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Abstract

Estimated breeding values describe the relative genetic value of each member in a
breeding population. They can also be used as a basis for objectively choosing which animals
are the best candidates to select for breeding to produce the next generation of offspring.
Livestock and plant breeders have used estimated breeding value techniques for decades to
obtain genetic improvement in their breeding lines, but dog breeders have generally not
embraced these techniques. This paper introduces techniques for computing estimated
breeding values, using a familiar example from radiographic evaluation of elbow quality. A
simple example is worked through to completion, and results from this example are used to
illustrate how estimated breeding values can be used as the basis for making selection
decisions that will genetically improve a population over several generations of selection. The
techniques described herein can also adjust for or take into account the effects of non-genetic
factors, such as age or sex, that often contribute to total variation observed in a population.
Finally, issues related to computing estimated breeding values on a regular basis are discussed
along with some comments about educating dog breeders about how to use them, and how to
make them routinely available.

Introduction

Estimated breeding values (EBV's) are a statistical prediction of the relative genetic merit
of animals in a breeding population. They are used to rank available candidates for selection as
replacement breeders, so that the "best" ones can be saved for breeding while the others are
not allowed to reproduce. When this principle is consistently applied across several generations
of selection, genetic change will occur if the traits under selection are to some degree
genetically influenced.

For the past four decades, livestock breeders have been using EBV's to improve their
selection decisions. They have increased volume, butterfat content, and protein in milk from
dairy cows. They have substantially improved the production of lean meat from beef animals by
genetically increasing weight at a year of age and by increasing the amount of muscle tissue. In
pigs, they have genetically reduced the amount of fat in and around the muscle tissue while at
the same time selecting for increased muscle mass and improved feed efficiency.

More recently, EBV's have been used by The Seeing Eye' to improve the accuracy of
selection decisions among dogs. In both German Shepherd Dogs and Labrador Retrievers, the



selection emphasis has been to genetically improve the ability of dogs to be trained for work as
guides while at the same time selecting to genetically improve hip quality and other aspects of
general health.

Dog breeders, in general, have not yet begun to use EBV's to improve the accuracy of
their selection decisions. In this paper, | will briefly discuss the theoretical basis of EBV's. Next, |
will discuss how EBV's can be used, how they are calculated and some of the software
available for doing the computations. Then, | will briefly touch on lessons learned from the use
of EBV's in livestock breeding. Finally, | will discuss an approach for using EBV's that dog
breeders could adopt and issues that should be considered for making EBV's available to all
dog breeders.

Theoretical Background

The physical assessment of the quality of a dog's elbows is an assessment of the elbow
phenotype. Phenotype is what we can see and measure with respect to a physical trait. A dog
has many phenotypes such as hip quality, elbow quality, working ability, and conformation.
Each of these phenotypes is conceptually composed of two parts: a genetic component and a
non-genetic component. The genetic component was passed down to each individual dog by its
parents when a sperm and an egg united to form a new zygote. The non-genetic component
includes the environment in which the dog was raised and all other aspects of each dog's own
existence. In many cases, the non-genetic component can be further decomposed into parts
attributable to "fixed" effects (like sex, year of birth, management conditions, and age when
measured) and all other effects which cannot be measured. Very simply, then, an observation
on a single animal can be conceptualized as?:

Phenotypic _  Environmental Genetic Residual

observation effects effects effects

or, in terms of a statistical model, this can be written as:
y;‘/ =K, +gi +e;‘/

Equation 1

where
yij = the j'th record observed for the i'th animal
4 = the identifiable, non-random (fixed) environmental effects such as management
group, sex, or year of birth of the i'th animal,
g = the sum of the additive (g.), dominance (gq), and epistatic (ge) genetic values of the
genotype of the i'th animal, and
e = the sum of random environmental effects from the j'th record of the i'th animal .

