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(57) ABSTRACT 

Provided herein are methods to discover and use single nucle 
otide polymorphisms (SNP) for determining the genotype of 
a horned/polled ruminant subject. The present invention fur 
ther provides specific nucleic acid sequences, SNPs, and SNP 
patterns that can be used for determining the genotype of a 
horned/polled ruminant Subject. 
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METHOD AND MARKERS FOR 
DETERMINING THE GENOTYPE OF 

HORNED/POLLED CATTLE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation-in-part of U.S. 
application Ser. No. 10/997.814, filed Nov. 23, 2004, which in 
turn claims the benefit of priority under 35 U.S.C. S 119(e) of 
U.S. Ser. No. 60/525,061, filed Nov. 24, 2003, the entire 
content of which are incorporated herein by reference. 

FIELD OF THE INVENTION 

0002 The invention relates to determination of the geno 
type for the horned/polled phenotype and more specifically to 
the use of at least one of eleven single nucleotide polymor 
phisms to determine the phenotype. 

BACKGROUND INFORMATION 

0003. In the beef and dairy industries, horns on cattle are 
the cause of several economic and management problems. 
Horns pose hazards to animal handlers and also to other cattle 
causing large economic losses due to bruising. Difficulty in 
calving (dystocia) has been associated with horns and the 
widespread practice of dehorning young cattle has been 
shown to be stressful and reduce growth rates (Goonewardene 
et al., (1999) Can. J. Anim. Sci. 79:383-385). 
0004 Polled (hornless) cattle are found in modern breeds 
and evidence of polled cattle dates back to the Miocene 
epoch, well before the domestication of cattle. In some breeds 
(e.g. Angus) the polled condition has been selected for but in 
others such as Hereford, the breed was established with the 
horned phenotype. There is increasing pressure from the live 
export and feedlot trades on producers to sell hornless cattle. 
Selective breeding with polled cattle is the means of intro 
gressing the polled trait into horned cattle breeds. 
0005. A single gene in cattle controls the horn develop 
ment trait and the polled phenotype is dominant to the horned 
phenotype. Thus, hornless cattle may be either heterozygous 
(horned carriers) or homozygous for the polled allele and the 
ability to distinguish between carriers and non-carriers is 
crucial to breeding programs. The physical detection of 
horned or polled cattle is further complicated by the presence 
of Scurs. Scurs are rudimentary horns that are usually small 
and loosely attached to the head but can be large and attached 
well enough to make them difficult to distinguish from horns 
(Brenneman et al. (1996) J Hered 87:156-161), particularly 
by the untrained. The Scurlocus maps to bovine chromosome 
19 and is thought to be expressed only in conjunction with the 
heterozygous horned/polled genotype and masked by the 
homozygous polled condition (Asai-Coakwell (2002) Inter 
national Society for Animal Genetics; Schmutz et al., (1995) 
Mamm Genome 6:710-713). Horn growth makes it impos 
sible for scurs to develop at the same spot, but the horned 
animals can still carry the gene for Scurs. Scurs typically do 
not appear until about 4 months of age and, if left on, stop 
growing at a few inches. It can sometimes be difficult to 
distinguishhorns from Scurs in a young animal. However, the 
condition (scurs vs horns) can be easily recognized in a 
mature animal by one skilled in the art. Nevertheless, a defini 
tive genetic test would greatly facilitate the breeding of polled 
cattle by obviating the need to distinguish scurs from horns at 
any stage of animal development. 
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0006. The polled locus has been mapped to the centro 
meric region of bovine chromosome 1 (BTA1) (Georges et al. 
(1993) Nature Genet 4:206-210) but the gene has not been 
identified. The discovery of genetic markers very closely 
linked to the polled gene would allow the use of marker 
assisted selection (MAS) as a breeding tool. Several groups 
have conducted linkage studies using families segregating for 
the horned and polled phenotypes with DNA markers (mostly 
microsatellites). The gene is located near the centromere of 
BTA1 (Harlizius et al. (1997) Mamm Genome 8:255-257). 
Linkage was found for several markers but the data were 
insufficient to order the genes within the markers. 
0007. There is currently no commercial genetic test avail 
able in the U.S. to distinguishhorned and polled alleles. A test 
is available at Bova-Can laboratories in Canada that uses 4 
microsatellite markers but this test requires samples from 
complete informative families. Along with the sample from 
the polled animal being tested, they request samples from a 
horned full-sib and both polled parents. It is recommended 
that an extended pedigree is provided before it can be deter 
mined if the test will be possible. 
0008 DNA analysis provides a powerful tool for distin 
guish horned and polled alleles of individual animals. Single 
nucleotide polymorphisms (SNP) are likely to become the 
standard marker for such identification because of the ease of 
scoring, low cost assay development and high-throughput 
capability. Compared with other types of DNA markers, 
single nucleotide polymorphisms (SNPs) are attractive 
because they are abundant, genetically stable, and amenable 
to high-throughput automated analysis. In cattle, the chal 
lenge has been to identify a minimal set of SNPs with suffi 
cient power for use in a variety of popular breeds and cross 
bred populations. SNPs are DNA sequence variations that 
occur when a single nucleotide in the animal mt-DNA or 
nuclear genome sequence is altered and detected by tradition 
ally direct DNA sequencing protocol. For example, a SNP 
might change the DNA sequence AAGGCTAA to ATG 
GCTAA. SNPs occur at one SNP every 1.9 kilobases in the 
human genome. SNPs can occur in both coding (gene) and 
noncoding regions of the genome. Many SNPs have no effect 
on cell function, but it is believed that others could predispose 
organism to disease or influence their response to a challenge. 
SNPs are evolutionarily stable—not changing much from 
generation to generation—making them easier to follow in 
population studies. SNPs also have properties that make them 
particularly attractive for genetic studies. They are more fre 
quent than microsatellite markers, providing markers near to 
or in the locus of interest, Some located within the gene 
(cSNP), which can directly influence protein structure or 
expression levels, giving insights into functional mecha 
nisms. 
0009. Accordingly, there remains a need for methods and 
compositions that provide information regarding SNP mark 
ers that can distinguish between the bovine horned and polled 
alleles and thus heterozygous and homozygous polled ani 
mals. 

SUMMARY OF THE INVENTION 

0010. The present invention is based, in part, on the dis 
covery of bovine single nucleotide polymorphism (SNP) 
markers that are associated with, and predictive of bovine 
horned and polled genotypes. The term “marker” refers to a 
sequence in the genome that is known to vary among indi 
viduals in a population. Accordingly, the present invention 
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provides methods to discover and use single nucleotide poly 
morphisms (SNP) for identifying the horned and/or polled 
genotype of a bovine subject. The present invention further 
provides specific nucleic acid sequences, SNPs, and SNP 
patterns that can be used for identifying a horned or polled 
genotype for a bovine test Subject. 
0011. A set of markers that can be used individually, or in 
combination to distinguish homozygous polled individuals 
from heterozygous polled animals is provided. The markers 
can also be used to determine the genotype of all horned and 
polled animals. 
0012. In one embodiment, a method for identifying the 
horned/polled genotype of a bovine Subject from a nucleic 
acid sample of the subject, is provided. The method includes 
identifying, in the nucleic acid sample, at least one nucleotide 
occurrence of a single nucleotide polymorphism (SNP) cor 
responding to the nucleotide at position 300 of any one of 
SEQ ID NOs:49-64, or complement thereof, wherein the 
nucleotide occurrence is predictive of the genotype. Gener 
ally, the nucleotide occurrence of at least 2 SNPs can be 
determined. The 2 SNPs can comprise a haplotype, thereby 
identifying a haplotype allele that is associated with the geno 
type. The target nucleic acid molecule can be any nucleic acid 
molecule, including genomic DNA or RNA, either double- or 
single-stranded. 
0013. In another embodiment, a method of generating a 
genomic pattern of single nucleotide polymorphisms (SNPs), 
is provided. The method includes obtaining a nucleic acid 
sample from a bovine test subject; identifying in the nucleic 
acid sample a plurality of SNPs corresponding to a nucleotide 
at position 300 of any combination of SEQID NOs:49-64, or 
the complement thereof, and generating the genomic pattern 
based upon the identified markers. The genomic pattern gen 
erally includes about 3, 5, 8, 10, 12, 14, 16, or more, markers. 
Exemplary patterns include those provided in patterns 1-25 of 
Table 2. The plurality of SNPs can be selected from the SNPs 
designated MMBT25314, MMBT25316, MMBT25309, 
MMBT10497, MMBT25298, MMBT25303, MMBT10498, 
MMBT25287, MMBT25288, MMBT25289, MMBT25290, 
MMBT10493, MMBT25281, MMBT25292, MMBT25313 
and MMBT25986. 
0014. In another embodiment, a panel of SNPs including 
MMBT25314, MMBT25316, MMBT25309, MMBT10497, 
MMBT25298, MMBT25303, MMBT10498, MMBT25287, 
MMBT25288, MMBT25289, MMBT25290, MMBT10493, 
MMBT25281, MMBT25292, MMBT25313 and 
MMBT25986, is provided. 
0015. In yet another embodiment, a genomic pattern as set 
forth in any one of patterns 1-25 of Table 2, is provided. 
0016. In one embodiment, a database including any one of 
patterns 1-25 of Table 2, is provided. The database can 
include a plurality of patterns selected from the group con 
sisting of patterns 1-25 of Table 2. “Plurality, as used herein, 
means two or more of the patterns are included in the data 
base. 
0017. In another embodiment, a computer-based method 
for identifying the horned/polled genotype of a bovine sub 
ject is provided. The method includes obtaining a nucleic acid 
sample from the Subject; identifying in the nucleic acid 
sample a plurality of single nucleotide polymorphisms (SNP) 
corresponding to the nucleotide at position 300 of any com 
bination of SEQ ID NOs:49-64, or complement thereof; 
searching a database comprising a plurality of genomic pat 
terns selected from the group consisting of patterns 1-25 of 
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Table 2: retrieving the information from the database; option 
ally storing the information in a memory location associated 
with a user Such that the information may be Subsequently 
accessed and viewed by the user; and identifying the identi 
fying the horned/polled genotype of a bovine subject. 
0018. In other embodiments, kits for determining nucle 
otide occurrences of SNPs associated with horned or polled 
genotype in a bovine Subject are provided. Such kits can 
include an oligonucleotide probe, primer, or primer pair, or 
combinations thereof, for identifying the nucleotide occur 
rence of at least one single nucleotide polymorphism (SNP) 
corresponding to position 300 of any one SEQID NOs:49-64. 
or complement thereof. The kits can further include one or 
more detectable labels. 
0019. In another embodiment, a database comprising a 
plurality of single nucleotide polymorphisms (SNP) selected 
from at least two of the SNP markers at position 300 of any of 
SEQID NOs:49-64, or complement thereof, is provided. 
0020. In yet another embodiment, an isolated single nucle 
otide polymorphism (SNP) corresponding to a nucleotide at 
position 300 of any one of SEQID NOs:49-64, or the comple 
ment thereof, is provided. 
0021. In another embodiment, an isolated oligonucleotide 
comprising any one of SEQID NOs:49-64, is provided. 
0022. In another embodiment, an isolated oligonucleotide 
selected from the group consisting of SEQID NOs:49-64 is 
provided. 
0023. In yet another embodiment, a method for identify 
ing the horned/polled genotype of a ruminant subject from a 
nucleic acid sample of the subject is provided. The method 
includes identifying, in the nucleic acid sample, at least one 
nucleotide occurrence of a single nucleotide polymorphism 
(SNP) corresponding to the nucleotide at position 300 of any 
one of SEQID NOs:49-64, or complement thereof, wherein 
the nucleotide occurrence is predictive of the genotype. 
0024. In another embodiment, a method of generating a 
genomic pattern of single nucleotide polymorphisms (SNPs) 
is provided. The method includes obtaining a nucleic acid 
sample from a ruminant Subject; identifying in the nucleic 
acid sample a plurality of SNPs corresponding to a nucleotide 
at position 300 of any combination of SEQID NOs:49-64, or 
the complement thereof, and generating the genomic pattern 
based upon the identified markers. 
0025. In another embodiment, a computer-based method 
for identifying the horned/polled genotype of a ruminant 
Subject is provided. The method includes obtaining a nucleic 
acid sample from the Subject; identifying in the nucleic acid 
sample a plurality of single nucleotide polymorphisms (SNP) 
corresponding to the nucleotide at position 300 of any com 
bination of SEQ ID NOs:49-64, or complement thereof; 
searching a database comprising a plurality of genomic pat 
terns selected from the group consisting of patterns 1-25 of 
Table 2: retrieving the information from the database; option 
ally storing the information in a memory location associated 
with a user Such that the information may be Subsequently 
accessed and viewed by the user; and identifying the identi 
fying the horned/polled genotype of a ruminant Subjects. A 
ruminant subject of the invention includes, but is not limited 
to, cattle, sheep, buffalo, goats, deer, and giraffes. 
0026. The present invention also provides a method for 
identifying the polled phenotype in a bovine Subject, includ 
ing detecting a dominant polled haplotype allele in a nucleic 
acid sample from the subject which is selected from GCT 
CAC, GCTCGC, GATGGG, AATGGG, AATGGC, AAT 
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CAC, AATCGG and AATCGC, where the sequence of letters 
of the haplotype allele represent the nucleotide occurrence of 
a single nucleotide polymorphism corresponding to nucle 
otide position 300 of SEQ ID NOs: 53 (marker 
MMBT25287), 59 (marker MMBT25303), 52 (marker 
MMBT25281), 63 (marker MMBT25316), 62 (marker 
MMBT25314), and 61 (marker MMBT25313) respectively. 
In one embodiment of this method, a diploid pair of haplotype 
alleles is detected. 
0027. The bovine subject can be member of a breed raised 
for beef production or it can be a member of a breed raised for 
both beef and milk production. In certain embodiments, the 
bovine Subject is designated by breeding lines as an Angus, 
Charolais, Gelbvieh, Hereford, Limousin, or Simmental ani 
mal. 
0028. The invention also provides a method for identify 
ing the horned phenotype in a bovine Subject, by detecting a 
pair of recessive horned haplotype alleles in a nucleic acid 
sample from the Subject, where each haplotype allele is inde 
pendently selected from GCGCGC, GAGCGG, GAGCGC, 
GATGGC, GATCAC and GATCGC, where the sequence of 
letters of the haplotype allele represent the nucleotide occur 
rence of a single nucleotide polymorphism corresponding to 
nucleotide position 300 of SEQ ID NOs: 53 (marker 
MMBT25287), 59 (marker MMBT25303), 52 (marker 
MMBT25281), 63 (marker MMBT25316), 62 (marker 
MMBT25314), and 61 (marker MMBT25313) respectively. 
0029. The bovine subject can be member of a breed raised 
for beef production or it can be a member of a breed raised for 
both beef and milk production. In certain embodiments, the 
bovine Subject is designated by breeding lines as an Angus, 
Charolais, Gelbvieh, Hereford, Limousin, or Simmental ani 
mal. 

