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(57) ABSTRACT

A single nucleotide polymorphism (SNP) in exon 2 of the
cattle IGF2 gene is associated in cattle with phenotypes of
increased rib eye area, decreased fat content, decreased
marbling, and decreased birth weight. The presence of a C
residue at position 150 of SEQ ID NO: 1, results in increased
rib eye area, decreased fat content, and decreased marbling.
Expression of the IGF2 gene is also affected by genomic
imprinting, with the maternally derived IGF2 allele being
suppressed during gestation. As a result, an offspring that
obtains a paternal IGF2 allele with a C residue at position
150 of SEQ ID NO: 1 will display a phenotype of reduced
birth weight as compared to offspring with a paternally
derived IGF2 allele with a T residue at this position.
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PRODUCTION CHARACTERISTICS OF CATTLE

FIELD OF THE INVENTION

[0001] The present invention relates generally to methods
of selective breeding and management of cattle, and in
particular to predicting production characteristics from a

genotype.

BACKGROUND

[0002] Calf birth weight is considered one of the most
critical factors in obtaining a live calf, and therefore is very
important to the success of a cow-calf operation. Traditional
belief among ranchers (Canadian Cattlemen magazine,
Calving Special 2003) was that producers will have to
sacrifice a high rate of gain in order to have a smaller calf
at birth. Smaller birth weight much reduces the need for
assistance at birthing and increases the survival rate of both
the calves and dams. Parent animals who will produce
offspring with birth weights that improve the chances of
survival are thus often desirable. Birth weight is a highly
heritable trait.

[0003] Weight gain by a livestock animal during its
growth and development typically follows a tri-phasic pat-
tern that is carefully managed by commercial producers and
finishers. It is known that the efficiency of dietary caloric
(feed) conversion to weight gain during an increment of time
varies during these three phases, although little is known
about the genetic or physiological basis of the variability.

[0004] The first phase of growth is considered to comprise
that portion of a livestock animal’s life from birth to
weaning. Typically in commercial livestock feeding and
finishing operations little attention is paid to this phase of
growth, as food is provided by the mother and so there is
little to be done in terms of food ration management.

[0005] A second growth phase comprises that portion of a
livestock animal’s life from weaning to attainment of mus-
culo-skeletal maturity. As feed conversation efficiency is
low during this phase, livestock producers usually restrict
caloric intake in an effort to keep feed costs as low as
practical without affecting the muscle maturation process.
Limiting caloric intake does have the effect of prolonging
this growth phase, but also typically results in animals with
larger frame size, which is the primary aim of dietary
management during this phase. During the second growth
phase weight gain is associated with increases primarily in
skeletal and muscle mass.

[0006] The third phase of growth is associated primarily
with fat accumulation. During this phase, and after an
animal has attained musculo-skeletal maturity, the efficiency
of feed conversion is further reduced such that it requires
even more feed to increase an animal’s weight by a particu-
lar amount.

[0007] A further goal in breeding and herd management
programs is to increase the proportion of high value cuts of
meat in the finished animal, thereby increasing the value of
the animal at slaughter. One measurement associated with
higher value carcasses is rib eye area (REA) size. Since it is
known that variability exists among animals with respect to
feed conversion efficiency and the tendency to produce high
value meat, producers have attempted to develop methods of
screening animals in order to predict which ones will yield
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the greatest value as a finished product. One method of
breeding and culling, based on parental animal frame size, is
of some use in judging the potential of animals but does not
realize the full genetic potential of an individual animal in
terms of feed conversion efficiency and the proportion of
high value meat cuts that it might eventually provide.

[0008] Insulin-like growth factor 2 (IGF2) is a 67 amino
acid peptide hormone having multiple phenotypic effects on
cellular growth and metabolism. The IGF2gene comprises
10 exons in pig (Amarger et al. 2002) and human (McLaren
and Montgomery 1999), while the sheep IGF2 gene has 9
exons (FIG. 1) (Ohlsen et al. 1994). No equivalent to human
exon 2 has been found in sheep (Ohlsen et al. 1994). The
mouse and rat IGF2 have six exons and two pseudo or
non-coding exons (Ohlsen et al. 1994) (FIG. 1).