Now, by substituting ga, g4, and ge for gi, and regrouping terms in (1), the statistical
model becomes:
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Equation 2



where y; and 4 are defined as above, but e,-,-* is now equal to g4 + ge + €. Equation 2 is the
basic equation used to calculate EBV's, but an implicit assumption in applying equation 2 is that
L is known without error. In fact, this is almost never true, so the data in hand are often used to
simultaneously estimate £ and ga;.

The method used to estimate both g and g, simultaneously from the same data is
named best linear unbiased prediction (BLUP) in the literature®>. When BLUP techniques are
used, EBV's are obtained by a process that simultaneously adjusts for differences attributable to
identifiable fixed effects and accounts for all genetic relationships through the pedigree of the
population.

Implicit in applying BLUP technology is that one has in-hand an estimate of heritability
for each trait being considered. If two or more traits are being considered jointly, then one must
also have estimates of the genetic and environmental covariances among the traits.

In the scientific literature, one will also find the term "mixed model equations" used to
describe the BLUP equations routinely used to obtain EBV's. They are termed "mixed" because
the equations can contain terms for both fixed and random effects. Fixed effects are terms
which describe attributes of an animal that are unchanging, such as its sex or the year in which
it was born. Random effects are terms that describe attributes of an animal that are estimated
with some degree of error, such as the animal's breeding value (g.; from equation 2, above). In
matrix notation, the basic linear model can be written as:

Y=XB+Zu+e
Equation 3

where

Y = the vector of observed values,

B = the vector of fixed effects,

u = the vector of random genetic effects (the EBV's),

e = the vector of residual errors, and

X and Z are design matrices that relate elements in 3 and u, respectively, to elements in

Y.

Now, leaving out many intermediate steps in the derivation, it is stated without proof (but clearly
shown in the literature®) that the mixed model equations for estimating breeding values for a
single trait or characteristic are:

X'X X'z gl [xy
7'X Z2'Z+A7allul| |27
Equation 4

where
A" = matrix inverse of A, the numerator relationship matrix, which mathematically
describes all genetic relationships among animals in the pedigree, and
a = (1 - h?) / h% where h? is heritability of the trait under analysis. Heritability simply
describes the amount of total variation in the trait arising from additive genetic
differences among animals.*

The powerful ability of BLUP to obtain estimates of breeding values using all genetic
relationships is embodied in the numerator relationship matrix, A, in equation 4, above.



Examining some of the properties of this matrix will illustrate some of its features. For the sake
of illustration, consider the 9 dogs in the pedigree given in Table 1.

Table 1. An example pedigree.

Animal

ID Sire ID Dam ID Sex
1 Unknown  Unknown M
2 Unknown  Unknown F
3 1 Unknown M
4 1 Unknown F
5 Unknown  Unknown M
6 2 3 M
7 2 3 F
8 5 4 M
9 5 4 F

Now, the numerator relationship matrix among these 9 animals can be written down
following well-defined rules.® To begin applying these rules, individual elements in the matrix
must be identified. Usual convention uses subscripts to number the rows and columns and to
use a lower case a; to identify each individual cell. Thus, a4, cell refers to the intersection of row
1 with column 1 and refers to the single cell for animal 1. Cells with equal subscripts for i and j
are said to lie on the lead diagonal of the matrix. Cells with subscripts where i < j are said to lie
above the lead diagonal, and cells with subscripts where j < i are said to lie below the lead
diagonal. Another feature of the numerator relationship matrix is that it is symmetric, which
means that if it were folded along the lead diagonal, each cell in the upper-half of the matrix
would fold on top of a cell in the lower-half of the matrix with exactly the same value. Said
another way, symmetry implies that a; = a;. Finally, it must be pointed out that animals in the
pedigree need to be ordered such that parents precede their offspring in the list, and for
convenience here, animals are identified by numbering them from 1 to n. Now for the rules:

Fori=1ton,
Forj=1toi,
1. If both parents (s and d) of animal i are known, then

if j <i, aj = a; = 0.5(ays + aja),
ifj=1i,ai=1+0.5(as), forj=i

2. If only one parent (s) is known and assumed unrelated to the mate
If] < i, aj=a;= 0.5(aj5),
Ifj = i, aii = 1+ 0.5(35(1)

3. If both parents are unknown and are assumed unrelated, then
If]< i, aj=a;= 0
Ifj = i, a; = 1

Applying these rules, the numerator relationship matrix among the animals defined in Table 1 is
shown in Table 2.