0030. In another embodiment of the invention, the polled 
phenotype is identified in a bovine Subject by detecting a 
GATCG haplotype allele in a nucleic acid sample from the 
subject, where the sequence of letters of the haplotype allele 
represent the nucleotide occurrence of a single nucleotide 
polymorphism corresponding to nucleotide position 300 of 
SEQ ID NOs: 53 (marker MMBT25287), 59 (marker 
MMBT25303), 52 (marker MMBT25281), 63 (marker 
MMBT25316), 62 (marker MMBT25314), and 61 (marker 
MMBT25313) respectively; and also detecting the GATCG 
haplotype in a nucleic acid sample from at least one polled 
parent of the Subject. In certain aspects of this method, the 
Subject is designated by breeding lines as an Limousin, Jer 
sey, or Holstein animal. In one aspect, the Subject is a dairy 
animal. 

0031 Nucleic acids suitable for use in the methods can be 
isolated from a tissue or bodily fluid of the subject. In one 
embodiment, the nucleic acid sample is DNA, such as 
genomic DNA. 
0032. Also provided by the invention is a method for iden 
tifying a haplotype allele associated with a horned phenotype 
in a bovine Subject, including determining a haplotype in at 
least one allele of at least one horned bovine subject, where 
the haplotype allele includes the nucleotide occurrence of a 
nucleotide polymorphism corresponding to nucleotide posi 
tion 300 of each of SEQID NOs: 53, 59, 52, 63, 62, and 61. 
In one embodiment, the haplotype of both alleles are 
detected, and they can be the same or can be different horned 
haplotypes alleles. 
0033. In yet another embodiment, a method for identify 
ing a haplotype allele associated with a polled phenotype in a 

Aug. 11, 2011 

bovine Subject is provided, including detecting the nucleotide 
occurrence of single nucleotide polymorphisms correspond 
ing to nucleotideposition 300 of each of SEQID NOs: 53,59. 
52, 63, 62, and 61 in both first and second alleles of a first 
bovine Subject that displays the polled phenotype. According 
to this method, the horned or polled phenotype of a second 
bovine subject must also be identified. The second subject is 
homozygous for the first haplotype allele. If the second sub 
ject has a polled phenotype, the first haplotype allele is iden 
tified as a haplotype allele associated with the polled pheno 
type. But when the second Subject has a horned phenotype, 
the first haplotype allele is identified as a haplotype allele 
associated with the horned phenotype. In one aspect of this 
method, the first and second alleles of the first bovine subject 
are the same and therefore it is not necessary to identify the 
phenotype of a second animal. 
0034). Each of the embodiments of the invention can 
encompass various recitations made herein. It is, therefore, 
anticipated that each of the recitations of the invention involv 
ing any one element or combinations of elements can, option 
ally, be included in each aspect of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0035. The present invention is based in part on the discov 
ery of single nucleotide polymorphisms (SNPs) that can be 
used to distinguish between the bovine horned and polled 
alleles and thus heterozygous and homozygous polled ani 
mals. Accordingly, provided herein are methods for generat 
ing such information from a nucleic acid sample obtained 
from a bovine Subject, by identifying in the sample, a nucle 
otide occurrence for at least one single nucleotide polymor 
phism (SNP), wherein the nucleotide occurrence is associ 
ated with the horned or polled genotype. 
0036. Using the teachings herein, SNPs associated with 
horned and polled alleles of any individual animal can be 
identified. Therefore, methods of the present invention for 
identifying Such a genotype can be used for any bovine Sub 
ject regardless of breed. For example, the methods can be 
used to identify horned and polled alleles of an individual 
animal of a particular breed including, but not limited to, 
Angus, Limousin, Brahman, Simmental, Hereford, Holstein, 
Gelbvieh or Charolais cattle. In certain embodiments of the 
invention, horned and polled alleles can be identified in Jersey 
or Holstein cattle. 
0037. The teachings of invention can be used to identify 
SNPs and haplotypes useful in the identification of horned 
and polled alleles of both beef and dairy cattle. For example, 
identification of SNPs and haplotypes according to the inven 
tion is useful in identifyinghorned and polled alleles in Angus 
cattle which are a hornless beef breed used as a genetic 
dehorner, as well as Charolais, Hereford and Limousin 
breeds, which are used primarily for beef. Similarly the 
present invention is useful for identification of horned and 
polled SNPs and haplotypes of cattle raised for both meat and 
milk production, such as Gelbvieh and Simmental breeds, as 
well as cattle raised primarily for milk production, such Jer 
sey and Holsteinbreeds. 
0038. Since genomic DNA is double-stranded, each SNP 
can be defined in terms of either the plus strand or the minus 
strand. Thus, for every SNP, one strand will contain an imme 
diately 5'-proximal invariant sequence and the other strand 
will contain an immediately 3'-distal invariant sequence. In 
one embodiment, a SNP of the present invention can be 
identified, in part, by its position at nucleotide 300 of any one 
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of the amplicon sequences set forth in SEQ ID NOs:49-64 
(see Table 3, infra) in a target nucleic acid sequence. In 
another embodiment, a SNP of the invention can be identified 
as present in a nucleic acid sequence resulting from the rep 
lication of a nucleic acid sequence by any one of forward 
oligonucleotide primers SEQ ID NOS:1-16 in combination 
with any one of reverse oligonucleotide primers SEQ ID 
NOS:17-32 (see e.g., Table 1, infra). 
0039. Nucleic acid molecules having a sequence comple 
mentary to that of an immediately 3'-distal invariant sequence 
of a SNP can, if extended in a “template-dependent manner, 
form an extension product that would contain the SNP's 
polymorphic site. A preferred example of such a nucleic acid 
molecule is a nucleic acid molecule whose sequence is the 
same as that of a 5'-proximal invariant sequence of the SNP. 
“Template-dependent extension refers to the capacity of a 
polymerase to mediate the extension of a primer Such that the 
extended sequence is complementary to the sequence of a 
nucleic acid template. A "primer' is a single-stranded oligo 
nucleotide (or oligonucleotide analog) or a single-stranded 
polynucleotide (or polynucleotide analog) that is capable of 
being extended by the covalent addition of a nucleotide (or 
nucleotide analog) in a “template-dependent extension reac 
tion. In order to possess Such a capability, the primer must 
have a 3'-hydroxyl (or other chemical group suitable for poly 
merase mediated extension) terminus, and be hybridized to a 
second nucleic acid molecule (i.e. the “template'). A primer 
is generally composed of a unique sequence of 8 bases or 
longer complementary to a specific region of the target mol 
ecule such that the 3' end of the primer is immediately proxi 
mal to a target nucleotide of interests. Typically, the comple 
mentary region of the primer is from about 12 bases to about 
20 bases. 
0040 Single nucleotide polymorphisms (SNPs) are posi 
tions at which two alternative bases occur at appreciable 
frequency (>1%) in a given population, and are the most 
common type of genetic variation. The site is usually pre 
ceded by and followed by highly conserved sequences of the 
allele (e.g., sequences that vary in less than /100) or /1000 
members of the populations). A single nucleotide polymor 
phism usually arises due to Substitution of one nucleotide for 
another at the polymorphic site. A transition is the replace 
ment of one purine by another purine or one pyrimidine by 
another pyrimidine. A transversion is the replacement of a 
purine by a pyrimidine or vice versa. Single nucleotide poly 
morphisms can also arise from a deletion of a nucleotide oran 
insertion of a nucleotide relative to a reference allele. 
0041 Single nucleotide polymorphisms may be func 
tional or non-functional. Functional polymorphisms affect 
gene regulation or protein sequence whereas non-functional 
polymorphisms do not. Depending on the site of the polymor 
phism and importance of the change, functional polymor 
phisms can also cause, or contribute to diseases. 
0042 SNPs can occurat different locations of the gene and 
may affect its function. For instance, polymorphisms in pro 
moter and enhancer regions can affect gene function by 
modulating transcription, particularly if they are situated at 
recognition sites for DNA binding proteins. Polymorphisms 
in the 5' untranslated region of genes can affect the efficiency 
with which proteins are translated. Polymorphisms in the 
protein-coding region of genes can alter the amino acid 
sequence and thereby alter gene function. Polymorphisms in 
the 3' untranslated region of gene can affect gene function by 
altering the secondary structure of RNA and efficiency of 
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translation or by affecting motifs in the RNA that bind pro 
teins which regulate RNA degradation. Polymorphisms 
within introns can affect gene function by affecting RNA 
splicing. 
0043. The term genotyping or genotype refers to the deter 
mination of the genetic information an individual carries at 
one or more positions in the genome. For example, genotyp 
ing may comprise the determination of which allele or alleles 
an individual carries for a single SNP or the determination of 
which allele or alleles an individual carries for a plurality of 
SNPs. For example, a particular nucleotide in a genome may 
be an A in some individuals and a C in other individuals. 
Those individuals who have an A at the position have the A 
allele and those who have a C have the Callele. In a diploid 
organism the individual will have two copies of the sequence 
containing the polymorphic position so the individual may 
have an A allele and a Callele or alternatively two copies of 
the A allele or two copies of the Callele. Each allele may be 
present at a different frequency in a given population, for 
example 30% of the chromosomes in a population may carry 
the Aallele and 70% the Callele. The frequency of the Aallele 
would be 30% and the frequency of the Callele would be 70% 
in that population. Those individuals who have two copies of 
the Callele are homozygous for the Callele and the genotype 
is CC, those individuals who have two copies of the A allele 
are homozygous for the A allele and the genotype is AA, and 
those individuals who have one copy of each allele are het 
erozygous and the genotype is AC. 
0044) The Example provided herein illustrates the use of 
genotyping analysis to identify SNPs that can be used to 
determine whether a bovine Subject possesses a genotype 
associated with horned or polled phenotypes. The SNP alleles 
associated with horned or polled genotypes (see e.g., Tables 1 
and 3) can be determined using extension oligonucleotide 
primers (SEQID NOS:33-48) to identify particular SNPs in a 
target nucleic acid sequence. In some embodiments, forward 
oligonucleotide primers (SEQ ID NO:S:1-16) and reverse 
oligonucleotide primers (SEQ ID NOS: 17-32) were used to 
amplify specific target sequences prior to extension. 
0045. The oligonucleotide primer sequences listed in 
Table 1 can be used as “sets of oligonucleotides. For 
example, the set of oligonucleotides useful for identifying 
marker MMBT25287 can include SEQ ID NO:8, SEQ ID 
NO:24 and SEQID NO:40, or any combination thereof. The 
MMBT marker comprises the single nucleotide polymor 
phism (SNP) corresponding to the nucleotide at position 300, 
or the complement thereof, of SEQ ID NO:56 (amplicon 
sequence). SEQ ID NO:8 (forward primer) and SEQ ID 
NO:24 (reverse primer) can be used to amplify the sequence 
containing the marker prior to detection. Thus, each set of 
oligonucleotide primers provides the means for detecting at 
least one genetic marker useful for determining the genotype 
of a subject animal. Thus, the “marker set of oligonucleotide 
primers for marker MMBT25287 comprises SEQID NO:8, 
SEQID NO:24 and SEQID NO:40. Such a set of oligonucle 
otides can be designated “marker set MMBT25287. In addi 
tion, the oligonucleotides useful for amplifying a target 
nucleic acid sequence would include a “primer pair Such as 
SEQID NO:8 and SEQID NO:24. A “primer pair” includes 
a forward and reverse oligonucleotideprimer while a “marker 
set would include a forward, a reverse and an extension 
oligonucleotide primer. 
0046 Table 1 provides primer sequences (See “Forward.” 
and “Reverse) that were used to amplify a region that 
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includes the SNP, and amplicon sequences that indicate the 
nucleotide occurrences for the SNP that were identified in 
parenthesis within the amplicon sequences provided in Table 
3 

