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/

ISSN 0370-2731/2000 Proceedings of the New Zealand Society of Animal Pro6Qcfieé8-202

The benefits of sheep recording schemes for genetic research
J.N. CLARKE AND D.J. GARRICK

AgResearch, Ruakura Research Centre, Private Bag, Hamilton, New Zealand

ABSTRACT

Recording schemes designed to provide genetic evaluations at the individual animal level contain basic pedigree and
production records fundamental to genetic research. Accessibility, accuracy and consistency of their information and the
flexibility of their database design to incorporate new indicator traits with prospects of providing a more accurate or more
cost-effective identification of animals able to leave superior progeny influence their value to research. Much research is
also likely to benefit from inclusion or access to industry data on animal products and their processing performance
beyond the farm gate. Industry-wide evaluations of animals in different flocks can also identify useful contrasting animals
for this research as well as for commercial exploitation.

Examples of research using industry data from recording schemes are presented to demonstrate these features. They
include estimates of non-genetic influences on animal performance, on methods of adjusting for their effects, estimates of
phenotypic and genetic parameters, of genetic group and gene effects, of the effects of selection and culling and their
impact on selection and crossbreeding strategies. Research embracing new molecular technologies is also discussed.

Research of this sort can have high extension impact, especially that geared to early incorporation of results into the
animal evaluation procedures of the scheme itself.

Keywords: recording schemes; industry data; sheep genetic research

INTRODUCTION of relevant research and trends in the consumption of animal

Recording schemes are designed primarily for breederroducts that provide opportunities for improved genetic
to provide them with access to technology for geneticProgress towards particular goals. Both have an important
improvement of commercial animals. Scheme developmerf10|e in stimulating research relevant to anticipated future
has usually given emphasis to the collection, processing§eeds. The database: basic pedigree and production
and reporting of data to users, computers being well Suitefﬁcords which are fundamental to animal evaluation and to
to repetitively handling large volumes of data and providingd€netic research, in ways which will be discussed in more
short turn-round times. As the size and history of thedeta” |atel‘. It OfferS not jUSt the data themseIVeS, but the
recording scheme increases, attention increasingly turns gntire database system - the procedures required to receive,
the suitability of the database design to each of thesualidate, correct, manipulate, store, select, export and report
purposes, many major reviews of national schemednformation. These processes must meet the requirements
resumng from emerging inadequacies in this area (Ca”ov\pf all alternative uses of the data: flock Summaries, animal
et al, 1986). However, to be effective a national schemesummaries, breeding value calculations, breeder reports,
must also give attention to all major components, andreeding scheme reports, breed society requirements and
especially to the way in which each is matched to industry€search extract$Genetic technology: embodies all
needs and is mutually coordinated (Garstlal, 1992).  aspects of the analytical model and the genetic and
These workers discussed six main components of effectivehenotypic parameters and algorithms used to evaluate the
recording schemes. Clarle al (1992) described their data, and to predict the relative breeding worth of individual
interrelationships with respect to the development,animals and genetically related groups of animals using all
extension and commercialisation of animal improvementappropriate information on the individual and its relatives.
While all components have a research requirement and afinimal breeding research and developmentto provide
have important messages to the conduct of this researcR€W information to allow the scheme to move with the times
the emphasis of this paper is on their impact on geneti@nd allow breeders to take advantage of new market
research and in particular on the genetic research need&@portunities and scientific discoveries relating to the

to keep national schemes abreast of modern technology.identification of animals producing superior progeny. Much
of it should be an integral part of the scheme to allow

COMPONENTS OF NATIONAL breeders and their clients to stimulate new research
RECORDING SCHEMES directions and to allow results to be readily available to

c itted b b he aim i | industry. Extension: because of the genetic technology
ommitted buyers: because th eI aimis to 3C.Cl_1ml]f ate o mbodied in it, the scheme itself is an important insidious
genetic improvement over time, the long-term driving orcetechnology transfer mechanism, and needs to be better

of any viable ggnetlc recording scheme IS the ram buyer?ecognised as such by many research funding agencies. The
who are committed to the use of superior animals an

. ) xtension process however, is much more than this alone.
prepared to pay a premium that reflects the profits expecteﬂ] addition to ensuring that industry has a good

from thglr progeny.Motlvateq breeders: b_reeders must ._understanding of all other components of the scheme and
be sensitive to future production, processing and marketmgneir financial impact, and of encouraging effective two-

requirements. Both breeders and buyers must keep abrezwéy communication among them, it has the important task
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of ensuring that the animal rankings coming from theof the flexibility of the database design. Research on new
scheme are used to develop effective profitable commerciahdicator traits usually requires new measurements to be
breeding plans. This itself has an important researclaken, requiring that the database be open-ended and able

requirement. to accommodate recording of new characteristics as
opportunities arise. Only then can the duplication of data
RESEARCH OPPORTUNITIES collection, validation and retrieval or the costs of combining