[0009] IGF2 was previously thought to function primarily
as a fetal and neonatal growth factor (De Chiara et al. 1990,
1991, Rotwein and Hall 1990, Giannoukakis et al. 1993).
However, a role for IGF2 during the postnatal development
of lean meat carcass content of pigs (i.e. ham size) has
recently been demonstrated (Jeon et al. 1999, Nezer et al.
1999, Amarger et al. 2002).

[0010] In several species such as mice, (De Chiara et al.
1991, Sasaki et al. 1992), rats (Ohlsson et al. 1993), humans
(Kalscheuer et al. 1993, Giannoukakis et al. 1993), pigs
(Nezer et al. 1999, Jeon et al. 1999), and sheep (McLaren
and Montgomery 1999, Feil et al. 1998) the IGF2 gene has
been shown to be genomically imprinted. In these animals,
the paternal allele is expressed throughout the development
and lifetime of the animal.
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SUMMARY OF THE INVENTION

[0030] Recent studies have revealed that a single nucle-
otide polymorphism in exon 2 of IGF2(SNP-2) in cattle is
associated with decreased birth weight and increased rib eye
area (REA) size. Genomic imprinting in IGF2 results in
expression of only the paternal allele during gestation, while
both the maternal and paternal alleles are expressed after
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birth. The results of these studies also show that the SNP-2
allele from the sire affects birth weight, while both the
maternal and paternal IGF2 alleles affect REA size.

[0031] With this discovery it will now be possible to use
genetic testing to determine an animal’s IGF2 genotype, and
then use this knowledge to manage breeding and manage-
ment programs in order to obtain calves with lower birth
weights to ease calving, as well as to produce animals that
will yield high value meat cuts from the finished animal.

[0032] Tt is well known that genetic variants have the
potential to dramatically change the expression and or
function of a gene product. In addition single nucleotide
polymorphisms (SNPs), whether or not they are the proxi-
mate cause of the altered expression or function of the gene
product, can further provide a genetic marker for the variant.
Thus, where the SNP can associated with a specific pheno-
type, the SNP provides a further advantage in predicting the
phenotypic outcomes based on an animal’s genotypic
makeup.

[0033] The present invention relates to the identification of
a single nucleotide polymorphism in exon 2 of IGF2 (SNP-
2) in cattle and to methods of selecting and managing cattle
production based on the presence or absence of the poly-
morphism. The polymorphism comprises a C to T transition
at position 150 of SEQ ID NO: 1.

[0034] By identifying animals with a particular genotype,
with respect to the SNP alleles described herein, it is
possible to identify animals that will display the phenotypes
of a desirable birth weight and superior carcass quality as
compared to animals lacking the desired genotype.

[0035] In particular, the present invention relates to meth-
ods for establishing the genetically determined predisposi-
tions of individual cattle within a group of such animals, to
meet particular desired characteristics with respect to
growth, based on the association of the specific IGF2 gene
SNPs with observable effects on growth phenotype in ani-
mals.

[0036] 1t is therefore an object of the present invention to
provide a method of predicting calf birth weight from its
sire’s SNP-2 genotype.

[0037] It is a further object of the invention to predict the
quality of a beef carcass, specifically an increase in REA
size, through knowledge of the individual animal’s SNP-2

genotype.

[0038] It is a further object of the present invention to use
the IGF2 exon 2 SNP (SNP-2) as a predictor of IGF2
expression patterns which are known to result in an
increased REA, fat content and marbling, and to use the
knowledge of IGF expression and genomic imprinting in
breeding and herd management applications.