0047. As used herein, the term “at least one', when used in 
reference to a gene, SNP, haplotype, or the like, means 1,2,3, 
4, 5, 6,7,8,9, 10, etc., up to and including all of the haplotype 
alleles, genes, haplotypes, and/or SNPs of the bovine 
genome. Reference to “at least a second gene, SNP, haplo 
type or the like, means two or more, i.e., 2, 3, 4, 5, 6, 7, 8, 9. 
10, etc., bovine genes, SNPs, haplotypes, or the like. 
0048 Polymorphisms are allelic variants that occur in a 
population that can be a single nucleotide difference present 
at a locus, or can be an insertion or deletion of one, a few or 
many consecutive nucleotides. As such, a single nucleotide 
polymorphism (SNP) is characterized by the presence in a 
population of one or two, three or four nucleotides (i.e., 
adenosine, cytosine, guanosine or thymidine), typically less 
than all four nucleotides, at a particular locus in a genome 
Such as the human genome. It will be recognized that, while 
the methods of the invention are exemplified primarily by the 
detection of SNPs, the disclosed methods or others known in 
the art similarly can be used to identify other types of bovine 
polymorphisms, which typically involve more than one 
nucleotide. 

0049. In another embodiment, the present invention pro 
vides an isolated polynucleotide that includes a fragment of 
contiguous nucleotides of any one of SEQ ID NOS:33-48, 
wherein the fragment functions as an extension oligonucle 
otide in determining the identity of a single nucleotide poly 
morphism (SNP) corresponding to the nucleotide at position 
300, or the complement thereof, of any one of SEQID NOS: 
49-64. In addition, the extension oligonucleotide primer can 
beat least 90% identical to any one of SEQID NOS:33-48, or 
a complement thereof. 
0050. The polynucleotide or an oligonucleotide of the 
invention can further include a detectable label. For example, 
the detectable label can be associated with the polynucleotide 
at a position corresponding to the nucleotide at position 300, 
or the complement thereof, of any one of SEQID NOS:49-64. 
As discussed in more detail herein, the labeled polynucleotide 
can be generated, for example, during a microsequencing 
reaction, such as SNP-ITTTM reaction. Detectable labeling of 
a polynucleotide or oligonucleotide is well known in the art. 
Particular non-limiting examples of detectable labels include 
chemiluminescent labels, fluorescent labels, radiolabels, 
enzymes, haptens, or even unique oligonucleotide sequences. 
0051. In another embodiment, the present invention pro 
vides an isolated vector that includes a polynucleotide or 
oligonucleotide disclosed herein. The term “vector refers to 
a plasmid, virus or other vehicle known in the art that has been 
manipulated by insertion or incorporation of a nucleic acid 
sequence. Methods that are well known in the art can be used 
to construct vectors, including in vitro recombinant DNA 
techniques, synthetic techniques, and in Vivo recombination/ 
genetic techniques (See, for example, the techniques 
described in Maniatis et al. 1989 Molecular Cloning A Labo 
ratory Manual, Cold Spring Harbor Laboratory, N.Y., incor 
porated herein in its entirety by reference). 
0052. In another aspect, the present invention provides a 
primer pair comprising any one of SEQID NOS:1-16 as a first 
(forward) primer and any one of SEQ ID NOS: 17-32 as a 
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second (reverse) oligonucleotide primer. A primer pair will 
prime polynucleotide synthesis of a target nucleic acid 
region. 
0053 As used herein, “about means within ten percent of 
a value. For example, “about 100 would mean a value 
between 90 and 110. 
0054 The term “haplotypes” as used herein refers to 
groupings of two or more SNPs that are physically present on 
the same chromosome which tend to be inherited together 
except when recombination occurs. The haplotype provides 
information regarding an allele of the gene, regulatory 
regions or other genetic sequences affecting a trait. The link 
age disequilibrium and, thus, association of a SNP or a hap 
lotype allele(s) and a bovine genotype for horned or polled 
characteristics can be strong enough to be detected using 
simple genetic approaches, or can require more Sophisticated 
statistical approaches to be identified. 
0055 “Linkage disequilibrium” refers to co-inheritance 
of two alleles at frequencies greater than would be expected 
from the separate frequencies of occurrence of each allele in 
a given control population. The expected frequency of occur 
rence of two alleles that are inherited independently is the 
frequency of the first allele multiplied by the frequency of the 
second allele. Alleles that co-occur at expected frequencies 
are said to be in “linkage equilibrium”. When referring to 
allelic patterns that are comprised of more than one allele, a 
first allelic pattern is in linkage disequilibrium with a second 
allelic pattern if all the alleles that comprise the first allelic 
pattern are in linkage disequilibrium with at least one of the 
alleles of the second allelic pattern. 
0056. Numerous methods for identifying haplotype alle 
les in nucleic acid samples are known in the art. In general, 
nucleic acid occurrences for the individual SNPs are deter 
mined and then combined to identify haplotype alleles. There 
are several algorithms for haplotype reconstruction based on 
pedigree analysis. These are the Maximum Likelihood meth 
ods (Excofier, L., and Slatkin, M., Mol. Biol. Evol. 12: 
921-927 (1995)), the parsimony method created by Clark, A. 
G., Mol. Biol. Evol. 7: 111-122 (1990) and the phase recon 
struction method of Stephens, M., et al., Am. J. Hum. Genet. 
68:978-989, 2001, which is incorporated herein by refer 
ence). These methods can be applied to the data generated, 
regarding individual nucleotide occurrences in SNP markers 
of the subject, in order to determine alleles for each haplotype 
in a Subject's genotype. Alternatively, haplotypes can also be 
determined directly, for each pair of sites, by allele-specific 
PCR (Clark, A. G. et al., Am. J. Hum. Genet. 63: 595-612 
(1998). 
0057. As used herein, the term “infer” or “inferring, 
when used in reference to the horned or polled genotype of a 
Subject, means drawing a conclusion about the genotype 
using a process of analyzing individually or in combination, 
nucleotide occurrence(s) of one or more SNP(s), which can 
be part of one or more haplotypes, in a nucleic acid sample of 
the Subject, and comparing the individual or combination of 
nucleotide occurrence(s) of the SNP(s) to known relation 
ships of nucleotide occurrence(s) of the SNP(s) in other 
bovine animals. As disclosed herein, the nucleotide occur 
rence(s) can be identified directly by examining nucleic acid 
molecules, or indirectly by examining a polypeptide encoded 
by a particular gene where the polymorphism is associated 
with an amino acid change in the encoded polypeptide. 
0058. In diploid organisms such as bovines, somatic cells, 
which are diploid, include two alleles for each single-locus 
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haplotype. As such, in Some cases, the two alleles of a hap 
lotype are referred to herein as a genotype or as a diploid pair, 
and the analysis of Somatic cells, typically identifies the alle 
les for each copy of the haplotype. Methods of the present 
invention can include identifying a diploid pair of haplotype 
alleles. These alleles can be identical (homozygous) or can be 
different (heterozygous). Haplotypes that extend over mul 
tiple loci on the same chromosome include up to 2 to the Nth 
power alleles where N is the number of loci. It is beneficial to 
express polymorphisms in terms of multi-locus (i.e. multi 
SNP) haplotypes because haplotypes offer enhanced statisti 
cal power for genetic association studies. Multi-locus haplo 
types can be precisely determined from diploid pairs when 
the diploid pairs include 0 or 1 heterozygous pairs, and N or 
N-1 homozygous pairs. When multi-locus haplotypes cannot 
be precisely determined, they can sometimes be inferred by 
statistical methods. Methods of the invention can include 
identifying multi-locus haplotypes, either precisely deter 
mined, or inferred. 
0059 A sample useful for practicing a method of the 
invention can be any biological sample of a subject, typically 
a bovine Subject, that contains nucleic acid molecules, includ 
ing portions of the gene sequences to be examined, or corre 
sponding encoded polypeptides, depending on the particular 
method. As such, the sample can be a cell, tissue or organ 
sample, or can be a sample of a biological material Such as 
blood, milk, semen, Saliva, hair, tissue, and the like. A nucleic 
acid sample useful for practicing a method of the invention 
can be deoxyribonucleic (DNA) acid or ribonucleic acids 
(RNA). The nucleic acid sample generally is a deoxyribo 
nucleic acid sample, particularly genomic DNA or an ampli 
fication product thereof. However, where heteronuclear ribo 
nucleic acid, which includes unspliced mRNA precursor 
RNA molecules and non-coding regulatory molecules Such as 
RNA, is available, a cDNA or amplification product thereof 
can be used. 

