New Zealand Society of Animal Production online archive

This paper is from the New Zealand Society for Animal Production online archive. NZSAP holds a regular
annual conference in June or July each year for the presentation of technical and applied topics in animal

production. NZSAP plays an important role as a forum fostering research in all areas of animal production
including production systems, nutrition, meat science, animal welfare, wool science, animal breeding and
genetics.

An invitation is extended to all those involved in the field of animal production to apply for membership of
the New Zealand Society of Animal Production at our website www.nzsap.org.nz

View All Proceedings Next Conference Join NZSAP

The New Zealand Society of Animal Production in publishing the conference proceedings is engaged in disseminating
information, not rendering professional advice or services. The views expressed herein do not necessarily represent the views
of the New Zealand Society of Animal Production and the New Zealand Society of Animal Production expressly disclaims any

form of liability with respect to anything done or omitted to be done in reliance upon the contents of these proceedings.

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0

International License. ¢ MG D

You are free to:

Share— copy and redistribute the material in any medium or format

Under the following terms:

Attribution — You must give appropriate credit, provide a link to the license, and indicate if changes were made. You may
do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use.

NonCommercial — You may not use the material for commercial purposes.

NoDerivatives — If you remix, transform, or build upon the material, you may not distribute the modified material.

http://creativecommons.org.nz/licences/licences-explained/



http://www.nzsap.org/proceedings/browse
http://www.nzsap.org/conference
http://www.nzsap.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Proceedings of the New Zealand Society of Animal Production 1996, Vol 56 9

Potential for profitable use of DNA markers in the New Zealand Dairy Industry

D.J. GARRICK AND R.J. SPELMAN

Department of Animal Science, Massey University, Palmerston North, New Zealand.

ABSTRACT

Annual genetic advance in merit of dairy cattle can be assessed from selection in four pathways: Bulls to breed Bulls B Bye€&dw
Bulls (CB); Bulls to breed Cows (BC); and Cows to breed Cows. It is usually assumed that breeding merit is determimedidfyaatiy
large number of genes, each having a small effect (infinitesimal model of inheritance). In practice, the number mayitrediféte genes
(known as QTLs) having large effects. DNA technologies allow young animals to be tested for particular QTLs using markers.

Benefits of marker assisted selection were calculated for one additive QTL over arange of sizes (allele values 0b0(®5,de88tic
s.d.) and initial gene frequencies (0.01, 0.10, 0.35). Testing was conducted in the BB, BC and CB pathways. Strategipamdnesing
the Net Present Value of the stream of productive benefits less costs for a 30 year horizon, assuming one genetic $1dds worth

Superior rates of advance were sometimes achieved at greater cost than benefits. At a cost of $10 per genotype assassvent it w
profitable to genotype small QTLs. The largest QTL could be profitably used to screen young bulls before progeny testirthel@spst
starting frequency. In some circumstances, selection for a QTL resulted in improved medium term response but reducedspogserm
Knowledge of the size and frequency of QTLs and a pre-defined time horizon will be essential to discriminate betweerapobfiteibiy
applications of this technology.

Keywords: molecular genetics; DNA marker; genetic gain

INTRODUCTION (Georges 1996). In the short to medium term, markers
) ) _ _ may be identified that flank these QTL, but ultimately
The annual advance in genetic merit of dairy Cat“efine-mapping may allow the exact position of the QTL to
can be assessed from Rendel and Robertson's (195@k getermined. Flanking markers have the disadvantage
formula representing selection in four pathways: Bulls toi5¢ crossing over may occur between the marker and the
breed Bulls (BB); Cows to breed Bulls (CB); Bulls 1o T thereby breaking the correspondence between QTL
breed Cows (BC); and Cows to breed Cows (CC). In Newyjigles and the marker alleles. Furthermore, different
Zealand, animals are selected on aggregate merit, knOWissociations would exist in different families. In this
as Breeding Worth (BW) comprising estimates of breed'study, it was assumed that a marker could be used to
ing values for: milkfat; protein; milk volume; cow perfectly discriminate between QTL alleles.
liveweight; and survival (Harris 1996). In calculating The discovery of perfect markers for QTLs will allow
BW, these five breeding values are weighted by theirgnimals to be partitioned according to their QTL genotype
relative economic values. Overall progress is affected by, poth sexes and at ayoung age, perhaps even as embryos.
both the superiority of selected individuals in each path-rhis could allow selection of parents at a younger age than
way and their average age when progeny are born. Thg,rrently practiced, reducing generation intervals. How-
superiority of selected individuals relies on the selecnonever, in the short-term, the cost and time-consuming na-
intensity (related to the proportion selected) and the accugre of DNA collection, extraction and marker assessment
racy of selection. _ _islikely to limit the use of markers to bull parents. Accord-
Itis usually assumed that the breeding values contribingly, this study determined the impact of marker-assisted
uting to BW are determined by the action of a very largeésejection for a bi-allelic QTL in two scenarios with
number of genes, each having a small effect (infinitesimabemtyping restricted to the bull pathways (BB, BC and
model of inheritance). In this model, reliable prediction of cg) Relative to the existing selection strategy, the impact

breeding values can only be achieved by analysis ot the marker-assisted selection was determined from a
lactational measurements on the cows of interest (CB a”genetic and economic perspective.

