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OVINE _IDENTIFICATION METHOD

FIELD OF THE INVENTION

The present invention relates to a method for identification of ovine with a genotype indicative

of one or more altered performance traits.

BACKGROUND

Marker aséisted selection (MAS) is an approach that is often used to identify animals that
possess alteration in a particular trait using a genetic rriafker, or markers, associated with that
trait. The alteration in the trait may be desirable and be advantageously sélected for, or non-
desirable and advantageously selected against, in selective breeding programs. MAS allows
breeders to identify and‘select animals at a young age and is particularly valuable for hard to
measure and séx limited traits.” The besf markers for MAS are the causal mutations, but where
these are not available, a haplotype that is- in strong linkage disequilibrium with the causal
mutation can also be used. Such information éan be used to accelerate genetic gain, or reduce

trait measurement costs, and thereby has utility in commercial breeding programs.

Often in MAS, a particular -marker is used for identification of animals with alteration in a
particular trait, and different markers are used for different traits. Fof example, in sheep, the
Inverdale marker is used to identify sheep with altered prolificacy (Galloway et al. 2000) and a
GDF8 marker haplotype can be used to idehtify sheep with a variant causing increased muséling

(Johnson et al. 2005).

It would however be beneficial to have available individual markers that could be used to

identify animals with alteration in one or multiple performance traits.

It is therefore an object of the invention to provide a method for identifying an ovine with a
genotype indicative of one or more altered performance traits, and/or at least to provide the

public with a useful choice.
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SUMMARY OF THE INVENTION .

In the first aspect the invention provides a method for identifying an ovine with a genotype
indicative of at least two altered performance traits, the method including the step of detecting, in
a sample derived from the ovine, the presence of at least one allele of the CP34 simple sequence

repeat (SSR) marker, or at least one allele of a marker in linkage disequilibrium (LD) with CP34,

~ wherein the presence of the allele is indicative of the altered performance traits in the ovine.

Preferably the performance trait is selected from the grcup comprising .of: weaning weight
(WWT), body weight at 8 months (LW8), body weight at 12 months (LW12), carcass weight
(CW), adult ewe weight (EWT), eye muscle width (EMW), eye muscle depth (EMD), eye
muscle area (EMA), fat depth (FD), carcass fat weight (FAT), carcass lean muscle weight
(LEAN)- rrumber of lambs born (NLB), lamb fleece weight (LFW), hogget fleece weight
(FW12), ewe (adult) fleece weight (EFW), hogget fibre diameter (FDIAM), and resxstance to

gastromtestmal parasitic nematode mfectlon

Preferably the berformance trait is selected from the group consisting of: weaning weight
(WWT), body weight at 8 months (LW8), body weight at 12 months (LW12), carcass weight
(CW), adult ewe weight (EWT), eye muscle width (EMW), eye muscle depth (EMD), eye
muscle area (EMA), fat depth (FD), carcass fat weight (FAT), carcass lean muscle weight
(LEAN) number of lambs born ‘(NLB) lamb fleece weight (LFW)' hogget fleece weight
(FW12), ewe (adult) fleece weight (EFW), hogget fibre diameter (FDIAM) and resistance to

gastrointestinal parasrtlc nematode infection.

In one embcdiment the performance trait is weaning weighr (WWT).
Alternatively the performance trait is body weight at 8 months (LWS8).
Alternatively the performance trait is body werght at 12 months (LW12).

Alternatively the performance trait is carcass weight (CW).
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Altematively fhé performance trait is adult ewe weight (EWT).
Alternatively.the performance trait is eye muscle width (EMW). -
Alternatively the pgrfonnance trait is eye muscle depth (EMD):.
Alte:matively the performance trait is eyé muscle area (EMA).
Alternatively the performance trait is fat depth (FD)..

Alternatively the performance trait is carcass fat weight (FAT).
Altemative-_ly the performance trait is carcaés lean muscle weight (LEAN).
Alternatively the performance trait is number of lambs born (NLB).
Alternatively the performance tréit is lamb_ fleece weight (LFW).
Alternatively the performance frait is hogget fleece weight (FW12).
Alternatively the performance trait is ewe (adult) ﬂeéce weight (EFW).
Alternatively the pgrforrnance trait is hogget fibre diameter (FDIAM).
Alternatively the performance trait is resistancé to gastrointgstinal parasitic nematode infection.

Preferably the ovine is altered for at least three, more preferably at least four and most preferably

at least five performance traits.

In a further aspect the invention provides a method for identifying an ovine with a genotype
indicative of at least one altered performance traits selected from the group consisting of:
weaning weight (WWT), body weight at 8 months (LWS), body weight at 12 months (LW12),
carcass weight (CW), adult ewe weight (EWT), eye muscle width (EMW), eye muscle depth
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(EMD), eye muscle area (EMA), fat depth (FD), carcass fat weight (FAT), carcass lean muscle
weight (LEAN), number of lambs born (NLB), lamb fleece weight (LFW), hogget fleece weight

(FW12), ewe (adult) fleece weight (EFW), hogget fibre diameter (FDIAM), and resistance to

gastrointestinal parasitic nematode infection, the method including the step of detecting, in a
sample derived from the ovine, the presence of at least one allele of the CP34 simple sequence
repeat (SSR) marker, or at least one allele of a marker in linkage disequilibrium (LD) with CP34,
wherein the presence of the allele is indicative of the altered performance traits in the ovine.

In bne embodiment the performanée trait is weaning weight (WWT).

Alternatively the performance trait is body weight at 8 months (LWS).

Altemativély the performance trait is body weight at 12 months (LW12).

Alternatively the performance trait is carcass weight (CW).

Alternatively the performance trait is adult ewe weight (EWT).

Alternatively the performance trait is eye muscle width (EMW)

Alternatively the performance trait is eye muscle depth (EMD).

Alternatively the performance trait is eye muscle area (EMA).

Alternatively the performance trait is fat depth (FD).

Alternatively the performance trait is carcass fat weight (FAT).

.Alternatively the performance trait is carcass lean muscle weight (LEAN).

Alternatively the performance trait is number of lambs born (NLB).

Alternatively the performénce trait is lamb fleece weight (LFW).
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Altefnatively the performance trait is hogget fleece weight (FW12).

Alternatively the performance trait is ewe (adult) fleece weight (EFW).

Aite_rnatively the pérforrnance trait is hogget fibre di.ameter (FDIAM).

Alternatively the performance trait is resistance to gastrointestinal parasitic nematode infection.

Preferably the ovine is altered for at least two, more preferably at least three, more preferably at

least four and most preferably. at least five performance traits.

In a furthef aépect the invention provides a method for identifying an ovine with a genotype
indicative bf at least one altered performance traits selected from the group consisting of:
weaning weight (WWT), body weight at 8 months (LW8), body weight at 12 months (LWlZ),
carcass weight (CW), adult ewe weight (EWT), eye muscle width (EMW), eye muscle depth
(EMD), eye muscle area (EMA), fat depth (FD), carcass fat weight (FAT), carcass lean muscle
weight (LEAN), number of lambs born Y(NLB), lamb fleece weight (LFW), hogget fleece weight
(FW12), ewe (adult) fleece weight (EFW), and hogget fibre diameter (FDIAM, the method
including the step of detecting, in a sample derived from the ovine, the presence of at least one
allele of the CP34 simple sequence repeat (SSR) marker, or at least one allele of a marker in
linkage disequilibrium (LD) with CP34, wherein the presence of the allele is indicative of the

altered performancg traits in the ovine..

In one embodiment the performance trait is wez;lning weight‘ (WWT).
Alternatively the performance trait is »body weight af 8 months (LW8).>
Alternatively the‘performance_trait is body weight at 12 months (LW12).
Alternatively the performance trait is carcass weight (CW).

Alternatively the performahce trait is adult ewe weight (EWT).
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Altefnatively the ﬁerforrﬁance trait is eye muscle width (EMW)
Alternatively the performance trait is eye muscle depth (EMD).
Al;[e.rnatively the pe'rformance trait is eye musele area (EMA).
Alte;natively the performance trait is fat depth (FD).

Alternatively the performance trait is carcass. fat weight (FAT).
Alternative.ly the performance trait is carcass lean muscle weight (LEAN).
Altematively the performance trait is number of lambs born (NLB).
A_ltematively the performance trait is lamb fleece weight (LFW).
Alternatively the. performance trait is hogget ﬂeece weight (FW12).
Alternatively the performance trait is ewe (adult) fleece weight (EFW).
Altematively the performance trait is hogget fibre diameter (fDIAM).

Preferably the ovine is altered for at least two, more preferably at least three, more preferably at

least four and most preferably at least five performance traits.

Resistance to gastrointestinal parasitic nematode infection can be aesessed by measuring fecal
egg count — summer lamb challenge (FEC1), fecal egg count — autumn lamb challenge (FEC2),
and adult fecal egg count (AFEC). Preferably the nematode is of the genus: Haemonchus,
Nematodirus, Teladorsagia or Trichostrongylus. Preferably the nematode is of the species
Haemonchus contortus, Nematodirus spathiger, Nematodirus filicollis, Teladorsagia

circumcincta, Trichostrongylus colubriformis or Trichostrongylus vitrinus.
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Preferably the marker in LD with CP34 is an SSR marker.

Preferably the SSR in LD with CP34 is selected from the group inclﬁding but limited to
BMS1084327, BMS1082942, BMS1082956, BMS1082961, BM810839_45,‘ BMS1083008,
BMS1082252, BMS1082669, BMS1082702, BMS1082722, BMS1082831, BMS1887400,
BMS1887404, BMS]784528, BMS1600436, BMS1082043, BMS1082045, BMS1081952,
BMS1081760, BMS1081860, BMS30480882, BMS30480889, BMS1081770, BMS1081774,
RSAD2_1, BMS1081640, BMS1080704, and BMS1080870 as herein defined.

More preferably the SSR in LD with CP34 is selected from the group consisting of
BMS1084327, BMS1082942, BMS1082956, BMS1082961, BMS1083945, BMSlO83008,
BMS1082252, BMS1082669, BMS1082702, BMS1082722, BMS1082831, BMS1887400,
BMSl887404; BMS1784528, BMS1600436, BMS1082043, BMS1082045, BMS1081952,
BM81081760, BMS1081860, BMS30480882, BMS30480889, BMS1081770, BMS1081774,
RSADZ;l, BMS1081640, BMS1080704, and BMS1080870 as herein defined.

In one embodiment the method, the allele of CP34 is selected from a group comprising: allele A,

allele B, allele C, allele D, allele E, allele F, allele G and allele H as herein defined.

Preferably the allele of CP34 is allele A, G or H. More preferably the allele of CP34 is allele A.

These alleles are particularly suitable to be selected for in sheep breeding programs.

Alternatively the allele of CP34 is allele C or E. Alternatively the allele of CP34 1s allele E.

These alleles are particularly suitable to be selected against in sheep breeding programs.

Preferably the allele of the marker in LD with CP34, is in LD with CP34 ata D’ value of at least
0.1,-more preferably at least 0.2, more preferably at least 0.3, more preferably at least 0.4, more

preferably at least 0.5.

Preferably the allele of the marker in LD with CP34, is in LD with CP34 at a V2 value of at least
0.05, more preferably at least 0.075, more preferably at least 0.1, more preferably at least 0.2,

more preferably at least 0.3, more preferably at least 0.4, more preferably at least 0.5.
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Preferably the allele of the marker is in LD with the traits at a D’ value of at least-0.1, more

preférably at least 0.2, more preferably at least 0.3, more preferably at least 0.4, more preferably

at least 0.5.

Preferably the allele of the marker is in LD with the traits at-a V> value of at least 0.05, more
preferably at least 0.075, more preferably at least 0.1, more preferably.at least 0.2, more

preferably at least 0.3, more preferably at least 0.4, more preferably at least 0.5.

The allele may be detected by any suitable method. Preferably the allele is detected using a
polymerase chain reaction (PCR) step. PCR methods are Well known to those skilled in the art
and are described for example in Mullis et al., Eds. 1994 The. Polymerase Chain Reaction,
Birkhauser, incorporated herein by reference. Preferably a PCR product is produced by
amplifying- the marker with primers comprising sequence complimentary to sequence of the

ovine genome flanking the marker.

Any suitable primer pair may be used. Preferably the PCR is performed using at least one
primer selected from those set forth in Table 2. Preferably the PCR is performéd using at least

one primer pair selected from those set forth in Table 2.

Preferably the allele is identified by the size of the PCR product amplified. Preferably size is
estimated by running the PCR product through a gel. Preferably a size standard is also run in the
gel for comparison with the PCR_pfoduct. | '

Other methods for detecting the allelé are also contemplated, such as but not limited to probe-
based methods, which are well known to those skilled in the art as described in Sambrook et al.,
Molecular Cloning: A Laboratory Manual, 2nd Ed. Cold Spring Harbor Press, 1987,

incorporated herein by reference.

Beneficially in the. method of the invention, the presence of a combination of more than one
allele of the CP34 SSR marker, or more than one allele of a marker in linkage disequilibrium
(LD) with CP34V, may be detected to identify the ovine. Detectioh of various combinations of
alléles of the CP34 SSR and/or alleles of a marker in LD with CP34, commonly known as
haplotypes is contemplated. \
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In a further aspect the invention provides a method for selecting an ovine with at least two
altered performance traits, the method comprising selecting an ovine identified by a method of

the invention.

In a further aspect>the invention provides a method for identifying an ovine with a genotype
indicative of at least one altered perférmahce -traits selected from the group consisting of:
weaﬁing weight (WWT), body weight at 8§ months (LW8), _body weight at 12 months (LW12),
carcass weight (CW), adult ewe weight (EWT), eye muscle width (EMW), eye inuscle depth
(EMD), eye muscle area (EMA), fat depth '(FD), carcass fét weight (FAT), carcass lean muscle
weight (LEAN), number of lambs born (NLB), lamb fleece weight (LFW), hogget fleece weight
(FW12), ewe (adult) fleece weight (EFW), hogget fibre diameter (FDIAM), and resistance to
gastrointesﬁnaﬂ parasitic nematode infection, the method comprising selecting an ovine identified

by a method of the invention.

In a further aspect the invention provides a method for identifying an ovine with a genotype
indicative of at least one altered performance traits selected from the group consisting of:
weaning weight (WWT), body weight at 8 months (LWS), body weight at 12 months (LW12),
carcass weight (CW), adult ewe weightb(EWT), eye muscle width (EMW), eye muscle depth
(EMD), eye muscle area (EMA), fat depth (FD), carcass fat weight (FAT), carcass lean muscle
weight (LEAN), number of lambs born (NLB), lamb fleece weight (LFW), hogget fleece weight
(FW12), ewe (adult) fleece weight (EFW), and hogget fibre diameter (FDIAM), the method

comprising selecting an ovine identified by a method of the invention.

In a further aspect the invention provides an i;c,olated polynucleotide comprising an SSR marker
selected from the group consisting of BMSIO84327, BMS1082942, BMS1082956;
BMS1082961, BMS1083945, BMS1083008, BMS1082252, BM81082669, BMS1082702,
BMS1082722, BMS1082831, BMS1887400, BMS1887404, BMS1784528, BMS1600436,
BMS1082043, BMS1082045, BMS1081952, BMS1081760, BMS1081860, BMS30480882,
BMS30480889, BMS1081770, BMS1081774, RSAD2_1, BMS1081640, BMS.1080704, and
BMS1080870 as herein defined.
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In a further aspect the invention provides a primer Suitabl¢ for amplifying a polynucleotide of the
invention. Preférably the primer comprises sequence complimentary to sequence of the ovine
genome flanking the marker. Preferably the primer comprises flanking sequence from the

primers set forth in Table 2. Preferably the primer is selected from those set forth in Table 2.

In a further aspect combinations of the alleles of two or more of the above markers, commonly

called a haplotype, could be used.
DETAILED DESCRIPTION OF THE INVENTION
Definitions

In this spéciﬁcation where reference Has been made to patent specifications, other external
documents,. or other sources of information, this is generally for the purpose of providing a
context .for discussing the features of the invention. Unless specifically s_tatqd otherwise,
reference to such external documents is not to be construed as an admission that such documents,
or such sources of information, in any jurisdictibn, are prior art, or form part of the common

general knowledge in the art.

The term “comprising” as used in this specification means “consisting at least in part of>. When
interpreting each statement in this specification that includes the term “comprising”, features
other than that or those prefaced by the term may also be present. 'Related terms such as

“comprise” and “comprises” are to be interpreted in the same manner.

The term . “polynucleotide(s),” as used herein, means a single or double-stranded
deoxyribonucleotide or ribonucleotide polymer of any' length but preferably at least 15
nucleotides, and include as non-limiting examples, coding and non—coding sequences of a gene,
sense and antisense sequences complements, exons, introns, genomic DNA, cDNA, pre-mRNA,
mRNA, rRNA, siRNA, miRNA, tRNA, ribozymes, recombinant polynucleotides, isolated and.
purified naturally occurring DNA or RNA sequences, synthetic RNA and DNA sequences,

nucleic acid probes or primers and fragments.
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The term “primer” refers to a short polynucleotide, usually having a free 3°OH group, that is
hybridized to a template and used for priming polymerization of a polynucleotide

complementary to the target.

