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Background

ADHIS are currently reviewing the national breeding objective (NBO), which will provide at
least one index to replace the APR. A set of economic values has been calculated as part of the
ADHIS review of the national breeding objective, where economic weight is defined as the value
of changing a trait by one unit while assuming no change in other breeding objective traits. For
the current APR and its predecessor, index weights were calculated using selection index theory
and these were implemented as ABV weights by ADHIS. However, it has been proposed to
simply use economic values, rather than index weights, to weight single trait ABVs. Some
questions have been raised about the adequacy of this approach. This document explains and
shows the difference between simply using economic values as weights and using index weights
that use economic values, ABV reliabilities and correlations between traits. The potential loss of
information and accuracy due to this issue is quantified and an index calculation algorithm that
could potentially recover the index accuracy lost is proposed and discussed.

Summary and Conclusion

When using economic values as index weights for single trait ABVs, the correlated responses in
other traits are not fully accounted for when optimizing selection response. A selection index
approach combines the economic value of a trait with the value of correlated responses in other
traits if those traits have incomplete information about their true merit (i.e. ABV reliability less
than 1). For example, if the accuracy of the fertility ABV is only 40%, then an index weight for
production traits would be reduced somewhat to account for a negative response in fertility when
selecting for production, because the information on fertility is insufficient to account for that.
The adjustment would be smaller if the reliability of the fertility ABV would be higher.

Results show that for the proposed Abacus indexes (5 sets of economic weights were tested)
when using economic values as weights compared to using selection index weights gives a loss
of about 3-6% in selection accuracy for the situation of a typical bull after its first progeny test
(75 daughters for production and fertility and 30 for type traits). The expected correlation
between an index based on economic values versus an index based on optimized selection index
weights is then between 0.94 and 0.97. The observed correlation in a dataset of 500 published
bulls was between 0.94 and 0.98 for Holstein and between 0.86 and 0.97 for Jersey. The
correlation is lower in indexes where functional traits have more value. The index based on
economic weights puts more emphasis on production traits than is optimal.

For some traits, index weights deviate substantially from their economic value counterparts and
some of these differences are not easy to explain as they depend on a complex multivariate
correlation structure. Furthermore, optimal weights can vary between bulls as they depend on the



ABYV reliabilities. For older bulls with more progeny recorded for a broad range of traits, the
optimal weights would be much closer to economic values. A solution that could be considered
is to calculate the overall merit index for bulls based on customized index weights, using a
simple algorithm that combines information on economic values, genetic and phenotypic
correlations and ABV reliabilities. This will mean that the index weights will actually vary
according to the reliability of traits, which is more optimal. One downside of this is that the
linear relationship between economic values and the final index is not preserved, so breeders
cannot easily calculate the index for themselves. It is not useful to publish index weights, as they
may vary between bulls, they are sometimes hard to explain due to co-linearity between traits,
and they are not always reflective of the actual selection response that is obtained by using them.
Instead, economic values of traits should be published.

Selection Index Theory

When constructing selection indexes we have a set of traits in the breeding objective, those are
the traits with economic values, and we have a set of traits which are measured and which we use
to select on, which are the selection criteria traits. There is usually a large overlap between these
sets of traits, but traits that are measured and have no value are criteria traits only and traits that
have value but are not measured are breeding objective traits only.

A selection index is constructed based on the breeding objective traits and their relative
economic value. Index ranking can be achieved based on weighting the traits we have
information on (say in the form of EBVs). Deriving these weights requires genetic parameters of
and between all criteria and objective traits, and the economic values of the breeding objective
traits. The weights also depend on the information that is available for each trait. When we form
an index based on estimated breeding values (EBV), then weighting for EBVs from a multiple
trait BLUP evaluation will be the economic weights. However, ADHIS calculates ABVs using
single trait models. If we want weights for single trait EBV, then the weights will depend on both
economic and genetic parameters and the reliability of these EBVs. The genetic parameters are
needed because EBVs can borrow information from multiple traits. This is already accounted for
when estimating multiple trait EBV, but not in single trait EBV.

This document describes selection index weightings for STEBVs (singe trait estimated BVs).
Here, we answer the following questions:

1) Why are index weights different from economic values?

2) How different can they be?

3) What is the difference in selection response if we ignore index weights and simply use
economic values as weights in an index based on single trait EBVs?



Why are index weights different from economic weights?

Index weights often deviate from economic weights because they also account for genetic
changes in correlated traits due to selection on the trait itself as well as changes due to selection
on correlated traits. But they only account for changes that cannot be predicted based on the
information used to predict EBVs. If plenty of measurement information is available for each
trait then EBV accuracies will be very high and do not rely on borrowing information from
correlated traits. In that case index weights for STEBVs will be nearly identical to the economic
values.