0060. Where each of the SNPs of the haplotype is present 
in a coding region of a gene(s), the nucleic acid sample can be 
DNA or RNA, or products derived therefrom, for example, 
amplification products. Furthermore, while the methods of 
the invention generally are exemplified with respect to a 
nucleic acid sample, it will be recognized that particular 
haplotype alleles can be in coding regions of a gene and can 
result in polypeptides containing different amino acids at the 
positions corresponding to the SNPs due to non-degenerate 
codon changes. As such, in another aspect, the methods of the 
invention can be practiced using a sample containing 
polypeptides of the Subject. 
0061. In one embodiment, DNA samples are collected and 
stored in a retrievable barcode system, either automated or 
manual, that ties to a database. Collection practices include 
systems for collecting tissue, hair, mouth cells or blood 
samples from individual animals at the same time that ear 
tags, electronic identification or other devices are attached or 
implanted into the animal. All identities of animals can be 
automatically uploaded into a primary database. Tissue col 
lection devices can be integrated into the tool used for placing 
the eartag. Body fluid samples can be collected and stored on 
a membrane bound system. The sample is then analyzed on 
the premises or sent to a laboratory where a medium to high 
throughput genotyping system is used to analyze the sample. 
The subject of the present invention can be any bovine sub 
ject, for example a bull, a cow, a calf, a steer, or a heifer or any 
bovine embryo or tissue. 
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0062. In another aspect, the present invention provides a 
system for determining the nucleotide occurrences in a popu 
lation of bovine single nucleotide polymorphisms (SNPs). 
The system typically includes a hybridization medium and/or 
substrate that includes at least two oligonucleotides of the 
present invention, or oligonucleotides used in the methods of 
the present invention. The hybridization medium and/or sub 
strate are used to determine the nucleotide occurrence of 
bovine SNPs that are associated with horned or polled geno 
types. Accordingly, the oligonucleotides are used to deter 
mine the nucleotide occurrence of bovine SNPs that are asso 
ciated with the horned or polled genotype. The determination 
can be made by selecting oligonucleotides that bind at or near 
a genomic location of each SNP of the series of bovine SNPs. 
The system of the present invention typically includes a 
reagent handling mechanism that can be used to apply a 
reagent, typically a liquid, to the Solid Support. The binding of 
an oligonucleotide of the series of oligonucleotides to a poly 
nucleotide isolated from a genome can be affected by the 
nucleotide occurrence of the SNP. The system can include a 
mechanism effective for moving a solid Support and a detec 
tion mechanism. The detection method detects binding or 
tagging of the oligonucleotides. 
0063. Accordingly, in another embodiment, the present 
invention provides a method for determining a nucleotide 
occurrence of a single nucleotide polymorphism (SNP) in a 
bovine sample, that includes contacting a bovine polynucle 
otide in the sample with an oligonucleotide (e.g., any one of 
SEQID NOS:33-48) that binds to a target nucleic acid region 
and identifies the nucleotide occurrence of a single nucleotide 
polymorphism (SNP) corresponding to the nucleotide at posi 
tion 300 of any one of SEQID BOS:49-64. The nucleotide 
can be detected by amplification or it can be detected based on 
the lack of incorporation of a specific nucleotide. 
0064. In another aspect, forward and reverse primers can 
be used to amplify the bovine polynucleotide target nucleic 
acid using a pair of oligonucleotides that constitute a primer 
pair, and the nucleotide occurrence is determined using an 
amplification product generated using the primer pair. For 
example, the primer pair, is any of the forward and reverse 
primer pairs listed in Table 1. 
0065 Medium to high-throughput systems for analyzing 
SNPs, known in the art such as the SNPStreamTMUHT Geno 
typing System (Beckman/Coulter, Fullerton, Calif.) (Boyce 
Jacino and Goelet Patents), the Mass ArrayTM system (Seque 
nom, San Diego, Calif.) (Storm, N. et al. (2002) Methods in 
Molecular Biology. 212: 241-262.), the BeadArrayTM SNP 
genotyping system available from Illumina (San Diego, Cali 
f)(Oliphant, A., et al. (June 2002) (supplement to Biotech 
niques), and TaqManTM (Applied Biosystems, Foster City, 
Calif.) can be used with the present invention. However, the 
present invention provides a medium to high-throughput sys 
tem that is designed to detect nucleotide occurrences of 
bovine SNPs, or a series of bovine SNPs that can make up a 
series of haplotypes. Therefore, as indicated above the system 
includes a solid support or other method to which a series of 
oligonucleotides can be associated that are used to determine 
a nucleotide occurrence of a SNP for a series of bovine SNPs 
that are associated with a trait. The system can further include 
a detection mechanism for detecting binding of the series of 
oligonucleotides to the series of SNPs. Such detection mecha 
nisms are known in the art. 

0066. The system can be a microfluidic device. Numerous 
microfluidic devices are known that include Solid Supports 
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with microchannels (See e.g., U.S. Pat. Nos. 5,304.487, 
5,110745, 5,681,484, and 5,593.838). Numerous methods are 
known in the art for determining the nucleotide occurrence 
for aparticular SNP in a sample. Such methods can utilize one 
or more oligonucleotide probes or primers, including, for 
example, an amplification primer pair that selectively hybrid 
izes to a target polynucleotide, which corresponds to one or 
more bovine SNP positions. Oligonucleotide probes useful in 
practicing a method of the invention can include, for example, 
an oligonucleotide that is complementary to and spans a 
portion of the target polynucleotide, including the position of 
the SNP, wherein the presence of a specific nucleotide at the 
position (i.e., the SNP) is detected by the presence or absence 
of selective hybridization of the probe. Such a method can 
further include contacting the target polynucleotide and 
hybridized oligonucleotide with an endonuclease, and detect 
ing the presence or absence of a cleavage product of the 
probe, depending on whether the nucleotide occurrence at the 
SNP site is complementary to the corresponding nucleotide 
of the probe. These oligonucleotides and probes are another 
embodiment of the present invention. 
0067. An oligonucleotide ligation assay (Grossman, P. D. 
et al. (1994) Nucleic Acids Research 22:4527-4534) also can 
be used to identify a nucleotide occurrence at a polymorphic 
position, wherein a pair of probes that selectively hybridize 
upstream and adjacent to and downstream and adjacent to the 
site of the SNP, and wherein one of the probes includes a 
terminal nucleotide complementary to a nucleotide occur 
rence of the SNP. Where the terminal nucleotide of the probe 
is complementary to the nucleotide occurrence, selective 
hybridization includes the terminal nucleotide such that, in 
the presence of a ligase, the upstream and downstream oligo 
nucleotides are ligated. As such, the presence or absence of a 
ligation product is indicative of the nucleotide occurrence at 
the SNP site. An example of this type of assay is the SNPlex 
System (Applied Biosystems, Foster City, Calif.). 
0068 An oligonucleotide also can be useful as a primer, 
for example, for a primer extension reaction, wherein the 
product (or absence of a product) of the extension reaction is 
indicative of the nucleotide occurrence. In addition, a primer 
pair useful for amplifying a portion of the target polynucle 
otide including the SNP site can be useful, wherein the ampli 
fication product is examined to determine the nucleotide 
occurrence at the SNP site. Particularly useful methods 
include those that are readily adaptable to a high throughput 
format, to a multiplex format, or to both. The primer exten 
sion or amplification product can be detected directly or indi 
rectly and/or can be sequenced using various methods known 
in the art. Amplification products which spana SNP locus can 
be sequenced using traditional sequence methodologies (e.g., 
the “dideoxy-mediated chain termination method, also 
known as the “Sanger Method’ (Sanger. F., et al., J. Molec. 
Biol. 94:441 (1975); Prober et al. Science 238:336-340 
(1987)) and the “chemical degradation method.” “also known 
as the “Maxam-Gilbert method’ (Maxam, A.M., et al., Proc. 
Natl. Acad. Sci. (U.S.A.) 74:560 (1977)), both references 
herein incorporated by reference) to determine the nucleotide 
occurrence at the SNP locus. 

0069 Methods of the invention can identify nucleotide 
occurrences at SNPs using genome-wide sequencing or 
“microsequencing methods. Whole-genome sequencing of 
individuals identifies all SNP genotypes in a single analysis. 
Microsequencing methods determine the identity of only a 
single nucleotide at a “predetermined site. Such methods 
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have particular utility in determining the presence and iden 
tity of polymorphisms in a target polynucleotide. Such 
microSequencing methods, as well as other methods for deter 
mining the nucleotide occurrence at a SNP locus are dis 
cussed in Boyce-Jacino, et al., U.S. Pat. No. 6.294,336, incor 
porated herein by reference, and Summarized herein. 
0070 Microsequencing methods include the Genetic 
BitTM Analysis method disclosed by Goelet, P. et al. (WO 
92/15712, herein incorporated by reference). Additional, 
primer-guided, nucleotide incorporation procedures for 
assaying polymorphic sites in DNA have also been described 
(Kornher, J. S. et al. Nucleic Acids Res. 17:7779-7784 
(1989); Sokolov, B. P. Nucleic Acids Res. 18:3671 (1990); 
Syvanen, A.-C., et al., Genomics 8:684-692 (1990); Kup 
puswamy, M. N. et al., Proc. Natl. Acad. Sci. (U.S.A.) 
88: 1143-1147 (1991); Prezant, T. R. et al. Hum. Mutat. 
1:159-164 (1992); Ugozzoli, L. et al., GATA 9:107-112 
(1992); Nyren, P. et al., Anal. Biochem. 208:171-175 (1993); 
and Wallace, WO89/10414). These methods differ from 
Genetic BitTM Analysis in that they all rely on the incorpora 
tion of labeled deoxynucleotides to discriminate between 
bases at a polymorphic site. In Such a format, since the signal 
is proportional to the number of deoxynucleotides incorpo 
rated, polymorphisms that occur in runs of the same nucle 
otide can result in signals that are proportional to the length of 
the run (Syvanen, A.-C., et al. Amer. J. Hum. Genet. (1993) 
52:46-59 Other formats for microsequencing include Pyrose 
quencing (Pyrosequencing AB, Uppsala, Sweden, Alderborn 
et al (2000) Genome Res. 10:1249-1258). 
0071 Alternative microsequencing methods have been 
provided by Mundy, C. R. (U.S. Pat. No. 4,656,127) and 
Cohen, D. et al (French Patent 2,650,840; PCT Applin. No. 
WO91/02087), which discuss a solution-based method for 
determining the identity of the nucleotide of a polymorphic 
site. As in the Mundy method of U.S. Pat. No. 4,656,127, a 
primer is employed that is complementary to allelic 
sequences immediately 3'-to a polymorphic site. 
0072. In response to the difficulties encountered in 
employing gel electrophoresis to analyze sequences, alterna 
tive methods for microSequencing have been developed. 
Macevicz (U.S. Pat. No. 5,002,867), for example, describes a 
method for determining nucleic acid sequence via hybridiza 
tion with multiple mixtures of oligonucleotide probes. In 
accordance with Such method, the sequence of a target poly 
nucleotide is determined by permitting the target to sequen 
tially hybridize with sets of probes having an invariant nucle 
otide at one position, and variant nucleotides at other 
positions. The Macevicz method determines the nucleotide 
sequence of the target by hybridizing the target with a set of 
probes, and then determining the number of sites that at least 
one member of the set is capable of hybridizing to the target 
(i.e., the number of “matches'). This procedure is repeated 
until each member of a set of probes has been tested. 
(0073 Boyce-Jacino, et al., U.S. Pat. No. 6.294,336 pro 
vides a solid phase sequencing method for determining the 
sequence of nucleic acid molecules (either DNA or RNA) by 
utilizing a primer that selectively binds a polynucleotide tar 
get at a site wherein the SNP is the most 3' nucleotide selec 
tively bound to the target. 
0074 The occurrence of a SNP can be determined using 
denaturing HPLC such as described in Nairz Ketal (2002) 
Proc. Natl. Acad. Sci. (U.S.A.) 99:10575-80, and the Trans 
genomic WAVE(R) System (Transgenomic, Inc. Omaha, 
Nebr.). 
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0075 Oliphant etal. report a method that utilizes BeadAr 
rayTM Technology that can be used in the methods of the 
present invention to determine the nucleotide occurrence of a 
SNP (supplement to Biotechniques, June 2002). Addition 
ally, nucleotide occurrences for SNPs can be determined 
using a DNAMass ARRAY system (SEQUENOM, San 
Diego, Calif.). This system combines proprietary Spectro 
ChipsTM, microfluidics, nanodispensing, biochemistry, and 
MALDI-TOF MS (matrix-assisted laser desorption ioniza 
tion time of flight mass spectrometry). 
0076. As another example, the nucleotide occurrences of 
bovine SNPs in a sample can be determined using the SNP 
ITTM method (Beckman Coulter, Fullerton, Calif.). In gen 
eral, SNP-ITTM is a 3-step primer extension reaction. In the 
first step a target polynucleotide is isolated from a sample by 
hybridization to a capture primer, which provides a first level 
of specificity. In a second step the capture primer is extended 
from a terminating nucleotide triphosphate at the target SNP 
site, which provides a second level of specificity. In a third 
step, the extended nucleotide trisphosphate can be detected 
using a variety of known formats, including: direct fluores 
cence, indirect fluorescence, an indirect colorimetric assay, 
mass spectrometry, fluorescence polarization, etc. Reactions 
can be processed in 384 well format in an automated format 
using a SNPstreamTM instrument (Beckman Coulter, Fuller 
ton, Calif.). Reactions can also be analyzed by binding to 
LumineX biospheres (LumineX Corporation, Austin, Tex., 
Cai. H. (2000) Genomics 66(2):135-43). 
0077. Additional formats for SNP detection include Taq 
ManTM (Applied Biosystems, Foster City, Calif.), Rolling 
circle (Hatch et al (1999) Genet. Anal. 15: 35-40, Qi et al 
(2001) Nucleic Acids Research Vol. 29 e116), fluorescence 
polarization (Chen, X., et al. (1999) Genome Research 9:492 
498), SNaPShot (Applied Biosystems, Foster City, Calif.) 
(Makridakis, N. M. et al. (2001) Biotechniques 31:1374-80.), 
oligo-ligation assay (Grossman, P. D., et al. (1994) Nucleic 
Acids Research 22:4527-4534), locked nucleic acids 
(LNATM, Link, Technologies LTD, Lanarkshire, Scotland, 
EP patent 1013661, U.S. Pat. No. 6,268,490), Invader Assay 
(Aclara Biosciences, Wilkinson, D. (1999) The Scientist 
13:16), padlock probes (Nilsson et al. Science (1994), 265: 
2085), Sequence-tagged molecular inversion probes (similar 
to padlock probes) from ParAllele Bioscience (South San 
Francisco, Calif.; Hardenbol, P. etal. (2003) Nature Biotech 
nology 21:673-678), Molecular Beacons (Marras, S. A. et al. 
(1999 Genet Anal. 14:151-156), the READITTM SNP Geno 
typing System from Promega (Madison, Wis.) (Rhodes R. B. 
et al. (2001) Mol Diagn. 6:55-61), Dynamic Allele-Specific 
Hybridization (DASH) (Prince, J. A. et al. (2001) Genome 
Research 11:152-162), the QbeadTM system (cquantum dot 
encoded microspheres conjugated to allele-specific oligo 
nucleotides)(Xu H. et al. (2003) Nucleic Acids Research 
31:43), Scorpion primers (similar to molecular beacons 
except unimolecular) (Thelwell, N. et al. (2000) Nucleic 
Acids Research 28:3752-3761), and Magiprobe (a novel fluo 
rescence quenching-based oligonucleotide probe carrying a 
fluorophore and an intercalator)(Yamane A. (2002) Nucleic 
Acids Research 30:e97). In addition, Rao, K. V. N. et al. 
((2003) Nucleic Acids Research. 31:66), recently reported a 
microsphere-based genotyping assay that detects SNPs 
directly from human genomic DNA. The assay involves a 
structure-specific cleavage reaction, which generates fluores 
cent signal on the surface of microspheres, followed by flow 
cytometry of the microspheres. With a slightly different twist 
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on the Sequenom technology (MALDI), Sauer et al. (2003) 
Nucleic Acids Research 31:63) generate charge-tagged DNA 
(post PCR and primer extension), using a photocleavable 
linker. 