The -term “probe” refers to a short polynucleotide that is used to detect a polynucleotide

séquence, that is complementary to the probe, in a hybridization-based assay.

The abbreviation "SSR" stands for a "simple sequence repeat” and refers to any short sequence,

for example, a mono-, di-, tri-, or tetra-nucleotide that is repeated at least once in a particular

nucleotide sequence. These sequences are also known in the art as "microsatellites." A SSR can
be represented by the general formula (N1 N2 . . . Ni)n, wheréin N represents nucleotides A, T,
C or G, i represents the number of the nucleotides in the base repeat, and n represents the number
of times the bése is repeated in a particular DNA sequence. The base repeat, i.e., NI N2 . .. Ni;
is also refeﬁed to herein as an "SSR motif." For example, (ATC)4, refers to a tri-nucleotide ATC
motif thét is repeated four times in a particular sequence. In other words, (ATC)4 is a shorthand

version of "ATCATCATCATC."

The term "complement of a SSR motif" refers to a complementary strand of the represented

motif. For example, the complement of (ATG) motif is (TAC).

The term "SSR locus" refers to a location on a chromosome of a SSR motif; locus may be
occupied by any one of the alleles of the repeated motif. "Allele" is one of several aliernative
forms of the SSR motif occupying a given locus on the chromosome. For example, the (ATC)8

locus refers to the fragment of the chromosome containing this repeat, while (ATC)4 and

- (ATC)7 repeats represent two different alleles of the (ATC)8 locus. As used herein, the term

locus refers to the repeated SSR motif and the flanking 5; and 3' non—repeaied sequences. SSR

loci of the invention are useful as genetic markers, such as for determination of polymorphism.

It will be appreciated by those skilled in the art that an SSR consists of repeats of a certain motif
(e.g. ATC), and that different alleles of the SSR locus may have. different numbers of repeats
[e.g. (ATC)4 or (ATC)7]. Furthermore, the same motif (ATC) may be present, and repeated at a
different and unrelated SSR locus. Therefore an SSR locus is defined by the non-repeated

sequences flanking the répeated motif. Primers complementary to the non-repeated flanking
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sequences may be used to amplify the repeated region by polymerase chain reaction (PCR). The

PCR  products ‘may be separated, by methods described herein, to identify.. individually

possessing different alleles of the SSR locus, with different numbers of repeats. Thus the PCR
primer sequences (excluding the italicised M13 and PIGtail sequences) in Table 2, and/or
sequences complementary to those primer sequences (excluding the italicised M13 and PIGtail

sequences), define the SSR markers specified in that table.

"Polymorphism" is a condition in DNA in which the most frequent variant (or allele) has a

population frequency which does not exceed 99%.

The term *“an SSR in linkage disequilibrium (LD) with CP34” means that the alleles of the SSR
are in LD with the CP34 SSR marker. '

The term “linkage disequilibrium” or LD as used herein, refers to a derived statistical measure of
the strength of the association or co-occurrence of two independent genetic markers. Various
statistical methods can be used to summarize linkage disequilibrium (LD) between two markers

but in practice only two, termed D' and V2, are widely used.

“Altered” for any particular performance trait means altered relative to an animal of the same

breed that does not possess the specified allele.

“Performance tfait” means any trait of commercial significance in shéep breeding. Preferred
performance traits include weaning weight (WWT), body weight at 8 rhonths (LW8), body
weight at 12 months (LW12), carcass weight (CW), adult ewe weight (EWT), eye muscle width
(EMW), eye muscle depth (EMD), eye muscle area (EMA), fat depth (FD), carcass fat weight
(FAT), carcass lean muscle weight (LEAN), number of lémbs born (NLB), lamb fleece weight
(LFW), hogget fleece weight (FW12), ewe (adult) fleece weight (EFW),‘hogget fibre diameter

(FDIAM), and resistance to gastrointestinal parasitic nematode infection.

The applicants have identified several novel SSR markers that are in LD with the CP34 marker.
The CP34 marker has previously been reported to be weakly associated with the resistance to
parasitic nematode resistance. The applicants have now shown that, surprisingly, the CP34

marker, and several markers in LD with CP34, are strongly associated with several other
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performance traits in ovine, and strongly associated with parasitic nematode resistance. That is
the CP34 marker and the markers in LD with CP34, are themselves in LD with these

performance traits.

The invention therefore provides a method for identifying an ovine with a genotype indicative of
at least one, and preferably two altered performance traits, the method including the step of

detecting, in a sample derived from the ovine, the presence of an allele of the CP34 simple

sequence repeat (SSR) marker or an allele of a marker in linkage dlsequlhbrlum (LD) w1th

CP34, wherein the presence of the allele is indicative of the altered performance traits in the

ovine.

Detecting ‘specific polymorphic markers and/or haplotypes can be accomplished by methods
known in the ért for detecting sequences at polymorphic sites. For example, standard techniques
for genotybing for the presence of single nucleotide polymorphisms (SNPs) and/or SSR markers
caﬁ be ﬁsed, such as ﬂuorescence-Based techniques (Chen, X. et ai., Genome Res. 9(5): 492-98
(1999)), utilizing PCR, LCR, Nested PCR and other techniques for nucleic acid amplification.
Specific methodologies available for SNP genotyping include, but are not limited to, TaqMan
genotyping assays and SNPlex platforrhs (Applied Biosystems), mass spectrometry (e.g.,
MassARRAY system from ‘Sequenom), minisequencing methods, real-time PCR, Bio-Plex
system (BioRad), CEQ and SNPstream systems (Beckman), Moiecular Inversion Probe array
technology (e.g., Affymetrix GeneChip), BeadArray Technologies (e.g., Illumina GoldenGate
and Infinium assays) and oligonucleotide ligation assay (OLA — Karim et al., 2000, Animal
Genetics 31: 396-399). By these or other methods available to the person skiHed in the art, one or
more alleles of poiymorphic markers, including SSRs, SNPs or other types of polymorphic

markers, can be identified.

A number of methods are thus available for analysis of polymorphicA markers. Assays for
detection of markers fall into several categories, including, but not limited to direct sequencing
assays, fragment polymorphism assays, hybridization assays, and computer based data analysis.
Protocols and commercially available kits or services for performing multiple Variétions of these
assays are available. In some embodiments, assays are performed in combination or in hybrid
(e.g., different reagents or technologies -from several assays are combined to yield one assay).

The following are non-limiting.examples of assays are useful in the present invention.
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Direct Sequencing Assays

In some embodiments of the present invention, markers are detected using a direct sequencing
technique. In these assays, DNA samples, such as those derived from for example blood, saliva
or mouth swab saniples, are first isolated from an ovine using any suitable method. In sorﬁe
embodiments, the region of interest is cloned into a suitable vector and amplified by growth in a
hostjcell (e.g., é bacteria). In other embodiments, DNA in the region of interest is amplified
using PCR. DNA in the region of interest (e.g., the region containing the marker of interest) is
sequenced using any suitable method, inclﬁding but not limited to manual sequencing using
radioactive marker nucleotides, or automated sequencing. The results of the sequencing are
displayed using any suitable method. The sequence is examined and the presence or absence of a

given polyfnorphic marker is determined.
PCR Assay

In some embodiments of the present invention, polymorphisms are detected using a PCR-based
assay. In some embodiments, the PCR assay comprises the use of oligonucleotide primers to
amplify a fragment containing the polymorphic marker of interest. Such methods are
particulérly suitable for detection of alleles of SSR markers. The presence of an additional
repeats in such an SSR marker, results in the generation of a longer PCR product which can be
detected by gel electrophoresis, and compared to the PCR products from individuals without that
allele of the SSR marker. |

In other embodiments, the PCR assay comprises the use of an oligonucleotide primer that
distinguishes (by hybridisation or non-hybridisation) between an allele containing a specific
marker, and alternative alleles. Thus in certain embodiments, if PCR results in a product, then

the ovine has the marker, and if no PCR product is produced, the ovine does not have the marker.
Fragment Length Polymorphism Assays

In some embodiments of the present invention, presence of the marker is detected using a

fragment length polymorphism, assay. In a fragment length polymorphism assay, a unique DNA
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banding pattern based on cleaving the DNA at a series of positions is generated using an enzyme
(e.g., a restriction endonuclease). DNA fragments from a sample containing the marker of

interest will have a different banding pattern samples that do not contain the marker.
RFLP Assay

In some embodiments of the present i.nven.tion-, ‘presence of the‘ marker is detected using a
restriction fragment length polmerphism assay (RFLP). The region of interest is first isolated
using PCR. The PCR products are then cleaved with restriction enzymes known to give a unique
1ength fragment for a given polymorphic marker. The restriction-enzyme digested PCR products
may be separated by agarose gel electrophoresis and visualized by ethidium bromide staining.
The length of the fragments is compared to molecular weight standards and fragments generated

from test and control samples, to identify test samples containing the marker.
CFLP Assay

In other embodiments, presence of the polymorphic marker is detected using a CLEAVASE
fragment length polymorphism assay (CFLP; Third Wave Technologies, Madison, WI; and U.S.
Patent No.5,888,780).

Hybridization Assays

In preferred embodiments of the present invention, presence of a marker is detected by
hybridization as.say. In a hybridization assay, the presence of absence of a given marker
sequence is determined based on‘ the ability of the DNA from the sample to hybridize to a
complementary DNA molecule (e.g., a oligonucleotide prdbe). A variety of hybridization assays
using a variety of technologies for hybridization and detection are a\}ailable. A description of a

selection of such assays is provided below.
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Direct Detection of Hybridization

In some embodiments, hybridization of a prébe to the marker sequence of interest is detected
directly by visualizing a bound probe (e.g., a Northern or Southern assay; See e.g., Ausabel et al.
(eds:), Current Protocols in Molecular Biology, John Wiley.&amp; Sons, NY, 1991). In these
assays, genomic DNA (Southern) or RNA (Northern) is isolated from a subject. The DNA or
RNA is- then cleaved with a series of restriction enzymes that cleave infrequently in the genome
and ﬁot near any of the markers being assayed. The DNA or RNA is then separated (e.g., agafose
gel electrophoresis)- and transferred to a membrane. A labeled (e.g., by incorporating a
radionucleotide) probe or probes specific fdr the marker séquence being detecfed is allowed to
contact the membrane under a condition of low, medium, or high stringency conditions.
Unbound probe is removed and the presence of binding is detected by visualizing the labeled

probe.
Detection of Hybridization Using "DNA Chip" Assays

In some embodiments of the present invention, the presence of the marker is detected using a
DNA chip hybridization assay. In this ass.ay,‘a series of oligonucleotide probes are affixed to a
solid support. The oligonucleotide probes are designed to be unique to a given polymorphic
maker sequence. The DNA sample of interest is contacted with the DNA "chip" and
hybridization is detected.

In some embodiments, the DNA chip assay is a GeneChip (Affymetrix, Santa Clara, CA;'See
e.g., U.S. Patent No. 6,045,996) assay. In other embodiments, a DNA microchip containing
electronically captured probes (Nanogen, San Diego, CA) is utilized (See for example U.S.
Patent No. 6,068,818). |

In still further embodiments, an array technology based upon the segregation of fluids on a flat
surface (chip) by differences in surface tension (ProtoGene, Palo Alto, CA) is utilized (See for

example U.S. Patent No. 6,001,311).
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In yet other embodiments, a "bead array" is used for‘the detection of polymorphic marker
(Illumina, San Diego, CA; See for example PCT Publications WO 99/67641 and WO 00/39587,
each of which is herein incorporated by reference).

Enzymatic Detection of Hybridization

In some embodiments of the present invention, genomic profiles are generated using a assay that

detects hybridization by enzymatic cleavage of specific structures (INVADER assay, Third

Wave Technologies; See e.g., U.S. Patent No. 6,001,567). The INVADER assay detects specific

- DNA and RNA sequences by using structure-specific enzymes to cleave a complex formed by

the hybridization of overlapping oligonucleotide probes.

In some efnbddiments, hybridization of a bound probe is detected using a TagMan assay (PE
Biosystemé, Foster City, CA; See e.g., U.S. Patent No. 5,962,233). The assay is performed
during é PCR reaction. The TagMan assay exploits the 5'-3' exonuclease activity of the
AMPLITAQ GOLD DNA polymerase. A probe, specific for a given allele or mutation, is
included in the PCR reaction. The probe consists of an oligonucieotide with a 5'-reporter dye
(e.g., a fluorescent dye) and a'.3'-quencher. dye. During PCR, if the probe is bound to its target,
the 5'-3' nucleolytic activity of the AMPLITAQ GOLD polymerase cleaves the probe between
the reporter and the quencher dye. The separation of the reporter dye from the quencher dye
results in an increase of fluorescence. The signal accumulates with each cycle of PCR and can be

monitored with a fluorimeter.

In still further embodiments, presence of the marker sequence is detected using the SNP-IT

primer extension assay (Orchid Biosciences, Princeton, NJ; See e.g., U.S. Patent No. 5,952,174).
Mass Spectroscopy Assay

In some embodiments, a MassARRAY system (Sequenom, San Diego, CA.) is used to detect
presence of the polymorphic marker (See e.g., U.S. Patent No. 6,043,031.
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Protein based marker detection

It will be appreciated that if the marker linked to CP34 is in a protein coding region, presence of
the marker may result in an amino acid change in the encoded protein. In such cases, any
suitable method for detecting the presence of the characteristic amino acid in a protein or
polypeptide may be applied. Typical methods involve the use of antibodies for detection of the
protein polymorphism. Methods for prbducing and using antibodies are well known to those
skilléd in the art and are described for example in Antibodies, A Laboratory Manual, Harlow A
Lane, Eds, Cold Spring Harbour Laboratory, 1998.

The polynucleotides, markers, primers and probes of the invention can be used to derive
estimates for the association of each allele of the markers, in a reference population measured,
for the traits of interest using a variety of statistical methods such as mixed models. These
estimates cbupléd with a derived economic value for each trait can be used to rank individuals
based sdlely on their genotype at a young age, or a mixture of their genotype estimates and
selected subsets of the traits of interest. This approach is useful to rank individuals for their

breeding worth.

Alternatively, the genotype information that can be generated using the polynucleotides,
markers, primers and probes of the invention, may be considered as a fixed or random effect in
an animal model Best Linear Unbiased Prediction (BLUP) or via mixed models (Mrode, 1996)
where animals have parentage and various combinations of traits recorded. This approach would
be useful for young animals that have not been recorded for the traits of priniary interest, to rank

individuals on their likely future performance.

The above approaches are not limited to detecting only CPI34, or markers in LD with CP34, but
also to situations where CP34, or markers in LD with CP34, which are included as part of a
larger marker set from several additional markers to many thousands of markers, and the
combined estimates of all markers are used to estimate the genetic worth of an individual or its

likely individual performance.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a linkage disequilibrium plot for 847 animals consisting of Coopworth,
Perendale Romney, Texel and Composite sires used in the analysis. The upper diagonal lists the
pairwise D’. (Dp) LD measurement between markers and the lower diagonal lists the Cramer’s v
squared (V%) LD measurement. The markers are listed in bovine genome order which is the

inverse of the ovine genome order. In the current context markers with D’ values with CP34

greater than 0.3 or V? greater than 0.1 are considered to define the boundaries of useful LD. This

includes the region defined by BMS1887400 to BMS1081770.

Figure 2 shows a pairwise plot of the statistical significance of the linkage disequilibrium plot
for the 847 animals consisting of Coopworth, Perendale Romney, Texel and Composite sires
used in the analysis expressed on a —log10(p) scale. All markers flanking CP34 and extending to
BMS1887400 and BMS1081770 showed very highly significant association via linkage
disequilibrium with CP34 with —log10(p) values ranging from 3.6 to 338.8.

Figure 3 shows allele effect estimates by marker and the significance of the estimates expressed
as probability (p) values. '

EXAMPLES

The invention will now be illustrated with reference to the following non-limiting examples.