If a trait is not measured and not included in the breeding objective, then the economic value of
its correlated traits need to be adjusted for the expected correlated change in the traits not
included in the breeding objective. This is done by genetic regression. This is equivalent to
including the non-measured trait in the breeding objective estimating it as MTEBV (by genetic
regression) and weighting it with its economic value. For example, if Protein Yield is measured
and only Protein Yield is in the breeding objective, then the economic value of Protein Yield
would need to include the correlated change in Feed Intake (higher production requires more
Feed). We use the genetic regression, e.g. 0.5 MJ per extra kg Protein, and the economic value of
Protein Yield will become $6.00 +0.5*%(-$4.00) = $4. In fact, the STEBV for Feed intake would
have an accuracy of zero. When using MTEBV, the EBV for Feed Intake would be calculated by
genetic regressions as 0.5*STEBVproein. Therefore, we could use either index weights for
STEBVs as (Index = 4.STEBVprotein) or use multiple trait BLUP EBVs (Index = 6.MTEB Vpyotein -
4 MTEBVEeedintake ). These approaches are equivalent. We should not use just the economic value
for Protein (Index = 6.STEBVProtein)

If a trait is poorly measured, its MTEBV would largely depend on measurements on correlated
traits. So weighting the MTEBYV for that trait with its economic value is equivalent to giving
additional weight to the measurements from the correlated trait. This is shown most clearly in the
example (Table 1) where there is no measurement at all for the second trait. If both traits in the
breeding objective have high reliabilities, then the index weights of single trait EBVs will be
nearly the same as the economic values.

Table 1: Index weights (IndWghTi) for single trait EBVs depending on the accuracies of the
EBVs for trait i (EBVAccTi) when selection for 2 traits, with economic values 6 and -4
and a genetic correlation of 0.5.

EBVAccT1l EBVAccT2 IndWGhtT1 IndWghtT2

0.90 0.00 4.00 NA
0.90 0.50 4.40 -2.93
0.90 0.70 4.83 -3.12
0.90 0.90 5.50 -3.42
0.95 0.95 5.73 -3.69
0.99 0.99 5.96 -3.95
0.999 0.999 5.99 -3.99




An index weight for a trait (say trait 1) is basically bl EV1 + b2 EV2 where b1 is close to the
ratio of reliability of ST vs MT BLUP (closer to 1 for traits with a lot of measurement and lower
with not much measurement) and b2 is close to (1-reliability of trait 2)*genetic regression of
trait 2 on trait 1.

The rationale is that if a trait has a low reliability EBV (e.g. trait 2), a trait with a high reliability
(e.g. trait 1) that is correlated would cause a correlated response in trait 2. Because we do not
have an accurate STEBV for trait 2 we cannot predict this change very well. Based on
information from trait 1, we can predict this correlated response much better. If we used
MTEBVs, the second trait would borrow information from the first trait and get an increase in
MTEBYV accuracy over the STEBV accuracy. When we use STEBVs the same borrowed
information is used to adjust the index weights and trait 1 might get some additional weight to
account for the additional response in trait 2. Provided that the assumed STEBV accuracies are
correct, then using selection index weights for STEBVs gives an equivalent response than
selection based on MTEBVs.

What is the difference in selection response?

When using economic values as weights for STEBVs, then information from correlated traits is
ignored and the response will be lower. The difference is largest when the more valuable traits
are poorly measured.

Table 2: Trait Response value ($RespTi), Total Response (Tot8Resp) and Response relative to
optimal response (RelResp) depending on the weights used for each trait (WghtTi); either
economic values (EV) or selection index weights (IW) when selection is for 2 traits, with
STEBYV accuracies 0.9 and 0.5 and a genetic correlation of (.5.

Case  Weight Used WghtT1  WghtT2 SRespTl SRespT2  TotSResp  RelResp
1 EV 1.00 2.00 0.36 0.61 0.96 96.5%
W 1.77 1.76 0.42 0.58 1.00
2 EV 1.00 1.00 0.41 0.29 0.71 99.2%
IW 1.38 0.92 0.43 0.28 0.71
3 EV 1.00 -1.00 0.37 -0.08 0.29 99.2%
IW 0.60 -0.75 0.34 -0.05 0.29
4 EV 1.00 -1.25 0.34 -0.06 0.28 96.5%
IW 0.50 -0.96 0.25 0.04 0.29
5 EV 1.00 -1.50 0.30 -0.02 0.28 91.9%
W 0.40 -1.17 0.15 0.16 0.31
6 EV 1.00 -2.00 0.24 0.08 0.32 82.5%
W 0.21 -1.59 -0.02 0.41 0.39




However, the difference in selection response is small in most cases. In case of unfavourable
genetic correlations, the difference could become more than 5% if the low reliability trait has
considerable economic value compared to the high reliability trait. This is illustrated in Table 2
where 6 cases are compared by varying the relative value of the low reliability trait (Trait 2). In
each case, the index weights are either economic values (in bold) or optimized selection index
weights. Cases 1 and 2 refer to a situation whether the genetic correlation is favourable whereas
cases 3-6 have an unfavourable genetic correlation (because economic values have a different

sign).

Even though the overall response is hardly affected when using economic weights rather than
index weights, the index weights themselves could differ substantially from the economic values.
Also, the individual trait responses could be considerable different. For example, in Table 2 in
case 3 the total response is hardly affected when using economic values as index weights but the
response for trait T1 is 11% higher whereas the (unfavourable) correlated response for trait T2 is
40% increased.

