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COMPOSITIONS, METHODS AND SYSTEMS FOR THE SIMULTANEOUS

DETERMINATION OF PARENTAGE, IDENTITY, SEX, GENOTYPE AND/OR

PHENOTYPE, AND BREED DETERMINATION IN ANIMALS

CROSS REFERENCE TO RELATED APPLICATIONS

The present invention claims benefit of priority to United States patent application serial

number 60/935,298 filed on August 3, 2007, the contents of which are herein incorporated

by reference in their entirety.

FIELD OF THE INVENTION

The invention relates to a universal genetic evaluation system capable of

simultaneously determining multiple genetic characteristics in domestic and wild animals.

In particular, the invention provides for the concurrent detection of polymorphisms, such as

single nucleotide polymorphisms (SNPs), insertions and/or deletions and other mutations

within gene sequences, as determinants of genetic characteristics, such as parentage,

identity, sex, genotype and/or phenotype and breed determination, and providing

corresponding profiles.

BACKGROUND OF THE INVENTION

The present invention provides for a universal genetic evaluation system capable of

simultaneously determining multiple genetic characteristics in domestic animal. This

universal system for identification and determination of key characteristics of individual

animals maximizes their individual potential performance and traits as well as health and

facilitates management and care of individual animals. The invention methods allow

predictive (predisposition) diagnostics, character and trait determination such that nutritional

therapies and pharmaceutical therapeutics can be administered to domestic animals when

and if appropriate. Traits determined by the invention can be utilized to promote selective

breeding to increase the value of the animals tested. The methods of the invention provide

systems to collect, record, analyze and store data associated with multiple genetic

characteristics in individual animals so that the data is usable to improve future

performance, desirable traits and health of animals. The methods and systems of the present



invention utilize information regarding genetic diversity among domestic and wild animals,

particularly single nucleotide polymorphisms (SNPs), insertions, deletions, inversions and

other mutations, and then correlate the presence of SNPs, insertions, deletions and other

mutations of selected nucleotide marker sequences with important characteristics such as

parentage, identity, sex, genotype and phenotype of domestic and wild animals.

The present invention is based, in part, on the discovery of domestic and wild animal

markers containing mutations, including but not limited to, single nucleotide polymorphisms

(SNP), insertions, deletions or inversions that can be utilized to identify individual animals,

determine or verify parentage of a single animal from any breed, and predict or determine

phenotype and/or genotype. Specifically, the present invention provides compositions,

methods and systems for the identification of at least two characteristics, where the

characteristics are parentage, breed, identity as well as forensic identity, sex, genotype

and/or phenotype. These compositions, methods and systems aid in management of

individual animals or groups of animals to maximize their individual potential performance

and health and are important with respect to livestock evaluation. Compositions, methods

and systems of the present invention utilized to determine parentage and identity can be used

to:

1) assign or verify parentage in disputed cases or as a quality control check for breed

registries or for breed certification. These panels are currently utilized by domestic

animal breed registries for verifying parentage of a defined set of parents and

progeny;

2) match and verify the identity of a lost or stolen animal or to verify the identity of

unknown evidentiary samples when compared to a known animal sample. When

combined with a database of genotypes and animals, the panel can be used to match

unknown animals to itself, if a genotype has been previously recorded, or to parents

and siblings;

3) verify the identity of a cloned animal or frozen or split and/or cloned embryo;

4) verify the identity of banked and/or frozen semen, or verify cultured cell lines; and

5) link an known animal, animal hair or animal biological samples to a crime scene

evidentiary sample for forensic applications.

DNA analysis provides a powerful tool for determining the parentage, breed, identity

and/or phenotype of individual animals. Microsatellite marker panels have been developed

for cattle (Sherman et ul, Anim Genet. 35(3):220-6.; Heyen el al, Anim Genet.28(\):2\ -27)

and canine (See e.g., U.S. Pat. No. 5,874,217.; Ostrander et al.. Mammalian Genome, 6 :



192-195; Franscisco et al. Mammalian Genome 7:359-362) that are highly polymorphic and

amenable to standardization among laboratories performing these tests. However,

microsatellite scoring requires considerable human oversight and microsatellite markers

have high mutation rates. Single nucleotide polymorphisms (SNP) have also been utilized

because of the ease of scoring, low cost assay development and high-throughput capability.

There have been limited studies to evaluate the usefulness of SNP markers in small

populations of animals (Heaton et al, Mamm Genome. /J(5):272-81 ; Werner el al., Anim.

Gene/. 35(l):44-9). In addition, the utilization of SNPs alone does not provide coverage for

certain important nucleotide marker polymorphisms of interest.

Parentage and identity panels are the first applied technology of using genomic

analysis to begin managing domestic animals. For example, panels have been developed

utilizing microsatellite marker panels (DeNise et al., 2004. Anim. Genetics. 35(1 ) : 14-1 7;

Halverson et al, 1995. U.S. Pat. No. 05.874,21 7; Ostrander et al, 1993. Genomics 16: 207-

2 13, Ostrander et al., 1995. Mammalian Genome, 6 : 192-195; Franscisco et al, 1996.

Mammalian Genome 7:359-362.

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 animal husbandry and the management of health and

performance, one challenge has been the development of a cost-efficient system to

simultaneously identify parentage, breed, identity and phenotype. Another challenge has

been the development of a system that can be applied to more than genera or species of

animal e.g.. a universal system that can be utilized to identify parentage, breed, identity and

phenotype in horse, cattle, dogs, cats, sheep, goat, bison, deer, elk, antelope, caribou,

reindeer, moose, donkeys, mules, swine, camelids and other domestic and wild animals. A

further challenge has been the identification of a minimal set of SNPs with sufficient power

to identify parentage, identity, sex, genotype and phenotype simultaneously in one species of

animal, and a minimal set of SNPs with sufficient power to identify parentage, identity, sex,

genotype and phenotype in more than one species of animal.

Accordingly, there remains a need in the art for compositions, methods and systems

that provide for cost-efficient analysis where at least two characteristics selected from the

group consisting of parentage, identity, sex, genotype and phenotype can be simultaneously

identified in an animal, or more than one species of animal. In addition, there remains a

need in the art for compositions, methods and systems that are capable of providing this type

of analysis by utilizing various polymorphic nucleotide marker sequences, including



nucleotide marker sequences have single nucleotide polymorphisms (SNPs), insertions

and/or deletions or other mutations at their polymorphic sites.

BRIEF SUMMARY OF THE INVENTION

The present invention provides a method for simultaneously identifying a plurality of

polymorphisms in a nucleic acid sample isolated from an animal comprising the steps of: (a)

placing said nucleic acid sample in at least two recesses of an assay plate; (b) hybridizing

said nucleic acid sample to a pair of forward and reverse primers; (c) contacting said nucleic

acid sample with a first oligonucleotide probe and with a second oligonucleotide probe; (c)

performing PCR amplification; and (d) detecting the presence of said plurality of

polymorphisms in said nucleic acid sample.

In specific embodiments of the invention, the first oligonucleotide probe is capable

of detecting a first allele of a nucleotide marker sequence and the second oligonucleotide

probe is capable of detecting a second allele of a nucleotide marker sequence; wherein the

nucleotide marker sequence is any one of the nucleotide marker sequences as set forth in

Tables 1-1 1; and wherein said nucleotide marker sequence correlates with at least one of the

characteristics of an animal selected from the group consisting of: (i) parentage; (ii) identity;

(iii) sex (iv) genotype and (v) phenotype; and wherein said method is capable of

simultaneously identifying at least two characteristics of said animal selected from the group

consisting of: (i) parentage; (ii) identity; (iii) sex (iv) genotype and (v) phenotype.

In certain embodiments of the invention, the plurality of polymorphisms correlates

with all five characteristics. In other embodiments of the invention, the plurality of

polymorphisms is simultaneously identified in more than one nucleic acid sample, where

each of the nucleic acid samples can be isolated from more than one individual animal of the

same species, or different species.

In other embodiments of the invention the nucleic acid sample is isolated from an

animal, where the animal is of a family selected from the group consisting of Equidae,

Bovidae, Canidae, and Felidae. In further embodiments, animals of the family Bovidae are

of a species selected from the group consisting of Bos, Ovis, and Capra. In further

embodiments, animals of the family Equidae are of a species selected from the group

consisting of Equus. In further embodiments, animals of the family Canidae are of a species

selected from the group consisting of Canis. In further embodiments, animals of the family

Felidae are of a species selected from the group consisting of Felis.



In other embodiments of the invention, the plurality of polymorphisms comprises

between about 20 and about 10,000 polymorphisms and extending up to whole genome

analysis, between about 20 and about 3000 polymorphisms, between about 20 and 200

polymorphisms. In further embodiments, the plurality of polymorphisms comprises about

60, 100. 3000, 6000 or 9000 polymorphisms, about 64, 128, 3072, 6344 or 9216

polymorphisms, or about 20, 30, 40, 50, 60, 70. 80, 90, 100, 110, 120, 130, 140, 150, 160,

170, 180, 190, or 200 polymorphisms.

In preferred embodiments, the plurality of polymorphisms comprises the

polymorphisms associated with each of the nucleotide marker sequence according to Tables

2, 4. 6, 8 and/or 11.

In certain other embodiments, each of the primers of the invention is about 8 to about

30 nucleotides in length.

In certain embodiments of the invention, the phenotype is a trait. In further

embodiments the trait is selected from the group consisting of coat color, hair color, hair

length, eye color, marbling, tenderness, quality grade, muscle content, fat thickness, feed

efficiency, red meat yield, average daily weight gain, disease resistance, disease

susceptibility, feed intake, protein content, bone content, maintenance energy requirement,

mature size, amino acid profile, fatty acid profile, milk production, a milk quality

susceptibility to the buller syndrome, stress susceptibility and response, temperament,

digestive capacity, production of calpain, caplastatin and myostatin, pattern of fat

deposition, ribeye area, fertility, ovulation rate, conception rate, fertility, and susceptibility

to infection with and shedding of pathogens. In certain other embodiments, the trait is a coat

color is selected from the group consisting of cream, silver, tobiano, sabino, agouti, chestnut,

brown dilution, melanistic mask, albinism, recessive black, points, Burmese shading,

cinnamon, red, and merle.

In certain embodiments of the invention, the phenotype correlates with a disease. In

further embodiments, the disease is selected from the group consisting of Lethal White

Overo syndrome (LWO). Glycogen Branching Enzyme deficiency (GBEl), junctional

epidermolysis bullosa (JEB). Severe Combined Immune Deficiency Syndrome (SCID), and

Hyperkalemic Periodic Paralysis (HYPP). In additional embodiments, the disease is

selected from the group consisting of congenital myotonia, muscular dystrophy, globoid cell

leukodystrophy, GM-gangliosidosis, Hemophilia B, hereditary cataracts,

phosphofructokinase deficiency, thrombasthenic thrombopathia, retinal dystrophy, type-2

von Willebrand's disease, and Type III von Willebrand. In certain other embodiments, the



disease is selected from the group consisting of hypertrophic cardiomyopathy, polycystic

kidney disease and mucopolysaccharidosis.

In certain embodiments of the invention, each of the oligonucleotide probes is

detectably labeled, for example, with a fluorescent label, where the fluorescent label can be

selected from the group consisting of ROX, VIC®, HEX, NED and FAM™.

In further embodiments, the assay plate comprises 1, 2, 3, 4, 5, 6, 7. 8, 9, 10, 11, 12,

13. 14, 15. 16, 17. 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32. 33, 34, 35. 36,

37, 38, 39, 40, 4 1, 42, 43. 44. 45, 46. 47, or 48 arrays. In certain other embodiments, the

characteristics are identified using a single array, and/or the plurality of polymorphisms is

simultaneously identified using one, two or three assay plates.

In certain other embodiments, the method of the invention provides for a forward

primer that is capable of hybridizing to a region within a nucleotide marker sequence that is

about 30 to about 60 nucleotides upstream of the polymorphic site present within said

nucleotide marker sequence. In further embodiments, the method of the invention provides

for a reverse primer that is capable of hybridizing to a region within a nucleotide marker

sequence that is about 30 to about 60 nucleotides downstream of the polymorphic site

present within said nucleotide marker sequence.

In certain embodiments, the simultaneous identification of said plurality of

polymorphisms and determination of said characteristics is performed using a processor-

based system.

The invention further provides for a computer readable device having computer

readable code embodied therein, said code embodying instructions for causing a processor-

based system to identify a plurality of polymorphisms in a nucleic acid sample, comprising:

instructions that cause a processor-based system to identifying a plurality of polymorphisms

in a nucleic acid sample according to any one of claims 1-37 as originally presented;

instructions that cause the processor-based system to hybridize said nucleic sample to said

primer sequences and to said oligonucleotide probes; and instructions that cause the

processor-based system to detect the presence of said plurality of polymorphisms in said

nucleic acid sample.

The invention also provides for an assay plate to be used in the method of the

invention. Thus, the invention provides for an assay plate comprising a plurality of recesses,

wherein each of said recesses contains a composition, wherein each of said compositions

comprises: (a) a pair of forward and reverse primers; (b) a first oligonucleotide probe; (c) a

second oligonucleotide probe; and (d) a nucleic acid sample isolated from an animal;



wherein said first oligonucleotide probe is capable of detecting a first allele of a sequence

said nucleotide marker sequence; wherein said second oligonucleotide probe is capable of

detecting a second allele of said nucleotide marker sequence; wherein said nucleotide

marker sequence is any one of the nucleotide marker sequences as set forth in Tables 1-1 1;

wherein said nucleotide marker sequence correlates with at least one of the characteristics of

an animal selected from the group consisting of: (i) parentage; (ii) identity; (iii) sex. (iv)

genotype and (v) phenotype; wherein said assay plate is capable of simultaneously

identifying a plurality of polymorphisms: and wherein said plurality of polymorphisms

correlates with least two characteristics of said animal selected from the group consisting of:

(i) parentage; (ii) identity; (iii) sex, (iv) genotype and (v) phenotype.

The invention further provides for a composition comprising a plurality of nucleotide

marker sequences, wherein each of said nucleotide marker sequences comprises a

polymorphism, and wherein said plurality of nucleotide marker sequences correlates with at

least two characteristics selected from the group consisting of: (i) parentage; (ii) identity;

(iii) sex. (iv) genotype and (v) phenotype; wherein each of said nucleotide marker sequences

is any one of the nucleotide marker sequences as set forth in Tables 1-1 1.

The invention also provides for a method of identifying a plurality of nucleotide

marker polymorphisms comprising (a) contacting a nucleic acid sample with the

composition comprising a plurality of nucleotide marker sequences; (b) hybridizing said

nucleic acid sample to a pair of forward and reverse primer sequences; (c) performing PCR

amplification of said nucleic acid sample; (d) hybridizing said amplified nucleic acid sample

obtained from step (c) to said plurality of nucleotide marker sequences in said composition;

and (e) identifying said plurality of nucleotide marker sequences; wherein said plurality of

nucleotide marker polymorphisms correlates with at least two characteristics selected from

the group consisting of parentage, identity, genotype and phenotype.