Table 2. Numerator relationship matrix among the 9 animals shown in Table 1.

Animal ID's
Animal
ID 1 2 3 4 5 6 7 8 9
1 1.0 0 5 .5 0 .25 .25 .25 .25
2 0 1.0 .0 0 0 5 .5 0 0
3 .5 0 1.0 .25 0 .5 5 125 125
4 5 0 25 1.0 0 125 125 5 .5
5 0 0 0 0 1.0 0 0 .5 5
6 .25 5 5 125 0 1.0 .5 .0625 .0625
7 .25 5 5 125 0 5 1.0 .0625 .0625
8 .25 0 125 5 .5 .0625 .0625 1.0 .5
9 .25 0 125 5 .5 .0625 .0625 .5 1.0

Clearly, the large number of non-zero off-diagonal elements indicates that there is substantial
genetic information shared among these animals. BLUP techniques, through the mixed-model
equations, take into account this shared information. Equally as important is the concept that if
phenotypes have been measured on only some animals, breeding values can still be estimated
for all their relatives because a portion of the population’s germplasm is shared among the
relatives. In this example, if phenotypes are only measured on animals 6, 7, 8, and 9, EBV’s can
still be calculated for animals 1-5 based on their relationships with animals 6-9.

The astute reader has probably noticed that the matrix inverse of the numerator
relationship matrix is required in equation 4, but the rules given above are for calculating A, not
A. For nearly 20 years, the animal breeding community knew that mixed-model equations
offered a dramatic improvement in the technology for estimating relative genetic differences
among animals, but only in cases where the number of observations were relatively small could
solutions be obtained. Clearly, standard rules for inverting A could have been applied, but the
stumbling block was how to compute A™ when 10,000 or more animals needed to be included in
the analysis. In two landmark papers®’ in the mid-1970’s, rules were published for directly
calculating the inverse of A without first having to form A itself. With the appearance of these
papers, it suddenly became feasible to write computer software capable of simultaneously
calculating EBV’s for literally hundreds of thousands of animals in one analysis. Not only was it
now possible to calculate EBV’s on one trait for many animals, it soon became possible to
simultaneously calculate EBV’s for several genetically related traits in one comprehensive
analysis. Details describing these advanced procedures are left for the interested reader to find
elsewhere. It will suffice to say here that several software packages now exist to calculate
EBV’s using multiple-trait techniques that can utilize different statistical models for each trait for
a virtually unlimited number of animals.

Statistical models

The mixed-model equations have the flexibility to simultaneously adjust for differences
attributable to fixed effects and to estimate breeding values.®> One’s choice of the statistical
model used to partition variation in observed phenotypes is crucial to obtaining a fair genetic
comparison among animals. Especially important in defining the model for a particular trait is the
set of fixed effects one chooses. This is such an important component of the analysis
procedure, that it warrants a closer look.



Depending upon the trait being examined, sex of the animal may, or may not, be
important. In many measures of physical stature, there clearly are differences between males
and females in most species. Dogs are no different. For example, male German Shepherd Dogs
in The Seeing Eye’s colony are on average about 10 pounds heavier at a year of age than the
females (P < 0.05). When hip quality has been assessed using the PennHip score, the females,
on average, have higher values than the males (P < 0.05). On the other hand, when hip quality
has been assessed using a qualitative score assigned to radiographs in the hip-extended view,
the sex effect is non-significant (P > 0.05). On a trait-by-trait basis, then one should assess
whether or not sex of the animal contributes to variation observed in the phenotype.