In dairy breeding programs, production traits are generally well measured. Functional traits like
Fertility, Survival, and Mastitis Resistance are generally less well measured and they have lower
heritability estimates, giving lower ABV reliabilities. Also, these traits are generally
unfavourably correlated with production traits. As the economic value of the functional traits
increases (relative to production traits), then the value of using MTEBVs over STEBVs also
increases, as poorly measured traits benefit more from information on correlated traits. Similarly,
using index weights rather than economic weights is relatively more important if the poorly
measured traits become more important. Finally, it is expected that functional traits will be
emphasized less than under optimal selection whereas the production traits are likely
overemphasized.

Summary and Conclusion from Selection Index Theory

When ST EBVs are available for an index, a selection index approach to calculate index weights
is justifiable, as the index weights are economic weights but adjusted for correlated changes in
other traits as far as these correlated changes are not covered by the EBVs for those other traits.
In a selection index, additional weight is given to traits that are well measured and are correlated
to other breeding objective traits that are not well measured. If we did not make this adjustment,
we would ignore the value of some correlated changes.

For example, we could include Feed Intake in the breeding objective, and therefore not correct
the economic value of Protein Yield for the extra feed needed for an extra kg of Protein Yield.
This would be ok if Feed Intake was measured. It would also be ok if we used MT EBVs as the
Feed intake EBV would predict the extra feed intake from the (observed) increase in Protein
Yield EBV via genetic regression. But if ST EBVs are used and we use economic values rather
than index weights derived from selection index, we would ignore the correlated change in feed
intake.

Although the overall response is likely to be not affected very much (less than 5%), the weight
and response for production would be higher and the weight and response for Fertility would be
considerably lower compared to an optimal index.



Comparing selection indexes for ADHIS
We take as starting point the economic weights for APR and 5 indexes proposed by Abacus

Table 3. Economic Values as proposed by AbacusBio

APR Base Func Prod Type Funcb
Index nr 1 2 5 6 9 11
Milk Yield -0.06 -0.10 -0.10 -0.14 -0.10 -0.08
Protein Yield 5.78 6.92 6.92 10.38 6.92 5.95
Fat Yield 1.08 1.79 1.79 2.69 1.79 1.54
Survival/Residual
Survival 7.31 10.52 10.52 10.52 10.52 10.52
Fertility 6w preg rate 3.01 8.68 12.39 8.68 8.68 12.39
SCC -0.26 -1.07 -1.07 -1.07 -1.07 -1.07
Live Weight -0.56 0.00 -0.52 -0.52 -0.52 -1.13
Milking Speed -1.68 -4.9 -4.9 -4.9 -4.9 -4.9
Temperament -2.59 -3.51 -3.51 -3.51 -3.51 -3.51
Overall Type 0.00 2.03 2.03 2.03 5.03 2.03
Mammary System 0.00 191 191 191 191 1.91
Stature 0.00 -0.63 0.00 0.00 0.00 0.00
Udder Texture
Bone Quality
Angularity
Muzzle Width
Body Length
Body Depth
Loin Strength
Chest Width
Length Rump
Pin Width
Pin Set 0 0.59 0.59 0.59 0.59 0.59
Foot Angle
Rear Set
Rear Leg Rear View
Udder Depth 0 0.31 0.31 0.31 0.31 0.31
Fore Attachment 0 0.00 0.00 0.00 2.00 0.00
Rear Attachment Height
Rear Attachment Width

Centre Ligament
Teat Placement Fore
Teat Length
Condition score
Likeability (Like)



These weights can be used in selection indexes in two ways

1) Using economic values as index weights
2) Derive selection index weights for single trait ABVs using correlations between traits

In the second option we account more for correlated responses. For example, if production ABVs
are accurate and Fertility ABVs are less accurate, then the weight for production will be
somewhat adjusted to account for the correlated response in Fertility (i.e. it will likely be a bit
lower). If fertility ABVs is accurate there is less need for such an adjustment.

Note that in practice we can use index weights that depend on ABV reliabilities. These
customized weights would then vary between bulls, depending on their ABV reliabilities, and
therefore vary between bulls. It makes sense to publish economic values rather than index
weights, but to use index weights to calculate selection indexes for overall merit. This is 1)
because index weights vary between bulls, depending on their ABV reliabilities and 2) Index
weights can be harder to explain and they do not always give a clear reflection of the response
achieved.

In the calculations below we use weights for a ‘typical bull” with 75 progeny tested for
production, fertility, survival, 60 progeny for milking speed and temperament, 30 progeny for
type traits and none for live weight. Live weight is predicted from 5 type traits, mainly stature
and chest width (Haile-Mariam et al., 2014).

Table 4 shows the optimized index weights, given the economic values, the trait correlations and
this the number of progeny records for each trait. These selection index weights tend to be lower
for production traits, mainly to account for the negative correlation with functional traits and
fertility, which are traits with less reliability. Some type traits have notably different weights than
economic values. For example, overall type has a negative weight, mainly due to its negative
correlation with Fertility. As stated before, index weights are not easily explained as they depend
on various correlations with other traits as well the reliabilities of ABVs. It is more relevant to
compare indexes based on predicted response.

Responses are reported below for trait groups. In the Appendix there is a detailed comparison for
Index 5 on individual trait responses, showing that a large difference in the Overall Type weight
does not necessarily translate in large difference in responses for OT.