[0039] The observation that SNP-2 is correlated with
reduced birth weight and increased REA size has implica-
tions for both breeding and management practices through-
out the various segments of the beef chain or cattle industry.
Depending on which part of the chain the producer/company
is involved, different management or breeding strategies will
be most advantageous in view of an animal’s SNP-2 geno-

type.

[0040] The presence of a C residue at position 150 is
termed herein as a C allele while the presence of a T residue
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at position 150 is termed herein as a T allele. Animals can
be homozygous with respect to the C allele (C/C cattle) or
the T allele (T/T cattle) or heterozygous (C/T cattle).

[0041] Selective mate choices, based on SNP-2 can be
used to influence calf birth weight. Since the presence of the
SNP-2 variant in the father is phenotypically expressed in
the offspring as a decrease in birth weight, producers will be
able to make breeding/culling decisions based on the geno-
type of the sire to select for lower birth weight in calves. The
ability to select for C/C homozygous sires will ensure lower
birth weight, which in turn reduces the risk of dystocia. This
type of selection is not currently possible, as a dam that gives
birth to a lower birth weight calf may not produce offspring
with the same low birth weight trait, due to the fact that the
offspring express this trait based on their paternal inherit-
ance. Therefore, using the method of the invention, a breeder
will be able to select herd sires for low birth weight in the
knowledge that all his offspring will have lower birth weight
regardless of the dam’s genotype.

[0042] The SNP-2 genotype also affects REA size, such
that animals with a C residue at the SNP-2 site in both IGF2
alleles (C/C offspring) will display the greatest increase in
REA size. This invention therefore further allows producers
to make breeding/culling decisions based on the knowledge
of SNP-2 genotype in the sire and dam in order to obtain C/C
offspring, thus maximizing the potential for high value cuts
of meat based on predicted REA size.

[0043] The present invention is also an improvement on
the current method of sorting cattle according to parental
phenotypes. As shown in the experimental data that follows,
REA size is shown to be predicted by SNP-2 genotype. By
enabling a producer to intelligently modulate nutrition pro-
vided to animals during phase 1 and 2 of their growth, based
on their genetic potential, the economic return on the genetic
potential will be maximized.

[0044] Animals possessing various IGF2 SNP genotypes
are expected to have different protein and energy require-
ments. Specifically, animals expressing the C/C genotype,
which is associated with increased REA size, can be
expected to have higher protein requirements. Present feed-
ing practices, where animals are not distinguished on the
invention described herein, may unknowingly under-supply
protein to CIC animals and over-supply protein to T/T
animals. Using the method of the present invention there-
fore, producers will be able to maximize the genetic poten-
tial of individual animals.

[0045] The present invention will also be useful in the
management strategies employed in the cattle industry. In
the first two phases of the animal’s life, which include
skeletal and muscular development up to physiological
maturity, the nutritional requirements, i.e. protein require-
ments needed to meet genetic potential for protein accretion,
are traditionally based on a group basis, and not on knowl-
edge of individual growth or protein production potential.
Thus variation in animal potential is muted by population
averaging.

[0046] Current methods of sorting use anecdotal frame
measurements, classifying animals as small, medium, or
large-framed. Once classed in this way, the genetic potential
for all the animals in a pen or group are treated as the same.
The present invention shows this method of sorting is less
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precise than sorting by genotype. Using the method of the
present invention, sorting animals by their SNP-2 genotype
will allow the producer to group cattle within a certain
skeletal and muscular range by knowledge of their genotype.
This then further allows environmental and nutritional
parameters to be tailored to take fill advantage of each
individual animal’s genetic potential for muscular and REA
size development which will ultimately increase production
efficiencies.

[0047] Finally, the method of the present invention will
allow those in the slaughter industry to better satisty their
requirements for end beef products, and to more accurately
price the animals they purchase for processing. At present
REA size is a predictor of high end cuts on the carcass. The
greater the REA size, the more valuable the animal. Through
application of the method of the present invention, slaugh-
terhouses will know what “value” to expect of a carcass
upon processing, based on the knowledge of its SNP-2
genotype. The processing industry will therefore be able to
bid for animals more accurately than is currently possible
using prior art methods of sorting based on frame size, as
they will have knowledge of whether a carcass has a greater
or lesser potential to yield higher value cuts of meat.