Thus, while all components can impact on geneticinformationfrom different databases be avoided (Wickham
research, the database provides a key operational foundatid®84)- There may however, be a conflict between the
of this research. It provides the base pedigree informatiofiuality of data required for research and the associated costs
on which all genetic research is based, as well as the cof data validation, depending on the emphasis given to data
data on animal productivity for traits directly influencing quality by the recording process, especially at the time of
financial returns and identifies the contemporary groupingslata capture. The Sheep Improvement Limited (SIL)
of animals with records. Much genetic research is aimedatabase is still somewhat inadequately serviced from this
at developing new indicator traits and methods of app|ying30int of view, even in terms of the collection of measured

them to allow a more accurate and more cost-effectivéiata coming from breeding flocks. I.t is less well developed
identification of animals Capab|e of |eaving Superior in terms of its access to data coming from other sources.

commercial progeny. These include the performance of groups of animals on
Unique animal identifiers are fundamental. They enablecommercial farms and animal health, processing and
the collation of records collected over the lifetime of the Product data coming from meat works and quality assurance
animal, whether this be in a single or in several differenfrogrammes. Such information is becoming increasingly
flocks. Pedigree records are also critical to link and relatéfitical in attempts to move our animal products from
records collected in different generations. A unified nationacommodity markets and to develop new consumer products.
recording protocol can provide both features, as well ag>roup data can also be useful for farm monitoring
information on non-genetic circumstances affecting theevaluations of the sort discussed by McCorkindale (1999)
phenotypic expression of an animal’s characteristic. Thes@nd Shaw (1999). It is clear from the review of Parker
include the flock and management group in which the record1999), however, that specific additional database design
was made and other special circumstances (e.g. surrogdeatures are necessary to accommodate effective industry-
dams, foster parents and recognisable environmental effectgide farm benchmarking studies aimed at providing
such as birth-rearing rank, age of dam and age agommercial farmers with useful data that can assist them
measurement). Genetic effects associated with breel@arn why and how superior flock performance is achieved.
composition, hybrid vigour, sex and major gene effects are  The value to genetic research of expanded data sharing
also relevant to both animal evaluation and researct§apabilities is well discussed by Wickham (1984). In
protocols. Best Linear Unbiased Prediction (BLUP) is theaddition to livestock improvement data, he considers data
current method of choice for animal evaluation purposesfrom breed associations, veterinary clubs, dairy companies,
such predicted breeding values also being an importarﬁtOCk and station companies and Government departments.
prerequisite to genetic research involving the estimation ofAs he emphasises, it is important that the objectives of all
genetic parameters (heritabilities, genetic correlationsfhese organisations be considered in developing the logical
essential to this prediction process, and to researcfata model that defines the database structure if a truly

comparing alternative selection criteria and selection andinified database serving all organisations is sought. He
mating policies. describes how such a process provides the mechanism for
Three other features of the data are also critical tdntroducing new data items needed for research, and
usefulness of the database for both animal evaluation andghlights how such facilities can reduce the costs of data
for research purposes. The first relates to the definition oollection for genetic research.
performance which must be consistent over years and It is important to recognise that a flexible database itself
subject to well-defined validation rules for detecting datac@n open up opportunities for research. Genetic research
measurement and recording errors, and for definings increasingly aimed at physiological studies seeking to
categories that indicate non-genetic effects on performancédentify the mechanisms and genes giving rise to biological
The second relates to the accessibility of the informationvariations among animals, or indicator traits and genetic
Physical accessibility of recording scheme data for animamarkers associated with these variations. Many of these
breeding research is unlikely to be a problem but has a costudies can benefit from divergent animals that have been
attached to it. Modern evaluation methods are geared télentified as having high or low levels of performance for
combining information on the same animal at different timegthe trait under investigation. A national database,
in its life, to collation of records on animals in the sameparticularly one with good genetic links across different
management group, and to relating records on animals iflocks, can be very useful to establishing such divergence,
different generations and representing different geneti@/though any specific genetic research design based upon
groups of animals. Operational accessibility is, howeverit, Or involving special matings for more in-depth genetic
another issue that is tied to the ownership, securityanalysis, would require special alliances for its achievement.
confidentiality and commercial sensitivity of the data, andResearch studies of this sort, linked directly to the national
usually intimately tied to the way in which the scheme anddatabase, are becoming particularly important as the number
any proposed research is funded (Garethl, 1992). of special-purpose flocks for genetic research decreases.
Apart from these common ingredients, is the key issue
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EXAMPLES OF RESEARCH USING season (age at measurement). Regional differences in
INDUSTRY DATA within-flock sources of variation in commercial Coopworth