CC pathways) or on some 50 to 100 daughters of bulls o
interest (BC and BB pathways).

In practice, the number of genes contributing to dif-
ferences in performance between individuals may be fi- A deterministic simulation model was developed to
nite, with a few genes (known as quantitative trait loci oraccount for the four pathways of selection allowing repre-
QTLs) having relatively large effects. Should this prove sentatives from each of three QTL genotypes (QQ, Q+and
to be the case, the approximate location and size of thesra.) in each pathway_ Sub_popu|ations by genotype and
QTLs may be detected with the use of a molecular mapathway were further partitioned by year of birth to ac-
identifying the position of markers along the genomecount for overlapping generations and to allow tracking of

MATERIALS AND METHODS
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annual changes in QTL frequency. This model representtype was therefore known without error. Truncation selec-
an extension of the approach described by Ducrocq antion was applied on aggregate genotype, defined as the
Quaas (1988), the extension comprising allowance for theum of the (known) QTL effects and the polygenic back-
three genotypes. ground effects. In contrast to the control situation, the

The additive effect of the favourable Q allele was aggregate genotypes or breeding worths are not biased in
varied between runs from 0.25, to 0.38 and 0.5 genetic s.@ach of the subpopulations. Selection in this case will be
The QTL alleles were introduced at frequencies of 0.01more effective at increasing the frequency of the favour-
0.1 or 0.35 with the genotype frequencies reflecting Hardy-able QTL allele than was the case in the control setting.
Weinberg equilibrium and linkage equilibrium with Exceptional parents without the favourable QTL allele
polygenic background effects. will still be used for breeding young bulls.

The simulation was modelled around the existing
breeding scheme for the Holstein-Friesian breed in NewProgeny-testing only QQ and Q+ bulls. (MAS 2)
Zealand. This comprises some 1.6 million cows, of which This scenario attempted to increase the frequency of
only 169,000 (known as the active cows) are eligible forthe favourable QTL allele as rapidly as possible. At low
use as bull dams. Eligibility for selection as a bull damfrequencies of the favourable QTL, many young bulls
requires cows to be herd tested and to have identified thregere excluded from progeny testing on the basis of their
generations of breeding to AB-sires of the same breedQTL genotype (++).
The top 455 of these active cows are selected each year in . . .
order to produce the 140 young bulls that are annually For eaph of ththree scenarios, sglectlon was contin-
progeny tested using 85 daughters. Bulls are five years oIHed for athirty year time horizon (fo!lowmg th? Sixty years
when their progeny test evaluations are available. TwoOf control sglechon). A”_”“a' genetic means in each of the
percent of bulls die each year. The best ten (proven) bu”gjarkgr—as&sted strat_egles were compared to th'e. control
still living at 5, 6 or 7 years of age are used as bulls to breea'tuat'_on' The peneflts frqm increased product'lwty re-
cows. The best two proven bulls (dead or alive) are use rnsn the.entlre population, less the genotyping COSFS
to inseminate the 455 elite active cows. Bulls and cow $10 per animal) were accumulated on an annual basis.

used as parents were selected on the basis of truncatic;rrhe Net Present Value (NPV) of this income stream was

selection of their estimated breeding worth. No selectloncaICUIated’ using a discount rate of 6.5% and including a

was assumed on the CC pathway. fézrr':(ueprj?or?k:ltlelanTrLesearch grant for identification of the

Control scenario.
In each selection pathway, truncation selection was RESULTS

applied across subpopulations representing years of birt@electing bull parents on aggregate genotype.
and QTL genotype. The QQ subpopulations have anfMAS 1)

elevated average genetic merit relative to the Q+ . .
: . . : . The rate of genetic gain assessed by annual changes
subpopulations which have elevated genetic merit relative : ) .
: ) . in the mean breeding worth of the commercial population
to the ++ subpopulations. Selection will favour QQ andof cows for the thirty year horizon was always superior in
Q+ individuals, but breeding worths will be biased to- Yy y P

