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Overview

It was noted in Chepter 11 that breeding program design can be pre-determined and
implemented through sets of rules, or it can emerge as a consequence of decisons made
a the levd of individuad matings This later goproach is the tactica gpproach, with
decisons made tacticdly in the face of prevailing animals and other resources.

Tacticd implementation of breeding programs provides a precticd means to integrate
technica, logigicd and cost issues facing anima breeders Moreover, tectica
implementation benefits from opportunistic use of prevalling animds and other
resources, resulting in better outcomes.

In any breeding operation, there is an dmog infinite range of actions that can be made,
involving decisons on issues such as animd sdection, semen collection and purchese,
and mate dlocations. Each st of actions is predicted to have a given utility to the
breeder - based on factors such as genetic gains, risk, costs and condraints satisfied.
The tacticd approach described in this chapter works by searching across dl these
possble routes ahead, and finding the one that is predicted to best suit the breeder's
needs. This has only recently become possble because of deveopment of efficient
computing agorithms that mimic evolutionary processes to find the best solution.

Introduction
The animd breeder must juggle many issues when she makes decisons resulting in
implementation of the breeding program, induding concerns about breeding objectives,
gendlic gains, crossbreeding, inbreeding, logidicad condraints and various types of
operationd cos.

One approach to solving these problems is to follow sets of rules recommended by
gendticigts and other practitioners, as outlined in Chapter 11. However, such rules are
derived from generdised theories and concepts - and these ae usudly not wel
integrated with esch other. For example, theories and rules about sdection,
crossbreeding and inbreeding have been developed largdy in isolation from eech other,
such that it is difficult to mix them in red applications, and we are likdy to miss the
best overdl srategy.

Mate Sdection is an gpproach that can be used both to integrate dl the key issues facing
animd breeders, and to implement the program tacticdly. A smple example involving
section, crossbreeding and running codsts is given in Chepter 11. Mate sdection
incorporates decisons on anima sdection and mae dlocation.  Because the best



animals to sdect depends on pattern of mate dlocation, and vice versa, we can best
make these decisons smultaneoudy as mae sdection - we just decide what mating
pairs and groups to make.

Moreover, there can be added advantage in making decisons tacticdly, rather than
following a presst drategy. This is because a tactical approach will make use of
knowledge of the full range of actud animds avalable for breeding a the time of
decison meking, as wdl as other factors such as avalability of mating paddocks,
current cods of gpecified semen, current quarantine redrictions on animal  migration,
current or projected market prices, etc. Tacticd implementation of breeding programs
gives the power to capitdise on prevailing opportunities - opportunities that would often
be missed when adhering to a set of rules.

The Mate Selection Index (M SI)

The MS quantifies the vaue to the breeder of matings made. It is in fact equivdent to
the objective function of Kinghorn and Shepherd (1994), described in Chapter 11.

In some cases, the consequences of a paticular mating might be smple and
guantifisble.  For example, if the predicted merit of progeny from a mating is say,
310Kg yearling weight, or +$12 in breeding objective units then ether of these figures
conditutes an MSl for that mating. This can be done because the vaue of a maing in
such a scheme is independent from what other matings might be made. However, in
most progressive programs this is not the case - the vaue of a mating depends on what
other matings are actualy going to be made. For example, the vdue of a mating using a
‘new blood imported Sre to hep reduce inbreeding depends on how many other
matings will be made using sres from the same outside source.

This means tha for most applications the MS cannot be pecified a the levd of
individud matings - we can only cdculae an overdl MS tha characterises the
combined vaue of al matings in the mating sat. Examples of such an MS are given by
Kinghorn (1998), Shepherd and Kinghorn (1998) and Kinghorn et al. (1999), and a
further example will be given later in this paper.

Implementation of mate selection

The mate sdlection gpproach to breeding is driven by specifying desred outcomes. An
outline of the gpproach is shown in figure 1. For each mating st tested, the component
outcomes evauated conditute the overdl Mae Sdection Index (MS). Each
component must be evauated on the same scde typicdly the scde of the breeding
objective in units of, for example, dollars profit per breeding cow per year. The MS
can be st to an abitraily low and uncompetitive vaue for mating sets that bresk a
condraint - for example mating sets tha imply migraion agang a had quarantine
barrier, or grester use of liquid funds than alimit specified by the breeder or group.
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Figure 1. An outline for implementation of a mate sdection index. The set
of matings shown is an hypothetical test mating set. The matings specified
imply the need for collection of semen, eic,, as shown. The mding st is
evauated for dl components in the MS. An efficent agorithm for finding
the best mating et is required