Example 1: Mapping performance traits in sheep in the ovine chromosome 3p region

~ Introduction

The only marker that had been previously described in the ovine chromosome 3p region in this
work is CP34 (Ede et al. 1995). Beh et al., (2002) reported a small QTL present in one sire for
resistance to parasitic nematode infection as assessed by fecal egg count (FEC) in the autumn at
the 5% chromosome wide significance threshold located near CP34. Crawford et al., (2006)

reported a similar result for 1 sire for FECI1, and another sire for abomasal adult Ostertagia
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numbers, but in contrast Davies et al., (2006) found no evidence of segregation in this region for

FEC or antibody traits. To the applicant’s knowledge no other trait associations have been

reported in sheep in this region. In addition, work reported to date has been by linkage mapping
which, at the marker density and animal numbers used, only defines a general region of perhaps
40cM (~40Mbp) in length in which the QTL may reside, and has little or no predictive value in
industry because no marker allele associations have been determined th;lt can be used oh
independént groups of animals. In order to create such associations typically marker density has

to be higher than several markers per cM and numerous pedigrees need to be tested.
Methods
WormFEC sire resource

The WormFEC resource (McEwan et al 2006) consists of 987 primarily male progeny tested
sheep sourced from New Zealand recorded flocks and consisting of individuals of Coopworth,
Romney, Perendale, Texel, Cor_nposite and other minor breeds. A subset of 847 sires, derived
from 111 flocks, were used for this analysis. There were 126,004 progeny weaned from these
sires with a median progeny group size of 1 17 (range 1-2017).
They consisted of: |
Coopworth. The breed sample consisted of 362 industry animals used between 2000 and
2006. All animals in this c_lataset are more than 50% Coopworth.
Perendale. The breed sample consisted of 148 industry animals used between 2000 and
2006. All animals in this resource are more than 50% Perendale. |
_Romney. The breed sample consisted of 279 animals used between 2000 and 2006. All
~ animals in this dataset are more than 50% Romney.
Texel. The breed samples consist of 27 animals used bétween_ZOOO and 2006. All animals in
this dataset are more than 50% Texel. | ‘

Composites. There were 31 Composites breed animals from the WormFec Sire fesoufc_e

used 2000-2006.
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Parasite selection line resources

The Romney host resistance parasite selection line was initially created in 1979 and has been
recently described by Morris et al (2000). Over the selection period these animals have diverged
in fecal egg count (FEC) after a standard challenge by 40 fold. They currently consist of 3 FEC
selection lines a low, a high and a céntroi line. For the current work DNA samples were
collected from 50 susceptible (high) line, 50 resistant (low) line and 53 control line animals in

1997 and were genotyped for the markers described below. .

The Perendale host resistance parasite selection line was initially created in 1985 and has
recently been described by Morris et al (2005). Over the selection period these animals have
diverged iﬁ F EC after a grazing challenge by 4.9 fold. They currently consist of 2 selection lines
a low and high FEC line respectively. For the current work DNA samples were collected from
107 suséeptible line animals and 128 resistant line animals in 1998 and were genotyped for the

markers described below.
SIL ACE EBVs

Performance recording and estimated breeding values (EBVs) are produced in New Zealand by
Sheep Improvement Limited (SIL) a trading entity of Meat & Wool New Zealand. The
underlying ‘methodology and system used has been described in a number of papers (Geenty,

2000; Amer, 2000; Newman et al., 2000).

The traits recorded and described in this study and further background to the SIL system is at
http://www.sil.co.nz/Technical%ZOBullentins/Technical%2ONotes/ and trait descriptions from
this site are attached to this document including: Young and Walker, (2'007a) describing trait
measurements and breeding values, Young and Walker (2007b) describing SIL indices and sub
indices and economic weights, McEwan (2006) and Young (2006) describing recording for host
resistance selection in sheep, and Young (2005) describing New Zealand wide acfoss flock and
breed genetic evaluations to produce SIL Advanced Central Evaluation (ACE) EBVs and
indices. In turn the SIL ACE EBVs are underpinned by the nationwide central progeny test
(CPT) project recently described by McLean et al. (2006).
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In bfief the genétic evaluations use an across flock and breed multi-trait animal model BLUP
analysis for all traits, except for NLB and host resistance traits which used across flock and breed
multi-trait repeated measures animal model BLUP. Typically these analyses are done in goal
trait -group combinations. The outputs of these evaluations for individuals are breeding values
corrected for ﬂock,vyear énd breed effects. These breeding values are “shrunken” based on the
accuracy of the EBV, primarily in this cése’ béing affected by the number of measured progeny.
This-effect is pa'rticularly pronounced for situations where only low progeny numbers have been

measured.

This analysis used the June 2007 across flock and breed SIL ACE evaluation EBVs for the sires.
Values for'the individual sires were downloaded from a direct database query as these estimates
are not publicly available except to authorized personnel. Details of the overall evaluation
descrlptlon (Newman, 2007) are attached as an appendix. Only the subset of ammals that were

genetlcally linked, as described by the SIL ACE criteria were included in this work.
SSR discovery and mapping process

Novel ovine SSR markers were identified and validated by the following process. The region of
interest from the orthologous sectlon of the bovine genome was processed for suitable
dlnucleotlde SSRs with more than 9 repeats usmg the program Sputnik and then primers
designed usmg Primer 3 using an independent, but analogous approach tp that described by
Robinson et al. (2004). The bovine genome assembly used was version 3.1 and is available as
ftp://ftp.hgsc;.bcm.tmc.edu/pub/data/BtauruS/fasta/ as the Btau20040927-freeze and distances are
reported on that basis. The primers had a M13 antisense and PIGtail sequence added to them
and were then used to PCR amplify DNA samples in conjﬁnction with a fluorescent.M13 oligo
as described by Boutin-Ganache et al. (2001) and Saito et al. (2005). Thé size of the resulting
products were then measured using standard manufacturer procedures and protocols on a ABI
3730 sequencer. The primers were first screened over a panel of cattle, sheep and deer samples.
Markers that passed the initial screen (i.e. were polymorphic in sheep and of reasonable quality
see tables 1 and 2 for a list of primers and markers finally selected) were subsequently genotyped
across the International Mapping Flock (IMF; Maddox et al. 2001). This allowed the markers to.

be mapped confirming their location to the region of interest and their suitability for genotyping.
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Distances and order reported here used markers available in the latest publicly available map
va.7 (http://rubéns.its.unimelb.edu.au/~jillm/jill.htm) and the genotypes obtained from the
present study. CRI-Map was used to do the linkage mapping using the process described by
Maddox et al. (2001). Markers that mapped to the appropriate location were then genotyped by
the same method for the WormFEC sires and Parasite Selection Line (PSL) resources. Results
from all the genoiyping from the 3730 were measured as raw allele lengths using ABI
GeneMapper 4.0 and reported as fragmenf lengths in base pair units relative to internal
stm&mds. These reéults were binned into alleles on the basis-of a cluster analysis based on
Ward’s distance using SAS (http://www.sas.com/) to define mean allele lengths and reporting

variability. The allele names and bins for each marker are shown in Table 3.

Because of ‘uncertainty of marker order and the quality of the bovine assembly a number of
markers were inapped using an ovine 5000 RAD ovine Radiation hybrid panel (Eng et al. 2004).
This can more accurately position closely spaced markers and acts as a check on the bovine
genomevassembly. Panel cell lines were genotyped in duplicate using the primers described
above for the RH panel and visualised by running on 2% Agarose gels as described by Band et
al. (2000). Presence or absence of markers in each cell line was scored and the resultlng data

mapped using RHmapper (Slonim et al. 1997).
Estimation of linkage disequilibrium

Linkage disequilibrium measures were calculated using the program LDMAX part of the GOLD
package (Abecasis and Cookson, 2000) and the R statistical package (http://Www.r-proj ect.org/ ).
The measures D’, the square of Cramer’s V and the significance expressed as a probability of the
association were calculated for all combinations of markers and plotted using a combination of
the graphics facilities in SAS (http://www.sas.com/) and R Each measure is useful for certain
purposes and in this case we used a threshold of D*>0.3 or V> >0.1 and pile-IO with CP34 to
delimit the boundaries of the region containing significant linkage disequilibrium. Because of the
nature of linkage disequilibrium between individual markers, not all markers within this region

may be in significant LD.
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Analysis of seleétion line allele frequency_differénces

The genotype results for each marker, for the two Parasite selection lines were tested for
differences in allele frequency using the computer program Peddrift (Dodds and” McEwan,
1997). This progrém estimates the likely distribution of allele frequencies between selectidn
lines caused by random founder effects énd génetic drift by simulation using the actual recorded
pedi;gree structure. Significant divergence from the expected distribution is evidence of selection
on a variant, near the genotyped marker, affecting the trait under selection: in thfs case fecal egg

counts after a field challenge of gastrointestinal internal nematode parasites..
Analysis of marker associations -
Breeding values for the genotyped individuals were analyzed in the following manner. The

EBVs for traits were adjusted for breed (even though EBVs had already been adjusted for this

effect) with each marker allele fitted independently as a covariate (O=none, 1 = one allele, 2 = 2

. alleles) in a least squares model after the method of Fan et al. (2006). Fitting breed reduces the

bias of admixture i.e. when the marker is associated with breed and true differences exist

between breeds.

Results’
Markers and map.posifions

The markers and their map positions are tabulated in Table 1. The BTA version 3.1 bovine
genome assembly position given is 300bp upstream of the actual dinucleotide repeat motif. The
whole region is defined as including: the 300bp upstream fragment, the dinucleotide.repeat motif
itself, and 300bp downstream sequence. It was from this segment of DNA that the primers in
Table 2 were designed. The markers are ordered in declining assembly order on bovine BTA11.
The actual alleles observed and the length of their corresponding PCR products as me;asured by

the ABI 3730 sequencer is tabulated in Table 3.
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The IMF map posmons are listed in centiMorgans (cM) defined from using a framework map
startlng from BMSl350 marker as 0 (not shown) and inserting the new BMS markers in their
best location. Note some markers are unmapped and for some markers the order is not consistent
with the bovine assembly order e.g. BMS1082722. The reasons for this are many. First the IMF
resource can only reliably order markers greater than 5cM apart. There also exists the possibility
the bovine assembly is incorrect or that a genotyping error has occurred. Although in the latter

case all apparent double recombinants have had-their genotypes checked and where necessary

eliminated. In other cases linkage mapping ordered markers that are not positioned in the current

bovine genome assembly but can be ordered by linkage mapping.

The radiation hybrid map orders the markers in centiRays (cR) starting from zero, for
BMS1082956. In theory this mapping technique should be more sensitive for ordering markers
than linkage rﬁapping in the IMF and appears to be able to discriminate and order markers where
linkage mapping could not. However there were some apparent differences in order between the
ovine ahd bovine genomes and it is not clear whether these are real or minor assembly and

mapping discrepancies.

Selection lines allele frequency differen.ces

Table 4 lists the markers and the significance probability for an allele frequency difference
between selection lines (resistant vs susceptible) after adjusting for founder effects and genetic
drift. The assumption is that the allele frequencies have changed due to selection effects on a
nearby locus in linkage disequilibrium with the measured marker. Four markers showed
significant differences in allele frequency between selection lines in thé Perendale flocks:
BMS1784528, BMSI600436 BMS1081760 and BMS30480889. As shown later, all of these
markers areb located within the boundary defined by BMS1887400 to BMS1081770. In contrast

no assoctation was observed for any marker in the Romney selection lines.

WormFEC sire resource association with produétion and host resistance traits

Figure 3 lists for each marker tested for association in the WormFEC sire resource the various
EBV allele estimates, their significance and the count of the alleles observed. All. markers with
the exception of BMS1080870 and BMS1082045 have allele significant associations (P<0.05)
for more than one trait and within the boundary defined by BMS1887400 to BMS1081770 it is
typically many traits. For éxample for CP34 it is 24 of the 25 traits listed.



10

15

20

25

WO 2009/011602 : . PCT/NZ2008/000173

26

Mafker linkage‘ disequilibrium with CP34

In the current context, markers with D’ values with CP34 greater than 0.3 or V? greater than 0.1
are considered to define the boundaries of useful LD, if they also have significant linkage
disequilibrium with CP34. Based on the results presented in figure 1 and figure 2 this includes
the region defined .by BMS1887400 to BMS1081770. The linkage mapping distance between
thes; 2 markers is 4.8cM. Its estimated ovine genomic length, based on direct comparison with

the bovine assembly, it is slightly greater than 1 million base pairs.

Example of predictive ability of markers in industry aniinals _
The utility of the predictive ability is provided in the following example, but is not restricted
solely to this approach. Selected CP34 trait estimated breeding value allele associations and their

economic values (Young and Walker, 2007b) have been combined into an economic index in

Table 5. The individual allele estimates are additive so an animal that has a genotype of AA will

have, in the absence of other information, a predicted value of 66+66 =132 cents versus an
animal with a EE genotype of -81+-81 = -162 cents. Used in this way individual animals can be
ranked for breeding purposes. When estimated breeding values and their accuracies derived from
trait measurements have been calculated, these marker based estimates can pe blended to create
an overall index using selection index theory and the relative accuracies of the two predictions.
A further alternative is to fit the CP34 allele as either a fixed or random effect within the

standard animal model BLUP evaluation.

Table 1 below, shows the map positions of the SSR markers identified.

Table 1
Marker Name Bovine BTA11 IMF position  RH position
position (Mbp) Chr3 (cM) Chr3 (cR)
BMS1084327 95234751 23.7 unmapped
BMS1082942 93758528 25.1 252
BMS1082956 93726770 25.1 0
BMS1082961 93712544 25.1 0

BMS1083945 93639984 25.1 25.2
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Marker Name Bovine BTAIL - IMF position  RH position -

: - position (Mbp) Chr3 (cM) Chr3 (cR)
BMS1083008 = 93473429 25.1 0
BMS1082252 89948180 . unmapped 379
BMSIO82669 88338219 304 65.5
BMS1082702 , i8824539(‘) unmapped unmapped
BMS1082722 88195495 294 ' 65.5
BMS1082831 87126578 323 unmapped
BMS 1887400 86996579 33 unmapped
BMS1887404 86985063 33 ~ unmapped
BMS1784528 86739524 33 unmapped
BMS1600436 86671265 339 . 106.6
CP34 ‘ 86655663 339 ' 106.6
BMS1082043 86431911 35.2 98.5
BMS1082045 86438829 35.8 128.5
BMS1081952 A 86251004 35.8 101.2
BMS1081760 = 86017933 35.8 unmapped
BMS1081860 ChrUn.003.1357  35.8 128.5
BMS30480882 85850308 377 unmapped
BMS30480889 85863541 37.7 unmapped
BMS1081770 85981658 37.8 unmapped
BMS1081774 85964979 37.8 ) unmapped
‘RSAD2 -1 - 85650772 389 135.7 -
BMS1081640 ~85442209 41 | 89.9
BMS1080704 84881378 432 unmapped
BMS1080870 71477314 436 unmapped

* map positions refer to the relative start positions of the SSR

Table 2, below shows the primer sequences used to amplify the SSR'rharkefs identified.
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Table 2
Marker name - Primer Sequences - SEQ (SSR
ID NO: . Motif)n
BMS1084327 Fwd  TGTAAAACGACGGCCAGTTTCCTTCCCCAGACAGTCAC 1 AC
Rev  GTTTCTTTGTGTATTTGGGAGGGGTGT 2
BMTS 1082942 Fwd  TGTA4AACGACGGCCAGTCATGTGTGTCAACATCAATCCA 3 AC
Rev,  GTTTCTTTCCATCCAGACAATACAGCAA 4
BMS1082956 Fwd  TGTAA4ACGACGGCCAGTACTGGTCAAGCAGACCATCT 3 AC
| Rev  GTTTCTTCCCATGTTCAGGCGTTATCT | 6
BMS1082961  Fwd  TGTAA4ACGACGGCCAGTGGCAGGTGAAAATACTTGCTG 7 AC
_ Rev  GTTTCTTTGATGAGGCAGCTCATTGAC 8
BMS1083945  Pwd  TGTAAAACGACGGCCAGTCAAGATGAATGATCCCATGC 9 AG
‘ Rev  GITTCTTTCAGCCCAGGAGTTAAACATT 10
BMS1083008  Fwd  TGTAA44CGACGGCCAGTGTCCTCTCAGATGGCAGAGC 1 AC
, Rev = GTTTCTTTGGAGACATTAGTGTGTGCTCAT 12
BMS1082252  Fwd  TGTAAAACGACGGCCAGTATGGTCACCACTGCACTGAC 13 AC
Rev GTTTCTTAAGGCAGGCAAGTATTTGGA 14
BMS1082669 Fwd  TGTAA44CGACGGCCAGTGGGGAGTATGCAATTCAGGA 15 AC
Rev  GTTTCTTTACAGGCCAAAGGGAATTTG 16
BMS1082702 .Fwd  TGTAA4ACGACGGCCAGTGCGTGTGGATAGCGTGAGTA 17 AC
o Rev  GITTCTTTTGAGACCCCAGTCCAGAAG 18
BMS1082722  Fwd  TGTAAAACGACGGCCAGTGGATATCAGGGAGTGGGATG 19 AC
Rev  GITTCTITCCCCTGATGTTAGCAGCTT 20
BMS1082831  Fwd  TGTAAAACGACGGCCAGTCTGCTCCATATCACGACAGC 21 AC
Rev  GITTCTTTGGTCTTGGTGGTCTGTTTG 22
BMS1887400 = Fwd  TGTA444CGACGGCCAGTGAAAGGTGGTGGTCTCCTTG 23 AC
o Rev  GITTCTTTGAGAGAAGACCTGGGGAGA 24 _
BMS1887404  Fwd  TGTAAAACGACGGCCAGTGGGTCGTAGAGAGTTGAACACA 25 AC
Rev'  GTTTCTTGCTGTCTCTTTCACTCCAAAATC 26
BMS1784528  Fwd  TGTA44ACGACGGCCAGTCTCTGAGCCATATGGGAAGC 27 AT
Rev  GTTTCTTTTCCACAGTGTTTCAGATGTATAGC 28
BMS1600436  Fwd  TGTA4AACGACGGCCAGTTCAGGAAGTGGTAGGCAGAGA 29 AC
Rev 30

