive cycle. Selection by AFC will provide consistent

genetic improvement in reproductive performance of Japanese Black cows.
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