The computing chalenge is to find the mating set that gives the bex MSl. For this
purpose, an  evolutionary dgorithm was devdoped (Kinghorn  1998), based on
Differentid Evolution (Price and Storn 1997). The mate sdection driver shown in
Table 1 was deveoped to conduct the search across dl legd maing ssts  The
underlined vaues in Table 1 drive the three matings noted, and these are the vaues to
be optimised. “No. of uses’ (second column for maes, second row for femaes) is the
number of matings for which eech anima should be used, and this in turn drives
section, incduding extent of use of each animd. An animd is culled if this is st to
zero. “Ranking criterion” is smply a red number. It is ranked to give the column
“Rank”. This in turn drives the mate dlocation. The firg ranked mae maing is the
sngle mating from mae 3. He is thus dlocated to the first avallable femde mating (the
one nearest to the left) - the one mating from femae 1. The second ranked mae mating
is the firs maing from mae 1. He is thus dlocated to the second avalable femde
mating (the one second nearest to the left) - the one mating from femde 3. The third
ranked mae mating is the second mating from made 1. He is thus dlocaed to the third
avalable femae mating - the one mating from femde 4.

Table 1. This table illugrates the components to be optimised
for mate selection - they are underlined.
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An example mate selection index (optional reading)

The following example MS pays atention to genetic gain, long-term inbreeding, short-
term inbreeding, crossbreeding effects running costs and logigicd condraints.  This
section is included for completeness. It adds little in concept to what is shown in figure
1, and 0 this section can be skipped by those not wanting to know more about the nuts
and bolts of an MSl.

For any given mate sdection et (list of matings to be made):

xXG XAX

MSI = v + | +fF + cC - cost when no logigicd congran

4M 2 iss broken, or

MSI = a vay low vadue when a logidicd condrain is broken. This low vdue is
aufficienly low to ensure that the mating set is not the solution of the
meate salection agorithm.

M s the totd number of maings to be made. This is typicdly the number of
breeding femdes, unless MOET or some other form of reproductive boosting is
to be an option, whence some breeding femades will effectivedly be maed more
than once.

X is a vector of number of matings to be made for each candidate, over both
sexes. These numbers are the same as ‘number of uses in table 1. Thus, for
each sex of candidete, the dements of X are redtricted to sum to the tota number
of maings to be made, giving a totd sum of 2M for the dements of x
Meuwissen (1997) and Grundy et d. (1999) treat eements of x as proportiond
contributions, with x redricted to sum to % for each sex of candidaes
However, usng number of maings as dements of x is ussful for pracicd
goplication of sdection and mae dlocation. The difference is handled by
dividing by 2M for each ingance of x in the MSl. Redtrictions on the maximum
vaue of each dement of x are made as described later. Vector x could dso be
extended to accommodaie predicted future contributions from exising juveniles
and adults, following Meuwissen and Sonesson (1998) or Grundy et d. (1999).



G is a vector of sdection index vadues for candidates based on multi-trait
EBV's typicdly in dollar units.

% is the weighted mean EBV of sdected parents - it isin fact an etimate of

the mean genetic vaue of progeny arising from the mating .

| is aweghting factor on mean coancestory for sdected parents (see next item).

| is typicdly negdive, to discourage low effective population Szes Meuwissen
(1997) cdculates | to give a condraned vadue of XAx. However, different
vaues of | can be chosen, effectivly giving different index weights on genetic
gan (1) and longterm inbreeding (1 ), to give a range of results for these two
fectors, as shown in figure 3.

A isthe numerator relationship matrix for candidates.

—:I(I\(?); is the weighted mean coancestry of sdected parents.  This reflects long-

term inbreeding, rdiability of predicted sdection response, and risk of poor
rejponse achieved. Just as the numerator reationship between two animds is
twice the inbreeding predicted in their progeny, this vaue is equivdent to twice
the rate of inbreeding, 2DF.

f is a weghting factor on predicted progeny mean inbreeding coefficient. A
andl vaue for f is often sufficient to have a notable effect to reduce progeny
inbreeding. This can dso be true even when there @ competing mate dlocation
issues in the MSI.  Higher vaues of f will affect which animas are selected, as

well as mate dlocation (Kinghorn et d., 1999).

F is predicted progeny mean inbreeding coefficient for the mating set under
congderdtion.

c is a weghting factor on predicted progeny mean crossbreeding vdue C. A
sengble vdue for ¢ is 1 - this is the implied weight on the genetic gan

component % and both these components have direct effects on progeny

merit, making them of egua importance if merit of laier descendants does not
feature in the objective.