With regard to the methods above, the invention provides for a computer readable

device having computer readable code embodied therein, said code embodying instructions

for causing a processor-based system to identify at least two characteristics selected from the

group consisting of parentage, identity and phenotype, comprising: instructions that cause a

processor-based system to contact a nucleic acid sample with the composition comprising a

plurality of nucleotide marker sequences; instructions that cause the processor-based system

to hybridize said nucleic acid sample to said plurality of nucleotide marker sequences in said

composition; and instructions that cause the processor-based system to detect

oligonucleotide sequences within said nucleic sample that have hybridized to said plurality



of nucleotide marker sequences; wherein said plurality of nucleotide marker sequences

correlates with at least two characteristics selected from the group consisting of parentage,

identity and phenotype.

The invention also provides for a method of determining at least two characteristics

of an animal selected from the group consisting of: parentage, identity and phenotype.

comprising (a) contacting a nucleic acid sample with the composition comprising a plurality

of nucleotide marker sequences; (b) hybridizing said nucleic acid sample to a pair of

forward and reverse primer sequences; (c) performing PCR amplification of said nucleic

acid sample;(d) hybridizing said amplified nucleic acid obtained from step (c) to said

plurality of nucleotide marker sequences in said composition; and (e) identifying a plurality

of nucleotide marker polymorphisms within said nucleic acid sample that have hybridized to

said plurality of nucleotide marker sequences; wherein said plurality of nucleotide marker

polymorphisms correlates with at least two characteristics selected from the group consisting

of parentage, identity and phenotype.

The invention further provides a computer database comprising the nucleotide

marker sequences as set forth in Tables 1-1 1.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 provides an exemplary assay plate or panel upon which a plurality of

samples or assays may be stored for processing in accordance with any of the methods of the

present invention. The assay plate includes an array of recesses, which may be implemented

as wells or through-holes.

Figure 2 provides an exemplary processor-based system which may be used to

process nucleic acid samples.

Figures 3A-J provides a series of scatter plots depicting identity data generated by

the present invention. In each plot, homozygous populations are provided in the upper

left and lower right and heterozygous populations are provided in the upper right.

Specifically Figures 3A-J provide examples of identity, forensic and parentage markers for

various species. Figures 3A-C provide examples of identity, forensic and parentage

markers for cats. Figures 3 D-F provide examples of identity, forensic and parentage

markers for dogs. Figures 3G-I provide examples of identity, forensic and parentage markers

for horses. Figures 3 J provides examples of identity, forensic and parentage markers for

cattle. The chart below is an example of the assay name correlating with the genomic

location in cats.



Figures 3 A-C Cat Assay Nar Cat Genomic Location
FC07 Bl:156,143,186
FC22 Cl: 123,746,252
FC24 A3:14,410,638
FC25 Fl:33,007,663
FC27 E2:35,480,527
FC44 A3:48,181,817
FC48 B3: 149,673,1 10
FC52 B2: 159,389,942
FCOl Un:51,831,052
FC09 A2:17,611,273
FClO B3: 107,303,663
FCl 7 Al: 15,263,737

Figures 4A-D provide a series of scatter plots depicting non-disease trait data

generated by the present invention. This can include but is not limited to color, color

patterns hair length, or other physical characteristics. Data points positioned in the upper

left include those homozygous for the first allele the lower right provides those homozygous

for the second allele and data points in the upper right provide the heterozygous population.

Figures 4A includes scatter plots demonstrating the presence of polymorphisms associated

with color or other physical characteristics in cats. Examples included are DILUT which is

dilute coat color in cats, , CHOC2 (brown) which is chocolate coat coloration in cats, BLK

(black) which causes recessive black located in the agouti gene in cats and CINNAM which

is cinnamon coat color in cats. Sequences are provided in Table 8 under the name of the

marker for example; Cinnam is the assay name and is the CINNAMON sequence in Table 8

DILUT is MLPH DILUTION in Table 8 Figure 4B includes scatter plots demonstrating

the presence of polymorphisms associated with color or other physical characteristics in

dogs. Examples are TYRP1-MC1R-S41C which denotes one SNP responsible for brown

coat color in dogs, DOG-MASK-MASK causes a dark coloration or facial mask on dogs,

MCl R-YeIIo-Yell is responsible for red to yellow coloration in some breeds of dog, and

AGOUTI DOG-R96C is associated with black coloration and it located in the agouti gene

in dogs. Sequences for these markers are in Table 6 under trait names. Figure 4C includes

scatter plots demonstrating the presence of polymorphisms associated with color or other

physical characteristics in horses, Examples are HORSE-MC IR-RED which denotes one

SNP responsible for red coat color in horses. TOBIANO-TOB causes a white pattern or

painted appearance in horses, SILVERH-SILH is silver coloration in horses. E AGOUTI-

10 is bay pattern in horses. Sequences are in Table 2 under a similar trait name. Figure 4D



includes scatter plots demonstrating the presence of polymorphisms associated with color or

other physical characteristics in cattle, Examples are BLCK which is responsible for red or

the lack of red (black) coat color in cattle. The sequence can be found in Table 11, as RED.

ALBIN causes a lack of pigment or white animals with pink or blue eyes and pink skin. The

sequence can be found in Table 11, as Albino. In Figure 4 scatter plots depict animals

negative for the trait or disease in Red (VIC).

Figure 5 provides a series of scatter plots depicting of sex determination data

generated by the present invention. Data is shown from 3 species cat, dog, and cattle.

ZFXY2 is cats, ZFXYl is cattle and zfxyl CF-xy2 is dog. Vic (Red) color denotes females

and Green color (heterozygotes) denotes male animals. In Figure 5 scatter plots depict

animals negative for the trait or disease in Red (VIC).

Figures 6A-C provide a series of scatter plots depicting disease trait data generated

by the present invention. Figure 6A includes scatter plots demonstrating the presence of

polymorphisms associated with diseases in cats, Examples include MPS 1 which is

Mucopolysaccharidosis Type V l and MPSM which is Mucopolysaccharidosis Type

V l Mild Form. BLDAB is B blood type in cats responsible for neonatal

isoerythrolysis. Sequences are available by name in Tables 7-1 1, Figure 6A also

includes 1 scatter plot demonstrating the presence of polymorphisms associated with

diseases in dogs as does Figure 6B. In Figure 6A MDRl-MDR is Multi-drug resistance in

cancer in dogs. In Figure 6B. SCID is severe combined immunodeficiency in dogs, VW

GERM-VW Hs von Willibrand's Disease Type 2 in dogs and CYST DOG-CYST is

Cystinurea in dogs. Sequences can be found in Table 6 under disease names. Figure 6B

also includes 1 scatter plot demonstrating the presence of polymorphisms associated with

diseases in horses as does Figure 6C. In Figure 6B, HORSE JEB-JEB is Junctional

Epidermolysis Bullosa (JEB) and is Sequence ID 62 in Table 2 . Figure 6C, Examples

include HYPP NEW-HYP which is Hyperkalemic Periodic Paralysis in horses and is

Sequence ID 64 in Table 2 and HORSE LWO-LWO which is Lethal White Overo in

horses and is Sequence ID 60 in Table 2 . In Figure 6 scatter plots depict animals negative

for the trait or disease in Red (VIC).

DETAILED DESCRIPTION OF THE INVENTION

Definitions

It is to be noted that the term "a" or "an" entity refers to one or more of that entity;

for example "a nucleotide marker," is understood to represent one or more nucleotide



markers. As such, the terms "a" (or "an"), "one or more," and "at least one" can be used

interchangeably herein.

As used herein, "about" means within ten percent of a value. For example, "about

100" would mean a value between 90 and 110 .

The term "plurality" or "multiple" refers to two or more, between about 20 and about

10,000. between about 20 and about 5000, between about 20 and 200; 3000 or more, 200 or

more and extending up to whole genome analysis, 100 or more; preferably about 20, 30. 40,

50. 60. 70. 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 1000. 3000, or

9000; more preferably about 64, 128, 3072, 6344 or 9216.

The term "nucleotide" or "polynucleotide" or "nucleic acid" is intended to encompass

a singular nucleic acid as well as plural nucleic acids, and refers to an isolated nucleic acid

molecule or construct, e.g., messenger RNA (mRNA) or plasmid DNA (pDNA). A

pol> nucleotide may comprise a conventional phosphodiester bond or a non-conventional

bond (e.g., an amide bond, such as found in peptide nucleic acids (PNA)). The term

"nucleic acid" refer to any one or more nucleic acid segments, e.g. , DNA or RNA fragments,

present in a polynucleotide. In other embodiments, a polynucleotide of the present

invention is cDNA, genomic DNA, mitochondrial DNA (mtDNA), or RNA, for example, in

the form of messenger RNA (mRNA).

By "isolated" nucleic acid or nucleotide is intended a nucleic acid molecule. DNA or

RNA. which has been removed from its native environment. For example a recombinant

nucleic acid corresponding to a nucleotide marker contained in a vector is considered

isolated for the purposes of the present invention. Further examples of an isolated nucleic

acid include recombinant polynucleotides maintained in heterologous host cells or purified

(partially or substantially) polynucleotides in solution. Isolated RNA molecules include in

vivo or in vitro RNA transcripts of polynucleotides of the present invention. Isolated

polynucleotides or nucleic acids according to the present invention further include such

molecules produced synthetically. In addition, polynucleotide or a nucleic acid may be or

may include a regulatory element such as a promoter, ribosome binding site, or a

transcription terminator.

By "derived from" is intended an isolated nucleotide, a synthesized nucleotide (e.g.

an automated synthesizer), or a nucleotide whose sequence has been obtained from a

genomic database and subsequently isolated or synthesized.

As used herein, a "coding region" is a portion of nucleic acid which consists of

codons translated into amino acids. Although a "stop codon" (TAG, TGA, or TAA) is not



translated into an amino acid it may be considered to be part of a coding region, but any

flanking sequences, for example promoters, ribosome binding sites, transcriptional

terminators, introns. and the like, are not part of a coding region. Two or more coding

regions can be present in a single polynucleotide construct, e.g., on a single vector, or in

separate polynucleotide constructs, e.g., on separate (different) vectors. In addition, a

vector, polynucleotide, or nucleic acid of the invention may encode heterologous coding

regions, either fused or unfused to a nucleic acid. Heterologous coding regions include

without limitation specialized elements or motifs, such as a secretory signal peptide or a

heterologous functional domain.

In certain embodiments, the polynucleotide or nucleic acid is DNA. In the case of

DNA. a polynucleotide comprising a nucleic acid which encodes a polypeptide normally

may include a promoter and/or other transcription or translation control elements operably

associated with one or more coding regions. An operable association is when a coding

region for a gene product, e.g., a polypeptide, is associated with one or more regulatory

sequences in such a way as to place expression of the gene product under the influence or

control of the regulatory sequence(s). Two DNA fragments (such as a polypeptide coding

region and a promoter associated therewith) are "operably associated" if induction of

promoter function results in the transcription of mRNA encoding the desired gene product

and if the nature of the linkage between the two DNA fragments does not interfere with the

ability of the expression regulatory sequences to direct the expression of the gene product or

interfere with the ability of the DNA template to be transcribed. Thus, a promoter region

would be operably associated with a nucleic acid encoding a polypeptide if the promoter

was capable of effecting transcription of that nucleic acid. The promoter may be a cell-

specific promoter that directs substantial transcription of the DNA only in predetermined

cells. Other transcription control elements, besides a promoter, for example enhancers,

operators, repressors, and transcription termination signals, can be operably associated with

the polynucleotide to direct cell-specific transcription. Suitable promoters and other

transcription control regions are disclosed herein.

The "target oligonucleotide sequence" or "target nucleic acid" may be a portion of a

gene, a regulatory sequence, genomic DNA. cDNA, and RNA (including mRNA and

rRNA). Genomic DNA samples are usually amplified before being brought into contact with

a nucleotide marker sequence. Genomic DNA can be obtained from any tissue source or

circulating cells (other than pure red blood cells). For example, convenient sources of

genomic DNA include whole blood, semen, saliva, tears, urine, fecal material, sweat, buccal



cells, skin and hair. Amplification of genomic DNA containing a polymorphic site generates

a single species of target oligonucleotide sequence if the individual animal from which the

sample was obtained is homozygous at the polymorphic site, or two species of target

molecules if the individual is heterozygous. RNA samples also are often subject to

amplification. In this case, amplification is typically preceded by reverse transcription.

Amplification of all expressed mRNA can be performed as described in. for example. WO

96/14839 and WO 97/01603 which are hereby incorporated by reference in their entirety.

Amplification of an RNA sample from a diploid sample can generate two species of target

molecules if the individual providing the sample is heterozygous at a polymorphic site

occurring within the expressed RNA, or possibly more if the species of the RNA is

subjected to alternative splicing. Amplification generally can be performed using the PCR

methods known in the art. Nucleic acids in a target sample can be labeled in the course of

amplification by inclusion of one or more labeled nucleotides in the amplification mixture.

Labels also can be attached to amplification products after amplification (e.g., by end-

labeling). The amplification product can be RNA or DNA, depending on the enzyme and

substrates used in the amplification reaction.

As used herein, the term "polymorphism" refers to an allelic variant that occurs 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, or can be an inversion. A single

nucleotide polymorphism (SNP) is characterized by the predominance in a population of

certain nucleotides at a particular locus in a genome, such as the horse, dog, cat, cattle, or

human genome. Typically, less than all four nucleotides (i.e., adenosine, cytosine,

guanosine or thymidine) will predominate at a particular locus. For example, a particular

locus in a genome of a specific population may contain either an adenosine or guanosine at

the polymorphic site and thus two of the four nucleotides predominate at this particular

locus. However, polymorph one or two. three or four nucleotides,. 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 polymorphisms, such as an insertion or a deletion, which typically involve more than one

nucleotide.

A "single nucleotide polymorphism" or "SNP" occurs at a polymorphic site occupied

by a single nucleotide, which is the site of variation between allelic sequences. The site is

usually preceded by and followed by highly conserved sequences of the allele (e.g..

sequences that vary in less than 1/100 or 1/1000 members of the population). A single



nucleotide polymorphism usually arises due to a substitution of one nucleotide for another at

the polymorphic site. Single nucleotide polymorphisms can also arise from a deletion of a

nucleotide or an insertion of a nucleotide relative to a reference allele.

The terms "nucleotide marker" and "marker" are used herein interchangeably to refer

to a nucleotide sequence having a single nucleotide polymorphism (SNP), insertion or

deletion, where the SNP, insertion or deletion renders the marker suitable as a molecular

identifier of particular animal(s), and where the molecular identifier correlates with

parentage, identity and/or phenotype of particular animal(s). A polymorphic site within the

nucleotide marker (e.g. the site of an SNP, insertion or deletion) is the locus at which

divergence occurs. Preferred markers have at least two alleles (allele 1 and allele 2), each

occurring at a frequency of greater than 1%, and more preferably greater than 10% or 20%

of a selected population.

An "oligonucleotide probe" is defined herein as a nucleic acid sequence about 10, 12.

15, 18. 20. 21. 22, 23, 24, 25, 26, 27, 28. 29, 30, 31, 32, 33. 34 or 35 nucleotides in length

that spans a region of a nucleotide marker containing a polymorphic site (e.g., an SNP, and

insertion or deletion). The polymorphic site may be positioned about the center of the

oligonucleotide probe, within about 5 nucleotides of the center of the oligonucleotide probe,

within about 10 nucleotides of the center of the oligonucleotide probe and the like. Such an

oligonucleotide probe can be used in polymerase chain reaction (PCR) for allele

discrimination or identification of an allelic variation. An oligonucleotide probe can also be

used for hybridization to a target oligonucleotide sequence. Hybridization may occur

through the use of arrays of nucleotide probes.