Table 4
Index weights

APR Base Func Prod Type Funcb
Index 2 5 6 9 11
Milk Yield -0.13 -0.13 -0.17 -0.12 -0.11
Protein Yield 6.77 6.24 9.94 6.04 4.75
Fat Yield 2.50 2.75 3.18 2.47 2.39
Survival 9.20 9.53 9.11 8.98 9.74
Fertility 6w pregrate 7.22 10.12 7.06 6.79 9.83
SCC -1.40 -1.48 -1.45 -1.48 -1.51
Live Weight 0.64 0.11 0.29 0.38
Milking Speed -4.95 -5.67 -5.59 -5.87 -6.37
Temperament -8.65 -8.98 -9.43 -10.22 -9.01
Overall Type -3.61 -6.58 -4.44 -2.04 -7.97
Mammary System 7.12 9.30 8.21 8.56 10.68
Stature -0.66 -1.08 -0.39 -0.40 -1.26
Udder Texture
Bone Quality
Angularity
Muzzle Width
Body Length
Body Depth
Loin Strength
Chest Width
Length Rump
Pin Width
Pin Set 2.36 2.86 2.47 2.42 2.99
Foot Angle
Rear Set
Rear Leg Rear View
Udder Depth 1.57 1.68 0.79 1.21 0.84
Fore Attachment -1.14 -1.01 -1.07 0.72 -0.46



Predicted responses to selection were calculated based on using either optimal selection index
weights (Table 5) or economic weights (Table 6). The results show that using economic values
as weights compared to using economic weights gives a loss of almost 3-6% in overall merit.
The correlation between an index based on EV versus an index based on derived index weights is
between 0.94 and 0.97. More importantly, the economic weights indexes tend to put more

emphasis on production.

Table 5. Predicted response (per 100 index units) for overall merit using optimal selection index
weights and relative contribution of trait groups to overall response.

Pred Resp on ABV scale and per 100 units of index

scale
APR Base Func Prod Type Funcb
Total $ Gain using constant economic

values (Base Index) 134.58 140.14 138.33 135.61 136.84 136.83

Production 44% 30% 26% 38% 28% 22%

Type 5% 9% 7% 8% 12% 8%

Survival/res Survival 29% 13% 13% 12% 14% 14%

Fertility 8% 15% 21% 12% 11% 22%

Workability 6% 6% 6% 6% 7% 6%

SCC 8% 13% 13% 12% 14% 14%

Table 6. Predicted response (per 100 index units) for overall merit using economic weights,
correlation of each index with the index based on optimal weights, and relative contribution of

trait groups to overall response.

Base Func Prod Type Funcb
Total $ Gain using constant
economic values (Base Index) 134.67 132.25 128.45 130.51 131.89
Correlation with optimum Index 0.97 0.95 0.97 0.97 0.94
Production 34% 32% 43% 33% 29%
Type 9% 8% 8% 12% 8%
Survival/res Survival 12% 12% 10% 13% 12%
Fertility 13% 19% 10% 9% 20%
Workability 6% 6% 6% 7% 6%
SCC 13% 12% 11% 13% 13%



Predicted responses can also be derived from actual sire ABVs. Table 7 shows the predicted
response to selection with the observed/realized response as calculated by Abacus. A comparison
between Tables 6 and 7 shows the difference between predicted responses (based on estimated
genetic parameters) and observed/realized responses (based on observed ABV differences).

Table 7. Realized response to selection from Abacus based on a on a 100pt changed in index.

APR Base Func Prod Type Funcb
Production 60% 52% 50% 60% 47% 47%
Type 5% 8% 7% 7% 11% 7%
Survival/res Survival 15% 5% 5% 4% 5% 6%
Fertility 4% 2% 4% 1% 2% 5%
Workability 7% 8% 8% 7% 8% 8%
SCC 7% 9% 10% 7% 9% 10%

Total $Gain using constant econ
values 114.68 120.89 121.12 116.72 118.99 119.78

The correlation between bulls rankings for the various indexes show a similar pattern when
comparing for each index the ranking based on index weights with the ranking based on
economic weights using $ values from the base index. The correlations agree well with the
theoretical predictions and they are lower for indexes that focus more on functional traits.

Table 8 Correlations between bull indexes using economic values or index weights.

Base Func Prod Type Funcb
Holstein 0.974 0.959 0.980 0.972 0.939
Jersey 0.963 0.917 0.974 0.959 0.862
Correlation with optimum
Index 0.97 0.95 0.97 0.97 0.94

This means that using selection index weights rather than economic values will result in re-
ranking of sires.

It should be kept in mind that the index weights were derived for a ‘typical bull’, just after its
progeny test, assuming 75 daughters for production and fertility, and 30 daughters for type traits.
Many older bulls have likely more progeny and therefore more reliable ABVs. Their optimal
weights will be closer to the economic values. However, one could argue that much of the bull
selection takes place after the initial progeny test. With genomic selection of younger bulls , the
reliabilities are unlikely going to be higher than those assumed based on the initial progeny test.
Although commercial dairy farmers selected across the range of bulls available to them their
choices have a smaller influence on the overall rate of genetic change.