If measurement of the phenotype is subject to a value-judgement interpretation, then it
may be important to include in the model a term to identify the person who made the physical
interpretation. Certainly, this can be an important factor contributing to variation in the evaluation
of either hip or elbow quality where the qualitative assessment of a radiologist must be relied
upon to obtain the quality grade. There will be variation among evaluators, and if that variation is
not accounted for by the statistical model, then its overall contribution to total variation will be
assigned to the “residual or error” term in the model.

Age of an animal when evaluated is often another important source of variation in
phenotypic values. Age can be statistically accommodated in the model in one of two ways.
First, age could be included as a simple covariate, which is appropriate if the effect of increasing
age is essentially linear across the range of ages observed among animals with measurements.
Second, a group of age classes can be defined, and each animal can be classified as belonging
to one of ¢ mutually exclusive age classes. This approach has the added benefit of
accommodating a non-linear (or curving) relationship between increasing age and the trait
under analysis.

For some phenotypes, the scale of measurement can change with time, especially over
longer periods of time (say years). When this occurs, it is often possible to account for these
changes in scale by defining a contemporary group of animals as all animals evaluated under
the same (or similar) conditions in a shorter time interval. At The Seeing Eye, two classes of
contemporary groups are routinely used to account for possible changes of scale in scores used
to describe dogs. For example, all dogs are evaluated on their ability to be trained as guides
using a 9-point scale (1= least desirable; 9=most desirable). For each dog, the date when the
score was given is recorded, and a contemporary group of dogs is defined as all dogs of a given
breed which received their “trainability” score in the same calendar quarter. Thus all German
Shepherd Dogs evaluated in January, February, or March 1998 comprise the dogs in that
particular contemporary group. Although it is possible, it is very unlikely that a dramatic shift in
the definition attached to a particular trainability score on the 9-point occurred in this 3-month
time period. Over several years, however, it is certain that definitions associated with values on
the scoring scale changed. A similar definition of contemporary groups is also used in The
Seeing Eye’s procedure for calculating EBV’s for hip quality as assessed by a qualitative hip
score. In this case, the date used for assigning a dog to a specific contemporary group is the
date when radiographs were taken, rather than the date when the trainability score was applied.
In many cases, these two dates will occur in the same calendar quarter, but it is not a necessary
requirement for the EBV calculation process that they do so.

There are, no doubt, other identifiable non-genetic factors that could help explain
variation observed in other traits. It is important that appropriate statistical tests be completed to
assess the relative importance of these putative effects. Those that are statistically significant
should be included in the statistical models used to partition variation in a trait into its genetic
and non-genetic components. EBV'’s that are calculated using the statistical model that explains



the largest proportion of total observed variation will most accurately rank animals available for
selection.

Computing and Using EBV's

Estimated breeding values are calculated by forming and solving the mixed-model
equations using an appropriate statistical model. As an example to motivate discussion in the
remainder of this paper, consider the set of 9 animals shown in the pedigree in Table 1. Assume
that radiographs assessing elbow quality on animals 6 through 9 have been graded using a 5-
point scale. Their scores are 2,4,3, and 5, respectively. Also, assume that heritability of elbow
scores is 20%, and for the sake of simplicity in this example, the statistical model will be limited
to include only a single fixed effect for the sex of the dog.

All information is now available to calculate EBV’s for the 9 animals in this pedigree, so
the pieces of the mixed-model equations can be constructed. Again, the basic mixed linear
model can be written as:

y=XB+Zu+e
The individual elements of each matrix are:
Ye!| 2] |1 O}lb,| [0 0 0 0 0 1 0 0 0}fgq e
¥, 4:01{17_/1_000000100a2+e7
ye| 3] |1 O 0000 O0O0O0 1 0ffa ey
yo| 5] [0 1 000 0O0O0O0OTO0 Ijfa, e,
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where
ys through ys are the observed elbow scores for animals 6 through 9,
b, = fixed effect for the males,
b; = fixed effect for the females,
a, through ag are the estimated breeding values for animals 1 through 9, and
es through eg are the residual errors for animals 6 through 9.