There exist several good examples of past research usir{E’CkS were studied by Rendefl al (1990).
industry data. Many serve to illustrate the ways that the ; ¢ culli
effectiveness of this research depends on recording schenﬁé ect of culling

design and the early and appropriate utilisation of results John;oret al (1980.) shpwed that the_ eﬁegt of culling
by industry. at weaning on the variability of later weights in 13 flocks

appearing to have the highest culling intensities at weaning
reduced variation in later weights by a factor of the order
of 0.84. Eikje (1979a) examined the effects of selection

d culling between weaning and hogget shearing, the
effects of selection of flock replacements and the culling
d of breeding ewes on the basis of performance.

Non-genetic influences on performance

Analyses to identify and quantify non-genetic influences
on performance are the most common of those undertak
to date. Examples are provided by Jenal (1979) and
Newmanet al (1983). The former work was concerne
with estimates of non-genetic effects of birth-rearing rank, . .
sex, age of dam and weaning age on weaning weight usirf%nlmal ranking procedures .
12 Romney flocks (40,560 lambs) participating in the_ Man_y of the_results d|scu_ssed so far were incorporated
national flock recording scheme from 1968 to 1973. Thesdt© revised a”'”.“a' evaluation procedures developed for
effects accounted for 33%, 9%, 3% and 24% of the residuaﬁheep breeders in the 198.05 (Ca““‘.’“"-’ 1985; Johnson .
sums of squares, respectively. The effects were found tEt al, 1989). These revisions also included an expansion

vary as much between years within flocks as between flockgf characteristics able to be included in animal evaluations
in different districts. Analysis of logarithmic values did not and offered options for breeders to receive across-year and

account for a greater proportion of the variation in weanin cross-year animal evaluations using BLUP via an affiliated

weight. Eikje and Johnson (1979) undertook a mor igher.-level proces.sing service_).. These mgthods are
detailed assessment of the significance of flock dil‘ferencegper."’Itlonally we-II Su't?d tq Comb"?'”g information on "’?"
in adjustment factors in this same dataset. Only about 1096 Iat|ves_ and of |nclud|_n 9 information on correlatgd traits
of the variation in adjustment factors for sex and birth-" breeding value predictions (Johnson and Garrick 1990;

rearing rank between flocks was explained by the averag arr|c!< 1991). They are also able to accommodate data
weaning weight of the flocks. Thus only a small proportion rom Q|ﬁerent breeds, although are _yet to be fuII_y devel_0|_oed
of the variation in these adjustment factors from flock tofor tg's pUrpose. Thefy are gspemalLy usf(:ful_ln prowdl?g
flock (or from year to year within a flock) could be removed goo re,trospecnve in ormatu.)r? onthe e e.ctlveness o' a
by procedures taking the flock’s level of performance irnobreeders past selection decisions for particular breeding
account. Further analyses of the expected samplin&oals'

variances in adjustment factors suggested that within-flock lect frecti dind

estimates of adjustment factors for sex and rearing rank® SCI'IOH N tgct|v|ene?s and in ustry;truc(jtu;esD dd et al
are likely to be preferable to general adjustment factors i sing natiohal periormance recording data, Dodd et al.
flocks producing 120 or more lambs each year. Eikje! 1982) first reported on the efficiency of selection practices

(1979a) also reported adjustment factors for fleece Weighltn recorded flocks. qud and Delahunty (1983.) analysed
and lamb production. performance records in the central flocks of eight group

breeding schemes to examine opportunities for increased
Methods of adjusting for environmental effects rates of progress from more intense selection on
Eikje & Johnson (1985) compared nine different performance. They found selection efficiencies of the order

methods of adjusting lamb weaning weight for the effectsOf 64-74% for rams and 27-44% for ewes, indicating

of age of dam, sex, birth-rearing rank and weaning agec_:on3|derable Scope for.|mprovement..
Combined additive and multiple adjustments or More recently, Garrick (1995) estimated across-year

multiplicative adjustment alone were slightly better than9&netic trends in estimated breeding values coming from

other methods for all but weaning age effects for which arPLUP analysis of breeding values for 50 flocks using data
additive approach was recommended (50,000 lambs each year) going back to 1988. Average

genetic trends were 0.13 kg/year for weaning weight, 0.26
kg/year for liveweight at 8 months and 0.02 kg/year for
hogget fleece weight, very close to selection index
predictions.