Another consideration is that with customized index weights the linear relationship between
economic values and the final index is not preserved, so breeders cannot easily calculate the

index for themselves.
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Deriving customized index values

Consider an index with n traits.
For an individual bull we have:

e avector a of length n with single trait ABVs,
e avector r of length n where r; is the reliability of a;.
To derive index weights we further need

e avector v with economic values of the index traits,

e amatrix with genetic covariances between index traits (G)

¢ and a matrix with phenotypic covariances P.

The index weights are b= var(a)'cov(4,a).v.
where a are the true breeding values of the traits.
var(2) is an n by n matrix with

diagonals = i Gai’ where 6.2 = G(i,i)
and
off-diagonals = ri.1j. Gajj + 41irj.( Opij - V4Gaij))/n
where Gaij = G(i,)), Gpij = P(i,j) and n = max(nj,nj) where n; is the number of

effective daughters used to obtain 4;. These can be calculated as ni = ((4-h?).ri)/

((1-1i).h?).
Note that the second term of the off diagonal is often ignored, but ignoring this
term can have a substantial effect of the covariance and therefore the derived

weights unless n is very large (>1000)

cov(4,a) is an n by n matrix with the i,j' element cov(4;,aj) = ri. Gaj
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Appendix:

Weights and responses for Index 2

Index 2 Base
Milk Yield
Protein Yield
Fat Yield
Survival
Fertility 6w preg rate
SCC
Live Weight
Milking Speed
Temperament
Overall Type
Mammary System
Stature
Udder Texture
Bone Quality
Angularity
Muzzle Width
Body Length
Body Depth
Loin Strength
Chest Width
Length Rump
Pin Width
Pin Set
Foot Angle
Rear Set
Rear Leg Rear View
Udder Depth
Fore Attachment
Rear Attachment Height
Rear Attachment Width
Centre Ligament
Teat Placement Fore
Teat Length
Condition score
Likeability (Like)

Index Economic Response Response  Abacus
Weights Weights W EW ABV diff
-0.13 -0.10 143.00 173.01 167.57
6.77 6.92 6.04 6.86 8.44
2.50 1.79 8.31 892 12.05
9.20 10.52 2.04 1.82 2.46
7.22 8.68 2.42 2.07 0.57
-1.40 -1.07 -17.18 -15.83  10.49
0.00 5.57 6.65 0.27
-4.95 -4.9 -0.79 -0.73 1.24
-8.65 -3.51 -1.46 -1.34 0.95
-3.61 2.03 3.02 3.39 2.13
7.12 191 3.22 3.26 2.29
-0.66 -0.63 2.14 2.08 1.12
2.39 2.47 1.16
1.61 1.61 0.43
0.94 1.03 0.38

-0.25 0.05

0.56 0.45
0.63 122 -0.24

1.38 1.52
0.77 1.22 0.03

1.01 0.97

2.20 2.46
2.36 0.59 2.97 1.97 1.83

-0.42 -0.60

0.45 0.54

0.91 0.69
1.57 0.31 1.19 0.38 2.76
-1.14 0.00 1.54 1.41 1.63

1.69 1.49

2.20 2.59

2.66 2.30

2.19 2.23
-1.27 -1.29 -2.60

-0.01 0.00
-0.17 -0.17 1.28
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Weights and responses for Index 5

Index Economic Response Response  Abacus
Weights Weights W EW ABV diff
Milk Yield -0.10 -0.13 106.79 148.36 151.12
Protein Yield 6.92 6.24 491 6.07 8.02
Fat Yield 1.79 2.75 7.31 8.13 11.36
Residual survival 10.52 9.53 2.01 1.71 2.56
Fertility 6w preg rate 12.39 10.12 3.29 2.88 1.01
ScC -1.07 -1.48 -16.73 -15.01 10.77
Live Weight -0.52 0.64 4.37 6.48 0.08
Milking Speed -4.90 -5.67 -0.80 -0.70 1.22
Temperament -3.51 -8.98 -1.29 -1.21 0.91
Overall Type 2.03 -6.58 2.28 2.82 1.89
Mammary System 1.91 9.30 2.72 2.81 2.11
Stature 0.00 -1.08 1.67 1.94 0.98
Udder Texture 1.90 2.09 1.00
Bone Quality 1.23 1.34 0.45
Angularity 0.34 0.60 0.14
Muzzle Width -0.43 -0.16
Body Length 0.23 0.20
Body Depth 0.20 0.92 -0.86
Loin Strength 1.22 1.38
Chest Width 0.58 1.03 -0.26
Length Rump 0.79 0.83
Pin Width 1.79 2.20
Pin Set 0.59 2.86 3.42 2.18 1.91
Foot Angle -0.69 -0.88
Rear Set 0.43 0.47
Rear Leg Rear View 0.81 0.62
Udder Depth 0.31 1.68 1.45 0.71 3.07
Fore Attachment 0.00 -1.01 1.37 1.24 1.52
Rear Attachment Height 1.42 1.21
Rear Attachment Width 1.66 2.11
Centre Ligament 2.42 1.93
Teat Placement Fore 2.04 2.11
Teat Length -1.37 -1.44 -2.61
Condition score 0.00 0.01
Likeability (Like) -0.15 -0.15 1.23