Next, A" is needed. It is:
1.6667 0.0000 -0.6667 -0.6667 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 2.0000 1.0000 0.0000 0.0000 -1.0000 -1.0000 0.0000 0.0000
-0.6667 1.0000 2.3333 0.0000 0.0000 -1.0000 -1.0000 0.0000 0.0000
-0.6667 0.0000 0.0000 2.3333 1.0000 0.0000 0.0000 -1.0000 -1.0000
0.0000 0.0000 0.0000 1.0000 2.0000 0.0000 0.0000 -1.0000 -1.0000
0.0000 -1.0000 -1.0000 0.0000 0.0000 2.0000 0.0000 0.0000 0.0000
0.0000 -1.0000 -1.0000 0.0000 0.0000 0.0000 2.0000 0.0000 0.0000
0.0000 0.0000 0.0000 -1.0000 -1.0000 0.0000 0.0000 2.0000 0.0000
0.0000 0.0000 0.0000 -1.0000 -1.0000 0.0000 0.0000 0.0000 2.0000

Finally, a, which is a function of heritability, must be calculated. It is:



a=(1-0.2)/02=4,

Just to refresh the path down which this discussion is heading, recall that symbolically, the left-
hand side of the mixed-model equations are represented as:

X'X X'z
7'X Z7'Z+A'a

and when these matrix operations have all been completed, the 11 x 11 results is:

2 0 0 0 0 0 0 1 0 1 0
0 2 0 0 0 0 0 0 1 0 1
0 0 6.6667 0 -2.6667 -2.6667 0 0 0 0 0
0 0 0 8 4 0 0 -4 -4 0 0
0 0 -2.6667 4 9.3333 0 0 -4 -4 0 0
0 0 -2.6667 0 0 9.3333 4 0 0 -4 -4
0 0 0 0 0 4 8 0 0 -4 -4
1 0 0 -4 -4 0 0 9 0 0 0
0 1 0 -4 -4 0 0 0 9 0 0
1 0 0 0 0 -4 -4 0 0 9 0
0 1 0 0 0 -4 -4 0 0 0 9 |

The right-hand side of the mixed-model equations is symbolically:

o

and when these matrix operations have been completed, the result is:

I
VWANOOOOCOO©U,

Solving these equations is now possible, and the resulting solution vector is:



2.50|= Male average
4.50|= Female average
0.00|= EBV 1
-0.09/= EBV 2
-0.07|=EBV 3
0.07]=EBV 4
0.09=EBV 5
-0.13|=EBV 6
-0.13=EBV 7
0.13|=EBV 8
0.13|=EBV 9

Notice that the males have an average score of 2.5 while the females have an average score of
4.5. It is unlikely that sex has this large an effect in the real-world of elbow dysplasia, but
certainly sex has a large effect on other measurements like weight or perhaps height. For the
sake of this example, however, the sex effect is large and needs to be taken into consideration.

How to use EBV's to make selection decisions

EBV’s describe the germplasm available for selection. In some cases, animals with the
highest EBV'’s are more desirable. In other cases, animals with the lowest EBV’s are deemed to
be genetically better, while in yet other cases, animals with mid-range EBV’s are the best ones
for breeding. It is very important to understand this concept: EBV’s simply describe the
germplasm. EBV’s do NOT indicate which animals are the best ones to select for breeding.

The decision about which animals to select for breeding must be driven by the goals one
wishes to reach. In the case of genetic diseases, the goal is to eliminate the disease, but in the
case of performance traits or traits of physical size, extremes in either direction may not be the
most desirable. Assuming that one wanted to eliminate elbow dysplasia and had in hand the
EBV’s calculated above as a description of the germplasm available for selection, how could the
EBV’s be used for making selection decisions? The first step is the separate the EBV'’s into two
groups by sex and the second step is to order the EBV’s from the most positive to the most
negative. The rankings by sex, then, are shown in Table 3, below.