GTTTCTTTACCACTGAGCCACCAGAGA
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Marker name ' Primer Sequences : SEQ - (SSR
: , - | IDNO: Motif)n
CP34 Fwd  TGTAAAACGACGGCCAGTGCTGAACAATGTGATATGTTCAGG 3! AC
Rev  GTTTCTTGGGACAATACTGTCTTAGATGCTGC : 32
BMS1082043  Fwd  TGTAAAACGACGGCCAGTGGGAAACCCACACAACAGAG 33 AC
| Rev  GITTCTTGGAGAATGGCATGGACAGAG 34
BMS1082045  Fwd  TGTAAAACGA CGGCCAGTTTCTTCAGCACTCAGCCTTCT 35 AC
Rev  GTTTCTTTCACTGCTGGATATGGTGGA 36 .
BMS1081952  Fwd  TGTAAAACGACGGCCAGTTTGCAAGGTTAGACTTTGGTGA 37 . AC
Rev  GITTCTITGTTCCCAGACCAGTATTTCAG 38
BMS1081760  Fwd  TGTAAAACGACGGCCAGTCTCAAAACGACAAAGCCACA 39 AT
Rev  GTTTCTTAGGACCGGCTGTATAGCACA . 40
BMS1081860  Fwd  TGTA4AACGACGGCCAGTGCAGGCTGGTTCTTTACCAC 41 AC
Rev  GTTTCTTTTGTGGTAGGTTTCACCAAGG 42
BMS30480882 Fwi  TGTAAAACGACGGCCAGTGCAAATGGCCAAATGTCATC 43 - AT
| Rev  GTTTCTTCATGCACCCCAATGTTCATA 4.
BMS30480889. Fwd . TGTAA44ACGACGGCCAGTTCTTGATCACTGAGCCACCA 45 AC
| , Rev  GITTCTTTCAGCAAAGAGGCTGGTACA 46
BMS1081770  Fwd  TGTA44ACGACGGCCAGTAAAGCGTTGCTATCTGTCACAA 47 AC
Rev.  GTTTCTTGCTGTCCTGAGCACATAGGG _ 48
BMS1081774  Fwd  TGTAAAACGACGGCCAGTTGGAATCCCTTGGACAGAAC 49 AC
Rev  GTTTCTTCCCTGACTCCTAATGCCATC - 30
RSAD2_1° Fwd  TGTAAAACGACGGCCAGTTAGCAAACATGTGGGTGGTC 51 AC
Rev  GTTTCTTTTTGCAGAGCCGTATTTGTG -2
BMS1081640 Fwd  TGTAAAACGACGGCCAGTTTTTAGGTGTACAGCAGAGTGATG 3 . AT
. Rev  GITTCTTGGAGGCTTGGTGTGCTACAG -4
BMS1080704  Fwd  TGTAAAACGACGGCCAGTACTCACCCTGAGTGCTCCAC 33 AC
Rev  GTTTCTTCTCCGGGGTTTCTCTTCTCT 36
BMS1080870  Fwd TGTAAAACGACGGCCAGTAATGGGGCAGCAAAGAGTT  ~ 57 AC
Rev  GTTTCTTCTCCGGGGTTTCTCTTCTCT 58

*M13 sequence indicated in italic font (TGTAAAACGACGGCCAGT - SEQ ID NO:59)
Pigtail sequence indicated in italic font (GTTTCTT- SEQ ID NO:60)
Sequence not in italics, represents sequence of the ovine genome flanking the SSR marker and therefore

is specific for the particular SSR locus

Table 3, below shows a summary of the allele information for the SSR markers identified.
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Table 3
Marker name -  No.of Bin Fragment sizes (bp) Bin length Number
alleles name (bp) alleles
: : CPRTC
BMS1084327 2 " C 177.5 +/-0.7
' D 1795+-0.7 2
BMS1082942 6 . C 183.9 +/-0.7
' D 186.1 +/-0.7 22
" F 190.1 +/-0.7
G 192.2 +/-0.7 2.1
H 194.3 +/-0.7 2.1
I 196.4 +/-0.7 2.1
A
BMS1082956 9 C 175.4 +/-0.7 ]
D 177.6 +/-0.7 22 74
E 179.3 +/-0.7 1.7 664
F 1813 +-0.7 2 263.
.G 183.2 +/-0.7 1.9 287
H 185.0 +/- 0.7 1.8 48
I 186.9 +/-0.7 1.9 ‘ 34
] 188.7 +/-0.7 1.8 2
K 190.5 +/-0.7 1.8 1
BMS1082961 2 C 176.1 +/-0.7
D 178.0 +/-0.7 1.9
BMS1083945 3 C 154.6 +/-0.7
G 162.6 +/-0.7
H 164.5 +/-0.7 1.9
BMS1083008 10 C 171.8 +/-0.45
D 173.9 +/-0.45 2.1 1
E 175.7 +/-0.45 1.8 3
F 187.4 +/-0.45 621
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Marker name No. of Bin Fragment sizes (bp) Bin length Number
: - alleles name » "~ (bp) alleles
‘ CPRTC
G 188.7 +/-0.45 13 243
H 1904 +/-0.45 1.7 496
] 1932 +/-0.45 - 2
K 195.0 +/-0.45 - 1.8
L 196.9 +/-0.45 19 2
M 204.4 +/-0.45
BMS1082252 3 C 161.6 +/-0.7
163.5 +/-0.7 1.9
165.4 +/-0.7 1.9
BMS1082669 10 C - 183.7+-07 210
' D 185.6 +/-0.7 1.9 2
F 189.6 +/-0.7 _ 40
J 197.14/-0.7
L 200.9 +/-0.7 16
M 202.7 +/-0.7 1.8 738
N 204.7 +/-0.7 2 223
0 206.5 +/-0.7 - 1.8 129
P 2084+-07 19 8
Q 2103 +/:0.7 1.9 2
BMS1082702 9 C 199.5 +/-0.45
G - 203.7 +/-0.45
I 205.6 +/-0.45
207.7 +/-0.45
L 213.8 +/-0.45

N 216.1 +/-0.41
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. Marker name No. of Bin Fragment sizes (bp) Bin length Number .
: - alleles name "~ (bp) alleles
: ‘ CPRTC
0 217.0 +/-0.41 0.9
Q 219.1 +/-0.45
S 221.1+/-0.45
BMS$1082722 7 C 172.6 +/-0.7
E 176.6 +/-0.7
G 181.0+-0.7
H 182.9 +/-0.7 1.9
| 185.1 +/-0.7 2.2
L 191.3 +/-0.7
P 199.7 +/-0.7
BMS1082831 10 C '172.9 +/-0.7
"D 174.8 +/-0.7 1.9
E 188.1 +/-0.7
F - 190.0 +/-0.7 1.9
G 192.0 +-0.7 2
H 193.9 +/-0.7 ‘ 1.9
M 203.4 +/-0.7
N 205.2 +/-0.7 1.8
Q 211.0 +/-0.7
R . 2127 +/-0.7 1.7
BMS1887400 ' ]0- C ' 196.1 +/-0.45 188
J 209.4 +/-0.45 29 .
L 2] 1.2 +/-0.43 29

M 212.1 +/-0.42 09 ‘ 155
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Marker name - No. of Bin Fragment sizes (bp) Bin length Number
: - alleles name (bp) alleles
CPRTC
N 213.1 +/-0.42 1 216
P 215.0 +/-0.45 4
R 216.9+/-0.45 ' 215
T 218.8 +/-0.45 ' 638
v 220.7 +/-0.45 | 142
X 222.6 +/-0.45
BMS1887404 5 C 2172407 | 197
' D 218.9 +/-0.7 1.7 1452
E 221.1 +-0.7 22
F 222.8 +/0.7 1.7 9
H | 226.6 +-0.7
BMS1784528 12 C 161.3 +/-0.45 348
D 163.3 +/-0.45 2 315
166.0 +/-1.46 . : 466
G 168.7+-045 2.7 51
L 178.7 +/-0.45 ‘
M 180.7 +/-0.45 2 129
N 182.6 +/-0.45 1.9 24
0 184.7 +/-0.45 2.1 15
p 186.6 +/-0.45 1.9 6
Q 188.7 +/-0.45 2.1 1
R 190.3 +/-0.45 1.6 37
S 192.2 +/-0.45 19 30
BMS1600436 15 C 178.6 +/-0.7 60

G 187.2 +/-0.7 69
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Marker name No. of Bin Fragment sizes (bp) Bin length Number
: - alleles name ' "~ (bp) alleles
CPRTC
H 189.2 +/-0.7 2 196
I 191.3 +/-0.7 2.1 292 ‘
J 193.3 +/-0.7 2 513
K 195.5 +/-0.7 2.2 174
M 199.5 +/-0.7 16
P 205.4 +/-0.7 .
Q 207.5 +/-0.7 2.1 128
T 2132 +/-0.7
8} 215.3 +/-0.7 2.1 147
A\ 217.3 +/-0.7 2 46
W 219.8 +/-0.7 2.5 4
X 221.6 +/-0.7 1.8
Y 223.4 +/-0.7 1.8 11
CP34 8 'F 1343 +/-0.7 443
E 136.3 +/-0.7 2 373
"D 138.3 +/-0.7 2 308
C 140.4 +/-0.7 2.1 4
B 142.5 +/-0_.7 2.1 297
A 144.6 +/-0.7 2.1 181
G 146.7 +/-0.7 2.1 13 .
H 148.8 +/-0.7 2.1 5
BMS1082043 9 C 148.0 +/-0.7 4
D 150.3 +/-0.7 23 194
E 152.5 +/-0.7 2.2 950
F 154.6 +/-0.7 2.1 30
. H 158.9 +/-0.7 149
J 163.2 +/-0.7 80
K 165.2 +/-0.7 2
M 169.2 +/-0.7
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Marker name No. of Bin - Fragment sizes (bp) Bin length Number
alleles name _ - (bp) alleles
' : CPRTC.
O - 1739 +/-0.7 . 1
BMS1082045 2 C 160.1 +/-0.7 : 1209
‘ D 162.0.+/-0.7 1.9 155
.BM81081952 7 C 181.7 +/-0.7 : ) 10
D 183.8 +/-0.7 _ 2.1 1
G 189.9 +/-0.7 158
"H 192.0+/-0.7 - 21 ) 525
J 196.1 +/-0.7 71
K 198.2 +/-0.7 2.1 610
N 204.3 +/-0.7 31
BM81081760 5 A 170.5.+/-0.7 _ 31
' B 172.5 +/-0.7 2
- C 174.5 +/-0.7 2 1258
D 176.5 +/-0.7 2 1
E 178.5 +/-0.7 2 158
BMS1081860 - 29 C 204.5 +/-0.7 1
' D 206.5 +/-0.7 2 1
E 208.3 +/-0.7 1.8 96
F 210.3 +/-0.7 2 28
G 2122 +/-0.7 1.9 29
H 214.0 +/-0.7 1.8 C 327
I 215.8 +/-0.7_ 1.8 60
J 217.7 +/-0.7 1.9 30
K 219.5 +/-0.7 1.8 96
L 221.5 +/-0.7 2 _ 5
M 223.4 +/-0.7 1.9 28
N 2252 +/-0.7 1.8 ‘ 28
e 227.1 +/-0.7 1.9 20
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* Marker name No. of Bin " Fragment sizes (bp) Bin length Number
: - alleles name - (bp) alleles
CPRTC
P 229.0 +/-0.7 19 55
Q 230.9 +/-0.7 1.9 130
R 232.7 +-0.7 1.8 93 °
S 234.6+/-0.7 1.9 6
T 236.5 +/-0.7 1.9 26
U 238.4 +/-0.7 1.9 20
Y 240.4 +/-0.7 2 3
W 242.4 +/-0.7 . 2 2
X 2442 +1-0.7 18 a4
Y 246.2 +/-0.7 2 155
Y/ 248.0 +/-0.7 1.8 9
5 259.4 +/-0.7 13
261.4+/-0.7 2 5
7 263.3 +/-0.7 1.9
a 269.0 +/-0.7 4
b 2710 +/-0.7 2 4
BMS30480882 3 C 198.4 +/-0.7 1389
200.3 +/-0.7 19 172
E 202.3 +/-0.7 2 17
BMS30480880 16 C 188.8 +/-0.7 18
| D 190.7 +/-0.7 1.9 39
E 192.7 +/-0.7 2
F 194.6 +/-0.7 1.9 65
G 196.7 +/-0.7 2.1 4
H 198.6 +/-0.7 1.9 319
I 200.5 +/-0.7 1.9 641
J 202.3 +-0.7 1.8 50
K 204.2 +/-0.7 1.9 15
L 206.1 +/-0.7 1.9 91
M 208.3 +/-0.7 22 40 -
N 210.4 +/-0.7 2.1 71
o) 212.4 +/-0.7 2 19
p 214.5 +/-0.7 2.1 105
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‘Marker name . No. of Bin Fragment sizes (bp) Bin length Number
‘ - alleles name - (bp) alleles
CPRTC

Q 216.5 +/-0.7 2 5
R 224.1 +-0.7

BMS1081770 16 B 213.8 +/-0.45 _ 1
C 215.6 +/-0.45 1.8 56
D 217.5 +/-0.45 1.9 145
E 219.5 +/-0.45 2 254
F 221.4 +/-0.45. 1.9 2
G 223.2 +/-0.45 1.8 19.
H 2252 +/-0.45 2 5

N 227.0 +/-0.45 1.8 13

J 228.8 +/-0.45 1.8 108
K 230.3 +/-0.45 1.5 ' 334
L 232.1 +/-0.45 1.8 1
M 234.5 +/-0.45 2.4 2
N 236.4 +/-0.45 1.9 138
o 238.3 +/-0.45 1.9 311
P | 240.2+/-0.45 1.9 74
Q 2422 +/-0.45 2 - 1

BMS1081774 6 C 184.4 +/-0.7 ,
D 186.6 +/-0.7 22
E 188.6 +/-0.7 - 2
F 190.8+/-0.7 22
H 194.8 +/-0.7
I 196.9 +/-0.7 2.1

RSAD2_I 2 C 189.7 +/-0.7

' D 191.7 +/0.7 2

BMS 1081640 e - C 1448 +/-07 479
D 147.1 +/-0.7 2.3 . 300
E 149.3 +/-0.7 22 533
F 151.5 +/-0.7 22 110
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Marker name No. of Bin Fragment sizes (bp) Bin length Number
: alleles name - (bp) alleles
: CPRTC
BMS1080704 8 C 182.1 +/-0.7 ' 226
D 1842 +/-0.7 2.1 652
E 186.3 +/-0.7 2.1 333
F 188.4 +/-0.7 2.1 173
G 190.5+/-0.7 2.1
H 192.6 +/-0.7 2.1
I 194.6 +/-0.7 2 32
J 196.7 +/-0.7 2.1 2
BMS1080870 7 C 156.0 +/-0.7 155
D 158.0 +/-0.7 2 C18]
E 160.1 +/-0.7 2.1 456
F 161.9 +/-0.7 1.8 . 4
171.6 +/-0.7 1
L 173.5 +/-0.7 1.9 617
M 175.6 +/-0.7 2.1 2

Table 4, below shows Peddrift results by selection line expressed as —loglO(significance

probability).

5 Tabled

Marker Name RSL | PSL
BMS1084327

BMS1082942 . v
BMS1082956 0.208 0.237
BMS1082961

BMS1083945

BMS1083008  0.456 0.325
BMS1082252

BMS1082669 0.432 - 0.263
BMS1082702

BMS1082722
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BMS1082831

BMSI1887400 0340  0.753
BMS1887404 mono 0.785
BMS1784528  0.228
BMS1600436 0412
CP34 0.842 0.799
BMS1082043  0.403 0.068
BMS1082045  0.080 0.112
BMS1081952 0.394 0.334
BMSI1081760  0.347 1.3401
BMS1081860  0.236 0.412
BMS30480882  0.507 . 0.223
BMS30480889 0.011 1.367
BMS1081770  0.010 . 1.1238
BMS1081774

RSAD2 1

BMS1081640 0215 0.636
BMS1080704 0577 0.652
BMS1080870  0.282 1.161

* _log10(p) values
RSL: Romney Selection Line
PSL: Perendale Selection Line

Allele effects by marker and significance are shown in Figure 3.