The term "allele discrimination" refers to the determination of whether a DNA

fragment contains two of the same alleles (either two allele l's or two allele 2's) or two

different alleles (one allele 1 and one allele 2) within a given nucleotide marker sequence.

To achieve allele discrimination, two oligonucleotide probes can be labeled with two

spectrally distinct dyes each identifying either allele 1 or allele 2. Results can be analyzed

by measuring the level of fluorescence of each dye. Results can be plotted for comparison,

such as on a scatter plot. In particular, if the fluorescent value of the DNA sample is high

for allele 1 and low for allele 2, then the sample is homozygote for allele 1. Similarly, if the

fluorescent value of the DNA sample is high for allele 2 and low for allele, then the DNA

sample is homozygote for allele 2. If the DNA sample generates intermediate values for

both dyes, it is heterozygote for both alleles.



A fi rst oligonucleotide probe" refers to an oligonucleotide probe that hybridizes to

either allele 1 or allele 2 . A "second oligonucleotide probe' " refers to an oligonucleotide

probe that hybridizes to allele 2 when the first oligonucleotide probe hybridizes to allele 1,

or that hybridizes to allele 1 when the first oligonucleotide probe hybridizes to allele 2 .

The term "quencher" is a compound used in PCR experiments that absorbs the

energy of the reporter dye in its excited state. The quencher can emit its own fluorescent

signal or emit no fluorescent signal.

The term "reference dye" is used in PCR experiments for normalization of the

fluorescence signal of the reporter fluorophore. The reference dye fluoresces at a constant

level during the reaction. Reference dyes include ROX, VIC®. HEX, NED and FAM™.

The term "reporter dye" or "reporter fluorophore" refers to the fluorescent dye used

to monitor PCR product accumulation of an oligonucleotide target sequence. This can be

attached to a probe (such as with TaqMan or Molecular Beacons) or free in solution. This is

also known as a fluorophore. Examples of reporter dyes are ROX, VIC®, HEX. NED and

FAM I M.

As used herein, the term "mutation" refers to a sequence variation in a gene, such as

a single nucleotide difference, an insertion, a deletion, or an inversion, that is associated or

believed to be associated with a phenotype. The term "gene" refers to a segment of the

genome that codes for a functional product protein control region. Polymorphic nucleotide

markers used in accordance with the present invention for determination of parentage.

identity and/or phenotype in an animal may be located in coding or non-coding regions of

the genome.

As used herein, the term "correlates with" refers to having a causal, complementary

parallel, or reciprocal relationship, especially a structural, functional, or qualitative

correspondence between two comparable entities. In the present invention, for example, the

identification of particular polymorphic sites (e.g., those within nucleotide marker sequences

of the invention) in a nucleic acid sample derived from an animal, may correspond to the

substantial likelihood of a particular animal having a certain identity, phenotypic trait,

parentage, or combination thereof. The correlation between the presence of particular SNPs

and the substantial likelihood of a particular animal having a certain parentage, identity,

and/or phenotype has been established or demonstrated. The term "correlates with" can also

be used in reference to drawing a conclusion about the parentage, identity and/or phenotype

of an animal 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 relationships of nucleotide occurrence(s) of

the SNP(s) in other animals. As disclosed herein, the nucleotide occurrence(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.

The term "animal," as used herein refers to an individual animal providing a nucleic

acid sample from which target oligonucleotides are obtained for the purpose of identifying

parentage, identity and/or phenotype of that animal. Animals are identified according to

known classes of scientific taxonomy, such as family, genus and/or species. Animals of the

present invention are of families including but not limited to Equidae, Bovidae, Canidae,

Felidue, Camelidae, Cervidae, and Suidae. In particular, animals of the present invention

include but are not limited to the family and genera Bovidae Bos (cattle), Bovidae Ovis

(sheep). Bovidae Capra (goat), Bovidae Bison (bison) Equidae Equus (horse, donkey,

mule). Canidae Canis (dog), Felidae Felis (cat), Camelidae Vicugna (alpaca), Camelidae

Lama (llama), Camelidae Camelus (camel), Cervidae Cervus (deer), Cervidae Alces (moose,

elk). Cervidae Axis (deer), Cervidae Muntiacus (deer), Cervidae Dama (deer). Cervidae

rangifer (reindeer, caribou) and Suidae Sus (pig).

As used herein, "hybridization" refers to the binding, annealing, duplexing, or

hybridizing of a first nucleic acid molecule preferentially to a particular second nucleotide

molecule. The stability of a hybridization complex varies with sequence composition, length

and external conditions. Hybridization methods include those that rely on the control of

stringency in reaction conditions to destabilize some but not all hybridization complexes

formed in a mixture. Using these methods, it is possible to distinguish complete

complementarity from partial complementarity between probe and target sequences that

form a hybridization complex.

The term "specific hybridization" refers to the binding, duplexing, or hybridizing of a

molecule only to a particular nucleotide sequence under stringent conditions when that

sequence is present in a complex mixture {e.g., total cellular) DNA or RNA. Stringent

conditions are conditions under which a target oligonucleotide sequence will hybridize to a

nucleotide marker sequence, but to no other sequences. Stringent conditions are sequence-

dependent and are different in different circumstances. Longer sequences hybridize

specifically at higher temperatures. Generally, stringent conditions are selected to be about

5°C lower than the thermal melting point (Tm) for the specific sequence at a defined ionic



strength and pH. The Tm is the temperature (under defined ionic strength, pH, and nucleic

acid concentration) at which 50% of the nucleotide marker sequences complementary to

target oligonucleotide sequences hybridize to the target sequence at equilibrium. (As the

target oligonucleotide sequences are generally present in excess, at T
111

, 50% of the

nucleotide markers are occupied at equilibrium). Typically, stringent conditions include a

salt concentration of at least about 0.01 to 1.0 M Na ion concentration (or other salts) at pH

7.0 to 8.3 and the temperature is at least about 30° C for short probes (e.g., 10 to 50

nucleotides). Stringent conditions can also be achieved with the addition of destabilizing

agents such as formamide or tetraalkyl ammonium salts. For example, conditions of 5X

SSPE (750 mM NaCl, 50 mM Na Phosphate. 5 mM EDTA, pH 7.4) and a temperature of

25-30° C are suitable for allele-specific nucleotide marker hybridizations.

A perfectly matched nucleotide marker has a sequence perfectly complementary to a

particular target oligonucleotide sequence. Such a nucleotide marker sequence is typically

perfectly complementary to a portion (subsequence) of the target sequence.

The term "hapolotype" refers to the genetic constitution of an individual

chromosome. Haplotype may refer to only one locus or to an entire genome. In the case of

diploid organisms, a genome-wide haplotype comprises one member of the pair of alleles

for each locus (that is, half of a diploid genome). The term "haplotype" also refers to a set

of single nucleotide polymorphisms (SNPs) on a single chromatid that are statistically

associated. It is thought that these associations, and the identification of a few alleles of a

haplotype block, can unambiguously identify all other polymorphic sites in its region.

The term "assay plate" refers to panel upon which a plurality of samples or assays

may be stored for processing in accordance with any of the techniques described below.

The assay plate includes an array of recesses, which may be implemented as wells or

through-holes.

As used herein, universal polymorphism identification system is synonymous with

universal genetic evaluation.

Polymorphic nucleotide markers

The present invention is based on the utilization of known nucleotide marker

sequences containing single nucleotide polymorphisms (SNPs), insertions and/or deletions

and other mutations that can be used to determine parentage, breed, identity, sex, genotype

and/or phenotype in an animal. Accordingly provided herein is an assay plate comprising a



plurality of compositions, wherein each composition is capable of identifying a

polymorphism contained within a nucleotide marker sequence of the invention. The

polymorphic nucleotide marker sequences of the invention each have an occurrence of a

polymorphism, wherein the occurrence of the polymorphism correlates with parentage,

identity, sex, genotype and/or phenotype, or breed determination associated with that

animal.

Single nucleotide polymorphisms (SNPs) are positions 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 preceded by and followed by highly conserved

sequences of the allele (e.g., sequences that vary in less than 1/100) or 1/1000 members of

the populations). A single nucleotide polymorphism usually arises due to substitution of one

nucleotide for another at the polymorphic site. A transition is the replacement 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 polymorphisms

can also arise from a deletion of a nucleotide or an insertion of a nucleotide relative to a

reference allele. Though in most embodiments a single nucleotide polymorphism is detected,

the present invention also encompasses the dection of the presence, absence or substitution

of a short series of nucletides in sequential alignment. In some embodiments two

nucleotides in direct sequenctial alignment are present, deleted or substituted. In other

embodiments, three nucleotides in direct sequential alignment are present, deleted or

substituted. In other embodiments four nucleotides in direct sequential alignment are

present, deleted or substituted. In other embodiments, five nucleotides in direct sequential

alignment are present, deleted or substituted. In other embodiments, six nucleotides in

direct sequence alignment are present, deleted or subsituted.

Single nucleotide polymorphisms may be functional or non-functional. Functional

polymorphisms affect gene regulation or protein sequence whereas non-functional

polymorphisms do not. Depending on the site of the polymorphism and importance of the

change functional polymorphisms can also cause, or contribute to diseases.

SNPs can occur at different locations of the gene and may affect its function. For

instance, polymorphisms in promoter 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 translation or by affecting motifs in the RNA that bind

proteins which regulate RNA degradation. Polymorphisms within introns can affect gene

function by affecting RNA splicing.

A polymorphic site can also contain an insertion, or additional base pairs within a

region of DNA on one allele. In addition, a polymorphic site can contain a deletion,

generated by the removal of base pairs within a region of DNA on one allele. The present

invention can simulataneously detect deletions, substitutions and additions.

The term genotyping or genotype refers to the determination of the genetic

information an individual animal carries at one or more positions in the genome. For

example, genotyping 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. In making this determination, the alleles can be discriminated (allele

discrimination). 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 C allele. 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 C allele or alternatively two copies of the A allele or

two copies of the C allele. 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 A allele and

70% the C allele. The frequency of the A allele would be 30% and the frequency of the C

allele would be 70% in that population. Those individuals who have two copies of the C

allele are homozygous for the C allele 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 heterozygous and the genotype is

AC.

Using the teachings herein, genotyping can be accomplished by determination of

polymorphic sites within a nucleic acid sample. The genotypic determination can then be

correlated with the parentage, identity and/or phenotype of an individual animal. Therefore.

the compositions of the present invention can be used to determine the parentage, identity

and/or phenotype of an animal regardless of breed. For example, the compositions can be

used to determine the parentage, sex, identity genotype and/or phenotype of an individual

animal of a particular breed of cattle including, but not limited to, Angus, Limousin,

Brahman. Jersey, Chianina, Brown Swiss, Santa Gertrudis, Shorthorn, Guernsey, Maine-



Anjou. Simmental. Hereford, Holstein. Gelbvieh, Charolais or Beefmaster cattle, or a

particular breed of horse including, but not limited to American Saddlebred, Andalusian.

Appaloosa. Arabian, Miniature Horse, Quarter Horse, Paint, Paso Fino, Thoroughbred.

AkalTeke, Standardbred, Tennessee Walking Horse and Icelandic, or a particular breed of

dog including, but not limited to Afghan Hound. Australian Cattle Dog, Australian

Shepherd, Basenji, Basset Hound, Beagle, Belgian Tervuren. Bernese Mountain Dog.

Borzoi. Chihuahua, Chinese Shar-Pei, Chinese Crested, Corgi, Labradoodle, Cocker

Spaniel. Collies. Dachshund, Doberman Pinscher, German Shepherd Dog, German

Shorthaired Pointer, Golden Retriever. Greyhound, Labrador Retriever, Maltese, Mastiff.

Miniature Schnauzer, Poodle, Pug, Rottweiler, Saluki, Samoyed, Shetland Sheepdog.

Siberian Husky. St. Bernard. Whippet and Yorkshire Terrier.

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

immediately 5'-proximal invariant sequence and the other strand will contain an immediately

3'-distal invariant sequence. In the present invention, the invariant sequence spanning the

SNP is between about 20 and about 35 nucleotides in length, and more preferably 30

nucleotides in length.

For the identification of multiple genetic characteristics, the present invention

provides for a panel comprising a plurality of assay compositions, wherein each assay

composition is capable of identifying at least one of the nucleotide markers as set forth in

fable 1 below. Table 1 lists the name of the marker (SNP ID), the chromosome from which

the marker is derived (Chr), the position of the polymorphic site within the chromosome

(Position), a nucleotide that occurs at the polymorphic site (genomic allele (G)), the alternate

nucleotide that can occur at the same polymorphic site (alternate allele (A)), other SNPs that

occur within 30 bp of the genomic/alternate allele (O), percent repeat (P) (percent of

sequence that is repeated bases), the discovery breed (the breed(s) in which the SNP was

identified) and the discovery read (the sequencing read where the SNP was identified):

TABLE 1: HORSE SNP PANEL SEQUENCES (SET #1)





9?





The nucleic acid sequences of the markers as set forth above in Table 1 are provided

in Iable 2 below, where the position of the polymorphic site (e g . the single nucleotide

polymorphism (SNP), insertion and/or deletion) is bracketed and indicated in bold (e g ,

|T/C| indicates that this position is polymorphic and that the nucleotide at this position is

either a "T" or a "C"). Thus, allele 1 of this marker would contain a "T" at the position

indicated and allele 2 of the marker would contain a "C" at the position indicated. The

determination of a T or a C at this position is correlative of at least one characteristic, such

as parentage, identity, sex or phenotype):



TABLE 2: HORSE SNP PANEL (SET #1) NUCLEOTIDE MARKER SEQUENCES
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NO:63) AGAGACTTCTAAAAACCTGGACAAACAGATATCCGGATGCTAAAATGGA
CCCAATGAACATCTGGGATGACATCATCACAAATCGATGTTTCTTTCTCA
GCAAAATAGAAGAAAAACTGACTATTCCTCCAGATGATCATAGTATGAA
CACAGATGGAGATGAAGATTCCAGTGACAGAATGAAAGTGCA

HYPP GGGGAGTGTGTGCTCAAGATGTTCGCCCTGCGCCAAAACTACTTCACCG
(SEQ ID TTGGCTGGAACATCTT[OG]GACTTCGTGGTTGTCATCCTGTCCATTGTG
NO:64)

In further embodiments, the present invention provides a panel comprising a

plurality of assay compositions, wherein each assay composition is capable of identifying at

least one of the nucleotide markers as set forth in Table 1 above, and in the alternative, or in

addition is capable of identifying at least one of the nucleotide markers as set forth in Table

3 below. Table 3 also lists the name of the marker (SNP ID), the chromosome from which

the marker is derived (Chr), the position of the polymorphic site within the chromosome

(Position), a nucleotide that occurs at the polymorphic site (genomic allele (G)). the alternate

nucleotide that can occur at the same polymorphic site (alternate allele (A)), other SNPs that

occur within 30 bp of the genomic/alternate allele (O), percent repeat (P). the discovery

breed and the discovery read.