Table 3. Rank ordering of EBV’s by sex.
Male ID Male EBV Female ID Female EBV

8 0.13 9 0.13
5 0.09 4 0.07
1 0.00 2 -0.09
3 -0.07 7 -0.13
6 -0.13

Since the objective in this example is to reduce (and hopefully eliminate) elbow
dysplasia in this population, the dogs most desirable for selection are those with the highest
EBV'’s. Several interesting points stand out in Table 3. First, genetically the best male had only a
phenotypic score 3, which is only mid-range on the 1-5 scale of this example. This is
reasonable, however, when one considers the large effect of sex of the dog in this example, and
clearly a score of 3 for dog 8 is above the mean of 2.5 for all males. Second, genetically the
worst female (number 7) had a phenotypic score of 4, which is only one level below the highest
quality score. Third, the second best female, based on EBV’s, didn’t even have a score in the



dataset, so without the EBV’s, there was no basis for deciding whether she was genetically a
high or a low risk of producing offspring with elbow dysplasia.

In this example, EBV’s have been calculated for only one trait. In the real world,
breeders will want to know the EBV’s for each dog on a set of traits, but having a large set of
EBV’s available on a group of dogs can lead to much confusion about which ones are the best
candidates for selection. To make the selection process even more objective, a set of weights or
coefficients of importance, some of which can be zero if no attention is to be given to a
particular trait, can be defined for the set of EBV’s. For a particular dog, each of its EBV’s is
multiplied by the coefficient of importance for that trait and all these products are summed
together for that dog to obtain one overall index value. This overall index value can now be used
as the basis for ranking all dogs available for selection on the basis of several traits, and the
best dogs from the top of the list can be readily identified. If this process is applied over several
generations of selection, genetic change will occur.

Software available for calculating EBV’s

In recent years, several computer programs designed for calculating EBV's have
appeared on the market. Most of these packages are a by-product of on-going research being
conducted in various university and government laboratories around the world. Two of these
packages are discussed below.

MTDFREML, which is an acronym for multiple-trait derivative-free restricted maximum
likelihood, was written by scientists at the USDA Meat Animal Research Center, Clay Center,
Nebraska. It was primarily written as a tool for estimating genetic and environmental variance
and covariance components, but as a by-product of these calculations, it will also calculate
EBV’s. MTDFREML is written in Fortran, and it must be compiled before it can be used. There is
a set of Fortran parameter statements that can be user modified to accommodate different
modeling needs. These parameters control options such as the number of random covariates
that can be included in the model, the total number of animals, and the total number of traits that
can be simultaneously fit. MTDFREML uses subroutines written to optimize the storage and
manipulation of sparsely filled matrices. The right to use these subroutines requires the payment
of a license fee, if the use is for commercial purposes. Source code and documentation for
MTDFREML can be downloaded from the world-wide web at:

http://chuck.agsci.colostate.edu/cvantass/mtdfreml.html

ASREML is a much more general statistical modeling program that can accommodate
fitting the mixed-model equations as one of its many options. The authors of ASREML are a
group of statisticians and animal geneticists from Australia and the United Kingdom. As of this
writing, ASREML is in a beta-test mode and is available for download from the world-wide web
through the Rothamsted Experiment Station’s home page at:

http://www.res.bbsrc.ac.uk/RES index.html

From the home page, one must choose “The RES Software Archive” option, which passes
control to their ftp server. From the FTP directory listings, choose Directory aar, then, if one
wants to obtain the version compiled for Microsoft Windows, choose the file named
“asrwin.exe”. This is a self-extracting compressed file, which should be placed in a suitable
folder and then executed by double-clicking on its filename. A rather complete set of
documentation is included with the package and will be a part of the files that appear after
decompression is complete.
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In addition to fitting the standard linear models described above, ASREML also includes
options to fit logistic or probit models appropriate for binary traits. These are traits that can only
be observed as present versus absent or as normal versus affected.