13



Weights and responses for Index 6

Index 6 Prod
Milk Yield
Protein Yield
Fat Yield
Survival
Fertility 6w preg rate
ScC
Live Weight
Milking Speed
Temperament
Overall Type
Mammary System
Stature
Udder Texture
Bone Quality
Angularity
Muzzle Width
Body Length
Body Depth
Loin Strength
Chest Width
Length Rump
Pin Width
Pin Set
Foot Angle
Rear Set
Rear Leg Rear View
Udder Depth
Fore Attachment

Rear Attachment Height
Rear Attachment Width

Centre Ligament
Teat Placement Fore
Teat Length
Condition score
Likeability (Like)

Index Economic Response Response Abacus
Weights  Weights W EW ABV diff
-0.17 -0.14 186.19 213.61 184.07
9.94 10.38 7.59 8.37 9.39
3.18 2.69 9.98 10.61 13.40
9.11 10.52 1.74 1.47 2.09
7.06 8.68 1.81 1.49 0.28
-1.45 -1.07 -15.01 -13.32 7.84
0.11 -0.52 6.50 8.11 0.12
-5.59 -4.9 -0.72 -0.64 1.13
-9.43 -3.51 -1.49 -1.35 0.87
-4.44 2.03 3.15 3.35 1.71
8.21 191 3.18 3.05 1.88
-0.39 0.00 2.43 2.47 0.60
2.73 2.71 1.04
1.75 1.78 0.32
131 1.47 0.33
0.10 0.29
0.84 0.75
1.14 1.55 -0.24
1.70 1.69
1.03 1.33 0.00
1.16 1.10
2.49 2.65
2.47 0.59 2.65 1.70 1.70
-0.29 -0.42
0.53 0.55
0.77 0.54
0.79 0.31 0.04 -0.50 1.67
-1.07 0.00 1.11 0.91 1.02
1.77 1.57
2.73 2.94
2.53 2.03
1.94 1.80
-1.03 -1.10 -2.39
-0.02 -0.01
-0.18 -0.18 1.19
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Weights and responses for Index 9

Index 9 Type
Milk Yield
Protein Yield
Fat Yield
Survival
Fertility 6w preg rate
ScC
Live Weight
Milking Speed
Temperament
Overall Type
Mammary System
Stature
Udder Texture
Bone Quality
Angularity
Muzzle Width
Body Length
Body Depth
Loin Strength
Chest Width
Length Rump
Pin Width
Pin Set
Foot Angle
Rear Set
Rear Leg Rear View
Udder Depth
Fore Attachment

Rear Attachment Height
Rear Attachment Width

Centre Ligament
Teat Placement Fore
Teat Length
Condition score
Likeability (Like)

Index Economic Response Response  Abacus
Weights Weights W EW ABV diff
-0.12 -0.10 145.22 171.52 164.32
6.04 6.92 5.67 6.49 7.72
2.47 1.79 7.81 8.44  10.85
8.98 10.52 2.11 1.84 2.61
6.79 8.68 1.67 1.38 0.41
-1.48 -1.07 -17.45 -15.71  10.56
0.29 -0.52 5.53 7.10 0.61
-5.87 -4.9 -0.85 -0.76 1.30
-10.22 -3.51 -1.64 -1.48 1.00
-2.04 5.03 4.43 4.72 3.25
8.56 1.91 4.59 4.53 3.37
-0.40 0.00 3.07 3.00 2.25
3.12 3.11 1.80
1.87 1.90 0.99
1.35 1.50 0.96

0.07 0.25

1.13 0.96
1.13 1.62 0.07

1.66 1.71
1.03 139 -0.14

1.49 1.40

2.79 2.98
2.42 0.59 2.39 1.45 1.56

-0.16 -0.31

0.44 0.48

1.44 1.17
1.21 0.31 1.96 1.32 4.09
0.72 2.00 2.81 2.65 2.93

2.36 2.06

2.65 2.93

3.57 3.10

3.12 3.08
-1.29 -1.41  -2.74

-0.01 0.00
-0.18 -0.18 1.39
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PART 2: Comparing response from the final indexes

using Selection Index and Abacus method
Predicted responses for proposed ADHIS indexes.

Julius van der Werf 28 August 2014
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Table 1. Weight in APR and 3 indexes as proposed by AbacusBio

APR Func Type b Funcb c

Index nr 1 5 9% 11c

Milk Yield -0.08 -0.10 -0.09 -0.06
Protein Yield 7.10 6.92 6.23 4.46
Fat Yield 1.43 1.79 1.61 1.16
Survival®/Residual Survival 7.82 10.52 10.52 10.52
Fertility 6w preg rate 3.01 12.39 8.68 12.39
SCC -0.67 -1.07 -1.07 -1.07
Live Weight -0.56 -0.52 -0.52 -1.13
Milking Speed -1.63 -4.9 -4.9 -4.9
Temperament -4.28 -3.51 -3.51 -3.51
Overall Type 0.00 2.03 5.53 2.03
Mammary System 0.00 191 2.10 2.48
Stature 0.00 0.00 0.00 0.00
Udder Texture 0 0 0 0
Bone Quality 0 0 0 0
Angularity 0 0 0 0
Muzzle Width 0 0 0 0
Body Length 0 0 0 0
Body Depth 0 0 0 0
Loin Strength 0 0 0 0
Chest Width 0 0 0 0
Length Rump 0 0 0 0
Pin Width 0 0 0 0
Pin Set 0 0.59 0.65 0.59
Foot Angle 0 0 0 0
Rear Set 0 0 0 0
Rear Leg Rear View 0 0 0 0
Udder Depth 0 0.31 0.34 0.31
Fore Attachment 0 0.00 2.20 0.00
Rear Attachment Height 0 0 0 0
Rear Attachment Width 0 0 0 0
Centre Ligament 0 0 0 0
Teat Placement Fore 0 0 0 0
Teat Length 0 0 0 0
Condition score 0 0 0 0