TABLE 3 : HORSE SNP PANEL SEQUENCES (SET #2)









The nucleic acid sequences of the nucleotide markers of Table 3 are provided in

Table 4 as follows, where the position of the polymorphic site (e.g., the position of the

single nucleotide polymorphism (SNP), insertion and/or deletion) is bracketed and indicated

in bold:

TABLE 4 : HORSE SNP PANEL (SET #2) NUCLEOTIDE MARKER SEQUENCES

















NO: 112) ATTCCAAGATAGAAGTTACTGCAAGATAGAAGGTTGACAGTACTAAATG
ACAGTCAAAAAACATATAACCTGAATAAGTAAAAAGAAATTAAAATGA
AGTQG/AITTGGTATTTTTATGAATTTATGAAGTCAGCATGGTCTGTGGG
TATAGATGCAGCTAAAACCTATGTACTCAAGTTTAAATTGCAGGTTGATT
TTTCTACCCACACATATTTAAGTCAGTTGCTTTATTCTCATTTGGAGTTTA
uCTCCCAACCTTGCACAAGATCTTGAACTTAATCTCATGTATTCTAGAAT
TCAAGAT
TGCACATCCTGATAGCAGCAAAGACGAAAGTGTGNGAGGGGAAGGGAT
TNATCCCGAGGCAGCCAGCTCATCATCNGCAAAACTGGGATAGGAAAA
AAGCTCGGGTCCTTCTCCCACAACTTAAGCTCGCATCTCCTAATTTTCAT

BIEC500415 AATTGAGTGATTTTCCCACTCTTTCCATCATTTTGGCTGGATCCTGCTGA
(SEQ ID GAAAIG/AIATGGCTTTTTTTCAGAGCTGGAATAAAGACTCTTCAAGTTGA
NO: 113) TATTGGGTTTAAGCCACAGATGCTAAGATGTCATCAAGTTCAAAGTCGG

AATCTTCTAGAATCTTTGCCTGCAGACAGAGATGCTGAGCCAGCTGGCA
GACGTGGTGGTGAGGACATGCAGAGCTCCCATACACTCCACTTGTCCAT
GGAATTGTACG
TTTTGTGATAAAGGATTTCTTTGCATTTTTTCCTCTAGTCAAGTAAATTGC
TTGTGGGTTCTTCCTAAGAAAAATAATCCCTCTGGTGCTGCTTTTAATTT
GATCAGGTTTAAAATGTTTTCAGAAGAGTTAAGCTTCCTTTACATTGGTG

BIEC5 14026 TCTGGTGTGGTCAGATGGAGGAATAGCTTTGGAATGAACTAGATTTTTTI
(SEQ ID A/CIGTGATGCACCGTTTGACCTTCCCACAGAAGGTTCAGTACAAGGAAT
NO:1 14) CAGTCAAAACAACAGCACCATTTTCACTTGACCTCGAGACATGTGGTGT

ATACCCTTTACCCCGACAGATAGAACTTCCTAAGCATATTTTTCTTTGAC
TCATGTTGTAAGAGTTTATGTTTCTTATGATATATATCCATTGTGTCCAAC
TGTC
AAATTCTTTTTGAATGTTTACATTACTTTTCTGGTTAATAGTTTTAAAATT
CTGTGAAGGAGCATCTCTGAATTTATCTGAAATTTATAGATACTTTCCTT
ATTCAAACAAAAACAAAACCACAACACAAACGCAAGGAAAAACAAGGG

BIEC5263 17 TCCAATAAAGTGGAAACTTCTGTTATGGTCTAACTTTTGGTCAGCAGTAT
(SEQ ID GICVT]AAGCATAATTTTGGTTCAGGACTAACGCTAACGAGAGGCAAAGC

NO: 115) TGAGGCTACGGCTACGGGATGATGGCTGAGGCTCATATTGTATTACTGG
AGGGGCCCAGGGGGAAGTTAAAATGAGACACTAGCTCCTGTGCATCAG
GACCGTCAGCTCTAGAGGTGTCAGGGGCCCCTGAGTTGGAGCAGTGAGG
AATCCCCTCC
CCCCCAGCCCTCTGCTGGGTTCCTACCAGGCTCCAGCATATTGACCCCCT
GACTTCATGCCTCTGTTCAGACCAGGGTAGATGAACTGACAGCCGCCCA
AGGAGCTGCCCCTTCCCCCCACCACCACCTAACCATGTCCCGCAGAGGA

BIEC542390 CACGCAAATAAAAGGGCCCTCTGAATGGACTTCAAATGCAAAGACAAAT
(SEQ ID TCTIC/AIAAAAGGCTGTGCATACAAAATGCACACATTGGTTGCCAGAGAT
NO: 116) ACTAACGTTCATTAGTATTTATTAGAAATCGTGACACTGACACTTAGTTC

GAGGGTCAGTCTCCGTGAAGGCGGCTGGCCGTGGCTGGGTGTGGCCAGC
CAGCCCCCCTACTCCTCTCCTGGANGGAGATGGCCTGTGGGGAGCTGTG
CCCCCAAGC
CCCACAGGACTCGGCTTCTAGGCGGCAGGGAGTGACTCCAGGACCAGAG
AGCAGGCAGCAGGAACCCTGAGGGACTGCAGGAAGCCAGGCTGCCCAC
TCACTCAGTGGTTTGCAGGCAGAGGGAGCAGCTAGAAGCCCAGGAGAC

B1EC544278 CCTTGTCCACCAGCCGCCTCCTGGGCCCAACAGCCGCCCGCGGGCAGGC
(SEQ lD CCGGTG [GZA]GAATGCTCATCCGACCTGCGAAGGTCTCCATACTGCCAGT
NO: 117) CTGGGCAGACTATGCGGGGCTGACAGTTGCCCCCAGATGTTTTACAGCA

GCCGTGAAAGGGCCTCGAACTCCACAGATGGCGAGCGACTCGCAGCCAC
TGGTTGTGGGTGTTCCTTGCTAACATCTGcacacacacacatgcacacgtgcacatgcatgc

BIEC555903 AAAAGGTCACTTTCCAAACTGCTTTTGCTCCCAGGCTCTGCTCTGAATAA

(SEQ ID TTCAAGTCATCCTCAGTAAGAGCAGCAGGCTTTGGGGTGATCTCCAGCC

NO: 118) TGTTTGACAGGAACGGTGCTGACTTAAGCTAACAAGAGGTCATTGTCTG





In further embodiments, the present invention provides a panel comprising a

plurality of assay compositions, wherein each assay composition is capable of identifying at

least one of the nucleotide markers as set forth in Table 5 below:

TABLE 5 :DOG SNP PANEL SEQUENCES (SET #1)





G=genomic allele; A=alternative allele; O=Other SNP within 30 bp of genomic/alternate

allele; P=percent repeat.

The nucleic acid sequences of the markers of Table 5 are provided in Table 6 below

where the position of the polymorphic site (e.g., the single nucleotide polymorphism (SNP),

insertion and/or deletion) is bracketed and indicated in bold:

TABLE 6: DOG SNP PANEL (SET #1) NUCLEOTIDE MARKER SEQUENCES

GATTAGACCTTTAATGTTACAGCAAATATGGTTTATGATTCTTTT
TTAAAATTTCAAATAAAACTTTATGTTGAGAGCTATGACTGCAG

BICFG630J 1290 TTCTTTCTCTTGTCCTCCCTTACCTAATGCCCCAAATTACTTTGGT
(SEQ 1D NO: 129) TGTCTTCTACTGAAGTTTTTATTTCTTAAAAATCCGCAACATATA

GGTCTAGGTGTTGTCTCAGAIA/TIGCCATGTAGGATTTAAACATC













































(SEQ ID NO:252) AGATGGGATTAATGATGTACATCAGATGATTAGAGGTAAATATC
CCGGCTTTTTTGGTAATAATCATAGTTACTGACTCTTTTCΓCTTTC
AGGGGGTTTCCAAAATGGCAAAAGAGTGAGCCTCTC[C^IGTGT
ATCTCGGAGAATTTTTCGACATTCATTTGTTTGTCAATGGTACCA
TGCTGCAGGGGACCCAAAGGTAAGTC

The present invention is not limited to species such as horses and dogs, but can be

used in a variety of species. For example, the following tables demonstrate sequences that

ma> be used determined genetic characteristics, such as parentage, identity, sex. genotype

and/or phenotype and breed determination in cats. Thus, in further embodiments, the

present invention provides a panel comprising a plurality of assay compositions, wherein

each assay composition is capable of identifying at least one of the nucleotide markers as set

forth in Tables 7 and 8 provided below:

TABLE 7 :CAT SNP PANEL SEQUENCES



The nucleic acid sequences of the markers of Table 7 are provided in Table 8 below,

where some polymorphic sites (e.g., the single nucleotide polymorphism (SNP), insertion

and/or deletion) are bracketed and indicated in bold; however, those skilled in the art can



readily identify other polymorphic sites by researching the particular sequence in

corresponding cat registries or databases. Many sites may be identified.

TABLE 8: CAT SNP PANEL NUCLEOTIDE MARKER SEQUENCES

SEQ ID NO Cat Genomic Location Sequence
and/or Descri t ion















In further embodiments, the present inveniton may be used to identify characteristics

associated with cattle, multi-breed and the like. For example, the following tables

demonstrate sequences that may be used determined genetic characteristics, such as

parentage, identity, sex, genotype and/or phenotype and breed determination in cattle and

the like. Thus in further embodiments, the present invention provides a panel comprising a

plurality of assay compositions, wherein each assay composition is capable of identifying at

least one of the nucleotide markers as set forth in Tables 9-1 1 provided below. Further

information for sequences provided herein may be identified by searching appropriate

genetic databases. Table 9 provides allele variations between allele 1 and allele 2 to assist

those skilled in the present art and the approximate location in centiMorgans of the

centromere as used by those skilled in the present art.

TABLE 9 :CATTLE AND MULTI-BREED SNP PANEL SEQUENCES

T



*As designated by from Heaton et al (2002) Selection and use of SNP markers for

animal identification and Paternity analysis in U.S. beef cattle

°° Location in centiMorgans from centromere



TABLE 10: CATTLE DISEASES AND TRAITS

TABLE 11: CATTLE SNP PANEL NUCLEOTIDE MARKER SEQUENCES













Methods of Simultaneously Identifying a Plurality of Polymorphisms For the Determination

of At Least Two Characteristics in an Animal

The present invention provides for methods of simultaneously and efficiently

identifying a plurality of nucleotide polymorphisms that correlate with at least two

characteristics, wherein the characteristics include parentage, identity, sex, genotype and/or

phenotvpe. Thus, profiles for individual animals or groups of animals may be formed for

future use or to research animal history.

In one method, the presence of a plurality of nucleotide polymorphisms are detected

by performing PCR assays using an assay plate or panel, wherein each assay plate contains

over 3.000 assays e.g.. 3072. An example of such a plate or panel is OpenArray™. In

certain embodiments, four plates each containing over 3,000 assays each for a total of over

12.000 assays can be performed simultaneously. In other embodiments, multiple machines,

each having four assay plates, can simultaneously perform between about 24.000 assays to

several hundreds of thousands of assays. Each assay on the plate or panel is capable of

detecting the presence of a polymorphism contained within a nucleotide marker sequence as

provided in Tables 1-1 1. In particular, each assay is capable of discriminating alleles of a

polymorphic sequence by detection of either allele 1, allele 2, or allele 1 and allele 2 at the

polymorphic site in a nucleic acid sample.

Each individual assay, according to the method above, contains a nucleic acid

sample, sequence-specific forward and reverse primers to amplify the polymorphic sequence

of interest, two modified oligonucleotide probes (e.g., TaqMan® probes) and a DNA

polymerase. One oligonucleotide probe matches the Allele 1 sequence; the other

oligonucleotide matches the Allele 2 sequence. Each modified oligonucleotide probe

contains a reporter dye at the 5' end of the probe (e.g., a VIC® dye, or a FAM™ dye). A

nonfluorescent quencher is attached at the 3' end of the probe. Oligonucleotide probes of the

present invention are 25 to 35 nucleotides in length, but more preferably 30 nucleotides in

length and perfectly complementary to a region within the nucleotide marker sequence

referred to as the invariant region. The invariant region contains no further polymorphisms.

other than the polymorphism utilized to discriminate allele 1 from allele 2 .

In the present invention, according to the method above, the forward and reverse

primers hybridize to a sequence of DNA within the nucleic acid sample that is either

upstream or downstream of a sequence corresponding to the invariant region within the

nucleotide marker. The sequence is then amplified by PCR. During the PCR reaction, each



oligonucleotide probe anneals specifically to a region spanning the invariant sequence of the

nucleotide marker. The DNA polymerase contained within the assay mix can cleave the

oligonucleotide probe only if it specifically hybridizes to a PCR-amplified sequence present

within the sample. Cleavage separates the reporter dye from the quencher dye, increasing

fluorescence by the reporter. Thus, the fluorescence signal(s) generated by PCR

amplification indicates the presence of a specific polymorphic allele within the nucleic acid

sample.

Oligonucleotide probes used in allele discrimination are linear fluorescently-labeled

probes used to monitor PCR product formation either during or after the amplification

process. As the DNA polymerase extends the upstream primers and encounters the

downstream probe, the 5' to 3' nuclease activity of the polymerase cleaves the probe.

Following cleavage, the reporter fluorophore is released into the reaction solution and

fluorescence is detected.

More specifically, an oligonucleotide probe, containing a fluorescent dye at the 5*

end. that matches the Allele 1 sequence will generate a fluorescence signal at the wavelength

of that fluorescent reporter dye only if the Allele 1 sequence is present in the nucleic acid

sample. Similarly, a second oligonucleotide probe, containing a fluorescent dye at the 5

end, that matches the Allele 2 sequence will generate a fluorescence signal at the wavelength

of that fluorescent reporter dye only if the Allele 2 sequence is present in the nucleic acid

sample. In this way the presence of either Allele 1, Allele 2, or both Allele 1 and Allele 2 of

a nucleotide marker sequence of the present invention can be identified from an isolated

nucleic acid sample in the assay described above using two different fluorescent dyes for

each probe. Fluorescent dyes can include VIC®, FAM™, and other dyes known those of

ordinary skill in the art.

In certain embodiments, a polymorphism of the present invention can be identified in

part, by its position within a 30 nucleotide invariant region using the polymerase chain

reaction in combination with oligonucleotide probes. This position can be. for example, the

position within brackets and in bold, as shown in Tables 2, 4 and 6 above.

The present invention provides for a method as described above, wherein a single

plate comprises 64 assays for identification of the polymorphic sites within the nucleotide

markers according to Table 2 and/or 64 assays for identification of the polymorphic sites

within the nucleotide markers according to Table 4 and/or 128 assays for the identification

of the polymorphic sites within the nucleotide markers according to Table 6. In other

embodiments, nucleotdide markers according to Table 7 or 9 and 10 are used to detect



polymorphic sites within the nucleotide markers according to Tables 8 and 11 respectively.

A single plate may be any available or offered to those in genetic screening arts and is thus

nonlimiting.