Trait variability
Johnson et al. (1980) examined the effect of between
flock variations in the standard deviation of hogget
liveweight on weighting used to rank animals for growth .
Genetic parameters

and lamb production traits. The flocks were chosen to G . for lamb. h d duci
represent Romney, Coopworth, Perendale and Border enetic parameters for lamb, hogget and ewe production

Leicester breeds over a wide range of geographica raits were gstimated by Eikje (197.9&1) and by Reew
locations. The recommendation coming from this study wa 1990). Eikje (1979a) reported estimates for lamb growth,

that in order to reduce the impact of liveweight on breedin ogget fleece weight, wool quality number and ewe

value rankings for lamb production, records be standardiseﬂrOdUCtIVIty traits (number of lambs born and weaned, lamb

using the estimates of the within-flock standard deviation":’ur\”val and weight of lamb weaned) for six years’ data

in li iaht by flock b llas b oming from six large flocks of Romney sheep. Lopez-
In livewelght by flock x sexxyear subgroups as well as ysﬁllalobos and Garrick (1999) estimated heritabilities and
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genetic correlations for direct and maternal genetic effect8iotechnology

using underlying scales (probit and logit) for lamb survival ~ The discovery of the Inverdale gene is a good example
(25,874 lambs born), in order to examine new proceduresf finding single genes in industry flocks, intitially by
for the genetic evaluation of this trait. Low heritability screening highly-prolific outliers followed by special

estimates were found (0.01 and 0.03, respectively). matings for more intensive investigative research (Davis
et al, 1995 and other papers in that publication).
New traits Dekkers (1999) provided a good recent review of the

As an example of genetic research undertaken on newapplication of molecular technology to animal
traits not recorded by scheme itself, Skermiaal., (1988)  improvement, with emphasis on research making using of
estimated phenotypic and genetic parameters for clinicaindustry-wide population diversity and some operational
footscald and footrot in a pedigree flock of Romney sheemspects of utilising this new technology for animal
inspected during natural outbreaks over a period of six yearsmprovement. He discussed two approaches to mapping
This was the one of the first genetic studies on this diseasgenes — locating regions of the genome affecting traits of
trait. Increasing worm drench resistance stimulated areconomic importance (QTL). The genomic scan approach
interest in faecal egg count as an heritable indicator ofelies on the linkage disequilibrium that exists within
resistance/resilience to nematode parasites (NZABT 1994amilies in outbred populations or coming from crossses
Watsonet al, 1986) and required a new approaches to thévetween breeds, strains or selected lines. It needs large
incorporation of faecal egg count in breeding objectivespopulation sizes to be effective, one of the main challenges
for dual-purpose sheep (Ametral, 1999). being the development of research designs able to capitalise

Analysis of carcass dissection data lead to theon existing commercial population structures. An example
incorporation of meat traits in breeding objectives (Clarkeis the grand-daughter design (Welktral, 1990) which
etal, 1991). Genetic parameters for live animal ultra-soundutilises the large paternal half-sib families created by
predictors were provided by data from an industry breedingrtificial insemination. Artificial insemination used to
scheme (Clarket al,, 1998), which was also developed to hasten the dissemination of genes from scarce new breeds
incorporate computerised tomography data into its breedings likely to be especially important, although further research

programme (Nicolkt al, 1997). to identify whether the QTL have an effect within
populations of commercial interest may also be necessary.
Fixed genetic effects The candidate gene approach using knowledge of the

Industry crossbreeding can provide opportunity tounderlying physiological mechanism affecting variation in
analyse genetic group effects associated with differentraits of economic importance and knowledge from species
breeds and strains. An example of this is provided by theich in genomic information, can rely more directly on
results of Clarkest al. (1999). They reported an analysis existing commercial animal populations.
of base breed effects from a research study in which high The importance of being able to accumulate and collate
bulk genes from Texel and Dorset sires were introgressedata from commercial animals for new traits that are of
into high fleece weight Romney ewes and the resultingspecific interest to the application of marker assisted
crossbred rams disseminated to commercial Romney rarselection is crucial to both approaches. Recording schemes
breeding flocks. The procedures developed have contributechust be able to handle or have direct access to DNA data
to protocols for the inclusion of genetic group effects inthat are the results of gene and marker evaluations on
the analytical models to be used by SIL. individual animals and related groups of animals. They