Likeability (Like) 0 0 0 0

Response was predicted by using these economic values as weights in an index of single trait
ABVs.
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The assumed ABV accuracies are for a ‘typical bull’ with 75 progeny tested for production,
fertility, survival, 60 progeny for milking speed and temperament, 30 progeny for type traits
and none for live weight. Live weight is predicted from 5 type traits, mainly stature and chest
width (Haile-Mariam et al., 2014).

Responses are reported below for trait groups.

Table 2: Percent gain value per trait group as percentage of total gain, using economic values
for Index 5.

Economic response by

category APR Func Type b Funcb ¢

1 5 9b 11c

Production 41% 29% 29% 21%

Type 6% 9% 15% 9%

Survival 31% 12% 14% 14%
Fertility 11% 24% 12% 28%
Workability 6% 5% 6% 5%

SCC 8% 11% 12% 12%

Overall Merit (Sresp/yr) 35.80 36.61 34.85 36.93

The correlations between these indexes is as follows

Table 3. Correlation between indexes and SD of each index

SD
APR Func Type b Funcb c Index
1 5 9b 11c
APR 1.00 0.87 0.83 0.78 87.0
Func 0.87 1.00 0.94 0.98 125.3
Type b 0.83 0.94 1.00 0.92 130.3
Funcb c 0.78 0.98 0.92 1.00 113.7

In Tables 4 and 5 there is more detail on individual trait responses, in trait units and Svalue per
trait, respectively. Note that in reality, about one quarter of the predicted response per year is
usually realized.

18



Table 4: Individual Trait responses (trait units per year)

APR Func Type b Funcb c Trait
1 5 9b 11c Units

Milk Yield 59.45 37.09 40.67 27.89 kg

Protein Yield 2.30 1.52 1.51 1.12 kg

Fat Yield 2.65 2.03 1.97 1.54 kg

Survival 1.06 0.43 0.48 0.48 %

Fertility 6w pregrate 0.32 0.72 0.33 0.83 %

SCC -2.52 -3.75 -3.99 -4.07 %

Live Weight 1.70 1.62 1.70 1.17 kg

Milking Speed -0.16 -0.18 -0.19 -0.19 1to5
Temperament -0.37 -0.30 -0.37 -0.29 1to5
Overall Type 0.55 0.70 1.24 0.68 0to 16
Mammary System 0.48 0.70 1.20 0.73 Oto 15
Stature 0.34 0.49 0.77 0.33 1to9
Udder Texture 0.53 0.52 0.79 0.47 1to9
Bone Quality 0.40 0.33 0.48 0.32 1to9
Angularity 0.28 0.15 0.38 0.07 1to9
Muzzle Width 0.02 -0.04 0.06 -0.14 1to9
Body Length 0.12 0.05 0.25 -0.05 1to9
Body Depth 0.27 0.23 0.40 0.11 1to9
Loin Strength 0.31 0.35 0.43 0.27 1to9
Chest Width 0.22 0.26 0.34 0.17 1to9
Length Rump 0.20 0.21 0.36 0.15 1to9
Pin Width 0.50 0.55 0.76 0.47 1to9
Pin Set 0.33 0.54 0.36 0.55 1to9
Foot Angle -0.08 -0.22 -0.07 -0.28 1to9
Rear Set 0.12 0.12 0.12 0.10 1to9
Rear Leg Rear View 0.05 0.16 0.32 0.18 1to9
Udder Depth -0.32 0.18 0.41 0.38 1to9
Fore Attachment 0.02 0.31 0.74 0.41 1to9
Rear Attachment Height 0.28 0.30 0.54 0.32 1to9
Rear Attachment Width 0.64 0.53 0.73 0.43 1to9
Centre Ligament 0.27 0.48 0.83 0.52 1to9
Teat Placement Fore 0.23 0.53 0.83 0.62 1to9
Teat Length -0.18 -0.36 -0.36 -0.40 1to9
Condition score -0.01 0.00 0.00 0.00 1to9
Likeability (Like) -0.05 -0.04 -0.04 -0.04 1to5
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Table 5: Individual Trait responses (Svalue per trait per year) using economic values from