C is predicted progeny crossreeding vaue - the vdue predicted using
informetion on breed genotype done  This is typicdly predicted usng a
dominance modd of heteross, incorporaing direct and maternd  components of
both additive and dominance effects (Chapter 4). Use of cC ams just one
generation aheed. A more involved gpproach is required in order to am further
ahead (Shepherd and Kinghorn, 1999), making investment matings (eg. to
generate firg cross femdes) as wdl as redisation matings (eg. termind sre by
first cross femde). If c¢C isincluded in the MSl then EBVs in G should be net
of breed genotype effects, to avoid double counting of these effects.



Other

cost is the cogt of the mating policy implied by x. This can include costs of Al
and MOET. It can be cdculated to discourage solutions that, for example,
nominate alocation of jus a few femdes to a naturd mating mae, & wel as
giving both genetic and economic condderdtion to use of reproductive
manipulation. Figure 2 gives a Smple example for femdes.  In one mode of
operation, the price of reproductive techniques used to drive figure 2 can be
decreased until reproductive technology darts to feature in the best maing s,
and this illusrates a breseeven price for use of that technology. cost can
include other components such as seedstock purchase prices and transport codts,
expressed in the same units as the dollar EBV’s in G (see Chapter 11 for a
smple example).

MS components not in this example incdude pendties on varidion in progeny

trait expresson, dtention to connection between flocks and optimisng QTL expresson
in progeny.

Cost

Oocyte PIKUD

Natural mating

0 1 2 3 4 5 6 7 8 9 10 11 12 13
Number of matings/pregnancies per female

Figure 2. An illugration of one way to formulate costs for femae matings.
Cdculaed costs ae summed over dl candidates, of both sexes to
contribute to the component cost inthe MSI.

Logidicd condraints are smply agpplied by examining each contending mating set and
aplying an MS vdue of low vdue or an overiding pendty, if any condrant is
broken. A related drategy is to apply a moderae pendty - this means that matings sets
that break a congraint but are otherwise of high merit can contribute to finding the best
solution.  However, the pendty must be applied in such a manner that the find solution
contains no broken condraints. Here are some example congtraints:

Nominated maximum number of matings for each cadidate. This might be, for
example, 40 matings for maes that cannot have semen taken from them, 1000
for males that can have semen taken, 1 for femdes that cannot enter a MOET
program and 8 for femdes tha can. The figure for dead maes might be the
number of semen doses avalable. Minimum numbers can aso been s, where a



minimum number of semen doses per anima must be purchased. Of course zero
is an accepted vaue in such cases.

Migration condraints incdlude not permitting young rams to migrate from flock
of birth, and redricting older naturd mating rams to be used in jus one flock
done. Quarantine barriers can adso set set in asmple manner.

Any factor in the MS can be induded as a condraint insead of an index
component.  For example, long-term inbreeding can be included as a condraint

by usng a dmplified MY, (MS = % +fF + cC - cost) and pendisng

ay mating st for which :T(A); @ 2DF exceeds a predetermined vaue. For
example, to condran DF to 0.02 per geneaion, this vdue should be st a %

times 0.02 equas 0.01.

To cdculate optima vaues for MS index weights ¢, f and | would be a complex
undertaking. However, these can be manipulated to give a desire outcome.  An example
of this is shown in figure 3, where | is varied in order to give a frontier of outcomes for
gendic gan and long-term inbreeding.  (see dso ‘' Dynamic control of desred
outcomes, below).
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Figure 3. Plot of predicted progeny merit (EBV Index) agangt mean
predicted longterm inbreeding per generaion, for 13 dterndaive mate
sdection sts generated by using 13 vdues of | . The chosen solution is
circled.



Application of the mate selection approach

The mae sHection approach outlined here has been implemented as Totd Genetic
Resource  Management (TGRM, trademarked to LAMBPLAN).  Information to

implement TGRM includes parameters that describe conditions and desires, and data on
animals.

Parameters that describe conditions and desires
These currently include:

Number of matings to be made, across dl breeding unitsin the andlys's
Whether cogts are to be gpplied

Information on costs

MSI weights

Plus, asrequired:

Direct and maternal breed and heteross effects
Effects of know quantitative trait genes

Mating contraints
Condraints to be gpplied to trait expresson
Any other congraints

Data on animals

If possble pedigree data should be extensve induding dl rdatives of dl animads tha
are candidates for breeding. This hdps when cdculaing the numerator rdaionships
among candidates. Pedigree data are smply animd’s ID, dre's ID and dam’'s ID for
each animal, with O or * entered for unknown parents.