PCR reactions are performed using assay plates according to the method above by

simultaneously thermal cycling using a commercial Hat-block thermal cycler. The

fluorescence output is subsequently read using a computer-based imaging system. Each

plate is capable of performing over 3000 assays simultaneously. One, two or three plates

performing over 3000 assays can be performed simultaneously.

In this way, high-throughput cost-efficient analysis of over 3000, 6000 or 12.000

(e.g.. 3072, 6344, 9216 or 12,288) polymorphic sites can be assayed simultaneously. The

present invention therefore provides a rapid and powerful method to simultaneously

determine at least two characteristics, such as parentage, identity and/or phenotype in a

single animal, in more than one animal and/or in more than one species of animal at a much

lower cost than previous systems.

A nucleic acid sample useful for practicing a method of the invention can be any

isolated biological sample obtained from an animal, such as an equine, canine, feline, or

human that contains nucleic acid molecules, including portions of the gene sequences to be

examined or corresponding 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 deoxyribonucleic acid

sample, particularly genomic DNA or an amplification product thereof. However, where

heteronuclear ribonucleic 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.

In another aspect of the invention, the identification of a plurality of polymorphisms

can be performed where the oligonucleotide markers are attached to the assay plate itself,

and polymorphisms are detected by hybridization of an isolated nucleic sample to the

oligonucleotide marker itself. In such a method, a plurality of nucleotide marker sequences

is utilized, wherein each of said nucleotide marker sequences comprises a polymorphism,

and wherein said plurality of nucleotide marker sequences correlates with at least two

characteristics selected from the group consisting of: (i) parentage; (ii) identity; (iii)



genotype (iv) phenotype; and wherein each of said nucleotide marker sequences is

complementary to a nucleotide sequence derived from one or more animals.

In such a method, at least two characteristics of an animal are determined by: (a)

contacting a nucleic acid sample with the composition comprising oligonucleotide markers;

(b) hybridizing said nucleic sample to said plurality of nucleotide marker sequences in said

composition; and (c) detecting oligonucleotide sequences within said nucleic sample that

have hybridized to said plurality of nucleotide marker sequences, wherein each of said

nucleotide marker sequences is complementary to an oligonucleotide sequence derived from

one or more animals.

In certain embodiments, the nucleic sample is detectable labeled, and the

hybridization of the nucleic acid sample with the nucleotide marker sequence results in

fluorescence.

In certain other embodiments, the nucleotide marker sequences are attached to a

substrate where the substrate can be, for example, a chip, wafer, slide, membrane, particle,

bead, or any surface which would be compatible with the assay considered.

As used herein, the terms "bead," "microsphere," "microparticle." and "particle" are

used interchangeably. Bead composition may include, but is not limited to, plastics,

ceramics, glass, polystyrene, methylstyrene, acrylic polymers, paramagnetic materials,

carbon graphite, titanium dioxide, latex or cross-linked dextrans such as sepharose,

cellulose, nylon, cross-linked micelles and polytetrafluoroethylene.

Beads may be associated with a physically or chemically distinguishable

characteristic. For example, beads may be stained with sets of optically distinguishable tags,

such as those containing one or more fluorophore or chromophore dyes distinguishable by

excitation wavelength, emission wavelength, excited-state lifetime or emission intensity.

Optically distinguishable dyes combined in certain molar ratios may be used to stain beads

in accordance with methods known in the art. Combinatorial color codes for exterior and

interior surfaces are disclosed in International Application No. PCT/US98/10719,

incorporated herein by reference. Beads capable of being identified on the basis of a

physically or chemically distinguishable characteristic are said to be "encoded."

The detection of the chemically or physically distinguishable characteristic of each

set of beads and the identification of optical signatures on such beads generated in the course

of a genetic or other test (such as diagnostic or prognostic test) using such beads may be

performed by respectively recording a decoding image and an assay image of a set or array

of such beads and comparing the two images. For example, in certain embodiments, a



system with an imaging detector and computerized image capture and analysis apparatus

may be used. The decoding image is obtained to determine the chemical and/or physical

distinguishable characteristic that uniquely identifies the probe displayed on the bead

surface. In this way, the identity of the probe on each particle in the array is provided by the

distinguishable characteristic. The assay image of the array is obtained to detect an optical

signature produced in the assay as elaborated herein below.

In addition to being encoded, beads having specific oligonucleotide probes or

primers may be spatially separated in a manner such that the bead location provides

information about bead and hence about probe or primer identity. In one example, spatial

encoding may be provided by placing beads in two or more spatially separate subarrays.

In a preferred embodiment, beads can be arranged in a planar array on a substrate

before decoding and analysis. Bead arrays may be prepared by the methods disclosed in

PCT/USOl/201 79, incorporated herein by reference in its entirety. Bead arrays also may be

formed using the methods described in U.S. Pat. No. 6,251,691, incorporated herein by

reference in its entirety. For example, light-controlled electrokinetic forces may be used to

assemble an array of beads in a process known as "LEAPS", as described in U.S. Pat. No.

6,251,691. Alternatively, if paramagnetic beads are used, arrays may be formed on a

substrate surface by applying a magnetic field perpendicular to the surface. Bead arrays also

may be formed by mechanically depositing the beads into an array of restraining structures

(e.g., recesses) at the surface of the substrate. In certain embodiments, the bead arrays may

be immobilized after they are formed by using physical means, such as. for example, by

embedding the beads in a gel to form a gel-particle film.

A target that forms a hybridization complex with immobilized probes can be

visualized by using detection methods previously described herein. For example, probes

annealed to target strands can be elongated with labeled dNTPs, such that extension occurs

when the probe perfectly matches the number of repeats in the target. Several other

configurations for generating positive assay signals may be readily constructed.

As described for sequence-specific probes in general, parallel interrogation repeated

sequences may be immobilized on solid supports via a linker moiety, use of which is well

known in the art. As a general rule, probes should be sufficiently long to avoid annealing to

unrelated DNA target sequences. The length of the probe may be about 10 to 50 bases,

more preferably about 15 to 25 bases, and even more preferably 18 to 20 bases. In a

multiplexed assay, one or more solution-borne targets are then allowed to contact a



mult iplicity of immobilized probes under conditions permitting annealing and elongation

reactions.

The present invention offers advantages over the existing methods of analyzing

polymorphisms in animals because of the combination of nucleotide marker sequences that

can be simultaneously detected, and because of the efficient and cost-efficient method by

which a large number of nucleotide markers can be assayed simultaneously. The present

invention further offers advantages that at least two characteristics including parentage,

identity and phenotype can be simultaneously determined in at least one, two. three or four

and up to forty-eight different animals on one assay plate.

The present system also offers the advantage of simultaneously detecting

polymorphisms of the marker sequences as set forth in Tables 1-1 1. In this way, the present

invention can simultaneously detect different kinds of polymorphisms including, but not

limited to single nucleotide polymorphisms (SNPs), insertions and/or deletions and other

mutations.

In another aspect of the invention, a polymorphism within a nucleotide marker

sequence can be detected based on the lack of incorporation of a specific nucleotide, for

example a fluorescently-labeled or radiolabeled nucleotide.

Additional methods known in the art can be utilized for determining the presence of

a plurality of polymorphisms in a sample.

For example, the identification can use microarray technology which can be

performed with PCR, for example using Affymetrix technologies and GenFlex Tag arrays

(See e.g.. Fan et al (2000) Genome Res. 10:853-860), or using a gene chip containing

proprietary SNP oligonucleotides (See e.g., Chee et al (1996), Science 274:610-614; and

Kenned> et al. (2003) Nature Biotech 2 1:1233-1237) 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 presence of a polymorphism can be identified using electrochemical

detection devices such as the eSensor™ DNA detection system (Motorola, Inc., Yu, C. J .

(2001 ) J. Am Chem. Soc. 123:1 1155-1 1161). Other formats include melting curve analysis

using fluorescently labeled hybridization probes, or intercalating dyes (Lohmann. S. (2000)

Biochemica 4, 23-28, Herrmann, M. (2000) Clinical Chemistry 46: 425).

An oligonucleotide ligation assay (Grossman, P. D. et al. (1994) Nucleic Acids

Research 22:4527-4534) also can be used to identify a polymorphic site within a nucleotide

marker sequence, wherein a pair of probes that selectively hybridize upstream and adjacent



to and downstream and adjacent to the site of the polymorphism, and wherein one of the

probes includes a terminal nucleotide complementary to the polymorphism. Where the

terminal nucleotide of the probe is complementary to the SNP, selective hybridization

includes the terminal nucleotide such that, in the presence of a ligase. the upstream and

downstream oligonucleotides are ligated. As such, the presence or absence of a ligation

product is indicative of the presence of the polymorphism. An example of this type of assay

is the SNPlex System (Applied Biosystems, Foster City, Calif.).

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 polymorphism. In addition, a primer pair useful for amplifying a portion of

the target polynucleotide including the polymorphic site can be useful, wherein the

amplification product is examined to discriminate the alleles at a polymorphic site.

Particularly useful methods include those that are readily adaptable to a high throughput

format, to a multiplex format, or to both. The primer extension or amplification product can

be detected directly or indirectly and/or can be sequenced using various methods known in

the art. Amplification products which span a polymorphic site 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 discriminate the alleles at the

polymorphic site.

Other techniques including fluorescence spectroscopy, capillary electrophoresis

(CE). and high performance liquid chromatography (HPLC) can be used for detection. The

presence of a nucleotide marker polymorphisms can also be determined using microchip

electrophoresis such as described in Schmalzing et al, Nucl Acid. Res. 2#:e43 (2000). In

addition the presence of a nucleotide marker polymorphism can be determined using

denaturing HPLC such as described in Nairz K et al (2002) Proc. Natl. Acad. Sci. (U.S.A.)

99:10575-80, and the Transgenomic WAVE™ System (Transgenomic, Inc. Omaha. Nebr.).

Oliphant et al. report a method that utilizes BeadArray™ 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). Additionally, nucleotide occurrences for

SNPs can be determined using a DNAMassARRAY system (SEQU ENOM. San Diego,

Calif.). This system combines proprietary SpectroChips™, microfluidics, nanodispensing.



biochemistry, and MALDI-TOF MS (matrix-assisted laser desorption ionization time of

flight mass spectrometry).

As another example, the presence of a nucleotide marker polymorphism in a sample

can be determined using the SNP-IT™ method (Beckman Coulter, Fullerton, Calif). In

general. SNP-IT™ 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 polymorphic 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 fluorescence, 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 SNPstream™ instrument

(Beckman Coulter. Fullerton. Calif). Reactions can also be analyzed by binding to

Luminex biospheres (Luminex Corporation. Austin, Tex.. Cai. H. (2000) Genomics

66(2): 135-43.).

Other formats for nucleotide marker polymorphism detection include TaqMan™

(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 e l 16), 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

10 13661, 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. et al. (2003) Nature Biotechnology

2 1:673-678). Molecular Beacons (Marras, S. A. et al. (1999 Genet Anal. 14:151-1 56), the

READIT™ SNP Genotyping System from Promega (Madison, Wis.) (Rhodes R. B. et al.

(2001 ) MoI Diagn. 6:55-61), Dynamic Allele-Specific Hybridization (DASH) (Prince, J . A.

et al. (2001 ) Genome Research 11: 152-162). the Qbead™. system (quantum dot encoded

microspheres conjugated to allele-specific oligonucleotides)(Xu H. et al. (2003) Nucleic

Acids Research 3 1 :e43), Scorpion primers (similar to molecular beacons except

unimolecular) (Thelwell, N. et al. (2000) Nucleic Acids Research 28:3752-3761 ), and



Magiprobe (a novel fluorescence 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. 3 1:e66), 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

fluorescent signal on the surface of microspheres, followed by flow cytometry of the

microspheres. With a slightly different twist on the Sequenom technology (MALDI), Sauer

et al. ((2003) Nucleic Acids Research 3 1:e63) generate charge-tagged DNA (post PCR and

primer extension), using a photocleavable linker.

A method for identifying a nucleotide marker polymorphism 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 members include, for example,

probes, primers, polynucleotides, 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 polymorphic site or that hybridizes to an amplification product generated

using the target polynucleotide as a template.

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

polymorphic 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 polymorphic 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 polymorphic site. Alternatively,

an antibody may preferentially bind a particular modified nucleotide that is incorporated into

a polymorphic site for particular allelic differences at the polymorphic site, for example,

using a primer extension assay.

A specific interaction can be characterized by a dissociation constant of at least about

1X10-6 M, generally at least about 1X10-7 M, usually at least about 1X10-8 M, and

particularly at least about 1X10-9 M or 1X10-10 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 invertebrate, 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 specifically are well known and include, for example, equilibrium

dialysis surface plasmon resonance, and the like.

The system can be a microfluidic device. Numerous microfluidic devices are known

that include solid supports with microchannels (See e.g.. U.S. Pat. Nos. 5,304,487,

5,1 10,745, 5.681.484, and 5,593,838).

To facilitate detection, hybridization complexes can be modified to contain one or

more labels. These labels can be incorporated by any of a number of means well known to

those skilled in the art. Detectable labels suitable for use in the present invention include

any composition detectable by spectroscopic, photochemical, biochemical,

immunochemical, electrical, optical, or chemical means. Useful labels in the present

invention include high affinity binding labels such as biotin for staining with labeled

streptavidin or its conjugate, magnetic beads, fluorescent dyes (for example, fluorescein,

Texas red. rhodamine, green fluorescent protein, and the like), radiolabels (for example 3H,

1251. 35S, 14C, or 32P). enzymes (for example horseradish peroxidase, alkaline

phosphatase and others commonly used in an ELISA). epitope labels, and calorimetric labels

such as colloidal gold, colored glass or plastic beads (for example polystyrene,

polypropylene, latex, and the like). Means of detecting such labels are well known to those

of skill in the art. Thus, for example, radiolabels can be detected using photographic film or

scintillation counters, and fluorescent markers can be detected using a photodetector to

detect emitted light. Enzymatic labels are typically detected by providing the enzyme with a

substrate and detecting the reaction product produced by the action of the enzyme on the

substrate, and calorimetric labels are detected by simply visualizing the colored label. One

method uses colloidal gold as a label that can be detected by measuring light scattered from

the gold. The label can be added to the amplification products prior to or after the

hybridization.

"Direct labels" are detectable labels that are directly attached to, or incorporated into,

the nucleic acids prior to hybridization. In contrast, "indirect labels" are affixed to, or

incorporated into the hybridization complex following hybridization. Often, the indirect

label is attached to a binding moiety that has been attached to the amplified nucleic acid

prior to hybridization. Thus, for example, the amplified nucleic acid can be biotinylated

before hybridization. After hybridization, an avidin or streptavidin conjugated fluorophore

will bind the biotin-bearing hybrid duplexes, providing a label that is easily detected.



Means for detecting labeled nucleic acids hybridized to probes in an array are known

to those skilled in the art. For example, when a colorimetric label is used, simple

visualization of the label is sufficient. When radiolabeled probes are used, detection of the

radiation (for example, with photographic film or a solid state detector) is sufficient.

Detection of fluorescently labeled target nucleic acids can be accomplished by means of

fluorescence microscopy. An array of hybridization complexes can be excited with a light

source at the excitation wavelength of the particular fluorescent label of choice and the

resulting fluorescence at the emission wavelength detected. The excitation light source can

be. for example, a laser appropriate for the excitation of the fluorescent label.