Table 5 below shows allele estimates for CP34 for the BV traits analyzed for the Romney,
Coopworth, Perendale, Texel and Composite analysis in their standard SIL trait units coupled
with combined standard SIL economic estimates in cents for: growth adjusted for meat value
(Gm), Meat value adjusted for growth (Mg), wool, Number of lambs borﬁ/ewe wintered (NLB),
and combined host resistance (FEC) plus their additive overall index sum. Significance values

for each trait are listed at the bottom (* P<0.05, ** P<0.01, *** P<0.001)
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Table 5.

allele  no. WWTBV EWTBV CWBV LFWBV FW12BV EFWBV. LEANBV FATBV NLBBV FECY{BV FEC2BV AFECBV Gm Mg wool NLB Fec index

A 180 020 043 009 001 008 007 006 002 -001 -545 615 -632 5 <14 34 -36 49 66
B 297 006 -008 000 -001 -004 -003 000 000 002 358 364 426 13 0 -16 54 -32 19
C - 4 -066 -052 -038 -003 -021 -019 -037 004 -005 -303 -406 213 -92 -101 -91 -126 15 -394
D 307 -005 -001 -002 0.1 0.04 004 -0.01 000 000 02 055 -0.06 -7 318 -1 -2 -5
E 373 -028 -061 -015 -001 -006 -005 -013 -004 000 -040 133 215 -10 -31 -24 -9 -8 - -81
F ‘443 010 033 008 000 00t -00t -007 003 000 031 -109 --168 -1 15 5 0 6 25
G 13 14 190 069 000 004 003 076 005 -006 -655 -899 -1167 123 214 14 -145 74 279
H ‘5 145 227 064 -002 -010 -008 053 005 -003 -11.09 -448 -535 94 146 -43 -72 59 184
Slgn . R iid ek faid i d L ke hk * £ d .'. i . ke

The markers and associations described are useful for their predictive ability for a number of
traits including host resistance. The industry utility of the invention is that young unmeasured

progeny can be genotyped and their breeding worth predicted.
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The above Examples illustrate practice of the invention. It will be appreciated by those skilled in
the art that numerous variations and modifications may be made without departing from the

spirit and scope of the invention.
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Appendix 1

1ofé6

-~ From farm measurements to SIL indexes
SIL Technical Note

Relates to:  Traits measured on farm and those in st"andard SIL economic indexes
Written by: Mark Young & Georgie Walker
Date: June 2007

Summary :
¢ Many measurements can be made on farm — the SIL database can store almost anything

¢ Some measurements influence genetic merit in a number of traits

e Some traits are not measured directly — genetic merit for these is predicted from related
measurements . .

» Not all estimates of genetic merit (breeding values) are used in SIL indexes

o SIL indexes have a balanced focus on farm profit

Background

SIL comprises a performance recording database and a genetic evaluation system. On-farm
measurements and pedigree are used to derive best-bet estimates of genetic merit. Sheep
breeders collect information on the pedigree and performance of their sheep, submit it to a
SIL bureau that enters it onto the database and perform the genetic evaluations, returning
results to the breeders. \

This document describes standard measurement traits and how these are related to standard
SIL estimates of genetic ment, both breeding values and indexes.

Another SIL Technical Note describes weightings used in the standard SIL indexes and
provides a brief outline of the basis of economic selection indexes.

From farm measurement to genetic merit

Measurements of animal performance are not always a good indicator of genetic merit for a
trait. In fact, often genetics have a relatively small influence compared to other factors.

SIL produces “best-bet” estimates of genetic merit by doing several things. Firstly, it corrects
for known “environmental” effects. These are things that affect all animals subject to the.same
conditions and which are not genetic e.g. being born earlier, or having a younger mother (with
less milk). SIL then uses pedigree information to look at how well relatives have performed
and then it takes account of performance in-other traits and the extent too which each trait is
inherited. Modern computers allow a lot of calculations to be carried out for many animals
simultaneously and very quickly. The result is the “best-bet” of genetic merit for each trait,
often called a breeding value.

Breeding objectives

Breeding values are then grouped for related traits to focus on particular outputs or inputs of
the farming system (e.g. Growth, Reproduction, Wool, Disease Resistance) that the breeding
programme has as part of its goal for improvement. The common basis for this is in terms of
profit, with units of cents per ewe lambing. Such groupings are sometimes called Goal Trait
Groups and SIL produces sub-indexes of economic merit for these. Overall indexes of
€conomic merit are produced simply by summing all the component sub-indexes.

14-Jun-07 - Traits & Indexes001B09.doc mjy - sil
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Traits we cannot measure

Some traits of interest in the breeding objective can be measured easily, while others cannot.
For example, we can determine whether all lambs have survived or.not and measure a
weaning weight on all surviving lambs. However, males cannot themselves produce lambs
(litter size) and we don’t want to sacrifice valuable breeding animals to obtain useful
information on carcass merit. Similarly, we may want to select for a trait along time before it
is manifest (e.g. adult size).

Consequently, we predict genetic merit from other information we have for related traits
and/or from related animals. Often there are traits in the breeding objective that are predicted
from other measurements. While many traits can be measured on farm, and SIL can record
.virtually anything, in practice only some are used in the genetic evaluations. Of these, some
are very influential (e.g. weaning weight and autumn liveweight) as they are used in the
prediction of genetic merit for a number of key traits.

Some of these traits are directly related to breeding values (SIL’s estimate of genetic merit for
. atrait), while others predict breeding values for traits we do not measure directly. Of these
breeding values, the key traits are used in SIL indexes to focus on farm profit.

" The traits-SIL uses in its evaluations, the breeding value traits it produces, and the breeding
value traits used in indexes are detailed in tables at the end of this document.

Using SIL indexes in practice - Making sense of it all!

SIL indexes and sub-indexes are designed to aid selection. It is a top-down approach whereby
the overall index balances merit across a range of traits on the basis of farm profit. Within this
index are Goal Trait Group focused sub-indexes. SIL has sub-indexes for Growth, Meat
(carcass merit), Wool, Reproduction (Adult Litter Size, Twinning Rate and Hogget Fertility &
Hogget Litter Size), Sufvival (of lambs) and Resistance to disease (Internal Parasites, Dags,
Facial Eczema). Splitting these further into their component breeding values can be useful at
times but usually it leads to an overwhelming variety of information that makes it harder to
focus on key attributes of a sheep.

~ SIL recommends ram buyers use indexes in most selection situations. Breeders may look at
more detail when planning and fine-tuning the direction of their breeding programme.

Need more information?

Contact your SIL bureau, send an email to silhel5@)slleepimprovement.co.nz or telephone
0800-745-435 (0800-SIL-HELP). '

Appendix tables on following pages

Table 1 summarises the traits measured on farm that are used in SIL genetic evaluations
(predictor traits) and the estimates of genetic merit that these evaluations produce: -
(breeding values). Finally there is a list of the sub-set of these breeding values that
are used in SIL indexes. NB: Trait abbreviations are listed in Table 3.

Table 2 -shows which estimates of genetic merit (sub-indexes or goal trait groups) are
influenced by each on-farm measurement.

Table 3 describes abbreviations used in Table 1.
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. 3of6
Table 1. Traits measured on farm (predictor traits) used in SIL genetic evaluations. Abbreviations described in Table 2.
Growth | Meat | CtMeat | Reproduction | Twinning | Hogget | Survival Dual Mid-micron | Mid-micron |- Dags Facial Internal
Lambing Purpose & Fine & Fine Wool Eczema | Parasites
Wool® Wool® Quality’ (FEC)®
Predictor Traits: : .
WWT WWT WWT (LW optional) | TWIN (Lw SUR WWT WWT WWT DAG3 | GGT21 WWT
*LWo ¥LWO | *LW6 *LW6 optional) *LW6 DAGS8 *LW6
*LWS | *LW8 | *LW8 *LW8 *LWG6 *LWS8 FWi2 FWI12 ol © [ *LW8-
FLWI0 [ *LWI10 (*LWI0 | *LWI0 *LW8 " *LWI10 CFWI12 CFWi2 FLWI10
LWI2 LWI12 LW12 *LWI0. LwIi12
LWIg NLB . FDIAM FDIAM FWI12
EMD EMD (NLB1 HFER FWI12 | FFINE FFINE
EMW EMW optional) HNLB CFW12 FECI
FD FD + | (PregSc CFY12 CFY12 FECi1B
optional) (PregSc : FDIAM FEC2
CTEMA optional) FFINE ’ FDIACV FEC2B
CTFAT FCURV NEMI
CTLEAN STAPLN NEMIB
SSTR NEM2
COLY NEM2B
COLYZ
. ELFC2
Breeding values provided for: :
WWT |EMW EMW NLB TWIN HFER SUR LFW {FwWI12 FDIACV LDAG | GGT21 FEC!
WWTm | EMD EMD HNLB SURm Fwi2 FDIAM FCURV ADAG FEC2
Lw8 EMA EMA EFW EFW STAPLN AFEC
LW12 |FD FD : ’ FDIAM | AFDIAM SSTR : .
cw FAT FAT COLY
EWT LEAN |LEAN COLYZ
SIL goal traits
WWT |FAT |FAT NLB TWIN HFER | SUR LFW FWI2 FDIACV LDAG |GGT21 [FEC!
WWTm |LEAN - |LEAN - HNLB |SURm |FWI2 FDIAM FCURV ADAG FEC2
cw : : EFW EFW STAPLN AFEC
EWT . AFDIAM COLY
] COLYZ

* SIL uses Autumn LW as a predictor trait. It selects either LW6, LW8 or LW10 for each contemporary group of animals -~ whichever has the most data collected
§ SIL uses hogget fleece weight (FW12) as a predictor of wool production. Fleece weight measurements at other times, whether greasy or clean, may be used as proxies for
this when it is not available. :
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Table 2. The influence of on-farm measurements on estimates of genetic merit (sub-indexes or goal trait groups).

Measurements on farm: : The sub indexes (goal trait groups)
these on-farm measurements go into:

JReproductionv

|
|

Growth, Meat, Wooi, Parasite Resistance ] l + Survival

l

Survival

|
!

—_—— [ Growth, Meat, Wool, Reproductione, Parasite Resistance ]

l

Growth, Wool, Parasite Resistance ]

|
]

_— LWool, Parasite Resistance ]
_— [ Reproduction?’, (Survival)* ]

D LGrowth", Reproduction?’ -J

l

Parasite Resistance ]

— Dag Score

Facial Eczema

\
I

3Pregnancy scanning & hogget lambing only used for Reproduction if asked for
“Pregnancy scanning resuits only used for Survival if asked for

* Hogget Lambing information used for Growth to correct LW 18 when predicting EWT BV
» Reproduction consists of Adult NLB and may also have Twinning Rate, Hogget Fertility &
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Table 3. Trait name abbreviations used in Table 1.

50f 6

Trait .
abbreviation Tvpe Description
ADAG Breeding value Adult dag score
AFEC Breeding valuc Adult faccal egg count
AFDIAM Breeding value “Adult fibre diameter
CFwi2 On-farm measure Clean fleece weight at 12 months
CFY12 On-farm measure Clean fleece vield at 12 months
COLY On-farm measure Fleece colour - brightness
COLYZ On-farm measure Flecce colour - vellowness
CTEMA On-farm measure Eye muscle area from CT scan
CTFAT On-farm measure Fat weight in carcass from CT scan
CTLEAN On-farm measure Lean (muscle) weight in carcass from CT scan
cw Breeding valuc Carcass weight :
DAG3 On-farm measure Dag score at 3 months
DAGS8 On-farm measure Dag score at 8 months
EFW- Breeding value Ewe (adult) fleece weight
ELFC2 On-farm measure Blood test for resistance to internal parasites
EMA Breeding value Eye muscle area
EMD On-farm measure Eye muscle depth from ultrasound
EMD Breeding value Eye muscle depth
EMW On-farm mcasure Eye muscle width from ultrasound
EMW Breeding value Eyc muscle width
EWT Breeding value Adult ewe weight
FAT Breeding value Carcass fat weight
FCURV On-farm measure Fibre curvature
FD On-farm measure & breeding

value Fat depth :
FDIACV On-farm measure CoefTicient of variation in fibre diameter
FDIAM On-farm measure & breeding

value Hogget fibre diameter
FEC1 On-farm measure & breeding B

value Faecal egg count - summer challenge
FECIB On-farm measure 2nd FEC sample - summer challenge
FEC2 On-farm measure & breeding : .

) value Faecal egg count - autumn challenge
FEC2B On-farm measure 2nd FEC sample - autumn challenge
FFINE On-farm measure Fibre fineness (diameter) - assessed
FW12 On-farm measure Hogget fleece weight
GGT21 On-farm measure & breeding .

value GGT 21 day post-level (Facial Eczema)

HFERT Breeding value Hogget fertility (ability to produce a lamb)

HNLB Breeding value Hogget fecundity (number of lambs born)

LDAG Breeding value Lamb dag score

LEAN Breeding value Carcass lean (muscle) weight’

LFW Breeding value Lamb fleece weight

LW6* On-farm mcasure Autumn weight (body weight) - 6 months

LW8* On-farm measure Autumn weight (body weight) - 8 months

LW8 Breeding value Autumn body weight

LWI0* On-fann measure Autumn weight (body weight) - 10 months

LWI12 On-farm mcasure Hogget weight (body wcight) - 12 months

LW18 On-farm measure 2-tooth weight (bodv weight) - 18 months
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NEM1 . On-farm easure Nematodirus faecal egg counts - summerchallenge
NEMIB Nematodirus faecal egg counts - summer challenge - 2nd
On-farm measure sanmple
NEM2 On-farm measure Nematodirus faccal egg counts - autumn challenge
NEM2B - On-farm measure Nematodirus faccal cgg counts - autumn challenge - 2nd sample
NLB Breeding value Number of lammbs born (litter size) :
NLB1
(optional) On-farm measure ‘Number of lambs born at hogget lambing
PregSc
(optional) On-farm measure Pregnancy scanning (litter size)
SSTR On-farm measure Wool staple strength .
STAPLN On-farm measure Wool staple length - in fleece
STAPLN Breeding value Wool fibre length - after processing
SUR On-farm measure Survival to weaning
SUR Breeding value Survival to weaning - lamb effect
SURm Breeding value Survival to weaning - maternal (ewe) effect
TWIN Breeding value Twinning rate
WWT On-farm measure Weaning weight
WWT Breeding value Weaning weight - lamb effect
WWTm Breeding value Weaning weight - maternal (ewe) effect

* SIL uses Autumn LW as a predictor trait. It sclects cither LW6, LW8 or LW 10 for cach contemporary group of

animals — whichever has the most data collected
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Appendix 2

10of9

SIL standard index weightings —July 2007
SIL Technical Note

Relates to:  Standard SIL indexes.— breeding value traits and their economic weightings
Written by: Mark Young & Georgle Walker
Date: June 2007

Summalx
e SIL has introduced some changes to standard SIL indexes

e There is now an economic value for the Facial Eczema resistance sub-index which is
included in the Dual Purpose Overall index :
A Twinning Rate sub-index has been introduced for the Dual Purpose Overall indexes
Breeding values can be produced for hogget fertility and hogget litter size. There are
no economic weightings for these so they are not incorporated into SIL indexes

e Terminal Sire indexes have not changed. However breeding values for the new traits
above can be produced and used on SIL reports for terminal sire sheep

Background

“"The amount of emphasis placed on key economic traits affecting prime lamb and wool
production in New Zealand’s national sheep flock was reviewed by SIL in 2004. New traits
have now being added to the SIL Index system.

There are sub-indexes for Facial Eczema resistance and for Twinning Rate that are
incorporated into SIL indexes where appropriate. A new analysis module for Hogget Lambing
produces breeding values (BVs) for hogget fertility and for hogget litter size. Economic
weightings are not available for these BVs so they are not included in SIL indexes.

. SIL Overall indexes

These are used by many sheep breeders as an estimate of overall genetic merit for each
animal, taking into consideration information from all recorded traits and from relatives.
These indexes are important because a number of different traits are measured and selected
for by sheep breeders. For example, a ram may be superior to other rams based on a single
trait such as bodyweight, but his daughters may have below average performance for other
traits, such as fleece weight and number of lambs bom.

An overall index allows superiority in one trait to compensate for mfenorlty in other traits.
Effectively the index weights different traits depending on the income they generate,
when you get this income and the proportion of animals that generate this sort of
income. This is why we call such indexes “economic indexes”. Selection on these economic
indexes leads to economically optimal genetic progress being made across the range of
genetic traits assessed. .

- Estimates of income are based on projections of key product prices for lamb and wool by the
Economic Service of Meat & Wool New Zealand. Many other economic and production
parameters are incorporated into the index derivation. Predicted animal feed energy
requirements, the current national lambing percentage, and typical commercial flock age
structure are examples of these parameters.
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SIL Terminal Sire Ovefall Index

There have been no changes made to the TSO by SIL. The terminal sire overall index has a
focus on lamb production where the emphasis is on fast early growth for lambs. Lamb
survival to weaning, fast early growth, carcass merit and some disease resistance traits (dag
score & internal parasite resistance) for lambs are considered the key focus for selection with
the SIL Terminal Sire index.