0078. The nucleotide occurrence of a SNP can be identi 
fied by other methodologies as well as those discussed above. 
For example, the identification can use microarray technol 
ogy, which can be performed with PCR, for example using 
Affymetrix technologies and GenFlex Tag arrays (See e.g., 
Fanetal (2000) Genome Res. 10:853-860), or using a bovine 
gene chip containing proprietary SNP oligonucleotides (See 
e.g., Chee etal (1996), Science 274:610-614; and Kennedy et 
al. (2003) Nature Biotech 21:1233-1237) or without PCR, or 
sequencing methods such as mass spectrometry, Scanning 
electron microscopy, or methods in which a polynucleotide 
flows past a sorting device that can detect the sequence of the 
polynucleotide. The occurrence of a SNP can be identified 
using electrochemical detection devices such as the eSen 
sorTM DNA detection system (Motorola, Inc., Yu, C.J. (2001) 
J. Am Chem. Soc. 123:11155-11161). Other formats include 
melting curve analysis using fluorescently labeled hybridiza 
tion probes, or intercalating dyes (Lohmann, S. (2000) Bio 
chemica 4, 23-28, Herrmann, M. (2000) Clinical Chemistry 
46:425). 
(0079. The SNP detection systems of the present invention 
typically utilize selective hybridization. As used herein, the 
term “selective hybridization' or “selectively hybridize.” 
refers to hybridization under moderately stringent or highly 
stringent conditions such that a nucleotide sequence prefer 
entially associates with a selected nucleotide sequence over 
unrelated nucleotide sequences to a large enough extent to be 
useful in identifying a nucleotide occurrence of a SNP. It will 
be recognized that some amount of non-specific hybridiza 
tion is unavoidable, but is acceptable provide that hybridiza 
tion to a target nucleotide sequence is sufficiently selective 
Such that it can be distinguished over the non-specific cross 
hybridization, for example, at least about 2-fold more selec 
tive, generally at least about 3-fold more selective, usually at 
least about 5-fold more selective, and particularly at least 
about 10-fold more selective, as determined, for example, by 
an amount of labeled oligonucleotide that binds to target 
nucleic acid molecule as compared to a nucleic acid molecule 
other than the target molecule, particularly a Substantially 
similar (i.e., homologous) nucleic acid molecule other than 
the target nucleic acid molecule. Conditions that allow for 
selective hybridization can be determined empirically, or can 
be estimated based, for example, on the relative GC:AT con 
tent of the hybridizing oligonucleotide and the sequence to 
which it is to hybridize, the length of the hybridizing oligo 
nucleotide, and the number, if any, of mismatches between 
the oligonucleotide and sequence to which it is to hybridize 
(see, for example, Sambrook et al., “Molecular Cloning: A 
laboratory manual (Cold Spring Harbor Laboratory Press 
1989)). 
0080. An example of progressively higher stringency con 
ditions is as follows: 2xSSC/0.1% SDS at about room tem 
perature (hybridization conditions); 0.2xSSC/0.1% SDS at 
about room temperature (low stringency conditions); 0.2x 
SSC/0.1% SDS at about 42°C. (moderate stringency condi 
tions); and 0.1 xSSC at about 68°C. (high stringency condi 
tions). Washing can be carried out using only one of these 
conditions, e.g., high Stringency conditions, or each of the 
conditions can be used, e.g., for 10-15 minutes each, in the 
order listed above, repeating any or all of the steps listed. 
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However, as mentioned above, optimal conditions will vary, 
depending on the particular hybridization reaction involved, 
and can be determined empirically. 
0081. The term “polynucleotide' is used broadly hereinto 
mean a sequence of deoxyribonucleotides or ribonucleotides 
that are linked together by a phosphodiester bond. For con 
venience, the term "oligonucleotide' is used herein to refer to 
a polynucleotide that is used as a primer or a probe. Generally, 
an oligonucleotide useful as a probe or primer that selectively 
hybridizes to a selected nucleotide sequence is at least about 
15 nucleotides in length, usually at least about 18 nucleotides, 
and particularly about 21 nucleotides or more in length. 
I0082. A polynucleotide can be RNA or can be DNA, 
which can be a gene or a portion thereof, a cDNA, a synthetic 
poly deoxyribonucleic acid sequence, or the like, and can be 
single stranded or double stranded, as well as a DNA/RNA 
hybrid. In various embodiments, a polynucleotide, including 
an oligonucleotide (e.g., a probe or a primer) can contain 
nucleoside or nucleotide analogs, or a backbone bond other 
than a phosphodiester bond. In general, the nucleotides com 
prising a polynucleotide are naturally occurring deoxyribo 
nucleotides, such as adenine, cytosine, guanine or thymine 
linked to 2 deoxyribose, or ribonucleotides such as adenine, 
cytosine, guanine or uracil linked to ribose. However, a poly 
nucleotide or oligonucleotide also can contain nucleotide 
analogs, including non naturally occurring synthetic nucle 
otides or modified naturally occurring nucleotides. Such 
nucleotide analogs are well known in the art and commer 
cially available, as are polynucleotides containing such 
nucleotide analogs (Lin et al., Nucleic Acids Research (1994) 
22:5220-5234 Jellineket al., Biochemistry (1995)34:11363 
11372; Pagratis et al., Nature Biotechnol. (1997) 15:68-73, 
each of which is incorporated herein by reference). Primers 
and probes can also be comprised of peptide nucleic acids 
(PNA) (Nielsen PE and Egholm M. (1999) Curr. Issues Mol. 
Biol. 1:89-104). 
0083. The covalent bond linking the nucleotides of a poly 
nucleotide generally is a phosphodiester bond. However, the 
covalent bond also can be any of numerous other bonds, 
including a thiodiester bond, a phosphorothioate bond, a pep 
tide-like bond or any other bond known to those in the art as 
useful for linking nucleotides to produce synthetic polynucle 
otides (see, for example, Tam et al., Nucl. Acids Res. (1994) 
22:977-986, Ecker and Crooke, BioTechnology (1995) 
13:35.1360), each of which is incorporated herein by refer 
ence). The incorporation of non naturally occurring nucle 
otide analogs or bonds linking the nucleotides or analogs can 
be particularly useful where the polynucleotide is to be 
exposed to an environment that can contain a nucleolytic 
activity, including, for example, a tissue culture medium or 
upon administration to a living Subject, since the modified 
polynucleotides can be less Susceptible to degradation. 
0084. A polynucleotide or oligonucleotide comprising 
naturally occurring nucleotides and phosphodiester bonds 
can be chemically synthesized or can be produced using 
recombinant DNA methods, using an appropriate polynucle 
otide as a template. In comparison, a polynucleotide or oli 
gonucleotide comprising nucleotide analogs or covalent 
bonds other than phosphodiester bonds generally are chemi 
cally synthesized, although an enzyme such as T7 polymerase 
can incorporate certain types of nucleotide analogs into a 
polynucleotide and, therefore, can be used to produce Such a 
polynucleotide recombinantly from an appropriate template. 
Thus, the term polynucleotide as used herein includes natu 
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rally occurring nucleic acid molecules, which can be isolated 
from a cell, as well as synthetic molecules, which can be 
prepared, for example, by methods of chemical synthesis or 
by enzymatic methods such as by the polymerase chain reac 
tion (PCR). 
I0085. In various embodiments for identifying nucleotide 
occurrences of SNPs, it can be useful to detectably label a 
polynucleotide or oligonucleotide. Detectable labeling of a 
polynucleotide or oligonucleotide is well known in the art. 
Particular non-limiting examples of detectable labels include 
chemiluminescent labels, fluorescent labels, radiolabels, 
enzymes, haptens, or even unique oligonucleotide sequences. 
I0086 A method of the identifying a SNP also can be 
performed using a specific binding pair member. As used 
herein, the term “specific binding pair member” refers to a 
molecule that specifically binds or selectively hybridizes to 
another member of a specific binding pair. Specific binding 
pair member include, for example, probes, primers, poly 
nucleotides, antibodies, etc. For example, a specific binding 
pair member includes a primer or a probe that selectively 
hybridizes to a target polynucleotide that includes a SNP loci 
or that hybridizes to an amplification product generated using 
the target polynucleotide as a template. 
I0087 As used herein, the term “specific interaction.” or 
“specifically binds” or the like means that two molecules 
form a complex that is relatively stable under physiologic 
conditions. The term is used herein in reference to various 
interactions, including, for example, the interaction of an 
antibody that binds a polynucleotide that includes a SNP site; 
or the interaction of an antibody that binds a polypeptide that 
includes an amino acid that is encoded by a codon that 
includes a SNP site. According to methods of the invention, 
an antibody can selectively bind to a polypeptide that includes 
a particular amino acid encoded by a codon that includes a 
SNP site. Alternatively, an antibody may preferentially bind a 
particular modified nucleotide that is incorporated into a SNP 
site for only certain nucleotide occurrences at the SNP site, 
for example using a primer extension assay. 
I0088 A specific interaction can be characterized by a dis 
sociation constant of at least about 1x10 M. generally at 
least about 1x107M, usually at least about 1x10 M, and 
particularly at least about 1x10M or 1x10' M or less. A 
specific interaction generally is stable under physiological 
conditions, including, for example, conditions that occur in a 
living individual such as a human or other vertebrate or inver 
tebrate, as well as conditions that occur in a cell culture Such 
as used for maintaining mammalian cells or cells from 
another vertebrate organism or an invertebrate organism. 
Methods for determining whether two molecules interact spe 
cifically are well known and include, for example, equilib 
rium dialysis, Surface plasmon resonance, and the like. 
0089. In other embodiments, the methods of the invention 
are useful for generating a “genomic pattern' for an indi 
vidual genome of a subject. The genomic pattern of a genome 
indicates the presence or absence of polymorphisms, for 
example, SNPs, within a genome. Such patterns can be used 
to identify those bovine Subjects comprising a horned or 
polled genotype. Genomic DNA is unique to each individual 
Subject. Accordingly, the more polymorphisms that are ana 
lyzed for a given genome of a Subject, the higher probability 
of generating a unique genomic pattern for the individual 
from which the sample was isolated. The genomic pattern can 
be used for a variety of purposes including distinguishing 
between horned or poled genotypes in a test Subject. 
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0090 Exemplary bovine SNP “genomic patterns” for 
determining whether abovine Subject possesses the horned or 
polled haplotype are provided herein. Twenty-five (25) exem 
plary SNP marker patterns are provided in Table 2. Each 
pattern comprises a designated "haplotype' (i.e., a series of 
SNPs identified as being associated with the horned or poled 
genotype). For example, the haplotype associated with Pat 
tern 1 includes the Series of SNPs “GATCGCGG’ The SNP 
series was generated from identifying eight of the sixteen 
SNPs provided in Table 1. The eight SNPs, set forth in Table 
2, include MMBT25287 (G/A), MMBT25303 (C/A), 
MMBT25281 (T/G), MMBT25316 (G/C), MMBT25314 
(G/A), MMBT25313 (G/C), MMBT10493 (G/A), and 
MMBT25986 (T/G). The predicted genotype, either horned 
or polled, associated with each pattern is included in Table 2. 
In one example, the patterns generated from the SNPs pro 
vided herein can be utilized to verify the genotype of a cloned 
animal or frozen or split and/or cloned embryo, or character 
ize tissues that may undergo intra- or inter-transplantation or 
propagation to other mammals, or verify the identity of 
banked and/or frozen semen, or verify cultured cell lines. 
0091. In one embodiment of the invention, when a biologi 
cal sample, such as blood or sperm, is obtained from a bovine 
test Subject, nucleic acid can be isolated and Screened with a 
panel of SNPs to generate a genomic pattern. The genomic 
pattern can be matched with genomic patterns set forth in 
patterns 1-25 of Table 2. As noted above, patterns 1-25 were 
generated using the eight SNPs set forth in Table 2 (e.g., 
MMBT25287 (G/A), MMBT25303 (CIA), MMBT25281 
(T/G), MMBT25316 (G/C), MMBT25314 (G/A), 
MMBT25313 (G/C), MMBT10493 (G/A), and 
MMBT25986 (T/G)). However, it is understood that a plural 
ity of these SNPs, in any combination, can be used to generate 
a genomic pattern. In fact, additional patterns can be gener 
ated using all sixteen SNPs, or any combination thereof, as 
provided in Table 1 and Table 3. 
0092. The invention also relates to kits, which can be used, 
for example, to perform a method of the invention. Thus, in 
one embodiment, the invention provides a kit for identifying 
nucleotide occurrences or haplotype alleles of bovine SNPs. 
Such a kit can contain, for example, an oligonucleotide probe, 
primer, or primer pair, or combinations thereof for identifying 
the nucleotide occurrence of at least one bovine single nucle 
otide polymorphism (SNP) associated with the horned or 
polled genotype, such as a SNP corresponding to the nucle 
otide at position 300, or the complement thereof, in any one of 
SEQ ID NOs:49-64, following hybridization and primer 
extension. Such oligonucleotides being useful, for example, 
to identify a SNP or haplotype allele as disclosed herein; or 
can contain one or more polynucleotides corresponding to a 
portion of a bovine gene containing one or more nucleotide 
occurrences associated with a bovine trait. Such polynucle 
otide being useful, for example, as a standard (control) that 
can be examined in parallel with a test sample. In addition, a 
kit of the invention can contain, for example, reagents for 
performing a method of the invention, including, for example, 
one or more detectable labels, which can be used to label a 
probe or primer or can be incorporated into a product gener 
ated using the probe or primer (e.g., an amplification prod 
uct); one or more polymerases, which can be useful for a 
method that includes a primer extension or amplification 
procedure, or other enzyme or enzymes (e.g., a ligase or an 
endonuclease), which can be useful for performing an oligo 
nucleotide ligation assay or a mismatch cleavage assay; and/ 
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or one or more buffers or other reagents that are necessary to 
or can facilitate performing a method of the invention. 
0093. The primers or probes can be included in a kit in a 
labeled form, for example with a label such as biotin or an 
antibody. In one embodiment, a kit of the invention provides 
a plurality of oligonucleotides of the invention, including one 
or more oligonucleotide probes or one or more primers, 
including forward and/or reverse primers, or a combination of 
Such probes and primers or primer pairs. Such a kit also can 
contain probes and/or primers that conveniently allow a 
method of the invention to be performed in a multiplex for 
mat. The kit can also include instructions for using the probes 
or primers to determine a nucleotide occurrence of at least one 
bovine SNPs. 
0094. In addition to bovine genomic patterns, it is under 
stood that the SNPs provided herein can be used to generate 
genomic patterns for other ruminant Subjects that possess the 
horned or polled haplotype. “Ruminant as used herein, 
includes any of various hoofed, even-toed, horned mammals 
of the Suborder Ruminantia. Additional exemplary ruminants 
include sheep, buffalo, goats, deer, and giraffes. 
0.095 Many software programs for molecular population 
genetics studies have been developed, their advantage lies in 
their pre-programmed complex mathematical techniques and 
ability to handle large Volumes of data. Popular programs 
used by those in the field include, but are not limited to: 
TFPGA, Arlequin, GDA, GENEPOP, GeneStrut, POPGENE 
(Labate, J. A., CropSci. 40: 1521-1528. (2000)) and Struc 
ture. The present disclosure incorporates the use of all of the 
software disclosed above used to classify bovines into popu 
lations based on DNA polymorphisms as well as other soft 
ware known in the art. 