In a preferred embodiment, the hybridized nucleic acids are detected by detecting

one or more labels attached to the sample nucleic acids. The labels may be incorporated by

any of a number of means well known to those of skill in the art. However, in a preferred

embodiment, the label is simultaneously incorporated during the amplification step in the

preparation of the sample nucleic acids. Thus, for example, polymerase chain reaction

(PCR) with labeled primers or labeled nucleotides will provide a labeled amplification

product. In a preferred embodiment, transcription amplification, as described above, using a

labeled nucleotide (e.g. fluorescein-labeled UTP and/or CTP) incorporates a label into the

transcribed nucleic acids.

Alternatively, a label may be added directly to the original nucleic acid sample (e.g.,

mRNA, polyA mRNA, cDNA, etc.) or to the amplification product after the amplification is

completed. Means of attaching labels to nucleic acids are well known to those of skill in the

art and include, for example nick translation or end-labeling (e.g. with a labeled RNA) by

kinasing of the nucleic acid and subsequent attachment (ligation) of a nucleic acid linker

joining the sample nucleic acid to a label (e.g., a fluorophore).

Detectable labels suitable for use in the present invention include any composition

detectable by spectroscopic, photochemical, biochemical, immunochemical, electrical,

optical or chemical means. Useful labels in the present invention include biotin for staining

with labeled streptavidin conjugate, magnetic beads (e.g., DynabeadsTM). fluorescent dyes

(e.g., fluorescein, texas red, rhodamine, green fluorescent protein, and the like), radiolabels

(e.g.. 3H, 1251, 35S, 14C, or 32P), enzymes (e.g., horse radish peroxidase, alkaline

phosphatase and others commonly used in an ELISA), and coloimetric labels such as

colloidal gold or colored glass or plastic (e.g., polystyrene, polypropylene, latex, etc.) beads.

Patents teaching the use of such labels include U.S. Pat. Nos. 3,817,837; 3,850,752;

3.939.350; 3.996,345; 4,277,437; 4,275,149; and 4.366,241.



An oligonucleotide probe array complementary to the reference sequence or

subsequence thereof is immobilized on a solid support using one of the display strategies

described below. For the purposes of clarity, much of the following description of the

invention will use probe arrays where the reference sequence or subsequene thereof is

selected from any one of the oligonucleotide marker sequences of Tables 2, 4 and/or 6

derived from horse or dog; however it should be recognized, as described previously, that

probe arrays derived from other animal genomes may also be used, depending on the

phenotypic trait being monitored, the availability of suitable primers and the like.

The methods of this invention employ oligonucleotide arrays which comprise probes

exhibiting complementarity to one or more selected reference sequences whose sequence is

known. Typically, these arrays are immobilized in a high density array ("DNA on chip") on

a solid surface as described in U.S. Pat. No. 5,143,854 and PCT patent publication Nos. WO

90/1 5070, WO 92/10092 and WO 95/1 1995, each of which is incorporated herein by

reference.

In another embodiment, the present invention provides 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 el al. 1989 Molecular

Cloning A Laboratory Manual, Cold Spring Harbor Laboratory, N.Y.. incorporated herein in

its entirety by reference).

Systems For Determining Multiple Characteristics in Animals Using the Simultaneous

Identification of Polymorphisms in Biological Samples

The present invention provides for systems to order and display the fluorescence

and/or hybridization pattern, for example, of the assay plate utilized to detect a plurality of

oligonucleotide marker polymorphisms.

FIG. 1 is an exemplary reaction plate or panel 1000 upon which a plurality of

samples or assays may be stored for processing in accordance with any of the techniques

described above. In FIG. 1, panel 1000 includes an array of recesses 1002, which may be

implemented as wells or through-holes. A well is defined as a recess that extends partially



through panel 1000. For instance, a well does not form a hole through panel 1000. A

through-hole, on the other hand, is defined as a recess that extends entirely through panel

1000 from one opposing surface to another, thereby forming a hole through panel 1000.

In the embodiment of FIG. 1, recesses 1002 are grouped into a plurality of subarrays

1004. Each subarray 1004 is shown to include a matrix of recesses 1002 having four rows

and four columns for illustrative purposes. However, persons skilled in the art will

recognize that subarrays 1004 can have any number of rows and columns or some other

configuration. In fact, recesses 1002 need not be grouped into subarrays at all.

Referring to FIG. 1, samples are placed in respective recesses 1002 of panel 1000.

Bach sample may include a primer sequence pair, an oligonucleotide probe, a nucleic acid

sample and/or a nucleotide marker sequence, to provide some examples. According to a

first embodiment, each sample includes a respective primer sequence pair and a respective

probe. Each of the primer sequences is capable of hybridizing to a sequence that is about 30

to 60 nucleotides upstream or downstream of a polymorphism present within a nucleotide

marker sequence. In this embodiment, each of the primer sequence pairs flanks a

polymorphism present within a nucleotide marker sequence. Moreover, each of the

oligonucleotide probes is capable of hybridizing to a region that spans the polymorphism

present within the nucleotide marker sequence. The plurality of primer sequence pairs and

the plurality of probes is capable of detecting polymorphisms present within a plurality of

nucleotide marker sequences. In this embodiment, the polymorphisms present within the

plurality of nucleotide marker sequences correlate with at least two characteristics of an

animal such as parentage, identity, breed, sex, genotype and/or phenotype.

According to a second embodiment, each sample includes a respective nucleotide

marker sequence. Each of the nucleotide marker sequences includes a polymorphism and

correlates with at least two characteristics, such as parentage, identity, breed, sex. genotype

and/or phenotype. In this embodiment, each of the nucleotide marker sequences is

complementary to a nucleotide sequence derived from one or more animals.

FIG. 2 illustrates an exemplary processor-based system 1100, which may be used to

process samples according to an embodiment of the present invention. One or more aspects

of the present invention may be implemented as programmable code. The programmable

code may be provided in any of a variety of formats, including but not limited to C, C++,

Java, and Visual Basic. Various embodiments of the invention are described in terms of

exemplary processor-based system 1100. After reading this description, it will become



apparent to a person skilled in the art(s) how to implement the invention using other

processor-based systems and/or computer architectures.

FIG. 2 will be described with continued reference to reaction plate 1000 shown in

FIG. 1 for illustrative purposes. However, the scope of the present invention is not limited

to the use of reaction plate 1000. Any object capable of storing samples may be used in lieu

of reaction plate 1000.

Referring now to FIG. 2, reaction plate 1000 is provided to plate receiving module

1116. which secures reaction plate 1000 using a securing element. Samples may be

provided to reaction plate 1000 before providing reaction plate 1000 to plate receiving

module 1116. Alternatively, plate receiving module 1116 may be used to manually or

automatically provide the samples to reaction plate 1000.

Once the samples are loaded in plate receiving module, the samples may be

processed in accordance with any of the techniques described above. For example,

processor-based system 1100 may process the samples to identify characteristics, such as

parentage, breed, identity, and/or phenotype, associated therewith. In another example,

processor-based system 1100 may process the samples to identify SNPs therein.

Processor-based system 1100 includes one or more processors, such as processor

1104. to facilitate processing the samples. Processor 1104 may be any type of processor,

including but not limited to a special purpose or a general purpose digital signal processor.

Processor 1104 is connected to a communication infrastructure 1106 (for example, a bus or a

network).

Processor-based system 1100 also includes a main memory 1108, preferably random

access memory (RAM), and may also include a secondary memory 1110. Secondary

memory 1110 may include, for example, a hard disk drive 1112 and/or a removable storage

drive 1114. representing a floppy disk drive, a magnetic tape drive, an optical disk drive, etc.

Removable storage drive 1114 reads from and/or writes to a removable storage unit 1118 in

a well known manner. Removable storage unit 1118 represents a floppy disk, magnetic

tape, optical disk. etc. As will be appreciated, removable storage unit 1118 includes a

computer usable storage medium having stored therein computer software and/or data.

In alternative implementations, secondary memory 1110 may include other similar

means for allowing computer programs or other instructions to be loaded into processor-

based system 1100. Such means may include, for example, a removable storage unit 1122

and an interface 1120. Examples of such means may include a program cartridge and

cartridge interface (such as that found in video game devices), a removable memory chip



(such as an EPROM or a PROM) and associated socket, and other removable storage units

1122 and interfaces 1120 which allow software and data to be transferred from removable

storage unit 1122 to processor-based system 1100.

In FIG. 2, an optional communication interface 1124 allows software and data to be

transferred between processor-based system 1100 and external devices. Examples of

communication interface 1124 include but are not limited to a modem, a network interface

(such as an Ethernet card), a communication port, a Personal Computer Memory Card

International Association (PCMCIA) slot and card, etc. Software and data transferred via

communication interface 1124 are in the form of signals 1128 which may be electronic,

electromagnetic, optical, or other signals capable of being received by communication

interface 1124. These signals 1128 are provided to communication interface 1124 via a

communication path 1126. Communication path 1126 carries signals 1128 and may be

implemented using wire or cable, fiber optics, a phone line, a cellular phone link, a radio

frequency link, or any other suitable communication channel. For instance, communication

path 1126 may be implemented using a combination of channels.

In the embodiment of FIG. 2, processor-based system 1100 further includes a display

interface 1102 that forwards graphics, text, and/or other information from communication

infrastructure 1106 (or from a frame buffer not shown) for display on display unit 1130. For

instance, display unit 1130 may provide a graphical or textual representation of the results of

processing the samples. Display unit may be a printer or a computer monitor, to provide

some examples.

In this document, the terms "computer program medium" and "computer usable

medium" are used generally to refer to media such as removable storage unit 1118, a hard

disk installed in hard disk drive 1112, and signals 1128. These computer program products

are means for providing software to processor-based system 1100.

Computer programs (also called computer control logic) are stored in main memory

1108 and/or secondary memory 1110. Computer programs may also be received via

communication interface 1124. Such computer programs, when executed, enable processor-

based system 1100 to implement the present invention as discussed herein. Accordingly,

such computer programs represent controllers of processor-based system 1100. Where the

invention is implemented using software, the software may be stored in a computer program

product and loaded into processor-based system 1100 using removable storage drive 1114,

hard disk drive 1112, or communication interface 1124, to provide some examples.



In alternative embodiments, the invention can be implemented as control logic in

hardware, firmware, or software or any combination thereof.

The Examples provided herein illustrates the use of genotyping analysis to identify

SNPs that can be used to determine parentage, identity, and/or phenotype of an animal (see

Examples infra). Information related to allele frequencies are utilized to correlate the

presence of SNPS with a particular characteristic. The identification of particular SNPs in a

target nucleic acid sequence. In some embodiments, forward oligonucleotide primers and

reverse oligonucleotide primers were used to amplify specific target sequences prior to

extension.

The identification of a plurality of nucleotide marker polymorphisms, for example,

can establish a record" for individual animals, such that the unique set of nucleotide marker

polymorphisms detected in an individual nucleic acid sample isolated from an animal can be

used to link a genetic profile to that individual animal ' s identity. This information can be

obtained by on-chip genetic testing and can be linked to a concurrently recorded

biochemical ID marker which in turn can be cross-referenced with existing veterinary

records to ensure authenticity.

Many software programs for the analysis of nucleotide marker polymorphisms have

been developed,. Software programs to be used in the present invention include: The

present disclosure incorporates the use of all of the software disclosed above used to classify

animals into populations based on DNA polymorphisms as well as other software known in

the art.

The genetic profiling of animals plays an increasingly important role, not only in

basic and applied clinical research, but also in the diagnosis of disease and in the assessment

of predisposition to disease. A safe, reliable genetic testing protocol preferably will

incorporate all relevant information relating to patient identification within individual tests.

The present invention provides methods and compositions for linking the genetic profile

obtained from the analysis of a patient's sample to a patient's identity. This correlation

between a patient's genetic profile and identity is established concurrently with the genetic

test or any diagnostic or prognostic test, on the basis of recording a genetic fingerprint or

molecular identifier (ID).



Methods of Determining Diagnosis and Diseases

The invention further provides a diagnostic method useful during diagnosis of a

disease , e.g., which involves detecting the presence of a nucleotide marker polymorphisms

in tissue or other cells or body fluid from an individual animal and comparing the measured

presence with a standard nucleotide marker containing a polymorphism in normal tissue or

body fluid, whereby the presence of a nucleotide containing a polymorphism compared to

the standard is indicative of a disorder.

By "assaying the presence of single nucleotide polymorphisms (SNPs) or

polymorphism" is intended qualitatively or quantitatively measuring or estimating the

present of SNPs, insertions, deletions, inversions and/or other mutations in a first biological

sample either directly (e.g., by determining or estimating absolute presence of nucleotide

containing a SNP) or relatively (e.g., by comparing to the disease associated with the

presence of a nucleotide containing a SNP in a second biological sample). Preferably, the

presence of a nucleotide containing a SNP in the first biological sample is measured or

estimated and compared to a standard nucleotide marker containing a SNP, the standard

being taken from a second biological sample obtained from an individual animal not having

the disorder or being determined by averaging levels from a population of animals not

having the disorder. As will be appreciated in the art, once the "standard" nucleotide marker

containing a SNP is known, it can be used repeatedly as a standard for comparison.

The method, compositions and systems according to the present invention provide

for detection and diagnosis of diseases as further described below.

Hyperkalemic periodic paralysis (HYPP) is an inherited disease of the muscle, which

is caused by a genetic defect. In the muscle of affected horses, a point mutation exists in the

sodium channel gene and is passed on to offspring. Sodium channels are "pores" in the

muscle cell membrane which control contraction of the muscle fibers. When the defective

sodium channel gene is present, the channel becomes "leaky" and makes the muscle overly

excitable and contract involuntarily. The channel becomes "leaky" when potassium levels

fluctuate in the blood. This may occur with fasting followed by consumption of a high

potassium feed such as alfalfa. Hyperkalemia, which is an excessive amount of potassium

in the blood, causes the muscles in the horse to contract more readily than normal. This

makes the horse susceptible to sporadic episodes of muscle tremors or paralysis.

This genetic defect has been identified in descendents of the American Quarter

Horse sire. Impressive. The original genetic defect causing HYPP was a natural mutation

that occurred as part of the evolutionary process. The majority of such mutations, which are



constantly occurring, are not compatible with survival. However, the genetic mutation

caus ing HYPP produced a functional, yet altered, sodium ion channel. This gene mutation

is not a product of inbreeding. The gene mutation causing HYPP inadvertently became

widespread when breeders sought to produce horses with heavy musculature. To date ,

confirmed cases of HYPP have been restricted to descendants of this horse.

Severe Combined Immunodeficiency Disease (SCID) is an inherited disease

specifically seen in pure and part-bred Arab horses. Foals afflicted with this condition have

an enhanced susceptibility to infection and first show signs of disease at between two days

and eight weeks of age. Clinical diagnosis of the disease is not straightforward as the

symptoms, such as raised temperature, respiratory complications and diaharrea, are typical

of new-born foals with a range of infections. SCID affected foals always die within the first

six months of life, regardless of the level of veterinary care administered. SCID is therefore

a distressing condition both for the animals involved and the owners and carers of the

horses and results in financial loss due to dead foals and veterinary expenses.