Facial eczema resistance is not included in the SIL Terminal Sire indexes since lambs are
normally away before facing a natural challenge. However, facial eczema breeding values can
be produced for use by Terminal Sire ram breeders and included on reports.

SIL Terminal Sire indexes do not contain any reproduction sub-indexes (Reproduction,
Twinnihg Rate or Hogget Lambing). In a terminal sire system daughters of sires are not bred
from so reproductive merit is not valued. Breeding values for twinning rate, hogget fertility
and litter size (NLB or HNLB) can be produced and included in reports if required.

SIL Dual Purpose Overall Index

There are two changes to the SIL DPO index with the introduction of sub-indexes for Facial

Eczema resistance and Twinning Rate. Hogget Lambing has been introduced as a new goal
" trait group but has no economic weightings so can not be included in the DPO index. Other
" sub-indexes remain unchanged.

Twinring rate is the propensity to have more twin litters per hundred ewes at the same
average lambing percentage. High twinning rate will mean fewer ewes having triplets.
Selection for twinning rate is recommended in situations where triplet lamb survival is low or
variable, or when lower weaning w elghts incur a significant financial penalty. A sub-index for
Twinning Rate (DPT) uses an economic weighting for TWIN BV,

Hogget Lambing is related to but not the same as adult reproduction. It is a function of both
fertility (HFER) and fecundity (litter size, HNLB). Hogget Lambing BVs do not have
economic weightings at this stage and so there is no sub-index for Hogget Lambing.
However, the BVs can be included on SIL reports.

An economic weighting for facial eczema means there is a sub-index for Facial Eczema
resistance, DPX, that is included in the DPO index. The weighting is based on the effects
facial eczema has on survival and performance of breeding ewes and of young replacement
ewe replacements over a-10 year period containing 2 severe and 3 moderate outbreaks.

Disease traits

Three disease traits are addressed in SIL indexes. Internal pérasite resistance (WormFEC) and
dag score sub-indexes remain unchanged. Facial eczema now has a sub-index (DPX) for Dual
Purpose sheep.

SIL “Overall” and SIL “Production” indexes differ by the former including sub-indexes for
disease traits in the evaluation while the Production indexes do not include these. Disease
traits are not included in production indexes since the focus is on production traits. For
example a DPO index might include Growth, Meat, Wool, Reproduction, Survival, Twinning
Rate, Facial Eczema & WormFEC but the associated DPP.would only contain Growth, Meat,
Wool, Reproduction, Survival & Twinning Rate.

Other differences

Sub-indexes for apparently similar traits can differ between Dual Purpose indexes and '
Terminal Sire indexes. For example, while sub-indexes for Dual Purpose sheep include traits
for older sheep, those for Terminal Sire sheep focus only on lambs.
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In addition, the economic weights on the index traits can differ due to the relative importance
of the trait when all lambs are for meat production compared to a situation where some are
kept as replacements for the ewe flock. '

SIL Wool Production Svstem Overall Indexes

- Wool Production System indexes introduced by SIL in 2004 make up the third category of
standard SIL indexes, after Dual Purpose and Terminal Sire indexes. Four sets of wool
indexes are available for ram breeders: Mid-micron Overall (MMO), “Medium-fine” Fine
Wool (FWm), “Fine” Fine Wool (FWf) and the “Super-fine” Fine Wool (FWs) index.

There have been no changes made to the Wool Production System indexes. Facial Eczema
resistance is generally not applicable to areas of New Zealand where fine wool production is
typically carried out, hence there is not a Facial Eczema economic value for anv of the Wool
Production system overall indexes. Similarly, Twinning Rate and Hogget Lambing breeding
values can also be produced but since there are not any economic weightings for this type of
sheep they are not included in the wool indexes. Breeding values for Facial Eczema,
Twinning Rate and Hogget Lambing can all be produced and used on reports alongside the
wool production system index values if required.

_ SIL Standard Indexes

SIL standard indexes will give near optimal genetic gains for most farming conditions in New
Zealand. They have been derived using technical and economic information relevant to the
average flock in New Zealand. SIL recognises that breeders targeting specific, commercial
farming conditions can be justified in pursuing objectives different to the industrv average.
However SIL standard indexes will suit a large number of breeding programmes. As well, use
of standard indexes will lead to a more uniform understanding of evaluations for genetic ment
by both ram buyers and ram breeders.

SIL bureaus have the means to generate custom indexes where this is relevant to do so.
Technical Notes

SIL has a number of different technicél notes written specifically for SIL breeders. There are
three that relate to the three changes SIL has just introduced:

e Genetic merit for twinning rate
o Selection to increase resistance to facial eczema
e Genetic ment for hogget lambing

SIL Technical Notes can be found on the SIL website \\'\W\f.éil.co.nz under Technica] Notes.

Need more information?

Contact your SIL bureau, send an email to silhelpi@sheepimprovement.co.nz or telephone
0800-745-435 (0800-SIL-HELP).

Appendix - SIL indexes. Tables on the following pages summarise the traits in SIL indexes
and the economic weights used for each trait. These will be active from July 2007.

Tables are all in the same format. Where no economic weighting is given, that trait is not
included in an index. This format has been used to highlight differences between indexes.
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Table 1. Dual-Purpose Overall (DPO) index traits and weightings at July 2007
Sub-index Breeding Economic weight
Sub-index "~ Goal trait breeding value full name value short  (cents per ewe
short name i
S name lambing)
Growth* DPGm . Weaning weight — direct WWT 116
Weaning weight — matemal WWTM 97
Carcass weight Ccw 140
Ewe weight - EWT =72
Meat DPM Lean weight ‘ LEAN 293
Fat weight FAT -183
Wool - DPW Lamb fleece weight LFW 416
Hogget fleece weight : Fwi2 102
Adult fleece weight EFW _ 300
Hogget fibre dameter FOTAM
v Adult fibre diameter AFDIAN
Wool Quality CV of fibre dianwier FDIACY
Curvature ' FOURY
Staple len STAPLN
Brigl COLY
S COLYZ ]
Reproduction  DPR Number of lambs bom (litter size) NLB 2430
Twinning Rate DPT Twinning rate adjusted for NLB TWIN 3000
Hogget - DpbH Hogget fertility HFER
Lambing ' Hogget litter size HNLB
Survival DPS Survival to weaning — direct SUR 6329
. Survival to weaning — maternal SURM 6371
WormFEC DPF "FEC1% FEC1 2.9
: - FEC2% FEC2 -2.9
Adult FEC% AFEC -2.5
Dag Score DPD Lamb Dag Score . LDAG . -254
Adult Dag Score ADAG -687
Facial Eczcema DPX GGT21 . GGT21 -903
*Growth if DPG Weaning weight — direct WWT 134
Meat NOT Weaning weight — materal WWTM : 112
selected Carcass weight Ccw 199

Ewe weight EWT -72
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Table 2. Terminal Sire Overall (TSO) index traits and weightings at July 2007
SuB—in dex Breeding Economic weight
Sub-index ) Goal trait breeding value full name value short  (cents per ewe
short name ) T
” - name larmbing)
Growth* TSGm Weanmg weight — direct WWT 66
‘eaning - maternal WWITA L
Cw ' 70
EWT
Meat TSM Lean weight LEAN 320
Fat weight ' FAT -200
Wool - LFW
Wiz
EFW
FDLAM
) ; AFDIAM
Wool Qualiy CV of fibre diameter FDIACY
) ( wrvature FOURV
aj ih STAPLN
COLY
COLYZ
Raproduction Number of lambs bom (htter size}  NLB
Twining Rate Twinning rate adjusied for NLB TWIN
gpel HFER
s Hogget | mu size HNLE
Survival TSS Survival to weaning — direct SUR 4110
Survival 0 weaning - maternal SURM
WormFEC TSF " FEC1% FEC1 -1.56
FEC2% FEC2 - -1.56
Adult FEC% AFEC
Dag Score TSD Lamb Dag Score . LDAG . -254
Adult Dag Score ADAG '
Facial Eczema GGT21 ' GGT21
*Growth if TSG Weaning w elght direct . ' WWT 66
Meat NOT . Weaning weight - }mkmal WWITM .
selected Carcass weight cw 138
: Fwe weight EWT '
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Table 3. Mid-Micron Overall (MMO) index traits and weightings at July 2007
Sub-index Breeding Economic weight
Sub-mdex ’ Goal trait breeding value full name value short (cents per ewe
short name . §
name lambing)
Growth* MMGm ‘Weaning weight — direct WWT 116
' {=DPCm;  Weaning weight — maternal WWTM 97
Carcass weight Cw 140
Ewe weight R EWT -72
Meat MMM Lean weight LEAN 293
(=DPAY  Fat weight ‘ ‘ FAT -183
Wool , MMW Lamb deeos we LEW
Hogget fleece weight _ Fw12 96
Adult fleece weight EFW 271
Hogget fibre diameter FDIAM ' -21
Adult fibre diameter AFDIAM -28
Wool Quality MMQ CV of fibre diameter FDIACV -8
Curvature FCURV 0
Staple length STAPLN - -3
Brightness (Y) COLY 9
. Yellowness (Y-Z) COLYZ -6
Reproduction = MMR Number of lambs bom (litter size) NLB 2430
(=DPR} .
Twinning Rate g rate adiusted for NLB TWIN
Hogget - MMH Hogget fertility HFER
Lambing Hogget litter size HNLB
Survival MMS Survival to weaning — direct SUR 6329
=DPS) Survival to weaning — maternal SURM 6371
WormFEC MMF . FEC1% FEC1 -2.9
(=DPF) FEC2% FEC2 -29
' Adult FEC% AFEC -2.5
Dag Score MMD Lamb Dag Score LDAG o -254
‘ =DPD; Adult Dag Score ADAG -687
Facial Eovema GGT2H , ' GGT2Y
*Growth if MMG Weaning weight — direct WWT 134
Meat NOT = (=DPG)  Weaning weight — maternal WWTM 112
selected Carcass weight CcwW 199
' Ewe weight EWT -72
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Table 4. “Medium-fine” Fine Wool (FWm) index traits and weightings at July 2007
. Sub-index ) Breeding Economic weight
Sub-index - Goal trait breeding value full name value short (cents per ewe
. short name ;
b - _name lambing)
Growth* WWT
WM
Cw
EWT
Mest
Wool - FWmW  Lamb fleece weight LEw
Hogget fleece weight . FW12 1219
Adult fleece weight EFW _ 931
Hogget fibre diameter FDIAM -1378
_ Adult fibre diameter AFDIAM -664
Wool Quality FWmQ CV of fibre diameter FDIACV -231
Curvature FCURV -9
Staple length x STAPLN 22
Brightness (Y) COLY 59
Yellowness (Y-Z) COLYZ -59
Reproduction FWR Number of lambs born (litter size) NLB 2618
Twiving Rate Twinning rate adjusied for NLB TWIN
Hog FWH Hogget fertility HFER
Lo o Hogget litter size ' ~ HNLB
Survival FWS Survival to weaning — direct SUR
. Survival to weaning - maternal SURM 2630
WormFEC FWmF FEC1% FECI : -2.3
o FEC2% FEC2 .23
Adult FEC% AFEC o3
Dag Score LDAG
ADAG
Facial Ecvema GGT21 ‘ U €€
*Growth if FWG Weaning weight — direct - WWT 111
Meat NOT Weaning weight — matemal WWTM : 93
selected Carcass weight CwW ) 58
' Ewe weight EWT -188
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Table 5. “Fine” Fine Wool (FW) index traits and weightings at July 2007 ;
- Sub-index Breeding Economic weight
Sub-index Goal trait breeding value full name value short (cents per ewe
short name N
: ___name lambing)
Growth™ WWT
WWTM
W
EWT
Meat LEAN
EAT
Wool - FWW 3 {1 Bt LEW
Hogget fleece weight : FWwi2 2483
Adult fleece weight EFW ) 1883
Hogget fibre diameter FDIAM -3095
A Adult fibre diameter . AFDIAM -1255
Wool Quality FWfQ CV of fibre diameter FDIACV -437
Curvature FCURV -40
Staple length STAPLN 71
Brightness (Y) COLY 45
Yellowness (Y-Z) COLYZ - =200
Reproduction FWR Number of lambs bom (litter size) NLB 2618
Twinning Rate Twinning vaie adpusied for NLB TWIN
Hogget - FWH Hogget fertility HFER
Lambing . Hogget litter size HNLB fabie
Survival FWS Survival to weaning — direct SUR 6412
Survival to weaning — matemal SURM 2630
WormFEC FWI{F FEC1% FEC1 4.8
' . < FEC2% FEC2 4.8
AFEC -6.3
Dag Score LDAG
ADAG
Facial Eczema - QG121 - GGOT2:
*Growth if FWG Weaning weight — direct WWT 111
Meat NOT Weaning weight — maternal WWTM : 93
selected Carcass weight CW ' 58

Ewe weight EWT -188
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Table 6. “Super-fine” Fine Wool (FWs) index traits and weightihgs at July 2007

) Sub-index Breeding Economic weight
Sub-index ’ Goal trait breeding value full name value short (cents per ewe
short name L
. name lambing)
Growiiy® Wemning weight - direct WWT
- maternal WWTM
Cw
EWT
Meat LEAN
FAT
Wool . FWswW Lamb Heecs weight LEW
-Hogget fleece weight FW12 7171
Adult fleece weight EFW 3999
Hogget fibre diameter FDIAM -10829
Adult fibre diameter AFDIAM -7136
Wool Quality FWsQ CV of fibre diameter FDIACV -2484
: Curvature FCURV -40
Staple length STAPLN 71
Brightness (Y) COLY 45
Yellowness (Y-Z) COLYZ -200
Reproduction FWR Number of lambs bom (litter size) NLB 2618
Twinning Rate Twinning rate adjusted for NLB TWIN
FWH Hogget fertility HFER
: T Hogget litter size HNLB
Survival FWS Survival to weaning — direct SUR
. , Survival to weaning — matemal SURM 2630
WormFEC FWsF FEC1% FEC1 -14.0
FEC2% FEC2 -14.0
Adult FEC% AFEC -18.5
Dag Score Lamb Dag Score LDAG
Aduit Dag Scora ADAG
Facial Eezema GOT2i GGT21
*Growth if FWG Weaning weight — direct WWT- 111
Meat NOT Weaning weight — matermnal WWTM . 93
selected Carcass weight ' CwW 58
: Ewe weight EWT -188
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-Appendix 3

Breeding Sheep Resistant to Internal Parasites

John McEwan
WormFFEC Service Coordinator, AgResearch, Invermay

It is estimated that approximately 30% of New
Zealand's sheep meat and wool production is
dependent on the usc of anthelmintics. In
economic terms $1200 million worth of shecp
exports are supported by the use approximately
$80 million of anthelmintic. Alternative methods
of controlling internal parasites are needed,
~because of the widespread anthelmintic

resistance by the parasites concerned (greater

than 65% of farms have a species resistant to at
least one chemical action family) and the costs of
the chemical control.

One method is to breed sheep resistant to the
internal parasites themselves. Based on research
work undertaken by AgResearch over the past 2
decades, sheep breeders can now include this
trait in their selection criteria.

Using the results from experimental work and a
demand by sheep breeders, the WonmFEC
Service commenced in late 1994, WormFEC
provides sheep breeders with the tools and
advice required so they can select sheep resistant
to internal parasites in their own breeding flocks.
The service is provided in association with
Sheep Improvement Limited or SIL as it is
commonly known.

Commercial farmers wishing to obtain rams
showing enhanced resistance to internal parasites
only need ask for WonnFEC tested rams from
their breeders. The latest across flock and breed
WormFEC ram rankings are also available via
www.silace.co.nz. The WonnFEC symbol is
shown in figure 1.

The selection objective recommended by the
WormFEC Service is “high producing
animals which are -also resistant to internal
parasitc establishment”.

The aim of breeding sheep resistant to internal
parasites is to reduce susceplibility to infection
and thereby reduce pasture contamination.
Available information suggests that both
susceptible and resistant stock benefit from a
reduced intake of intenal parasite larvae. Pasture
contamination and subsequent larval challenge

levels can be reduced by grazing more resistant
animals. Hence, production benefits from
breeding sheep resistant (o internal parasites are
indirect and benefit the whole flock rather than
the individual.

Figure 1. The WormFEC symbol that sheep
breeders cvaluating rams for their resistance to
internal parasites display on advertising

Research has shown that young lambs are
initially very susceptible to infection with
internal parasites, but by about 12 months of age
they have developed a degree of immunity. In
the adult ewe resistance levels are high, but
immunity is depressed during the late pregnancy
and carly lactation period, causing a peri-
parturient rise in faecal egg count (FEC).

The rate of development of resistance and the
level achieved in the adult are under genetic
control and it is therefore possible to breed for
more resistant animals. This variation in the
development of immunity is shown graphically
in figure 2. Animals more resistant as lambs are
also more resistant at older ages and females
have a smaller peri-parturient rise.