0096 Exemplary markers include the sixteen SNP mark 
ers described in Table 1. These markers are in linkage dis 
equilibrium with the horned/polled genotype and can be used 
alone or in combinations to infer the horned and polled geno 
types. Table 3 lists the marker names, extension primer, and 
the location of the SNP within the amplicon sequence. 
0097. Two hundred forty-nine (249) individual animals 
with known horned/polled phenotype were genotyped for 
these 16 markers. Some markers are in complete linkage with 
each other, such that 8 of these markers are sufficient for 
determining the genotype of an individual animal, as indi 
cated in Example 1 and Table 2. Based on this data, 25 
unambiguous haplotypes can be assigned: 14 predict the 
horned allele and 11 predict the polled allele with perfect 
accuracy. Table 2 lists the haplotypes in the order: 
MMBT25287,MMBT25303, MMBT25281, MMBT25316, 
MMBT25314, MMBT25313, MMBT10493, and 
MMBT25986, and their predicted genotype, either homed or 
polled. Haplotype sequences for 8 markers (MMBT25287. 
MMBT25303, MMBT25281, MMBT25316, MMBT25314, 
MMBT25313, MMBT10493, and MMBT25986) identify 
genetic sequence for horned/polled alleles. For example, an 
animal with the haplotype of GATGGCAG/GAGCGCGG 
will be horned because both haplotypes represent the horned 
allele and animals with two copies will have the homed phe 
notype. An animal with the haplotype GATCGCGT/GCT 
CACGT will be phenotypically polled, but carries one copy 
of the horned allele. Finally, an animal with the haplotype 
AATGGCGG/AATGGGGG will also be phenotypically 
polled, but the animal carries 2 copies of the polled allele 
allowing it to breed “true'. Similarly, for the six-SNP haplo 
types listed in table 5, the combination of GCGCGC/ 



US 2011/O 195414A1 

GAGCGG (H/H) predicts a horned phenotype, while 
GATGGG/AATGGC (P/P) and GAGCGG/GCTCAC (HVP) 
predict polled phenotypes. 
0098. Further analysis permitted identification of nine 
additional haplotypes predictive for the horned or polled 
genotype, as indicated below in Example 2. Furthermore, for 
a significant percentage of cattle, an accurate determination 
can be performed using haplotypes of only 6 of the 8 SNPs 
(Example 3). 
0099 While most of the animals analyzed according to the 
invention were beef cattle, the present invention is equally 
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applicable to dairy cattle. For example, the experiments 
detailed in Example 4 included Jersey and Holstein cattle, 
both dairy breeds. Jersey and Holstein cattle are generally 
horned. However, recently new “polled animals have 
appeared within these breeds. Following methods of the 
present invention, a six SNP haplotype has been identified 
that predicts the polled genotype in these animals. 

Listing of Tables 

01.00 

TABLE 1. 

Marker Name, Forward and Reverse Primer and Single-Nucleotide 
Polymorphism Allele. 

Forward Primer Reverse Primer SNP SNP 
SNP (SEQ ID NOS : 1-16) (SEQ ID NOS : 17-32) Allele 1 Allele 2 

BT25314 TTTTATTTCTCTCTCCCACTCATG ATTTCATGATGGGCCTCAG G A. 

BT253.16 AAACAATTTCATAAGCCATCCT GGGGCACCAAGGTAGTCA, G C 

BT253 O9 TGTTTGCAAAAGGAAGAAAATG TCTCTCTTTTTTAATGTTTCACTTGC C A. 

BT10497 ACACTAAACCAACAGACAATAATGAGTTACAAGTGTTCCCTTTATGGAGT T C 

BT25298 ACTTGATCCTTGTCTTTGCC TGAGTACCATATTGATCCTAAAAACTG T C 

BT253 O3 AAACTTGTCTGTTGTACT CAAGCA) GCTTAGTAGCTCTGAGGCATCTT C A. 

BT1 O498 TTTTTGTTCCTATTGTTTTCATGC AGACTCCAGGAAACAAATGGA T C 

BT2s287 TCTGTAAACACAGCAGAYCTTTCT AGCCAAAGAAACTGAAAAACTTC G A. 

BT2s288 TTTTCCRACCATTTTCAGG TTCACCCCAGGCCAGAGG G A. 

BT25289 AACACGTGAAGTTTTTCAGTTTC AGAAGCTGAATGGGGCCA G A. 

BT25290 TGAACTGACTGCGCTGGC TAACACATCTTCCCCCCTG G A. 

BT1 O493 ATTATTTAGCCTACCACAGTCCC TCCAAGGCATGTCAACATT G A. 

BT25281 ATGTTGCAGTGAACAAAACAGA TTTCARTGGAAAAGGGAATCA T G 

BT25292 TTGACAAATGTAACTGTAAGGTTTC ACAGACCCATTTCACAGACTG G A. 

BT25313 CCAACACAGTCCAACGCA TTGATCATCCTACACATAACCGT G C 

BT25986 TCCATCCTCGGAAGGGCA TGACTGACAGGGACT CATTTTTTATT T G 

TABLE 2 

Haplotypes Identified for Horned or Polled Genotypes. 

Horned 
(H) or 

Genomic Polled 
Pattern (P) 

1. GATCACAG G A. T 

2 GAGCGCGG G A. G 

3 GAGCGGGG G A. G 

4. GATGGCAG G A. T 

5 d AATCACGG A. A. T 

6 GATCGCAG G A. T 

Haplotype MMBT25287 MMBT253 O3 MMBT25281. MMBT25316 MMBT25314 MMBT25313 MMBT10493 MMBT25986 

C A. C A. G 

C C C G G 

C A. G A. G 

G G C A. G 

C A. C G G 

C G C A. G 
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TABLE 3 - continued 

List of the Extension Primer, Location. Of The SNP In The Amplicon 

Aug. 11, 2011 

Sedulence. 

SNP 

MMT25986 GGGCGGAGTGGAGAGGCTGTTCCTG) 

Extension Primer 
(SEQ ID NOS : 33-48) Amplicon Sequence (SEQ D NOS: 49-64) 

AACACTTCTACAAAATTAGGTCAGTCATATACTTTTATAATCAG 
CTTTTGTACTTAATAAATTAGACTTTTARTCTGTTCCATATATTCT 
TCTGCATGTTTTAACAATTGTGTCACACAGCAGGTGGGGRCAGC 
TTGTCCTCACAGGCTCTGICAGCACCCTCTCAGCCCGCTACCATG 
AGCCTCCTCACAGGAGCACGTTCATACGCACAGCCTGCCTGGGG 
CTCAGCTGTGCTGGGGTGAAGCTTTGGGTACTCCATCCTCGGAA 

GGGCACAGGGCGGAGTGGAGAGGCTGTTCCTG (G/T) AAACCTGA 
GAACACTGGCAATAAAAAATGAGTCCCTGTCAGTCAAATAAGT 
ATCCTGTCTGGTGGTGCTGTATATGTTTTCATGTGTTTGTGGTCA 
TTTTACT TTC, TCATTTGATGTGTTTTACTTGGCAGTTCTTATGGTG 
TGCAAGGGTTTTTGGGTTTTTTTTTTTAGTTGATTTGTAGGAGCC 
AGTTTATGTTAAGGATCAGAACCTCTGTATAATCCATACTTTTCC 
TACTGGGCCATTTGTATCTTGATTC, TCTGTTTTTGTTTTTAATTGA 
AGGATAATTGCTTTACAATATT 

0101 The following examples are intended to illustrate 
but not limit the invention. 

Example 1 

Identification of SNP Markers and Haplotypes for 
Inferring Horned and Polled Phenotypes 