Additiond fidds should be filled in for animds tha ae potentid candidates for
breeding. These fidds must include:

Sex of the animd. This is required in order to separde mde and femde
candidates.

EBV of the animd, or some other criterion of genetic merit.  This is usudly the
multi-trait EBV caculated from a BLUP run followed by application of
economic weights (see Chapter 20).

Candidate datus of the anima. This is the maximum number of matings thet
can be made by the animd, and reflects naturd maing versus use of
reproductive boosting (Al, MOET etc.). Vdues ae typicdly higher for mdes
(25 to 1000+) than for femdes (1 to 8+). Candidae datus defines a limit, and
does not mean that the animd will automaticdly be used for that number of
matings.

Other information on each anima can be included as required, for example:



Informetion on individud traits in order to place redrictions on progeny
expresson of these trats or dmply to report expected outcomes in terms of
these individud traits.

Information on breed genotype of the animd, in order to accommockte
crossbreeding effects.

Information on the anima’ s genetic markers for known quantitetive trait lodi.

Output and reporting

The mean vaue of key vaiables for the chosen mating set is reported, such as predicted

gendtic merit of progeny, longterm rae of inbreeding, progeny inbreeding, progeny
heteros's and program costs.

The dres sdected ae liged together with their number of matings and didribution of
these matings across flocks/herds.

The part of the report to be acted on is the mating it. This ligts the mae and femde to
be used for each mating, together with predicted merit, inbreeding etc. for progeny from
eech mating. This mating list conditutes decisons on dl the breeding issues addressed
in the mate sdection run.

Dynamic c ontrol of desired outcomes

As the mae sdection andyss is running it is possble to view key aspects of the
currently best solution in a visud manner.  This means showing predicted progeny trait
merit, trait digributions, inbreeding, heteross, coss and structurd components, such as
the pattern of use of dres over flocks usdng red-time grgphicd output. The user can
then change weighting factors and condraints during the anadlyss so that these outcomes
change in dedred directions.  This approach will give grest flexibility to learn about the
potentiad  outcomes and to optimdly baance them, without having to rey on theoretica
cdculations about what weighting factorsto be used a priori.

This gpproach is amilar to the dedred gains sdection index gpproach, except that here
the index (MSl) covers much more ground than sdection aone.

Use over multiple stages

It is possble to cary out mae sdection runs to meke culling decisons wel before
joining time In this way it is possble to undertake, for example, rddivdy heavy
culling by cadraing mdes, a a rdaivey ealy dage, while accommodating concerns
about (lack of) rlevance of early measures of merit, inbreeding, cost savings, €tc.

A separate run can be made wel before mating for the purpose of identifying semen,
embryos and seedgtock to purchase. A later run for the main mating round will benefit
from knowledge of purchases made and any change in the candidate status of other
animas. A further run can be made to make badkup mating decisons in the light of
knowledge of which femdes did not conceive.



Dispersal of breeding malesto commer cial units

A mate sdection andyss can be run over both commercid and stud operations, such
that it solves the problem of dispersd of bulls to commercid units, Smultaneoudy with
sdection of bulls into the sud(s) (Figure 4). The competition between commercid units
for bulls can be handled in a manner that optimises overdl profit, in harmony with bull
sdection for the breeding operation, and dl the componentsin the MS.

As the vadue of progpective progeny is cdculated specificaly for the herds in which
they will be born, the benefits will be highes where the commercid units have different
breeding objectives, as in figure 4. Moreover, where crossbreeding is practiced in some
commercid units, the range of termind and maternd attributes of candidate sires can be
well accommodated via their EBVs and knowledge of ther breed genotype and that of
thelir progpective commercid mates. This dso holds when the commercid destinations
involve different end-uses (eg. fully termind versus‘ daughters may be bred’).

This can be done without individud information on commercid cows, by congdering
each cow herd, or part thereof, as a Sngle group in the andyss - one ‘nymphomaniac
cow’ for each commercid herd.

s 4
Select as “S;t

stud sires Cull

'™ wm ™

Farm 1 Farm 4

Mer W, PP

Export market Domestic market Tick resistance Crossbred heifers

Figure 4. The fate of sud born bulls Mate sdection can be used to make
decisons on digpesd of breeding mdes to commercid  units
smultaneoudy with stud sdlection decisons.

Getting the most out of thetactical approach



The tacticd agpproach to breeding is driven by specifying desred outcomes.  Although
mate sdection andyds is a very powerful computing tool, the results that it gives are
closdly digned to the ‘outcome indructions that it receves. This means that the
breeder can have a high degree of control, not by specifying which animds should be
sdected, but by specifying desires in terms of direction of genetic chenge, maintenance
of gendtic diversty, limitsin money soent, congdrainsto be stisfied etc.