Resistance to internal parasites can be mcasured
in a variety of ways, but faecal egg counts, after
aknown challenge of infective larvae is the most
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Figure 2: Schematic diagram showing the
difference between a resistant, normal and
susceptible lamb in the development of
immunity to roundworm infection

commonly used method (figure 3). The lambs
arc drenched at weaning, cxposcd to a pasture
larval challenge for 6 to 8 weeks, and then faecal
sampled (FEC1). This is followed by another
drench with another sample taken after a further
6 to 8 weeks (FEC2). Two samples are taken to
provide a more accurate estimate of an
individual’s genetic level of resistance. However,
any combination is possible, and collecting 2
samples several days apart at the end of the
summer challenge is currently the most
popular option (FEC1la, FEC1b).

wean

-drench drench
* Summer ‘ -
challenge

sample sample

bleed
Autumn l
challenge

WWT FEC1 ‘FEC2
NEM1 NEM2
ELFC2

Figure 3: WormFEC challenge protocol with SIL
measurements that can be recorded (see text)

Animals with lower faecal egg counts are
considered more resistant and those with
higher egg counts are less resistant.

Alternatively, animal resistance can  be
determined by measuring its parasite antibody
level (ELFC2) at 7 to 9 months of age. Blood
samples arc collected and sent for laboratory

analysis. This method reduces the work and cost

to the breeder, but the genetic progress in
reducing FEC will be slower.

WormFEC resistance breeding values are
calculated using the latest breeding methods via
SIL. No matter what resistance measurements
have been collected, they arc combined together
and expressed as a breeding value for lamb FEC.
For example a FEC1 BV% of minus 20 means
that an animal has a breeding value for FEC as a
lamb 20% below the average of the flock during
the summer. Notice that negative breeding
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" Currently,
‘WomFEC  select
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values indicatc more resistant animals as they

- will have lower faecal egg counts.

commercial  breeders  using
on the basis of an
economically based SIL Dual Purpose
WormFEC index which combincs the economic
benefits of parasitc resistance and the other
production traits. In the selection lists breeding
values for the relevant traits are tabulated for
each animal. These are then combined into a
variety of sub-indices, several detailing their
economic breeding merit for various production
traits .and .onc DPF (dual purposc FEC) the
expected economic breeding merit for host
resistance to internal parasites. The sum of these
is the overall economic meril. The use of sub-

- indices allows the breeder to quickly identify

which components arc contributing to the total
merit of an individual.

Calculations using this Dual Purpose WormFEC
index selecting for highly productive and
resistani animals, suggesis that 10 years of
selection will reduce lamb FEC by 40% relative
to unselected animals given a similar parasite
challenge and adult ewe FEC will also be
reduced by a similar amount. In a flock the
reduction will be greater because the reduced
number of parasite eggs shed by the resistant
animals will also lower the number of infective
parasite larvae available on the pasture. The
reduction in pasture larval challenge will result
in better lamb and wool production, alternatively
drenching frequency could be reduced resulting .
in savings of chemical and labour. More than 50
stud flocks spread throughout New Zealand have

. used the WormFEC service, a large proportion

continuously since 19%4.

For further information about the WormFEC
Service contact:

North Island

Neville Amyes, AgResearch,
Ruakura Agricultural Centre,
Private Bag 3123, Hamilton

PH (07) 838 5421
AMH (07855 9479
FAX (07)838 5013 ~

E-Mail neville.amyes@agresecarch.co.nz

South Istand

Gordon Greer, .
Invennay Agricultural Centre,
Private Bag 50034, Mosgiel.

. PH (03) 489 3809
AH (03)481 1769
FAX  (03)489 9038
E-Mail  gordon.greer(@agresearch.co.nz
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ACE evaluations
SIL Technical Note

Relatesto: Combparing genetic merit across flock and across breed
Written by: Mark Young
Date: 18 November 2005

Summary
¢ ACE evaluations consider genetic merit for key production traits in sheep

» Listings are posted on the internet for the top performing sheep across a variety of traits
and indexes

o ACE indexes are based on standard SIL indexes but are not the same in all cases

¢ SIL is working to enhance ACE evaluations — to add traits, to increase the pool of animals
evaluated and to fine tune analyses

e Check out www.silace.co.nz

Background

Gains through genetic improvement require a means to validly compare genetic merit of
animals. Within flock, this requires correction for known, non-genetic effects and the use of
information about the performance of relatives. This can be extended to across flock
comparisons provided there is the means to make meaningful estimates of non-genetic, flock
effects. In practice this means “benchmarking” lamb performance through use of common
sires. :

Until recently this was very demanding on technical resources — computer hardware and
software specifically. As the power of these technologies has increased we can now extend
this further and begin to make comparisons across breed as well as across-flock.

It is well-known that in most situations there is more genetic variation within breed than
between breeds. Such across-flock, across-breed comparisons can be used to find the best
animals for specific production characteristics, irrespective of the breed or the flock they are
from. :

Who set up ACE?.

ACE stands for Advanced Central Evaluation. It is an initiative of SIL and it’s collaborators.
ACE evaluations would not be possible without access to the data from the Alliance initiated
Central Progeny Test trials, which have evolved, and now include data from three progeny
test sites — Woodlands (Southland), Lincoln (Canterbury) and Poukawa (Hawkes Bay). A
variety of groups have made significant contributions to this work and facilitated the ACE
evaluations. The assistance of Alliance, AgResearch, Lincoln University, On-Farm Research
and Abacus Biotech are gratefully acknowledged. Meat & Wool New Zealand, as well as
funding SIL, is also contributing funds for ongoing support of these progeny test sites.

18-Nov-05 ACEQ01A13.doc mjy - sif
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What ACE is

ACE ranks animals for genetic merit according to specific criteria. A variety of lists are
produced, to characterise animals from different perspectives.

In order to participate in ACE evaluations breeders must be recording pedigree and
performance on farm, and using the SIL system.

Many breeders in New Zealand give permission for their flock data to be used in the ACE
evaluation. However, ACE will only rank animals where good genetic links between flocks
allow valid comparisons to be made. Some good animals may not appear on ACE lists if they
have not given permission for their data to be used, or if they are not well linked for the traits
in question. Without such links their merit cannot be validly compared to others in the '
evaluation. A later section looks at linkage briefly. '

ACE only lists animals of high genetic merit. The aim is to make widespread use of these in
the industry. For this large-scale evaluation, there is no value in identifying and publishing
lists containing information on animals of lower genetic merit.

. ACE uses the SIL system to estimate genetic merit. Reports are formatted in the same way as
those used by SIL breeders.

" ACE will update the evaluations regularly. Keep an eye on the website for this.

What ACE is not!
ACE does not provide the definitive description of genetic merit. For several reasons.

Firstly, not all sheep are farmed in the same way, for the same purpose. ACE focuses on the
two dominant types — dual-purpose sheep, where some lambs are destined for meat
production while others are kept as replacements for the ewe flock, and terminal sire sheep,
where, commercially, all lambs bomi to a sire are destined for meat production. Clearly,
maternal production traits are important in the former case but not the latter.

Not all breeders will face the same challenges to their breeding programme and some will be
aiming for a different sector of the market. ACE recognizes this and produces a variety of
listings that will be of interest to most breeders.

So ACE does not identify the top, single sheep in New Zealand!

“While ACE ranks animals on key production traits, it does not do so for ALL traits important
to sheep production. SIL focuses on traits amenable to measurement on farm and genetic
analysis. Other traits, such as structural soundness, are not part of the SIL system at this time..
As with SIL, the ACE system is another powerful tool that breeders can usefully apply to
their breeding programme. .

In addition, two features of the SIL system are NOT part of ACE — the trait of Survival and
maternal breeding values are routinely part of many SIL evaluations but are not part of ACE.

Survival is a “new trait” not considered directly before the SIL system was developed. '
Recording methods for Survival data vary considerably between flocks which may cause
problems in such a large analysis. For this reason it is currently excluded from the ACE
rankings.

Maternal breeding values cannot be estimated because of the scale of the genetic ACE
analysis and limits imposed by the hardware and software we are currently using.

Both these limitations are being addressed.

18-Nov-05 ACEQ01A13.doc ©omjy-sil
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ACE lists
Currently, the following listings are available on the ACE website.

These lists are based on “ACE indexes” which are similar but not necessarily the same as SIL
standard indexes. If you are familiar with SIL indexes, check out the equivalence of ACE
indexes with those you are using. Do this by looking at what breeding values are included,
and the weightings on these, for the indexes that you are interested in.

List : ~ Composition
Composite indexes Moade up of these single trait sub-indexes
ACE Terminal Sire TS Growth + TS Meat - _
ACE Dual Purpose DP Reproduction + DP Growth* + DP Wool
. ACE High Performance Dual Purpose HP Reproduction** + DP Growth* + DP 'Wc.)'c)l
ACE Maternal " DP Reproduction + DP Growth*
| ACE Dual Purpose WormF EC DP Reproduction + DP Growth* + DP Wool +
DP Meat + DP WormFEC
Single Trait Indexes ‘ Traits in index as breeding values
DP Reproduction NLB
Dual Purpose Growth - WWT,CW, EWT
Terminal Sire Growth ' i WWT, CW
TS Meat ) : LEAN, FAT
DP Wool LFW, FW12, EFW
DP WormFEC FECI1, FEC2, AFEC

" * DP Growth does NOT contain the maternal weaning weight BV (WWTy)

-** HP Reproduction has a lower weighting in the index than DP Reproduction — so NLB BV will have.
less impact on the overal! index

A work in progress

ACE is an ambitious undertaking. It is a good start but there are some issues requiring more
attention. The following list of issues are currently being addressed. Others will be added to
the list as we become aware of them and their importance to the industry.

e ACE will increase in value as we are able to rate animals in more flocks. This requires
more flocks to agree to participate and for these flocks to become linked, directly or
indirectly, with the main ACE evaluation group of flocks.

¢ Maternal breeding values cannot be estimated since the ACE evaluation is so large.
SIL is working to expand the capability of the software and hardware to overcome this
limitation. '

18-Nov-05 ACED01A13.doc mjy - sil
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e Some ACE indexes have fewer traits in them than commonly used SIL indexes. As
linkage between flocks and breeds improves for all traits, and as we address issues
limiting the current analysis (maternal BVs), ACE will be able to offer more
comprehensive indexes for ranking animals. However, single-trait focused lists will
always be important while we have breeders pursuing slightly different breeding
objectives.

¢ Current ACE evaluations do not account for hybrid vigour. Experts believe this will
have little effect on Growth, Meat and Wool traits. While it is more likely to affect
Reproduction, much of the breed crossing of interest occurs with similar breeds
(Romney, Coopworth, Perendale) and more significant crosses are already present in
the composite breeding flocks. Preliminary indications are that attempts to address
hybrid vigour will yield only small gains as the effects are likely to be small and are
hard to quantify from field data. SIL is working to implement a robust method that
will address hybrid vigour without introducing biases to the analysis. It is reassuring
that much genetic progress has been made in the past, in the presence of hybrid vigour
(e.g. in the development of new breeds) and experts believe the effect of hybrid
vigour, while present, does not invalidate the ACE evaluation.

.ACE has value to the industry and this value will increase as these issues are addressed.

Flock linkage

Across-breed links are obtained from the information collected at the three progeny test sites.
Here, rams of different breeds are mated to ewes and the performance of their progeny
measured. In some cases daughters are kept for evaluation of maternal traits.

Within-breed links are obtained largely from existing collaborative breeding groups in the
industry. These are usually based on sire referencing whereby common rams are used SO that
reference sires have progeny in more than one flock.

Some flocks may be well linked with other flocks in a collaborative breeding group.
However, if this group is not linked to one of the progeny test sites that ACE uses then the
whole group will be excluded from the rankings that ACE publishes.

" ACE publishes, on the website, visual depictions of a linkage. analys:s for key traits. These
help show which flocks are well linked and which are not.

A brief point about linkage must be made. Good linkage is obtained when a sire hés progeny
in two, or more, flocks. Buying a young ram from another breeder which then has all its
progeny in your own flock does not give adequate linkage for across-flock comparisons. SIL
can provide more detailed information on linkage if you require it.

Using ACE lists

Listings available on the website (www silace.co.nz) are formatted in the same way as those
used by breeders using the SIL system. From this website you can download descriptions on
how to interpret ACE information.

Need more information?

Contact your SIL bureau or call 0800-745-435 (0800-SIL-HELP).

18-Nov-05 ACEQ01A13.doc mjy - si
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Selection to increase resistance of sheep to internal parasites
SIL Technical Note

Relates to:  Selection for low worm faecal egg counts
Written by: Mark Young
Date: 17 May 2006

Summary :
¢ Resistance to internal parasites is moderately heritable (c.30%)

¢ Resistance incurs a small cost on metabohsm so resistant sheep may be slightly less
productive and can be slightly more daggy.

* SIL offers selection indexes that work against these weak associations so that animals can
be selected for that are more resistant while being more productive and less daggy.

‘e Genetic improvement through selection offers one of the best long-term solutions to the
~__increasing problem of drench resistance in the internal parasites of sheep.
Background

Control measures for internal parasites, or worms, have a very significant effect on farm profit
and on farm management. Susceptibility to worms leads to loss of production and to the
maintenance of a large population of worm larvae on pasture that can reinfect stock later.

Many industry-experts believe that the building resistance of worms to the drenches used to
control them will soon lead to a very significant problem for farmers. Breeding sheep to be
less susceptible to worms is one way to address this problem. Selection may be for
“resistance” or “resilience” when faced with a challenge by worms.

Resistant animals mount an immune response to reduce or eliminate the population of worms
in their gut. Resilient animals do not appear to mount any significant response and appear not
to show reductions in productivity. By comparison, “susceptible” animals show marked
decreases in productivity.

Some studies have shown that the resistance of sheep to worms has side effects. These need to
be considered. Resistant animals may show slightly lower productivity and may be slightly
more daggy when faced with a worm challenge. However, when not chalienged we wouldn’t
expect to see these effects.

These associations with resistance are not strong and so it is possible to select for resistance
without compromising production, and without increasing dagginess. In order to achieve this
we need to consider all these traits when making selection decisions.

Resistance versus resilience

Some people advocate selection to increase resistance while others argue for resilience. The
two traits are not so different under a selection system designed to improve productivity while
reducing parasite loads and reducing traits such as dagginess. Other SIL Technical Notes
discuss these issues in more detail.

SIL considers that in the context of sheep breeding, there are more similarities than
differences between resistance and resilience.

17-May-06 . WormFEC001A03.doc ’ mjy - sil
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Definition of resistance

In practice, resistance to internal parasites is measured as low faecal egg counts (FEC). Lower
FEC is associated with animals mounting a challenge to the worm population in their gut and
this challenge can reduce both the number of worms and the amount of eggs they produce.”

As part of resistance, sheep mount an immunological response to the worm infection. This
can be measured by assessing levels of an antibody in the blood of sheep that have been
challenged. However, it is less well related to resistance than FEC.

FEC is the on-farm measure most commonly used by SIL breeders to predict genetic merit for
resistance to worms.

Genetics of resistance

Resistance (FEC) is moderately heritable (25-30%). It is more heritable if two measurements
are made at different times. This is because taking an extra measurement helps when it is not
~ always possible to collect representative faecal samples from each sheep.

. There are unfavourable, but weak, associations between resistance and production traits, and
between resistance and dag score. Under a worm challenge, more resistance sheep can

- produce slightly less and be slightly more daggy. Fortunately there is a favourable correlation
between dag score and production traits — more productive sheep have lower dag scores.

Unfavourable associations do not mean resistance is an unrealistic selection objective. Far
from it. Since these associations are not strong it is quite reasonable to expect that we can
simultaneously improve these traits through selection. The unfavourable associations just
mean progress will be a little slower.

Measuring resistance as FEC

SIL uses the WormFEC protocol for assessing FEC as paﬁ of a breeding programme.
Developed by AgResearch, information collected on farm following this protocol is used by
SIL to produce estimates of genetic merit for resistance, the breeding values for FEC.

The genetic evaluation module used by SIL assumes FEC information has been collected
under particular conditions. Details of this can be obtained from AgResearch (see contacts
" below). Briefly, this involves ~

¢ Drenching lambs at weaning

o Collecting a faecal sample after a summer challenge of 6-8 weeks (FEC1
measurement), followed by a second drench

e Collecting a faecal sample after an autumn of 6-8 weeks challenge (FEC2
- measurement). '

o Sometimes a 2™ sample is collected a few days after FEC1 instead of a FEC2
collection. This is known as FECIB. It is desirable to have a second sample measured
later, but a compromise can be made to ensure a second sample is collected. Bear in
mind that it is important to have repeat measurements on each animal.

e There is the option of taking a blood sample at 7-9 months of age and measuring the
level of worm antibody. This method can reduce work and cost but genetic progress
will be slower because it is less well related to resistance than two FEC measurements.