Junctional epidermolysis bullosa (JEB) is an inherited disease that causes moderate

to severe blistering of the skin and mouth epithelia, and sloughing of hooves in newborn

foals. This condition is also known as red foot disease. Affected foals are typically born

alive, but soon develop skin lesions at pressure points. The condition worsens with time and

the foal eventually succumbs from severe infection or has to be euthanized.

JEB in Belgian Draft horses has been shown to be the result of a specific mutation in

a gene that affects the production of normal and healthy skin (F. Spirito et. al., J Invest

Dermatol 119:684-691, 2002). To date, this mutation has been found only in Belgian Draft

horses and derivatives of that breed. JEB is inherited as a recessive trait. Animals that carry

two copies of the mutated gene (homozygous recessive) will develop the disease. Animals

that carry one copy of the mutated gene and one copy of the normal gene (heterozygous) are

carriers of JEB. Carriers do not develop the disease and have normal epithelium, but they

have a 50% chance of passing on the mutation to their offspring. If N is used to represent

the normal gene and J the mutated gene, an affected animal is designated J/J, a carrier

animal is N/J and a normal animal is N/N.

Comparative biochemical and histopathological evidence suggests that a deficiency

in the glycogen branching enzyme, encoded by the GBEl gene, is responsible for a recently

identified recessive fatal fetal and neonatal glycogen storage disease (GSD) in American

Quarter Horses termed GSD IV. In the GBEl cDNA sequences for control horses and

affected foals, a C to A substitution at base 102 has been identified that results in a tyrosine



(Y) to stop (X) mutation in codon 34 of exon 1. All 11 affected foals were homozygous for

the X34 allele, their 11 available dams and sires were heterozygous, and all 16 control

horses were homozygous for the Y34 allele. The previous findings of poorly branched

glycogen, abnormal polysaccharide accumulation, lack of measurable GBEl enzyme

activity and immunodetectable GBEl protein, coupled with the present observation of

abundant GBEl mRNA in affected foals, are all consistent with the nonsense mutation in the

699 amino acid GBEl protein. The affected foal pedigrees have a common ancestor and

contain prolific stallions that are likely carriers of the recessive X34 allele. Defining the

molecular basis of equine GSD IV will allow for accurate DNA testing and the ability to

prevent occurrence of this devastating disease affecting American Quarter Horses and

related breeds. See e.g. Ward et al.. Mammalian Genome 15(7): 570-577 (2004).

Lethal White Overo (LWO) syndrome occurs when a horse is homozygous (OO) for

the frame overo gene. This genetic disorder causes the intestinal system not to develop

properly (involving aganglionosis of the bowel). The foal will die within the first 72 hours

after birth when its first meals cannot be digested properly. The lethal white foal will be

born almost pure white. This genetic abnormality is caused by a dinucleotide TC~>AG

mutation, which changes isoleucine to lysine of the EDNRB protein.

Horses that do not have LWO syndrome can still be carriers of the LWO gene.

When they are carriers of this gene, they are said to be heterozygous (nθ ) for the LWO gene

and may pass it on to offspring. The heterozygous LWO gene in a horse occurs when the

diploid (one copy from mother and one from father) of the LWO gene contains one frame

overo copy and one non-frame overo copy and is often referred to as positive for frame

overo. Since frame overo is a desirable quality and requires one frame overo copy, proper

mating must be done to avoid possible loss due to lethal white overo while still achieving a

high probability for the frame overo pattern. The way to avoid this problem is to avoid

breeding frame overo to frame overo.

In additional embodiments, the disease is selected from the group consisting of

congenital myotonia, muscular dystrophy, globoid cell leucodystrophy, GM-gangliosidosis,

Hemophilia B. hereditary cataracts, phosphofructokinase deficiency, thrombasthenic

thrombopathia, retinal dystrophy, type-2 von Willerbrand's disease, and Type III von

Willebrand. In certain other embodiments, the disease is selected from the group consisting

of hypertrophic cardiomyopathy , polycystic kidney disease and mucopolysaccharidosis.

Further information regarding disease may be identified by searching genetic

databases or consulting periodicals or texts used in the vertinary industries and genetic



testing industries. Thus, the diseases and sequences provided herein are intended to be

nonlimiting with respect to scope.

Kits and Uses

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

identif ing a plurality of polymorphisms. Such a kit can contain, for example, an

oligonucleotide probe(s). primer, or primer pair, or combinations thereof for identifying the

nucleotide polymorphisms according to the present invention, following hybridization,

primer extension, cleavage of the probe and fluorescence detection. Such oligonucleotides

being useful, for example, to identify a polymorphism as disclosed herein; or can contain

one or more nucleotide marker sequences corresponding to a characteristic selected from the

group consisting of identity, parentage, breed, sex , genotype and phenotype.

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 generated using the

probe or primer (e.g., an amplification product); 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). 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 using an assay plate or another substrate according to the

invention.

The kit can also include instructions for using the probes or primers to determine a

plurality of nucleotide marker polymorphisms.

The methods of the present invention are useful in the prevention of mishandling,

mislabeling and switching of samples in the course of genetic testing. This invention

prevents or corrects identification errors associated with mishandling, mislabeling and

switching of samples by incorporating a genetic fingerprint or molecular identifier into the

record of the genetic or other test, obtained, for example in the form of an image. In this

way, an unambiguous link between that record and the animal's identity is established. The



molecular identifier may serve to track and to confirm the identity of the sample, thereby

providing a means for authentication. The methods of the present invention provide

compositions and methods to create a genetic ID, also referred to herein as an ID,

concurrently with the completion of a polymorphic genetic analysis.

It will be understood by one of ordinary skill in the art that the compositions,

methods and systems of the present invention can be utilized for cost-efficient and rapid

analysis of a plurality of polymorphisms in other species of animals, including but not

limited to humans, birds, reptiles, and amphibians. One of ordinary skill in the art can also

utilize the present invention to detect other polymorphisms, such as SNPs, deletions ,

insertions and other mutations that are linked to diseases and/or phenotypes associated with

the animals according to the invention.

The practice of the present invention will employ, unless otherwise indicated,

conventional techniques of cell biology, cell culture, molecular biology, transgenic biology,

microbiology, recombinant DNA, and immunology, which are within the skill of the art.

Such techniques are explained fully in the literature. See, for example. Molecular Cloning A

Laboratory Manual, 2nd Ed., Sambrook et al., ed.. Cold Spring Harbor Laboratory Press:

(1989); Molecular Cloning: A Laboratory Manual, Sambrook et al., ed.. Cold Springs

Harbor Laboratory, New York (1992). DNA Cloning, D. N. Glover ed.. Volumes I and II

(1985); Oligonucleotide Synthesis, M. J . Gait ed.. (1984); Mullis et al. U.S. Pat. No:

4.683,195; Nucleic Acid Hybridization, B. D. Hames & S. J . Higgins eds. (1984);

Transcription And Translation, B. D. Hames & S. J . Higgins eds. (1984); Culture Of Animal

Cells, R. I . Freshney, Alan R. Liss, Inc., (1987); Immobilized Cells And Enzymes, IRL Press,

(1986); B. Perbal, A Practical Guide To Molecular Cloning (1984); the treatise. Methods In

Enzymology, Academic Press, Inc.. N.Y.; Gene Transfer Vectors For Mammalian Cells, J .

H. Miller and M. P. Calos eds., Cold Spring Harbor Laboratory ( 1987); Methods In

Enzymology, VoIs. 154 and 155 (Wu et al. eds.); Immunochemical Methods In Cell And

Molecular Biology, Mayer and Walker, eds., Academic Press, London (1987); Handbook Of

Experimental Immunology, Volumes I-IV. D. M. Weir and C. C. Blackwell, eds., (1986);

Manipulating the Mouse Embryo, Cold Spring Harbor Laboratory Press, Cold Spring

Harbor. N.Y., (1986); and in Ausubel et al. Current Protocols in Molecular Biology, John

Wiley and Sons, Baltimore, Maryland (1989).

All of the references cited above, as well as all references cited herein, are

incorporated herein by reference in their entireties.
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EXAMPLES

Example 1: Simultaneous Identification of Multiple Characteristics Using 64 Horse

Nucleotide Marker Sequences

A nucleic acid sample isolated from an individual horse was analyzed to determine

the presence of a plurality of nucleotide marker polymorphisms using an assay plate

according to methods of the invention. On a single plate. 64 separate assays were

simultaneously performed to determine the presence of a plurality of nucleotide marker

polymorphisms, where the nucleotide marker polymorphisms comprise those as set forth in

Table 2 .

In each assay, sequence-specific forward and reverse primers were hybridized to the

nucleic sample according to the methods of the present invention. In addition, two modified

oligonucleotide probes, a first oligonucleotide probe matching Allele 1 of the nucleotide

marker sequence and a second oligonucleotide probe matching Allele 2 of the nucleotide

marker sequence was combined with the nucleic acid sample. Each modified

oligonucleotide probe contains a reporter dye at the 5' end of the probe (e.g., a VIC κ dye, or

a FAM™ dye). A nonfluorescent quencher was attached at the 3' end of the probe. Each of

the first and second oligonucleotide probes were perfectly complementary to the invariant

region of Allele 1 and Allele 2 of a nucleotide marker sequence according to Table 2 .

Finally, a DNA polymerase was added to the reaction in order that the oligonucleotide probe

would be cleaved and its fluorescent reporter dye released upon matching with Allele 1 or

Allele 2 . The DNA polymerase contained within the assay mix can cleaved the

oligonucleotide probe when it specifically hybridized to a PCR-amplified sequence present

within the sample.

The forward and reverse primers were hybridized to the nucleic acid sample. The

nucleic acid sample was then amplified by PCR. Cleavage separates the reporter dye from

the quencher dye, increasing fluorescence by the reporter. Thus, the fluorescence signal(s)

generated by PCR amplification indicates the presence of a specific polymorphic allele

within the nucleic acid sample.

PCR reactions were performed using assay plates by thermal cycling using a

commercial flat-block thermal cycler. Examples of the concentrations and amounts of

reagents for the PCR reaction include but are not limited to those listed in Table 12. In this

example, the concentration of DNA in the 5 µl sample was 30.3 ng/µl giving 1 ng of DNA



in each well of the 64 well loading plate. The starting DNA stock solution can be modified

based on the amount of DNA added to the sample. For example, if 1 µl of DNA is added to

the sample , a 150 ng/µl stock solution would be required to obtain a final DNA

concentration of 30 ng/µl . If 2 µl of DNA is added to the sample, a 75 ng/µl stock solution

would be required to obtain a final DNA concentration of 30 ng/µl. Additional

concentrations and amounts of reagents and DNA can be used in the methods of the present

invention.

Table 12

The fluorescence output was subsequently read using a computer-based imaging

s>stem. The fluorescent output measurements were utilized to determine which particular

alleles were present at the polymorphic position of each nucleotide marker sequence.

Results of the assays listing the determination of both alleles for each nucleotide marker

sequences are provided below in Table 13, where the assays were performed using

individual samples isolated from 10 different animals.

TABLE 13:

Sa p I . I c 3 1 7 1330 6 1198 6 1 3 2 1 8 11987 1 3 2 1 9 16317 1330 6 1 1 9 8 6 1 32 18
Samp e I
ECAl I - C C C C C C C C C C C C C C C DS *

OC . Ge π t ype

ECA 2 - A G A G A G A G A G A G DS A G A G DS

002 .Ge πot ype
ECA 3- A G A A A A A A A A A A G A G A A DS

0 0 . Ge πo t ype

ECA2 1- DS DS DS DS C C D C C DS DS

0 0 4 . Ge o t ype
C

ECA2 2- G A G A A A G G G A G A G A G A A A DS

OuS . Ger o t j p e

ECA2_3 - T T T T T G T T T T T G T T T T T G DS

0 6 . Gβn



14



*DS: Polymorphic alleles were rea un er erent str ngency con t ons w

reliable results.



Each sample as tested against the 64 markers listed in Table 2. The two

oligonucleotide probe contained VIC" and FAM . respectively, at the 5' end of the

probes. The control was no template.

Assays as described above were performed using additional samples isolated

from 10 other animals. Results of the additional assays listing the determination of

both alleles for each nucleotide marker sequences are provided below in Table 14:

TABLE 14:

Samp _i_e . 11987 I J219 iu740 15849 1 051 15850 16297 16298 1 0 7 4 0 NTC
SdrplelD

EGAl C C C C C C C C C C T C C D S
Ge-otype

2 - A G A A G A G A G A r A G A G A G D S
002. Genotype

l - A A A A A A A A G A G A A A A A A D S

U U J .GPiiot/pe

ΞCA2 DS C C G C DS DS C C C C Q C D S
UO4 .Genotype

ECA2 ~ G A G A A A G G A G G A A A A A A D S

Ge-.ot/pe

ECA2 3 - T T T G T T T T T T T T G T T T T D S

0 36. Genotype

ECA3 T T T C T C T T T C T T T T T C T D S

C ( .Genotype

ECA3 A A A A A A A A A A A A A A A A A DS
008. Genotype

ECA4 A A A G G G A A A A A A A A A A G G DS
CC9 .Genotype

ΞCA4 2- G G G G G G G G G A DS G G G A G G DS

010. Gerotype

E<""A5 I- A A A . A A A A A A A A A A A A A A A DS

0.1. Genotype

ECA5 2- A G A Q A A D A G A G A G A G A

012. G P Γotyoe G

ECA5 ~ _ T C T C T C C C T T T C T r T C T C DS

013. Genotype

E G A 6 T T T T G G T T T T T T T T T G G DS

1 4 .Cenotypc

ECA6 / G G G A G G G G G G G G G G G G G D S

u 1 5 .Genotype

E 7 :- T T T T C C T T C T C T C T T T C C D S

i ie. Genotype

ECA Z- C C C C C C C C C C C C C C C C C D S

U 1 7 .Genotype

ECA8 1- T T T T T T T T T T T T T T T T T T D S

ilR. Genotype

E0A8 2- C C C C C C T C C C T C C C C DS

019. Genotype

E0A9 — C C C C C C C C C C C C C T G T C C DS

zC, .Genotyoe
ECA C 2 - T T T T T T T T T T T I T I T T T DS

0 1 .Genotype

L:AIL - A A A C A A A A A A A A A A A A A ]\ DS

U . .Geriot ype

E 7Al C C c C T T C T G C C T T T T DS

Gpnotype



ECA I 1— T T T T T C T C T T T C T T C DS
- . .Ger.otype
ECAIl 2- T T T T T T T T T T I T T T T T T T DS
025 .Genotype

ECA12 1- T C U D T - T C C T DS T C C
02 6 .Ger.otyoe

-.A12 2- T T T T T T T T T C T T T C T T T T DS
027 .Genotype

ECA13 1- A A A A A A A A A A A A A A A A A A DS
028 .Ger.otype

ECA13 2- G G G A A A G A G G A A A A A A A A G
C29 .Ger.otype A
ECA14 1- G G G G G G G G G C G G G G G G G DS
030 .Cer.otype