0102) Approximately 150 biallelic SNP markers within a 
1.5 cM region surrounding the known location of the horned/ 
polled locus were analyzed for the nucleotide occurrence of 
the polymorphism in genomic DNA of 249 animals of known 
breed and known horned (homozygous recessive) or polled 
(homozygous dominant or heterozygous) genotype and phe 
notype. Representative primers used for SNP determination 
by primer extension are listed in Table 1. The initial analysis 
was performed on 9 breeds: Holstein, Angus, Red Angus, 
Limousin, Hereford, Simmental, Salers, Charolais and Gel 
bvieh. The marker haplotypes observed were common across 
all breeds analyzed. 
0103 Using a Chi-square analysis, 16 markers were 
selected based on a LOD scored 3.0. Based on this selection, 
each marker had a likelihood about 100 times greater of 
segregating with the genotype than a marker chosen at ran 
dom 

0104. The Gibbs Sampler (MCMC technology as 
described in Geman & Geman, “Stochastic relaxation, Gibbs 
distributions and the Bayesian restoration of images.” IEEE 
Trans. Pattn. Anal. Mach. Intel. 6,721-741, 1984.), was used 
to develop haplotypes from the 16 markers. The initial analy 
sis indicated that 8 markers (MMBT25287, MMBT25303, 
MMBT25281, MMBT25316, MMBT25314, MMBT25313, 
MMBT10493 and MMBT25986) were sufficient to accu 
rately and unambiguously determine the genotype of the ani 
mals tested. Regardless of breed, detection of one polled 
haplotype or two horned haplotypes of the eight identified 
markers inferred the underlying genotype of the animal, 
across all breeds analyzed 
0105 Twenty-five haplotypes were observed in the initial 
249 animals analyzed as summarized in Table 2, above. The 

25 haplotypes were perfectly predictive of genotype and did 
not require further statistical analysis for determining the 
genotype of a subject animal. The limited number of haplo 
types that were observed is consistent with current teaching of 
the art Suggesting that that not all theoretically possible hap 
lotypes for most traits are actually present in any population. 
The 25 exemplary haplotypes summarized in Table 2 likely 
represent the most prevalent haplotypes in the population of 
cattle studied. 

Example 2 
Identification of Thirty-Four Eight-SNP Haplotypes 

0106 Based on the initial identification of eight markers 
useful for determining horned and polled genotypes, a larger 
sample of 4171 animals was analyzed. Table 3 lists the num 
ber of animals of each breed included in this analysis. 

TABLE 3 

Animals Tested for Eight SNP Haplotypes by Breed 

breed Number Analyzed 

Angus 39 
Ayrshire 1 
Beefimaster 1 
Braford 1 
Braunvieh 3 
Charolais 41 
Cross Breed 11 
Gelbvieh 426 
Hereford 136 
Holstein 78 
ersey 8 
Limousin 2699 
Piedmontese 8 
Red Angus 27 
Salers 47 
Simmental S84 
Unknown 61 

Total 4171 

0107 The haplotypes initially identified in a small 
research sample were confirmed in the larger sample, while 
only 13 additional haplotypes were identified. This result 
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Supports the initial conclusion that the 25 haplotypes shown 
in Table 2 describe most of the allelic variation observed in TABLE 4 - continued 
cattle. 

Y Eight-SNP Haplotypes and Percentage 
0108 New haplotypes were detected by identifying a Representation in 4, 171 Cattle of 
homozygous animal and associating it with phenotype. For Warious Breeds 
example, detecting an animal with a homozygous 1250/1250 Designation Actual Haplotype 3. haplotype and a polled phenotype was interpreted to mean 
that haplotype 1250 is polled. Similarly, an animal with 1090/ 
1090 haplotype and a horned phenotype was interpreted to O8 GATGGCAG O 313 
mean that haplotype 1090 is a horned haplotype. Based on 14 GATCAGGG O 31& 
this analysis, 34 haplotypes were assigned to a specific geno 
type (21 polled and 13 horned) across all breeds tested as 18 GATCACGG O. 86& 
indicated in Table 4. 19 GATCACGT O. O6& 

TABLE 4 22 GATCGGGG 4.41% 

Eight-SNP Haplotypes and Percentage 23 GATCGGGT O 253 
Representation in 4, 171 Cattle of 

Warious Breeds 24 GATCGCAG 2.43 & 

Designation Actual Haplotype' 3. 26 GATCGCGG 13.14& 

Polled Haplotypes 27 GATCGCGT 1.12% 

O54 GCTCACGG O.2O3 Unknown Haplotype 

O55 GCTCACGT O. O6& 25 GATCGCAT 1.34& 

O60 GCTCGCAG 15. O3: Marker Order: MMET25287, MMBT253O3 MMBT25281, MMBT25316 
MMBT25314, MMBT25313 MMBT10493 MMBT25986 

O61 GCTCGCAT 4.83 & 0109. One haplotype (1125) listed above in Table 4 could 
O62 GCTCGCGG 5.55% not be assigned unambiguously. 

0110 Ambiguity was observed in only one haplotype that 
O63 GCTCGCGT O393 can be managed by breed. Haplotype 1122 is horned in the 
104 GATGGGAG O. O6& English and European breeds segregating at the locus, but a 

unique mutation associates it with polled in Jersey and Hol 
106 GATGGGGG 1. O93 stein cattle. Although the haplotypes have been observed to be 

c highly predictive of horned/polled genotype in the population 
12O GATCGGAG O. O.8% of cattle studied, it is expected in any genetic analysis that a 
232 AATGGGAG O393 Small percentage of the results may be in error due to the 

appearance of new polymorphisms caused by random muta 
234 AATGGGGG 8. 42& tion and recombination. 

235 AATGGGGT 1983 0111 Breeding analysis of the animals listed above con 
firmed that the 34 unambiguous eight-SNP haplotypes iden 

238 AATGGCGG 2.65% tified above bred true. Matings involving the animals listed in 
239 AATGGCGT 1. O6& Table 4 produced offspring having the expected genotypes 

and phenotypes. 
244 AATCACAG O. 983 

Example 3 
245 AATCACAT O. 14& 

246 AATCACGG O. O6& Development of a Six-SNP Haplotype System for 
inferring Horned and Polled Phenotypes 

250 AATCGGGG 6.36& 

0112. In subsequent analyses of the nucleotide occurrence 
251 AATCGGGT O. 173 of the SNPs described above (performed as described above 

in Example 1), more than 9,000 individual haplotypes from 
compiled from 6,360 Angus, Charolais, Gelbvieh, Hereford, 

254 AATCGCGG 19553 Limousin and Simmental cattle have been determined. Based 
on this analysis, a six-SNP haplotype system was found suf 
ficient to unambiguously infer the genotype of the vast major 

252 AATCGCAG 1. O3& 

Horned Haplotypes 

O3O GCGCGCGG O.333 ity of animals tested. The most prevalent haplotypes are listed 
in Table 5 by breed, number of haplotypes observed, and 

O58 GCTCGGGG O. 783 determination as to horned or polled phenotype. The markers 
of the six-SNP haplotypes: MMBT25287 (SEQID NO:53), 
MMBT25303 (SEQ ID NO:59), MMBT25281 (SEQ ID 

O94 GAGCGCGG 1.81& NO:52), MMBT25316 (SEQ ID NO:63), MMBT25314 
(SEQID NO:62), and MMBT25313 (SEQID NO:61). 

O90 GAGCGGGG O. 14& 
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TABLE 5 

Aug. 11, 2011 

Six-Marker Haplotypes for Horned or Polled Phenotypes 

6 Marker 
Haplotype MARKER 

Pattern MMBT2S287 MMBT253O3 MMBT2S281. MMBT25316 MMBT25314 MMBT25313 

GCGCGC G C G C G C 
GAGCGG G A. G C G G 
GAGCGC G A. G C G C 
GATGGC G A. G G C 
GATCAC G A. C A. C 
GATCGC G A. C G C 
GCTCAC G C C A. C 
GCTCGC G C C G C 
GATGGG G A. G G G 
AATGGG A. A. G G G 
AATGGC A. A. G G C 
AATCAC A. A. C A. C 
AATCGG A. A. C G G 
AATCGC A. A. C G C 

6 Marker 
Haplotype BREED 

Pattern Phenotype Angus Charolais Gelbvieh Hereford Limousin Simmental Totals 

GCGCGC H O O 1 3 4 7 17 
GAGCGG H O O 2 5 12 5 24 
GAGCGC H O O 12 1 121 62 209 
GATGGC H O O 1 O 26 1 28 
GATCAC H O 1 4 1 69 1 91 
GATCGC H O 6 131 8 1413 89 1647 
GCTCAC C 1 1 14 O 2 O 31 
GCTCGC C 3 1 83 O 2162 153 24OS 
GATGGG C O 4 1 32 13 29 79 
AATGGG C 10 12 147 O 688 414 1271 
AATGGC C 29 2 92 O 236 141 500 
AATCAC C 3 9 5 52 39 29 137 
AATCGG C O O 17 2 595 10 624 
AATCGC C 34 12 213 3 1930 234 2426 

Totals 8O 48 723 107 7310 1175 94.89 

Example 4 possible when the parental 1122 haplotype is from a polled 
animal, particularly a polled Limousin, Jersey or Holstein 

Haplotype 1122 animal. 

0113. One additional haplotype (1122) that was detected TABLE 6 
in the animals listed in Table 4, above, proved to be ambigu 
ous. That is, family structure was found to be required to 
determine whether this haplotype is in phase with horned or 
polled alleles. The polled version of this haplotype was iden 
tified in Limousin, Holstein and Jersey cattle. See Table 6, 
below. 

0114 Holstein and Jersey breeds are horned dairy breeds. 
Recently, however, new “polled animals have appeared 
within these breeds. In each of 10 polled Jersey (n=20 Jersey, 
both horned and polled) and 46 polled Holstein (n=73, both 
horned and polled) animals analyzed, the 1122 haplotype was 
detected. However, the presence of the 1122 haplotype alone 
is insufficient to predict a polled phenotype since certain 
horned animals were observed with the 1122 horned haplo 
type, including 2 Holsteins. 
0115 Taken together, in order to determine whether an 
animal has a polled genotype based on detection of a 1122/ 
GATCGG haplotype, it is necessary to analyze the parentage 
of the 1122 haplotype in addition to detecting the haplotype in 
the Subject animal. A prediction of a polled phenotype is 

Phenotype of Animals Having a 1122 (GATCGG) Haplotype 

Number of Animals Observed Per 
Phenotype 

Breed Horned Polled 

Angus O O 
Charolais 1 O 
Gelbvieh 7 O 
Hereford 82 O 
Holstein 2 46 
Limousin 79 37 
Simmental 22 O 
Jersey O 10 

0116. The foregoing written specification is considered to 
be sufficient to enable one skilled in the art to practice the 
invention. The present invention is not limited in scope by the 
examples provided, since the examples are intended as illus 
trations of various aspect of the invention and other function 
ally equivalent embodiments are within the scope of the 
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invention. Various modifications of the invention in addition objects of the invention are not necessarily encompassed by 
to those shown and described herein will become apparent to each embodiment of the invention. All references, patents and 
those skilled in the art from the foregoing description and fall patent publications that are recited in this application are 
within the scope of the appended claims. The advantages and incorporated in their entirety herein by reference. 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 66 

<21 Os SEQ ID NO 1 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Forward Primer 

<4 OOs SEQUENCE: 1 

acactaalacc aacagacaat aatgag 26 

<21 Os SEQ ID NO 2 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Forward Primer 

<4 OOs SEQUENCE: 2 

attatttagc ctaccacagt ccc 23 

<21 Os SEQ ID NO 3 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Forward Primer 

<4 OOs SEQUENCE: 3 

attitttgttc ct attgttitt catg 24 

<21 Os SEQ ID NO 4 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Forward Primer 

<4 OOs SEQUENCE: 4 

atgttgcagt galacaaaac a ga 22 

<21 Os SEQ ID NO 5 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: Forward Primer 

<4 OOs SEQUENCE: 5 

totgtaalaca cagoagayct ttct 24 

<21 Os SEQ ID NO 6 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
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OTHER INFORMATION: Forward Primer 

SEQUENCE: 6 

ttitt coracic attitt cagg 

SEO ID NO 7 
LENGTH: 23 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Forward Primer 

SEQUENCE: 7 

aacacgtgaa gtttitt cagt titc 

SEQ ID NO 8 
LENGTH: 18 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Forward Primer 

SEQUENCE: 8 

tgaactgact gcgctggc 

SEO ID NO 9 
LENGTH: 25 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Forward Primer 