Who should actually compute EBV’s for dog breeders?

The data that will breathe life into EBV technology must come from a group of breeders,
in almost all cases, to ensure that a meaningfully large population of dogs is described. In the
U.S. beef industry, the various breed associations are responsible for calculating EBV’s. Most
associations, however, contract with one of several universities who specialize in advancing the
technology for doing the EBV calculations. Major universities where contract computing is done
include lowa State University, Cornell University, Colorado State University, and the University
of Georgia. In all of these universities, faculty who engage in EBV computing activities reside in
the Animal Sciences Department of the Colleges of Agriculture.

The task of computing EBV's for the dairy industry is shouldered by the Animal
Improvement Programs Laboratory, Beltsville Agricultural Research Center, Agriculture
Research Service, US Department of Agriculture. This group is located at Beltsville, Maryland,
where staff work year-round to improve and implement the process of calculating EBV’s of dairy
animals. They also are responsible for disseminating these results to dairy producers.

It is probably obvious by now that single kennels or even small groups of individual dog
breeders will not likely have sufficient data under their own control to accurately estimate
breeding values on a meaningfully large population of dogs. This strongly suggests that a larger
organization of breeders, like the American Kennel Club or some of the national breed clubs,
might appropriately assume this task. It would only be feasible for those with sufficient
resources to either hire staff or negotiate contracts with a university. Short of a breed club
deciding to begin calculating EBV's, the last alternative is for breeders to form data sharing
cooperatives through which they can pool their data to form a databank on a larger group of
dogs. Functions that must be covered include data organization, computer processing, and
information dissemination. For some breeds, there may exist people in the club's membership
who would be willing to volunteer to do these tasks, but as volunteers, it is unlikely that a routine
process could be maintained over many years.

How often should EBV's be updated?

It may not be obvious to all readers that EBV'’s are strictly a function of the data available
for estimating them. As new data are collected and EBV'’s are updated, old values will change.
This motivates the need to discuss how often EBV'’s need to be re-calculated.

At The Seeing Eye, EBV’s are updated on a monthly basis at present, but soon they will
be updated daily. Such an aggressive timetable is impractical for dog breeders and probably
unnecessary. For most dog breeders, it would be sufficient to update EBV’s no more than two or
three times per year. The frequency with which EBV’s are updated would also depend a great
deal on the set of traits for which EBV’s are to be calculated. If the traits are mostly health
related, then updating once or twice annually may be sufficient, but if the traits include
measures of working performance for some field trial breeds, then the updates may need to be
more frequent.

Educating breeders to use EBV's

Education of domestic livestock producers on the use of EBV’s for genetically improving
the production of domestic livestock for food was largely accomplished by the Cooperative
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Extension Service, an agency of the U.S. Department of Agriculture. The Cooperative Extension
Service has a long and successful history of teaching advanced production concepts to our
nation’s farmers and ranchers, but no such organization exists for dog breeders. Because we
now live in a highly technical world that includes a computer in one of every two homes, many of
which regularly communicate over the internet, alternate resources are available through this
modern technology.

For example, one of the most successful tools for teaching beef cattle breeders how to
use EBV’s was the computer cow game. In its first rendition, each “cow” was represented by a
computer punch card. While playing the game, each breeder could choose which “bulls” to use
for breeding and then could choose how those “bulls” were to be mated with the available
“‘cows”. Typical of the real-world, a certain percentage of cows in every herd would fail to
conceive, calves would die, and other calamities would strike. Out of all this mayhem and
information, however, emerged new calves with new records that became the basis for a new
round of EBV’s. Selection decisions could be made and the process repeated. Cattle breeders
enjoyed competing with each other to see who could produce the greatest genetic improvement
in their herd in five generations of selection. Such a tool, specifically written for dog breeding
and implemented on the world-wide web, would be an especially effective technique for
teaching dog breeders about EBV’s.