Usng the tactical gpproach is like driving a good car in a competitive race.  We have
control of the steering whedl, accderator and brakes, and we can drive h a manner that
is fadt, yet safe, economicad and in the proper direction. We no longer need to have our
head under the bonnet, monitoring every pison beat, and missng opportunities to
overteke or avoid crashes. To make the most of mate selection, we $ould let it monitor
the piston beats, and give it good heed to find the best way ahead. There is plenty of
opportunity to do test lgps of the circuit before committing to a decison - if it does
something we do not like, we need to adjust the way we deg it, rather than getting out

and pushing it round the track. Here are some examples of how we can give mate
selection room to maneuver:

Pre-culling of animds should be restricted to ‘definite culls. The mate sdection
goproach will only use competitive animals, but benefits from a bigger pool of
candidates.

It is worth considering the numerica scoring of important visualy classed traits.
This will permit the use of information from reaives to make faster progress in
these traits and monitor therr genetic change. It dso gives more opportunity to
make corrective matings.

Consder a wide range of outsde sres. These can hep increase gains, lower
inbreeding levels, and provide connections to outside seedstock sources that will
result in better gainsin the longer term.

Include dl key costs. These can include costs of semen, trangport, quarantine
holding and even fencing for naurd maing paddocks — Limits on finances
available can aso be .

Make flock sze vaiadle. By factoring in the cost of maintaining breeding
femdes, flock sze can be an outcome of the andyss. This can provide a way to
give controlled reduction of flock dze through periods of drought or financid
hardship, with pardld accommodation of concans dbout genetic gans
inbreeding, &c.

Sdect dres for commercid units as wel as breeding units.  This is likdy to
work well in large enterprises in which the breeding objectives differ between
commercid units. This means that the fate of stud maes can be use in the stud,
usein any one of severd production units, or culled.

There is potentia for condraining outcomes. For example, it could be declared
that al progeny should be expected to be bdow a given fa thickness or micron
diameter. This is most relevant to breeding operaions in which the vdue of
product is high.



Drive outcomes usng a production modd. Mate sdection could usefully be
driven by a dynamic production modd, with each mating st evauated on profit
from the optima production and processng pathway(s) for prospective progeny,
as described below.

From TGRM to TRM - Total Resource Management

Mate sdection as implemented in TGRM could usefully be driven by a dynamic
production modd, rather than detic breeding objectives  This means tha breeding
decisons (induding digpersa of young bulls to commercid units) could be based on the
optima production and processng pathway(s) for prospective progeny, as suggested in
figure 5. The result would account for eg. anima merit, variance in meit, prevaling
feed and market conditions, and options for multiple pathways to multiple product end
points

Breeding and production program

Predicted progeny performance Iﬁ ’ﬁ
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Figure 5. Tacticd breeding program design could be extended to the full
production sysem. “Totd Genetic Resource Management” becomes “Tota
Resource Management”.

Extensgon to give ad hoc tacticad optimisation of the production sysems themsdves
would conditute TRM - Totd Resource Management. Properly implemented, TRM
would accommodate factors such as.

Opportunities to draft into separate management groups at different ages and
welght ranges, congtrained by paddocks, labour etc.

Levds of feeding, stocking rates, and management within groups.
Time and space scheduling of limited facilities such asfeedlot spaces.



Predicted optima pathways from any one point in the chain, through to different
product end-points.

Tageted outcomes to satify product objectives, cost condraints prevailing
pricing systems and contracts undertaken.

It is evident that TRM would be of mos benefit in verticaly integrated enterprises, or
cooperating groups with verticd dliances or contracts. This is because of the integration
of decison making aong part or dl of the chain from breeding through to processing.

However, TRM is likdy to be much more chdlenging than TGRM. There is one key
critical control point (CCP) for TGRM - mate sdection at joining time. Other CCP's
for TGRM involve culling, cedration, and semen purchese phases, but these ae dl
basad on provisond mate sdlections.

On the other hand, CCP's in TRM could incdlude mate sdection, drefting a various
ages, docking raes, fertiliser and feed use timing of facilities use, etc. Moreover,
whereas our model of gendic effects and gene trangmisson in TGRM is rdaivey
graghtforward (everybody has a dad and a mum), the bio-economic modds
underpinning TRM will be more complex and varied.

Notwithstanding this, the tacticd decison meking gpproach inherent in TRM would
make a useful backbone to place he fruits of scientific and practica research, and make
them, by definition, immediatdy gpplicable for practiioners in the animd industry
chans.
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