SEQUENCE: 9 

ttgacaaatg taactgtaag gtttc 

SEQ ID NO 10 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Forward Primer 

SEQUENCE: 1.O 

acttgatcct tdt ctittgcc 

SEQ ID NO 11 
LENGTH: 24 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Forward Primer 

SEQUENCE: 11 

aaacttgtct gttgtactica agca 

SEQ ID NO 12 
LENGTH: 22 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Forward Primer 

SEQUENCE: 12 

20 

- Continued 

19 

23 

18 

25 

24 

Aug. 11, 2011 



US 2011/O 195414A1 

tgtttgcaaa aggaagaaaa t 

<210s, SEQ ID NO 13 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Forward Primer 

<4 OOs, SEQUENCE: 13 

c caacacagt ccaacgca 

<210s, SEQ ID NO 14 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Forward Primer 

<4 OOs, SEQUENCE: 14 

ttittatttct citctoccact catg 

<210s, SEQ ID NO 15 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Forward Primer 

<4 OOs, SEQUENCE: 15 

aaacaattitc ataagc catc ct 

<210s, SEQ ID NO 16 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Forward Primer 

<4 OOs, SEQUENCE: 16 

tccatcCt c gaagggca 

<210s, SEQ ID NO 17 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Reverse Primer 

<4 OOs, SEQUENCE: 17 

ttacaagtgt toccitt tatg gagt 

<210s, SEQ ID NO 18 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Reverse Primer 

<4 OOs, SEQUENCE: 18 

tccaaggcat gtcaac att 

<210s, SEQ ID NO 19 

21 

- Continued 

22 
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&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Reverse Primer 

<4 OOs, SEQUENCE: 19 

aaaaggagac to Caggaaac a 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Reverse Primer 

<4 OOs, SEQUENCE: 2O 

titt Cartgga aaagggaatc a 

<210s, SEQ ID NO 21 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Reverse Primer 

<4 OOs, SEQUENCE: 21 

agccaaagaa actgaaaaac titc 

<210s, SEQ ID NO 22 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Reverse Primer 

<4 OOs, SEQUENCE: 22 

ttcaccc.cag gccagagg 

<210s, SEQ ID NO 23 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Reverse Primer 

<4 OOs, SEQUENCE: 23 

agaa.gctgaa tigggc.ca 

<210s, SEQ ID NO 24 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Reverse Primer 

<4 OOs, SEQUENCE: 24 

taacacatct tcc cccct g 

<210s, SEQ ID NO 25 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

22 

- Continued 

21 

21 
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OTHER INFORMATION: Reverse Primer 

SEQUENCE: 25 

acagacccat titcacagact g 

SEQ ID NO 26 
LENGTH: 27 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Reverse Primer 

SEQUENCE: 26 

tgagtaccat attgat cota aaaactg 

SEO ID NO 27 
LENGTH: 23 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Reverse Primer 

SEQUENCE: 27 

gcttagtagc tictgaggcat Ctt 

SEQ ID NO 28 
LENGTH: 26 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Reverse Primer 

SEQUENCE: 28 

totctotttt ttaatgtttc acttgc 

SEQ ID NO 29 
LENGTH: 23 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Reverse Primer 

SEQUENCE: 29 

ttgat catcc tacacataac cqt 

SEQ ID NO 3 O 
LENGTH 19 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Reverse Primer 

SEQUENCE: 3 O 

attt catgat gggcct cag 

SEQ ID NO 31 
LENGTH: 18 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Reverse Primer 

SEQUENCE: 31 

23 

- Continued 

21 
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ggggcaccala gg tagt ca 

<210s, SEQ ID NO 32 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Reverse Primer 

<4 OOs, SEQUENCE: 32 

tgactgacag gigact cattt tittatt 

<210s, SEQ ID NO 33 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Extension Primer 

<4 OOs, SEQUENCE: 33 

ggtc. cactitg atccttgtct ttgcc 

<210s, SEQ ID NO 34 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Extension Primer 

<4 OOs, SEQUENCE: 34 

acct citaggit aagctitt.cgt aaag.c 

<210s, SEQ ID NO 35 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Extension Primer 

<4 OOs, SEQUENCE: 35 

ggct tctgtc. ttaalacaca gcaga 

<210s, SEQ ID NO 36 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Extension Primer 

<4 OOs, SEQUENCE: 36 

ctgcacatct t catggagtt cacac 

<210s, SEQ ID NO 37 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Extension Primer 

<4 OO > SEQUENCE: 37 

tttgttt cct ggagt citcct titt co 

<210s, SEQ ID NO 38 

24 

- Continued 
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&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Extension Primer 

<4 OOs, SEQUENCE: 38 

gctg.cgttga ct cattacag caaa 

<210s, SEQ ID NO 39 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Extension Primer 

<4 OOs, SEQUENCE: 39 

Cagttcaccc Caggccagag gccac 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Extension Primer 

<4 OOs, SEQUENCE: 4 O 

agct tcaa.gc tigc ctgtgct agagg 

<210s, SEQ ID NO 41 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Extension Primer 

<4 OOs, SEQUENCE: 41 

tittgcc actg cca catcc.ca gctra 

<210s, SEQ ID NO 42 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Extension Primer 

<4 OOs, SEQUENCE: 42 

atacctgctic cqtggcttgg citctic 

<210s, SEQ ID NO 43 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Extension Primer 

<4 OOs, SEQUENCE: 43 

ggct cagtgg taaagaattit gcctg 

<210s, SEQ ID NO 44 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

25 
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- Continued 

<223> OTHER INFORMATION: Extension Primer 

<4 OOs, SEQUENCE: 44 

agtttgttitt agccttitt co cotcc 25 

<210s, SEQ ID NO 45 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Extension Primer 

<4 OOs, SEQUENCE: 45 

gtgggggcgg gcc.ggtgcc.g. cct CC 25 

<210s, SEQ ID NO 46 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Extension Primer 

<4 OOs, SEQUENCE: 46 

Ctttgatttg agggat cagc ctgca 25 

<210s, SEQ ID NO 47 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Extension Primer 

<4 OOs, SEQUENCE: 47 

Cctic ccgggt ttctgagaac Ctggc 25 

<210s, SEQ ID NO 48 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Extension Primer 

<4 OOs, SEQUENCE: 48 

gggcggagtg gagaggctgt to Ctg 25 

<210s, SEQ ID NO 49 
&211s LENGTH: 6OO 
&212s. TYPE: DNA 
<213> ORGANISM: Bovine 

<4 OOs, SEQUENCE: 49 

ttittctttitt ttittaatata tdaaactaat cataacaagt gigttgctgttgaaaacagoag 6 O 

gctic cctaag gotgcc ctitc caatgaccca taccctgacc toggacagacc acctt ctitt c 12 O 

Caagagagga gaagttttgt t cctagat.ca gatgaaactic tigctitt acc cctggtgacc 18O 

aggaggatta at Cagacgcc agtaaaacag ccgacagaca Cactaalacca acagacaata 24 O 

atgagcacac acaccaggaa acgtc.cgt.cc aagaggit coa cittgatcctt gtc.tttgccy 3OO 

taagatgtaa tacctgct co gtggcttggc tict cygtact c catalaaggg aac acttgta 360 

agctgagaag Ctgc.cagttt ttaggatcaa tatgg tactic acaagagctg gttaggaaac 42O 
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- Continued 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Reverse Primer 

<4 OOs, SEQUENCE: 66 

agactic Cagg aaacaaatgg a 

What is claimed is: 
1. A method for identifying the polled phenotype in a 

bovine Subject, comprising detecting a dominant polled hap 
lotype allele in a nucleic acid sample from the Subject selected 
from: 

GCTCAC, 

GCTCGC, 

GATGGG, 

AATGGG, 

AATGGC 

AATCAC, 

AAT 
and 

CGG, 

AATCGC 

wherein the sequence of letters of the haplotype allele 
represent the nucleotide occurrence of a single nucle 
otide polymorphism corresponding to nucleotide posi 
tion 300 of SEQID NOs: 53 (marker MMBT25287), 59 
(marker MMBT25303), 52 (marker MMBT25281), 63 
(marker MMBT25316), 62 (marker MMBT25314), and 
61 (marker MMBT25313) respectively. 

2. The method of claim 1, comprising detecting a diploid 
pair of haplotype alleles. 

3. The method of claim 1, wherein the bovine subject is a 
member of a breed selected from Angus, Charolais, Gelbvieh, 
Hereford, Limousin, or Simmental. 

4. The method of claim 1, wherein the bovine subject is a 
member of a breed raised for beef production. 

5. The method of claim 4, wherein the bovine subject is a 
member of a breed raised for beef and milk production. 

6. A method for identifying the horned phenotype in a 
bovine Subject, comprising: 

detecting a pair of recessive horned haplotype alleles in a 
nucleic acid sample from the Subject, wherein each hap 
lotype allele is independently selected from: 

GCGCGC, 

GAGCGG, 

GAGCGC, 

GATGGC, 

GATCAC, 
and 

GATCGC 

21 

wherein the sequence of letters of the haplotype allele repre 
sent the nucleotide occurrence of a single nucleotide poly 
morphism corresponding to nucleotide position 300 of SEQ 
ID NOs: 53 (marker MMBT25287), 59 (marker 
MMBT25303), 52 (marker MMBT25281), 63 (marker 
MMBT25316), 62 (marker MMBT25314), and 61 (marker 
MMBT25313) respectively. 

7. The method of claim 6, wherein the bovine subject is a 
member of a breed selected from Charolais, Gelbvieh, Here 
ford, Limousin, or Simmental. 

8. The method of claim 6, wherein the bovine subject is a 
member of a breed raised for beef production. 

9. The method of claim 8, wherein the bovine subject is a 
member of a breed raised for beef and milk production. 

10. A method for identifying the polled phenotype in a 
bovine subject: 

a. detecting a GATCGG haplotype allele in a nucleic acid 
sample from the Subject, wherein the sequence of letters 
of the haplotype allele represent the nucleotide occur 
rence of a single nucleotide polymorphism correspond 
ing to nucleotide position 300 of SEQ ID NOs: 53 
(marker MMBT25287), 59 (marker MMBT25303), 52 
(marker MMBT25281), 63 (marker MMBT25316), 62 
(marker MMBT25314), and 61 (marker MMBT25313) 
respectively; and 
detecting the GATCGG haplotype in a nucleic acid 
sample from at least one polled parent of the Subject. 

11. The method of claim 10, wherein the bovine subject is 
a dairy animal. 

12. The method of claim 10, where the bovine subject is a 
member of a breed selected from Limousin, Jersey, or Hol 
Stein. 

13. The method of claim 1, 6, or 10, wherein the nucleic 
acid sample is isolated from a tissue or bodily fluid. 

14. The method of claim 1,6, or 10, wherein the nucleic 
acid sample comprises DNA. 

15. The method of claim 14, wherein the DNA is genomic 
DNA. 

16. A method for identifying a haplotype allele associated 
with a horned phenotype in a bovine Subject comprising 

a. determining a haplotype in at least one allele of at least 
one horned bovine subject, wherein the haplotype allele 
comprises the nucleotide occurrence of a nucleotide 
polymorphism corresponding to nucleotideposition 300 
of each of SEQID NOs: 53, 59, 52, 63, 62, and 61, 

b. thereby, identifying a haplotype allele associated the 
horned phenotype in a bovine Subject. 

17. The method of claim 16, wherein the haplotype of both 
alleles is detected. 

18. The method of claim 17, wherein the haplotypes of 
each allele of the bovine subject is different, and thereby two 
haplotype alleles associated with the horned phenotype are 
detected 

b. 
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19. A method for identifying a haplotype allele associated 
with a polled phenotype in a bovine Subject comprising: 

a. detecting the nucleotide occurrence of single nucleotide 

tifies the first haplotype allele as a haplotype allele asso 
ciated with the polled phenotype, and wherein a horned 
phenotype of the second subject identifies the second 

polymorphisms corresponding to nucleotide position 
300 of each of SEQID NOs: 53, 59, 52,63, 62, and 61, 
in both first and second alleles of a first bovine subject, 
wherein the first subject displays the polled phenotype: 

b. identifying the horned or polled phenotype of a second 
bovine Subject, wherein the second Subject is homozy 
gous for the first haplotype allele identified in step a. 
wherein a polled phenotype of the second subject iden 

haplotype allele as a haplotype allele associated with the 
polled phenotype, 

thereby, identifying a haplotype allele associated the 
polled phenotype in a bovine Subject. 

20. The method of claim 19, wherein the first and second 
alleles of the first bovine subject are the same. 

c c c c c 