. . MAS 1 h | situation. Th f
wards the average in all three subpopulations. Inthe case S 1 compared to the control situation e extent o

. . ; . .. “superiority of MAS 1 over the control was greater for
of cows with lactation records, their lactational deviation : ,
. ) ; larger-sized QTL effects. The strategy was profitable only
relative to contemporary animals is regressed towards th

average with the regression coefficient relating to '[he]eor the largest QTL (0.5 genetic s.d.). Given the large

heritability of the trait (assumed 0.3), the repeatabilityQTL’ the profitability was greater when the starting QTL

. frequency was increased. The break-even time horizons
(0.6) and the number of lactations (one per year). In the h lated benefi led lated
case of sires with progeny test breeding worth the averagvev en accumulated benefits equatied accumu ated costs

equalled 21 and 17 years for starting frequencies of 0.1 and

progeny deviation is regressed by a lesser amount, dete{)—_35 respectively. Net Present Values for MAS 1 includ-

mined by the heritability and the number of progeny oftheilng the startup research costs are in Table 1.

sire. The regression of that component of the lactational Given that research costs are expended prior to dis-

deviations resulting from effects of the QTL introduces : L
bias in the breeding worths, this bias being greater for OVEY of the QTL, it may be argued that the $4 million

cows than for sires.
In both the following alternative scenarios, control TABLE 1: Economic returns ($NPV) from selection of bull parents

selection was first undertaken for 60 years to ensure thain the sum of QTL genotype and polygenic background effects for a 0.5

the historical effects of selection on the average merit byr_G QTL at three starting frequencies, three time horizons and a 6.5%

birth year was established prior to introduction of marker-discount rate.

assisted selection.

QTL starting frequency

Selecting bull parents on aggregate genotype. Years 001 0.1 0.35
(MAS 1) 20 -4,087,852 -67,853 901,778
In this situation, active cows and all proven bulls 2> 3,762,803 1,087,514 2,220,487
-3,413,862 1,995,953 3,198,508

were assessed for the DNA marker and their QTL geno
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investment costs should be ignored in the calculation of ~ The scenarios considered in this study represent only
the NPV. This would have the effect of making all threeminor changes to the existing breeding scheme design.
QTL sizes profitable providing the starting QTL frequency These changes incorporated marker assessment of sires
was sufficiently high. and active cows or young bulls, with no changes to the
Long-term losses as a result of selection for the QTLnumber or ages of animals at selection. Relative to current
did manifest but not until well beyond the 30-year time- practice, a substantial improvement in gain would be
frame reported in this study, even for the largest QTL sizeachieved if generation intervals could be reduced without
eroding the accuracies of selection. Alternative breeding
Progeny testing only QQ and Q+ young bulls. schemes could be designed where greater attempt is made
(MAS 2) to reduce generation intervals such as by using unproven
Genetic superiority of MAS 2 relative to the control (young) bulls in either one or both of the BC or BB
strategy was sensitive to the initial QTL allele frequency.pathways. Furthermore, larger teams of bulls might be
At low starting frequency, selection for QQ and Q+ bulls used, thereby reducing the risk associated with chance
was at considerable expense in terms of lost selectiorampling of bulls at either extreme.
differential. At high starting frequency, there wasreduced  The benefits of marker-assisted selection may require
benefit from rapidly increasing QTL frequency as manyconcomitant application of advanced reproductive tech-
individuals already carried at least one copy of the favourniques. It can be shown (beyond the scope of this paper)
able allele. The maximum superiority for a QTL of size that as a result of gametic phase disequilibrium, the best Q
0.5 s.d. therefore occurred at the intermediate startingarrying gametes will be sourced from heterozygous (Q+)
frequency of 0.1. The financial benefits from this strategybulls. Accordingly, embryo genotyping might offer op-
are in Table 2. portunities for better exploiting markers.
The results of this study indicate that there are oppor-
tunities for improving the rate of genetic advance such that
TABLE 2: Economic returns ($NPV) for progeny testing only QQ resulting productive benefits exceed the costs associated
a_md Q+ pulls with 0.9 QTL_at three starting QTL frequencies, three with the new scheme. However, the value of any eco-
time horizons and a 6.5% discount rate. . L " .
nomic benefit is sensitive to the size of the QTL, the
e oot sty 419
Years 0.01 0.1 0.35 ! ; =t
20 719,012,200 1.543 580 908,383 T'he break-even time horizon for benefits from these
25 10,382,418 3,687,987 2182218 technlques were b'eyond the framgwprk used by many
30 -10,007,713 5.339,519 3.077.351 business organisations. This may limit opportunities for
routine application of marker-assisted selection as pro-
posed in this paper.
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