DESCRIPTION OF THE DRAWINGS

[0048] While the invention is claimed in the preceding
portions hereof, preferred embodiments are provided in the
accompanying detailed description which may be best
understood in conjunction with the accompanying diagrams,
where like parts in each diagram are labeled with like
numbers and where:

[0049] FIG. 1: A comparison of the genomic organization
of the pig, sheep, human, rat, mouse, and cow IGF2 genes
(Adapted from Ohlsen et al. 1994, Amarger et al. 2002). The
numbered boxes represent the IGF2 exons. Open and solid
boxes indicate untranslated and translated exons respec-
tively. P1 and P2 are the two pseudo-exons identified in the
mouse IGF2 gene (Rotwein and Hall 1990). Promoters are
indicated by P1 -P4.

[0050] FIG. 2: Photograph of an ethidium bromide stained
agarose gel (3%) of an embryo transfer family from a
heterozygous (C/T) Charolais sire and homozygous (C/C)
Limousin dam. Four calves are heterozygous for the T allele
and the other four calves are homozygous for the C allele.
The C allele is 185 bp and the T allele is 118 and 68 bp. The
32 bp product is not shown.

[0051] FIG. 3: Photograph of ethidium bromide stained
gels from quantitative PCR experiments. The maternal allele
is expressed at lower levels that the paternal allele in a young
calf (Calf 1). By 40 days of age, there is a complete loss of
imprinting in the maternal allele.

DETAILED DESCRIPTION OF THE
INVENTION

Definitions:

[0052] In the description that follows, a number of terms
used in recombinant DNA technology are extensively uti-
lized. In order to provide a clear and consistent understand-
ing of the specification and claims, including the scope to be
given such terms, the following definitions are provided:
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[0053] By “amplifying a segment” as used herein, is
meant the production of sufficient multiple copies of the
DNA segment to permit relatively facile manipulation of the
segment. Manipulation refers to both physical and chemical
manipulation, that is, the ability to move bulk quantities of
the segment around and to conduct chemical reactions with
the segment that result in detectable products.

[0054] A “segment” of a polynucleotide refers to an oli-
gonucleotide that is a partial sequence of entire nucleotide
sequence of the polynucleotide.

[0055] A “modified segment” refers to a segment in which
one or more natural nucleotides have been replaced with one
or more modified nucleotides. A “modified, labeled seg-
ment” refers to a modified segment that also contains a
nucleotide, which is different from the modified nucleotide
or nucleotides therein, and which is detectably labeled.

[0056] An “amplification primer” is an oligonucleotide
that is capable of annealing adjacent to a target sequence and
serving as an initiation point for DNA synthesis when placed
under conditions in which synthesis of a primer extension
product which is complementary to a nucleic acid strand is
initiated.

[0057] By “analysis” is meant either detection of varia-
tions in the nucleotide sequence among two or more related
polynucleotides or, in the alternative, determining the full
nucleotide sequence of a polynucleotide. By “analyzing” the
hybridized fragments for an incorporated detectable label
identifying the suspected polymorphism is meant that, at
some stage of the sequence of events that leads to hybridized
fragments, a label is incorporated. The label may be incor-
porated at virtually any stage of the sequence of events
including the amplification, cleavage or hybridization pro-
cedures. The label may further be introduced into the
sequence of events after cleavage and before or after hybrid-
ization. The label so incorporated is then observed visually
or by instrumental means. The presence of the label identi-
fies the polymorphism due to the fact that the fragments
obtained during cleavage are specific to the modified nucle-
otide(s) used in the amplification and at least one of the
modified nucleotide is selected so as to replace a nucleotide
involved in the polymorphism.