While Lewer and Allison (1980) estimated the will also be important to maintain a regular on-going review
repeatability of Merino and Booroola x Merino ewes usingof gene effects to guard against unfavourable associations
research data, studies of this sort could equally well bavith other traits and against epistatic effects with the
undertaken in commercial flocks. A feature of this studybackground genotype or environment. Accounting for these
was the high repeatability found for NLB in Booroola x uncertainties in animal evaluation procedures remains an
Merino (0.35) compared to Merino ewes (0.20); an effectimportant research challenge as does the optimal use of
now believed to be due to a major gene on fecundity. Davisnolecular information in purebred and in crosshred
and Kelly (1983) report evidence of its segregation forselection strategies especially for gene effects showing
ovulation rate in commercial and research flocks. This sordominance and for different time horizons and for genes
of study could well be undertaken using industry data aloneaffecting different aspects of profitability (Dekkers, 1999).
Analytical approaches using special-purpose analyticallhese developments are likely to be especially important
software to reveal evidence of genetic segregation usinfpr disease carcass and meat quality traits that are expensive
industry data (e.g. Marshadit al, 1999) are likely to  or difficult to measure or evaluate on live animals or at a
develop further in the future, especially if the recordingyoung age.
scheme is flexible enough to accommaodate such new traits
and the effects of individual genes on them. SuchBreeding plans
approaches provided early evidence for a single gene The study of Eikje (1978b) provides a good example of
affecting rib-eye muscling in industry flocks in Australia. research into breeding plans. It examined factors affecting
Segregation analyses suggested an unusual pattern thfe efficiency of selection based on performance selection
inheritance; later work in New Zealand flocks providing and/or progeny testing for improving lamb growth. The
evidence of linkage to microsatellite markers (Niebkl., factors studied included flock size, flock fertility, genetic
1998).
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parameter estimates, selection intensity and generation Society of Animal Productids2: 121-124.

interval using data coming from industry flocks and industr Garrick, D.J. 1995.. Rates of genetic progress in Animalplan—re_corded
9 9 ry y ram-breeding flocksReport to Wools of New Zealgrz8 April

flock structures. This is an important area of research, which 1995, 4pp.
incorporates factors beyond the animal evaluation systeniury, K.E.; Johnson, D.L.; Clarke, J.N. 1979. Eikje, E.D. and Johnson,
itself, in order to develop cost-effective breeding strategies D.L. 1979. Adjustment factors for lamb weaning weight. 1.

able to make best use of the information that they provide. Estimates from commercial flockblew Zealand Journal of
yp Agricultural Scienc&2 385-389.

The inclusion of molecular information in breedlng plans Johnson, D.L.; Clarke, J.N.; Robinson, C.A. 1980. Liveweight variation

will intensify this area of work and strengthen the new to in Sheeplan flocksProceedings of the New Zealand Society of
simultaneously consider new reproductive technologies as Animal Productiord0: 254-257.
well (Dekkers 1999) Johnson, D.L.; Rae, A.L.; Clarke, J.N. 1989. Technical aspects of

Animalplan.Proceedings of the New Zealand Society of Animal
Production49: 197-202.
CONCLUSIONS Johnson, D.L.; Garrick, D.L. 1990. Data collection, processing and
i rediction of breeding valueBroceedings of the World Congress
It can be Seer.] from these examples that r.ecordlng 2n Genetics Appliedgto Livestock Pro?iuctkﬁn337-346. ’
schemes can prowde useful data for research. This researﬁ:g(/\/er, R.P.; Allison, A.J. 1980. Repeatability of reproduction rate
has direct benefits beyond the immediate requirements of components in Merino and Booroola x Merino eviR¥sceedings
the scheme itself. It also has high extension impact through of the New Zealand Society of Animal Productn248-253.

better ownership of results and through their incorporatiod_opez-\ﬁllalobos, N.; Garrick, D.J.. 1999. Genetic parameter estimates
for lamb survival in Romney sheeProceedings of the New

into the genetic evaluation procedures, thereby providing Zealand Society of Animal Producti6a 121-124.
effective transfer of technology to industry. McCorkindale, A.B. 1999. CF2000 — a new way of looking at the same
information.Proceedings of the New Zealand Society of Animal
Production59: 79-81.
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