Animals need to be challenged. In some situations (e.g. dry seasons) the challenge period may
need to be extended, to obtain higher average egg counts from which- we can see variation

17-May-06 WormFEC001A03.doc - mjy - sil
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between animals. The period of challenge can be extended until the average FEC reaches
around 800 eggs per gram (it is.not recommended to collect faecal samples if the mob average
is below 500 eggs per gram). Call SIL or AgResearch for advice relevant to your situation.

Faecal samples are sent to a laboratory accredited to produce WormFEC results. It is
important that results are obtained following a standard method, and expressed in a standard
way, so that the information derived is compatible with the SIL genetic evaluation module.

Worm eggs are counted as Nemotadirus (NEM; or “other” (FEC). This is because only
Nemotadirus eggs are easily distinguishable from other worm species.

Contemporary groups — Animals may have had different drenching histories, or exposure to a
parasite challenge. Where this can be identified as a mob effect, FEC samples or data should
be recorded as being from such different management groups. This is to ensure that variation
between mobs due to management does not bias or estimates of genetic merit for resistance.

The SIL genetic evaluation of resistance

~ SIL uses FEC and NEM data as well as information on body weight (WWT and autumn LW)
" and fleece weight (FW12) to predict resistance.

- SIL evaluations will be most accurate if two samples are collected per animal, and if there are
good numbers of animals tested. It is best to have 25-30 animals measured per sire family.

Breeding values are produced for FEC1, FEC2 and adult FEC (AFEC). The units of the
breeding value are in percentage terms relative to the average FEC for that flock. For
example, a figure of -20% says the animal has a FEC BV 20% below the flock average in the
base year. Conversely, +45% shows an animal has a FEC BV that is 45% above the flock
average in the base year. SIL uses a base year, when the average animal is 0%, to allow
progress to be assessed. As gains in resistance accumulate, fewer animals will have positive
breeding values or negative FEC sub-indexes.

Reporting on Reésistance

SIL récommends using overall indexes (e.g. DPO or TSO), incorporating estimates of genetic
merit for resistance. The overall indexes can be broken down into sub-indexes, one of which
- is for worm resistance or FEC. In the dual purpose index this sub-index is DPF. Previously
.this was named DPD (disease) but the abbreviation DPD is now used for Dag Score.

‘Breeding values can be placed on a report. Note that with the sub-indexes, positive is better
for resistance, while with FEC breeding values, negative is better. - '

In dual purpose sheep the sub-index for FEC (DPF) incorporates breeding values for FEC1,
FEC2 and AFEC. These are estimated from the information available for that genetic analysis
run. For terminal sire sheep, the sub-index for FEC (TSF) is based only on breed for their
value relative to other traits in the overall index.

For animals evaluated using the WormFEC system, SIL reborts show a WormFEC logo..

Need more information?
e Contact your SIL bureau, local SIL adviser or call 0800-745-435 (0800-SIL-HELP).

o Details on the WormFEC service offered by AgResearch can be obtained from Gordon
Greer (03-489-3809) or Neville Amyes (07-838-5421).

17-May-06 WormFEC001A03.doc mjy - sil
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Appendix 6

ACE technical history

The-objectives of the Advanced Central Evaluation (ACE) analysis were to:

Identify the best rams used in participating flocks, across all breeds, for specific
traits and a variety of useful industry endpoints,

Make these results available to both breeders and commercial farmers,

Over time introduce analyses for additional traits and flocks as genetic Iinks

improve. and flocks involved increase.

NOTE WELL: It |s not a breed evaluation and the wide mixture of breeds and breed

crosses in the top echelons of the sire lists makes this obvious. -

This document is written for interested researchers and breeders using performance

recordihg systems. It is not intended. for commercial farmers. However, it should be

readily understandable to those interested in performance recording.

The Advanced Central Evaluation (ACE) analysis was undertaken in the following way:

Flock selection and data validation

All SIL breeders were posted letters in November 2003 and December 2004
asking if they wished to take part under the conditions outlined.

Initially 154 breeders from a wide variety of breeds agreed to take part. Currently
208 breeders (301 flocks) are included. ' '

A preliminary analysis was undertaken in July 2004 and genetic linkages
examined to identify those floeks that were well enough linked to be included in
the analysie. ‘

Some ram parentage and anomalous results were followed up with individual

breeders.
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A revised and updated analysis was undertaken in late June 2004 and the

individual breeders involved were sent their draft within flock reeults and asked to

check parentage identification and breed composition of listed animals.

e During that period a number of independent checks of the results were

undertaken by SIL, AgResearch and Abacus Biotech staff including:

O

@]

consistency of results with the existing within breed analysee,

contacting breeders ahd checking of results and stock management for
key across breed linkages external to the Alliance CPT,

summary of breeding value means, and ranges, for individual traits by

breed and subsequent following up of any unusual results.

o Since that time ACE reports have been released and further checks on links and

anomalous results are undertaken.

Listing criteria and economic indices used

« SlL.and Alliance CPT management committee met and resolved the criteria for

listing rams within the constraints of the breeder agreements in August 2004

including:

O

(@)

Rams had to have both parents listed.

Rams bred outside the ACE linked flocks had to have 100 measured
progeny in ACE flocks. This typically meant that they had been evaluated
in two or more flock/years and provided sufficient progeny for accurate
evaluation given the lack of parental and half sib data.

Rams had to have been used in the last 3 birth years, énd be less than 10
years old. . _

Rams born in ACE flocks required 20 measured progeny to be Iieted, but
they also have extensive information frofn parents and relatives

The exact format of the lists was determined including what indices to be
used and their format. The intention was to provide a minimum of °
information, while conveying all that is essential.

Breed composition is listed for the two most predominanf breeds in a
ram'’s pedigree

Revised SIL economic values released in September 2004 were accepted

for use in indexes of genetic merit. Index lists were for the Terminal Sire
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index, Dual Purpose index and a High Performance Dual Purpose index
déveloped as part of the ACE project. The latter list is suitable for ram
clients weaning over 155% lambs weaned/ewes mated. In addition, “trait
leader lists” are listed for key objectives. _

o One new SIL innovation used was the calculation and listing of number Qf
Iambing records available from daughters and from half sibs.

o Because of concerns ébou{ variability between farms in recording lamb
survival, this trait was not included in the current indexes. _

o Initially wool records were not included due to lack of information in some
breeds in the dual purpose listings. It Was felt more valuable to include
additional flocks which had reproductive records. However the increased
number of analysis flocks has meant that there are sufficient flocks linked
for wool as well as growth and reproduction (86 flocks in May 2005 versus
43 in October 2004) for the dual purpose and high performance dual
purpose indexes to be based on all 3 goal trait groups, rather than just
growth-and reproduction. '

o New lists have been developed for flocks linked for growth and
reproduction with dual .purpose maternal and high perfbrmance dual
purpose maternal indexes.

o A small number of flocks had extensive records including parasite
resistance as well as growth, wool, ultrasound measurements and
reproduction. These were used in the ACE Dual Purpose WormFEC

listing.

June 2007 Analysis

An updated data file was created from the SIL database on 3 June 2007.

The data was analysed using the existing SIL genetic engihe for all traits and
based on genetic linkages certain flocks were listed. The exact description of the
method used is a multi-trait, repeated trait, animal model BLUP.

Because of the number of animals involved maternal breeding values for
weaning weight were not calculated.

There was no correction for hybrid vigour for further details see notes.
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- Al animals born betweeh 1990 and 2006 and their parentage information were
- used in .the analysis. The total number of animals was 2,640,000 born in 302
flocks. v

e The SIL base year is set to 1995: i.e. the year where the average animal born
has a breeding value of zero for all traits.

o There weré 185 report flocks for the ACE terminal sire flock lists and 2854 sires
satisfied the criteria for listing. >Of these, the top 200 were listed.

« Corresponding numbers for the dual purpose and high performance dual purpose
index lists were 100 report flocks and 22087 rams, with 200 listed.

¢ Numbers for the dual purpose maternal (growth and reproduction) index list were
168 flocks and 3304 rams, with 200 listed. o

o For the Dual Purpose WormFEC list there were 35 flocks and 933 farﬁs, with 100
Iistéd. Inclusion of additional flocks has identified flocks with lamb survival
recording problems and survival has been dropped from the Dual Purpose
WormFEC list at this stage. )

o For Trait leader lists -the flock numbers (and eligible sires for listing) involved
were 244 (4280) for growth, 185 (2854) for meat, 173 (3342) for reproduction,
107 (2283) for wool and 38 (973) for host resistance to- parasites.

« Lists of the top 15% of all sires used are available at http://www.sil.co.nz/

e The breéding values will be stored within the SIL database and breeders can
obtain lists for all animals including rising two-tooth sires for their flock via their
SIL bureau. |

~» Genetic linkages between linked flocks for key traits are available on the website

at http://www sil.co.nz/. . ‘
« Genetic trends for the national evaluation are also available off the website at
http://www.sil.co.nz/ . These trends are very useful as they clearly show genetic

“progress is occurring for a large fraction of the sheep industry.

Future Intentions
These lists will be updated 2 monthly, with overall summary lists posted on the
website only. Breeding values will be available in the SIL database for all animals

involved and individual -breeders can list the results for their flocks as required.
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However, once further genetic linkages are available and additional flocks

participating there is the possibility of shifting to a monthly evaluation.

Queries

. People interested in-further reading about performance recording and genetic

improvement in sheep using SIL are referred to “Introduction to SIL & Performance
Recording” 2006. 35pp, Mark Young, ISBN 0-473-10810-0 and “A guide to genetic
improvement in sheep” 2000. 80pp, Ed KG Geenty, Sheep Improvement Limited.
ISBN 0-908-768-97-4. These are available from Mark Young e-mail:
mark.young@sheepimprovement.co.hz or phone 027-220-6780.
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CLAIMS:

1. A method for identifying an ovine with a genotype 1ndlcat1ve of at least two altered
perforrnance traits, the method 1nclud1ng the step of detecting, in a sample derived from the
ovine, the presence of at least one allele of the CP34 simple sequence repeat (SSR) marker, or at
least one allele of a marker in linkage diseqnilibrium (LD) with CP34, wherein the presence of

the allele is indicative of the altered performance traits in the ovine.

2. The method of claim 1 in which the performance trait vis selecfed from the group consisting
of: weaning weight (WWT), body weight at 8 months (LW8), body weight at 12 months
(LW12), carcass weight (CW), adult ewe weight (EWT), eye muscle width (EMW), eye muscle
depth (EMD); eye muscle area (EMA), fat depth (FD), carcass fat weight (FAT), carcass lean
muscle weight (LEAN), number of lambs born (NLB), lamb fleece weight (LFW), hogget fleece
weight .(FW12), ewe (adult) fleece weight (EFW), hogget fibre diameter (FDIAM), and

resistance to gastrointestinal parasitic nematode infection.

3. A method for identifying an ovi'ne‘ with a genotype indicative of at least one altered
performance traits selected from the group consisting of: weaning weight (WWT), body weight
at 8 months (LW8), body weight at 12 months (LW12), carcass weight (CW), adult ewe weight
(EWT), eye muscle width (EMW), eye muscle depth (EMD), eye muscle area (EMA), fat depth
(FD), carcass fat weight (FAT), carcass lean muscle weight (LEAN), number of lambs born
(NLB), lamb ﬂeece weight (LFW), hogget fleece weight (FW12), ewe (adult) fleece weight

(EFW), hogget fibre diameter (FDIAM), and resistance to gastrointestinal parasmc nematode

infection, the method including the step of detecting, in a sample derived from the ovine, ‘the
presence of at least one allele of the CP34 simple sequence repeat (SSR) marker, or at least one
allele of a marker in linkage disequilibrium (LD) with CP34, wherein the presence of the allele is

indicative of the altered performance traits in the ovine.

4. A method for identifying an ovine with a genotype indicative of at leaét one altered
pefformance traits selected from the group consisting of: weaning weight (WWT), body weight
at 8 months (LW8), body weight at 12 months (LW12), carcass weight (CW), adult ewe weight
(EWT), eye muecle width (EMW), eye muscle depth (EMD), eye muscle area (EMA), fat depth
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(FD), carcass fat weight (FAT), carcass lean muscle weight (LEAN), number of lambs born
(NLB), lamb ﬂéece weight (LFW), hogget fleece weight (FW12), ewe (adult) fleece weight
(EFW), and hogget fibre diameter (FDIAM), the method including the step of detecting, in a
sample derived from the ovine, the presence of at least one allele of the CP34 simple sequence
repeat (SSR) marker, or at least one allele of a marker in linkage disequilibrium (LD) with CP34,

wherein the presence of the allele is indicative of the altered performance traits in the ovine.

5. The method of any one of claims 1 to 4 in which the marker in LD with CP34 is an SSR

marker.

6. The method of claim 5 in which the SSR marker in LD with CP34 is selected from the grbup
consisting of BMS1084327, BMS1082942, BMS1082956, BMS1082961, BMS1083945,
BM81083008; BMS1082252, BMS1082669, BMS1082702, BMS1082722, BMS1082831,
BMS1887400, BMS1887404, BMS1784528, BMS1600436, BMS1082043, BMS1082045,
BMS1081952, BMS1081760, BMS1081860, BMS30480882, BMS30480889, BMS1081770,
BMS1081774, RSAD2_1, BMS1081640, BMS1080704, and BMS1080870 as herein defined.

7. The method of claim of any one of claims 1 to 6 in which the allele of CP34 is selected from
the group consisting of: allele€ A, allele B, allele C, allele D, allele E, allele F, allele G and allele
H, as herein defined.

8. The method of claim 7 in which the allele of CP34 is allele A, G or H

9. The method of claim 7 in which the allele of CP34 is allele A.

10. The method of claim 7 in which the allele of CP34 is ailele CorE.

11. The method of claim 10 in which the allele of CP34 is allele E.

12. The method of any one of claims 1 to 11 in which the allele is detected using a polymerase

‘chain reaction (PCR) step.
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13. The method of claim 12 in which the allele is detected by amplifying the marker with
primers comprising sequence complimentary to sequence of the ovine genome flanking the

marker.

14. ‘The method of claim 12 in which the marker is amplified using at least one primer selected

from those set forth in Table 2.

15. fThe method of any one of claims 1 to 11 in which the allele is detected by a probe-based

methods.

16. The method of claim 15 in which the allele is detected by a probe comprising the sequence

of or complementary to the marker.

17. The method of any one of claims 1 to 16 in which the presence of a combination of more
than one allele of the CP34 SSR marker, or more than one allele of a marker in linkage

disequilibrium (LD) with CP34, is detected to identify the ovine.

18. The method of claim 17 in which a combination of at least one allele of the CP34 SSR and

at least one allele of a marker. ih LD with CP34, is detected to identify the ovine.

19. A method for selecting an ovine with at least two altered performance traits, the method

comprisingl selecting an ovine identified by a method of any one of claims 1 and 4 to 17.

"~ 20. A method of selecting an ovine with a genotype indicative of at least one altered

performance traits selected from the group cdnsisting of: weaning weight ‘(WWT), body weight
at 8 months (LW8), body weight at 12 months (LW12), carcass weight (CW), adult ewe weight
(EWT), eye muscle width (EMW), eye muscle depth (EMD), eye muscle-area (EMA), fat depth .
(FD), carcass fat weight (FAT), carcass lean muscle weight (LEAN), number of lambs born
(NLB), lamb fleece weight (LFW), hogget fleece weight (FW12), ewe (adult) fleece weight
(EFW), hogget fibre diametér (FDIAM), and resistance to gastrointestinal parasitic nematode
infection, the method selecting an ovine identified by a method of any one of claims 2 and 4 to

17.
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21. A method of selecting an ovine with a genotype indicative of at least one altered
perfdrmance traits selected from the group consisting of: weaning weight (WWT), body weight
at 8 months (LWS8), body weight at 12 months (LW12), carcass weight (CW), adult ewe weight
(EWT), eye muscle width (EMW), eye muscle depth (EMD), eye muscle area (EMA), fat depth
(FD); carcass fat weight (FAT), carcass lean muscle weight (LEAN), number of lambs born
(NLB), lamb fleece weight (LFW), hogget fleece weight (FW12), ewe (adult) fleece weight
(EFW), and hogget fibre diameter (FDIAM), the method selecting an ovine identified by a

method of any one of claims 3 to 17.

22. An isolated polynucleotide comprising an SSR marker éelected from the group consisting of
BMS1084327, BMS1082942, BMS1082956, BMS1082961, BMS1083945, BMS1083008,
BMS1082252, BMS1082669, BMS1082702, BMS1082722, BMS1082831, BMS1887400,
BM818874'O4,' BMS1784528, BMS1600436, BMS1082043, BMS1082045, BMS1081952,
BM81081760, BM81081860, BMS30480882, BMS30480889, BMS1081770, BMS1081774,
RSAD2_1, BMS1081640, BMS1080704, and BMS1080870 as herein defined.

23. A primer suitable for amplifying a polynucleotide of claim 22, the primer comprising a

sequence complimentary to sequence of the ovine genome flanking the marker.

24. A primer of claim 23, selected from the primers set forth in Table 2.
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Figure 1
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Figure 2
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Figure 3
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