[0058] The term “animal” is used herein to include all
vertebrate animals, including humans. It also includes an
individual animal in all stages of development, including
embryonic and fetal stages. As used herein, the term “pro-
duction animals” is used interchangeably with “livestock
animals” and refers generally to animals raised primarily for
food. For example, such animals include, but are not limited
to, cattle (bovine), sheep (ovine), pigs (porcine or swine),
poultry (avian), and the like. As used herein, the term “cow”
or “cattle” is used generally to refer to an animal of bovine
origin of any age. Interchangeable terms include “bovine”,
“calf”, “steer”, “bull”, “heifer” and the like. As used herein,
the term “pig” or is used generally to refer to an animal of
porcine origin of any age. Interchangeable terms include
“piglet”, “sow” and the like.

[0059] The term “antisense” is intended to refer to poly-
nucleotide molecules complementary to a portion of an RNA
marker of a gene, as defined herein. “Complementary”
polynucleotides are those that are capable of base pairing
according to the standard Watson-Crick complementarity
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rules, where purines base pair with pyrimidines to form
combinations of guanine paired with cytosine (G:C) and
adenine paired with either thymine (A:T) in the case of
DNA, or adenine paired with uracil (A:U) in the case of
RNA. Inclusion of less common bases like inosine, 5-me-
thylcytosine, 6-methyladenine, hypoxanthine and others in
hybridizing sequences does not interfere with pairing.

[0060] By the term “complementarity” or “complemen-
tary” is meant, for the purposes of the specification or
claims, a sufficient number in the oligonucleotide of comple-
mentary base pairs in its sequence to interact specifically
(hybridize) with the target nucleic acid sequence of the gene
polymorphism to be amplified or detected. As known to
those skilled in the art, a very high degree of complemen-
tarity is needed for specificity and sensitivity involving
hybridization, although it need not be 100%. Thus, for
example, an oligonucleotide that is identical in nucleotide
sequence to an oligonucleotide disclosed herein, except for
one base change or substitution, may function equivalently
to the disclosed oligonucleotides. A “complementary DNA”
or “cDNA” gene includes recombinant genes synthesized by
reverse transcription of messenger RNA (“mRNA”).

[0061] By the term “composition” is meant, for the pur-
poses of the specification or claims, a combination of
elements which may include one or more of the following:
the reaction buffer for the respective method of enzymatic
amplification, plus one or more oligonucleotides specific for
IGF2 gene polymorphisms, wherein said oligonucleotide is
labeled with a detectable moiety.

[0062] A “cyclic polymerase-mediated reaction” refers to
a biochemical reaction in which a template molecule or a
population of template molecules is periodically and repeat-
edly copied to create a complementary template molecule or
complementary template molecules, thereby increasing the
number of the template molecules over time. The products
of such a reaction are commonly referred to as amplification
products.

[0063] “Denaturation” of a template molecule refers to the
unfolding or other alteration of the structure of a template so
as to make the template accessible for duplication or hybrid-
ization. In the case of DNA, “denaturation” refers to the
separation of the two complementary strands of the double
helix, thereby creating two complementary, single stranded
template molecules. “Denaturation” can be accomplished in
any of a variety of ways well known to those skilled in the
art, including heat or by treatment of the DNA with a base
or other chemical denaturant.

[0064] A “detectable amount of product” refers to an
amount of amplified nucleic acid that can be detected using
standard laboratory tools. A “detectable marker” refers to a
nucleotide analog that allows detection using visual or other
means. For example, fluorescently labeled nucleotides can
be incorporated into a nucleic acid during one or more steps
of a cyclic polymerase-mediated reaction, thereby allowing
the detection of the product of the reaction using, e.g.
fluorescence microscopy or other fluorescence-detection
instrumentation.

[0065] By the term “detectable moiety” is meant, for the
purposes of the specification or claims, a label molecule
(isotopic or non-isotopic) which is incorporated indirectly or
directly into an oligonucleotide, wherein the label molecule





