Continuing education credits for canine genetics courses delivered over the internet is
another technique that could easily reach many dog breeders. With the current rate of advances
in electronic technology, the internet can soon, if it isn’t already capable of doing so, deliver
video-taped lectures from university classrooms to viewers sitting at their home computers.
Class notes or slides prepared by software like Microsoft Powerpoint can accompany the
lecture, and laboratory questions and responses can also be a part of the learning experience.

Making EBV's available to breeders

Internet

If EBV’s are to be widely used, then they must be readily accessible to dog breeders
when breeding decisions are being made. Most dog breeders will know several months in
advance when they want to breed a particular bitch. In preparation for making the mating, they
will invest substantial effort identifying exactly the right stud they want to use for the mating. It is
this process of finding exactly the right stud for a particular bitch that can be enhanced by using
EBV'’s to improve the quality of the selection decision.

For any particular breed, a well-designed web-site would be the ideal place to post EBV
information. An excellent example of such a web-site for use by breeders of purebred Angus
cattle can be found at:

http://www.angus.org/sireeval/index.html

An electronic visit to this web-site will locate an option for searching the Sire Evaluation
database. Choosing the search option will bring up a selection criteria entry form where the user
can enter minimum and maximum values for trait specific EBV’s. By entering reasonable values
for a few key traits, a list of sires meeting these conditions will be returned. Once the list has
been produced, ownership information about a specific bull can be obtained by simply double-
clicking on the bul’s name in the list. For dog breeders, this ownership information could
include the owner’s e-mail address, so that another click of the mouse could send an e-mail
request for specific information about stud fees and availability for breeding.
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The Angus Sire Evaluation selection criteria entry form is another clear illustration of the
important point that EBV’s are a tool for describing germplasm, and they are NOT a tool for
dictating to breeders which animals must be chosen for breeding. Among dog breeders, there
will be many different goals defined for different kennels. Each breeder could, theoretically, be
selecting dogs for breeding to improve traits not focused upon by any other breeder.

Breed club publications

Historically, EBV’s were published on paper in standard printed format. Of course, this is
always an option, and there may be some merit to doing so. Certainly, it would be easy to list
the dogs which excel by virtue of being at the top of the list for genetic quality with respect to
certain key traits that either are being improved (in the case of performance) or are being
eliminated (in the case of undesirable genetic diseases) Also, if EBV’s were routinely available
and dog breeders were educated about their use, then EBV’s would certainly begin appearing in
magazine advertisements and promotional brochures.

Summary and Conclusions

EBV’s are an important tool for genetically describing individuals in a population. EBV’s
can be used as a component in the process of making selection decisions, and when EBV’s
have been calculated using best linear unbiased prediction techniques, their use will likely
improve the accuracy of selection decisions. Improved accuracy would be greatest for traits that
are low to moderately heritable, say when heritability is below 0.4.

The task of calculating EBV'’s is generally beyond the scope and abilities of a single dog
breeder because most dog breeders only whelp a few litters per year. Groups of dog breeders,
like the national parent clubs or the American Kennel Club, need to decide that routinely
computing EBV’s is an important task to be undertaken. Any of these dog breeder organizations
can turn to the U.S. beef industry for examples of how to organize data collection and
calculation processes. Recent advances in computing algorithms and computer software to
implement these algorithms now make it possible to simultaneously calculate EBV’s on several
traits measured on thousands of dogs.

Wide-spread availability of the internet now gives dog breeders a way to easily
communicate over great distances, thus facilitating both communication and learning. Dog
breeding organizations of today that are the first to embrace this new technology will become
the leading organizations of tomorrow. As molecular genetic advances elucidate the role of ever
more quantitative trait loci (QTL), statistical models used for EBV calculations can be further
enhanced by including the QTL information into the process. The entire world of dog breeding
would be genetically improved by this course of action.
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