Index 5
Index name APR Func Type b Funcb c

Index Nr 1 5 9b 11c
Milk Yield -5.95 -3.71 -4.07 -2.79
Protein Yield 15.90 10.51 10.48 7.74
Fat Yield 4.74 3.64 3.53 2.76
Survival 11.11 4.50 5.00 5.03
Fertility 6w pregrate 4.01 8.93 4.13 10.24
ScC 2.70 4,01 4.27 435
Live Weight -0.89 -0.84 -0.89 -0.61
Milking Speed 0.77 0.86 0.94 0.94
Temperament 1.29 1.07 1.30 1.01
Overall Type 1.11 1.43 2.51 1.38
Mammary System 0.92 1.34 2.29 1.40
Stature 0.00 0.00 0.00 0.00
Udder Texture 0.00 0.00 0.00 0.00
Bone Quality 0.00 0.00 0.00 0.00
Angularity 0.00 0.00 0.00 0.00
Muzzle Width 0.00 0.00 0.00 0.00
Body Length 0.00 0.00 0.00 0.00
Body Depth 0.00 0.00 0.00 0.00
Loin Strength 0.00 0.00 0.00 0.00
Chest Width 0.00 0.00 0.00 0.00
Length Rump 0.00 0.00 0.00 0.00
Pin Width 0.00 0.00 0.00 0.00
Pin Set 0.19 0.32 0.21 0.33
Foot Angle 0.00 0.00 0.00 0.00
Rear Set 0.00 0.00 0.00 0.00
Rear Leg Rear View 0.00 0.00 0.00 0.00
Udder Depth -0.10 0.06 0.13 0.12
Fore Attachment 0.00 0.00 0.00 0.00
Rear Attachment Height 0.00 0.00 0.00 0.00
Rear Attachment Width 0.00 0.00 0.00 0.00
Centre Ligament 0.00 0.00 0.00 0.00
Teat Placement Fore 0.00 0.00 0.00 0.00
Teat Length 0.00 0.00 0.00 0.00
Condition score 0.00 0.00 0.00 0.00
Likeability (Like) 0.00 0.00 0.00 0.00
Overall Merit 35.80 36.61 34.85 36.93
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Comparing predicted changes between selection index method and Abacus method (which
looks at changes in ABV when taking a 100 units difference in index value, based on actual
bulls)

Selection index method

Predicted Index Changes in

SigA

Milk Yield 0.133 0.083 0.091 0.063 sdA
Protein Yield 0.184 0.122 0.121 0.090 sdA
Fat Yield 0.162 0.124 0.121 0.094 sdA
Survival 0.227 0.092 0.103 0.103 sdA
Fertility 6w pregrate 0.037 0.084 0.039 0.097 sdA
Scc 0.065 -0.097 -0.103 -0.105 sdA
Live Weight 0.059 0.056 0.059 0.041 sdA
Milking Speed 0.057 -0.065 -0.068 -0.068 sdA
Temperament 0113 -0.092 -0.113 -0.089 sdA
Overall Type 0.064 0.081 0.144 0.079 sdA
Mammary System 0.055 0.080 0.138 0.084 sdA
Stature 0.028 0.040 0.063 0.027 sdA
Udder Texture 0.068 0.067 0.102 0.060 sdA
Bone Quality 0.050 0.041 0.060 0.040 sdA
Angularity 0.033 0.018 0.045 0.008 sdA
Body Depth 0.033 0.028 0.049 0.014 sdA
Chest Width 0.031 0.037 0.049 0.024 sdA
Pin Set 0.026 0.043 0.028 0.043 sdA
Udder Depth 0.030 0.017 0.039 0.036 sdA
Fore Attachment 0.003 0.039 0.094 0.052 sdA
Teat Length 0.013 -0.026 -0.026 -0.029 sdA
Likeability (Like) 0.164 -0.131 -0.131 -0.131 sdA
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Abacus method

Predicted Index Changes in

SigA

Milk Yield 0.139 0.099 0.103 0.072 sdA
Protein Yield 0.230 0.188 0.169 0.145 sdA
Fat Yield 0.216 0.204 0.180 0.157 sdA
Survival 0.114 0.135 0.142 0.150 sdA
Fertility 6w pregrate 0.017 0.019 0.008 0.029 sdA
scc 0.058 -0.081 -0.083 -0.098 sdA
Live Weight 0.008 0.004 0.035 -0.016 sdA
Milking Speed 0.099 -0.128 -0.139 -0.132 sdA
Temperament 0.080 -0.081 -0.091 -0.080 sdA
Overall Type 0.036 0.064 0.120 0.064 sdA
Mammary System 0.040 0.071 0.123 0.076 sdA
Stature 0.001 0.023 0.062 0.011 sdA
Udder Texture 0.019 0.038 0.074 0.036 sdA
Bone Quality 0.001 0.017 0.042 0.027 sdA
Angularity 0.007 0.005 0.037 -0.002 sdA
Body Depth 0.030 -0.031 0.004 -0.064 sdA
Chest Width 0.002 -0.011 -0.008 -0.036 sdA
Pin Set 0.047 0.044 0.036 0.043 sdA
Udder Depth 0.032 0.085 0.128 0.117 sdA
Fore Attachment 0.015 0.057 0.122 0.070 sdA
Teat Length 0.048 -0.055 -0.059 -0.059 sdA
Likeability (Like) 1.094 1.180 1.353 1.142 sdA
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Comparing Predicted Index responses for the
various proposed indexes

Change per trait in units of genetic SD
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Comparing Abacus ABVresponses for the
various proposed indexes

Change per trait in units of genetic SD
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Comparing Predicted Index responses for the
various proposed indexes

Change per trait in $Svalue (using index5EV)
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