FCA14 2- G G G G G G G C G G G G G C G G DS
0 31. Genotype

ECA15 1- G G A A A G A A A A A A A A A A A G DS
032 .Ger.otype

ECAIb 2- G G G G G G G G A G G G G G G G G G DS
033 .Genotype

ECAl 6 i- A G A G G G A A G G G A G A G G G DS
3 4 .Genotype

FCA " 6 2- T C T C T T T C T T T T T C T C T T DS
035 .Genotype

FCAl 1- A G A A G G A A A A A A A A A A G G DS
036 .Genotype

ΞCAl ' - T T T T T C T T T T T T T T T T C DS
C31 .Genotype

FCA16_.- A A A A A A A A A A A A A A A A A A DS

LJ38 .Ger.otype
ECA19 1- C C c C T T c c T C C C C T T DS

39.Genotype

ECA2 0 1- T T T T T T T T T T T T T T T T T T DS

040 .Genotype

ECA21_1- A A T A A A T A T A T A T A T A T DS

041. Genotype

ECA22 1- T T T T T T T T T T T T T T T T T DS

042 .Genotype

ECA23 1- C c C C C C C C C C c C C C C C DS

U 13 .Genotype

A 24 1- T T T T T T T T T T T C T T T T T T DS

04 4 .Genotype

ECA25 l- T T T T T T T T T C C C C T C T T DS

45 .Genotype

EGA2 1- C T C T C C C T DS C T c T C T C C DS

46 .Genotype

ECA2 1 1- C T T T T T T T T T T T T T T T T T DS

U47 .Genotype

ECA2P 1- C C C C C C T c C C C Q C C C C DS

048 .Genotype

ECA REPL- T T T T C T T T T T T T T T T T C T DS

049 .Genotype

ECA30 1- A A A A A G A A A A A A A A A A A G DS

050 .Genotype

ECA31 1- C T T T C T C T C T C T T Φ C T C T DS

051. Genotype

ECA31 2- G A G G G A G G A G A G G G G A DS

u52 Genotyce

ECAX 1- A A A A A A A A A A A A A A A A A A DS

053. Ger.otype

ECAl 4- T C T T T T T T DS T T T T I C T T DS

065 Genotype
F AGOUTI GAAA * GAAA GAAA GAAA GAAA GAAA DS

1π .Genotype AGAA AGAA AGAA AGAA AGAA AGAA

CA GCA GCA GCA GCA GCA



* *

Again, each sample was tested against the 64 markers listed in Table 2 . The

two oligonucleotide probe contained VIC" and FAM' M, respectively, at the 5' end of

the probes. The control was no template.

The presence of particular alleles as disclosed in Tables 8 and 9 were utilized

to determine the presence of at least two characteristics selected from the group

consisting of parentage, identity and/or phenotype using information available to one

of ordinary skill in the art.

Example 2 : Simultaneous Identification of Multiple Characteristics Using 128

Horse Nucleotide Marker Sequences

A nucleic acid sample isolated from an individual horse is analyzed to determine the

presence of a plurality of nucleotide marker polymorphisms using an assay plate according

to methods of the invention. On a single plate, 128 separate assays are simultaneously

performed to determine the presence of a plurality of nucleotide marker polymorphisms,

where the nucleotide marker polymorphisms comprise those as set forth in Tables 2 and 4 .

The assay is performed according to the methods described in Example 1 above.

Results of the assays as measured by fluorescent output are tabulated.



Example 3 : Simultaneous Identification of Multiple Characteristics Using Horse and

Dog Nucleotide Marker Sequences

|000l I A nucleic acid sample isolated from individual horses, cattle, cats and dogs are

analyzed to determine the presence of a plurality of nucleotide marker polymorphisms using

an assay plate according to methods of the invention for each individual animal. On a single

plate, up to 3000 separate assays are simultaneously performed to determine the presence of

a plurality of nucleotide marker polymorphisms, where the nucleotide marker

polymorphisms comprise those as set forth in Tables 2, 4, 6 and 8.

The assay is performed according to the methods described in Example 1 above. Results of

the assays as measured by fluorescent output are tabulated.

Example 4 : Raw Data Plots Showing Examples of Markers for Parentage, Identity,

Sex, Phenotype and/or Genotype and Breed Determination

Figures 3A-6C provide examples of raw data plots generated by a processor based

system from individual markers depicting the presence of nucleotide marker polymorphism

using an assay plate according to methods of the invention for groups of 47 and 23 animals

respectively comprising cat, dog, horse, and cattle species. The plots give examples of

identity and parentage, genotype and/or phenotype including disease diagnostics and traits

like color, sex determination where females are homozygous and males are heterozygous,

and breed determination. Each individual marker was simultaneously analyzed along with

63 or 127 other markers comprising all 5 of the (i) parentage; (ii) identity; (iii) sex, (iv)

genotype and (v) phenotype



CLAIMS

What is claimed is

1. A method for simultaneously identifying a plurality of polymorphisms in a

nucleic acid sample isolated from an animal comprising the steps of:

(a) placing said nucleic acid sample in at least two recesses

of an assay plate;

(b) hybridizing said nucleic acid sample to a pair of

forward and reverse primers;

(c) contacting said nucleic acid sample with a first

oligonucleotide probe and with a second oligonucleotide probe;

(d) performing PCR amplification; and

(e) detecting the presence of said plurality of

polymorphisms in said nucleic acid sample;

wherein said first oligonucleotide probe is capable of detecting a first

allele of a nucleotide marker sequence;

wherein said second oligonucleotide probe is capable of detecting a

second allele of a nucleotide marker sequence;

wherein said nucleotide marker sequence is any one of the nucleotide

marker sequences as set forth in Tables 1-1 1;

wherein said nucleotide marker sequence correlates with at least one of

the characteristics of an animal selected from the group consisting of: (i)

parentage; (ii) identity; (iii) sex, (iv) genotype and (v) phenotype; and

wherein said assay plate is capable of simultaneously identifying at

least two characteristics of said animal selected from the group consisting of:

(i) parentage; (ii) identity; (iii) sex. (iv) genotype and (v) phenotype.

2 . The method of claim 1, wherein said plurality of polymorphisms correlates

with at least three characteristics.



3. The method of any one of claims 1-2, wherein said plurality of polymorphisms

is simultaneously identified in nucleic acid samples isolated from at least two

animals.

4 . The method of any one of claims 1-3, wherein said plurality of polymorphisms

is simultaneously identified in nucleic acid samples isolated from at least three

animals.

5 . The method of any one of claims 1-4, wherein said plurality of polymorphisms

is simultaneously identified in nucleic acid samples isolated from at least four

animals.

6 . The method of any one of claims 1-5, wherein each of said animals is of a

family selected from the group consisting of Equidae, Bovidae, Canidae, and

Felidae.

7 . The method of claim 6, wherein each of said animals of the family Bovidae is

of a species selected from the group consisting of Bos, Ovis, and Capra.

8 . The method of claim 6, wherein each of said animals of the family Equidae is

of a species selected from the group consisting of Equus.

9 . The method of claim 6, wherein each of said animals of the family Canidae is

of a species selected from the group consisting oiCanis.

10. The method of claim 6, wherein each of said animals of the family Felidae is

of a species selected from the group consisting of Felis.

11. The method of any one of claims 1-10, wherein said plurality of

polymorphisms comprises between about 20 and about 10.000 polymorphisms

and extending to whole genome analysis.

12. The method of any one of claims 1-1 1, wherein said plurality of

polymorphisms comprises about 60, 100, 3000, 6000 or 9000 polymorphisms.

13. The method of any one of claims 1-12, wherein said plurality of

polymorphisms comprises about 64, 128. 3072, 6344 or 9216 polymorphisms.



14. The method of any one of claims 1-13, wherein said plurality of

polymorphisms comprises between about 20 and about 3000 polymorphisms.

15. The method of any one of claims 1- 11 and 14. wherein said plurality of

polymorphisms comprises between about 20 and 200 polymorphisms.

16 . The method of claim 15, wherein said plurality of polymorphisms comprises

about 20, 30, 40, 50, 60, 70, 80, 90, 100. 110, 120, 130, 140. 150, 160. 170.

180. 190, or 200 polymorphisms.

17 . The method of any one of claims 1-1 6, wherein each of said plurality of

polymorphisms is a polymorphism of a nucleotide marker sequence according

to Tables 2, 4, 6, 9, and 11.

18. The method of any one of claims 1-17, wherein each of said plurality of

polymorphisms is a polymorphism of a nucleotide marker sequence according

to Table 2 .

19. The method of any one of claims 1-1 7. wherein each of said plurality of

polymorphisms is a polymorphism of a nucleotide marker sequence according

to Tables 2 and 4 .

20. The method of any one of claims 1-17, wherein each of said plurality of

polymorphisms is a polymorphism of a nucleotide marker sequence according

to Table 4 .

2 1. The method of any one of claims 1-17, wherein each of said plurality of

polymorphisms is a polymorphism of a nucleotide marker sequence according

to Table 6. 7, 8 or 9 .

22. The method of any one of claims 1-17, wherein each of said plurality of

polymorphisms is a polymorphism of a nucleotide marker sequence selected

from the group consisting of SEQ ID NOs 1 - 58 and 60-382.

23. The method of any one of claims 1-22, wherein each of said primers is about 8

to about 30 nucleotides in length.

24. The method of any one of claims 1-23, wherein said phenotype is a trait.



25. The method of claim 24, wherein said trait is selected from the group

consisting of coat color, hair color, hair length, eye color, marbling ,

tenderness, quality grade, muscle content, fat thickness, feed efficiency, red

meat yield, average daily weight gain, disease resistance, disease

susceptibility, feed intake, protein content, bone content, maintenance energy

requirement, mature size, amino acid profile, fatty acid profile, milk

production, a milk quality susceptibility to the buller syndrome, stress

susceptibility and response, temperament, digestive capacity, production of

calpain, caplastatin and myostatin. pattern of fat deposition, ribeye area,

fertility, ovulation rate, conception rate, fertility, and susceptibility to infection

with and shedding of pathogens..

26. The method of claim 24, wherein said coat color is selected from the group

consisting of cream, red/black, black, silver, tobiano, sabino, agouti, chestnut,

brown, dilution, melanistic mask, albinism, recessive black, Siamese, Burmese

points, cinnamon, red, and albino.

27. The method of any one of claims 1-23, wherein said phenotype correlates with

a disease.

28. The method of claim 27, wherein said disease is selected from the group

consisting of LWO. GBEl, JEB, SCID, and HYPP.

29. The method of claim 27, wherein said disease is selected from the group

consisting of congenital myotonia, muscular dystrophy, globoid cell

leucodystrophy, GM-gangliosidosis, Hemophilia B, hereditary cataracts,

phosphofructokinase deficiency, thrombasthenic thrombopathia. retinal

dystrophy, type-2 von Willerbrand's disease, and Type III von Willebrand.

30. The method of claim 27, wherein said disease is selected from the group

consisting of hypertrophic cardiomyopathy, polycystic kidney disease and

mucopolysaccharidosis.

31. The method of any one of claims 1-30, wherein each of said oligonucleotide

probes is detectably labeled.



32. The method of claim 31, wherein said first oligonucleotide probe is labeled

with VIC®.

33. The method of any of claims 31 or 32. wherein said second oligonucleotide

probe is labeled with FAM™.

34. The method of any one of claims 1-33, wherein said assay plate comprises one

or more arrays.

35. The method of claim 34, wherein said assay plate comprises 1, 2, 3, 4, 5, 6, 7.

8. 9. 10, 11, 12. 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25. 26, 27. 28.

29, 30, 3 1, 32. 33, 34, 35, 36, 37, 38, 39, 40, 41, 42. 43, 44, 45, 46, 47, or 48

arrays.

36. The method of any one of claims 34-35, wherein said characteristics are

identified using a single array.

37. The method of any one of claims 1-35, wherein said plurality of

polymorphisms is simultaneously identified using one, two or three assay

plates.

38. The method of any one of claims 1-37, wherein said simultaneous

identification of said plurality of polymorphisms and determination of said

characteristics is performed using a processor-based system.

39. A computer readable device having computer readable code embodied therein.

said code embodying instructions for causing a processor-based system to

identify a plurality of polymorphisms in a nucleic acid sample, comprising:

instructions that cause a processor-based system to

identifying a plurality of polymorphisms in a nucleic

acid sample according to any one of claims 1-37;

instructions that cause the processor-based system to

hybridize said nucleic sample to said primer sequences

and to said oligonucleotide probes; and



instructions that cause the processor-based system to detect the

presence of said plurality of polymorphisms in said nucleic acid

sample.

40. The method of claim 38 or 39, wherein said system correlates said plurality of

polymorphism with at least two characteristics selected from the group

consisting of parentage, identity, genotype and phenotype.

4 1. The method of any one of claims 38-40, wherein said system further

comprises a graphical user interface for displaying the plurality of

polymorphisms within said nucleic acid sample.

42. An assay plate comprising a plurality of recesses, wherein each of said

recesses comprises a composition wherein each of said compositions

comprises:

(a) a pair of forward and reverse primers;

(b) a first oligonucleotide probe;

(c) a second oligonucleotide probe; and

(d) a nucleic acid sample isolated from an animal;

wherein said first oligonucleotide probe is capable of detecting

a first allele of a sequence of said nucleotide marker sequence;

wherein said second oligonucleotide probe is capable of

detecting a second allele of said nucleotide marker sequence;

wherein said nucleotide marker sequence is any one of the

nucleotide marker sequences as set forth in Tables 1-1 1;

wherein said nucleotide marker sequence correlates with at

least one of the characteristics of an animal selected from the group

consisting of: (i) parentage; (ii) identity; (iii) sex. (iv) genotype and (v)

phenotype; and

wherein said forward primer is capable of hybridizing to a

sequence that is about 30 to about 60 nucleotides upstream of a

nucleotide marker sequence polymorphism;

wherein said reverse primer is capable of hybridizing to a

sequence that is about 30 to about 60 nucleotides downstream of a



nucleotide marker sequence polymorphism present within said nucleic

acid sample;

wherein said assay plate is capable of simultaneously

identifying a plurality of polymorphisms; and

wherein said plurality of polymorphisms correlates with least

two characteristics of said animal selected from the group consisting

of: (i) parentage; (ii) identity; (iii) sex, (iv) genotype and (v)

phenotype.

43. The assay plate of claim 42, wherein said plurality of polymorphisms

correlates with at least three of said characteristics.

44. The assay plate of any one of claims 42-43, wherein said plate identifies said

plurality of polymorphisms in at least one animal.

45. The assay plate of any one of claims 42-44, wherein said plate identifies said

plurality of polymorphisms in at least two animals.

46. The assay plate of any one of claims 42-45, wherein said plate identifies said

plurality of polymorphisms in at least three animals.

47. The assay plate of any one of claims 42-46, wherein said plate identifies said

plurality of polymorphisms in at least four animals.

48. The assay plate of any one of claims 42-47, wherein each of said animals is of

a family selected from the group consisting of Equidae. Bυvidae, Canidae, and

Felidae.

49. The assay plate of any one of claims 42-47, wherein each of said animals of

the family Bovidae is of a species selected from the group consisting of Bos,

(λ -is, and Capra.

50. The assay plate of any one of claims 42-47, wherein each of said animals of

the family Equidae is of a species selected from the group consisting of

Equus. .

5 1. The assay plate of any one of claims 42-47, wherein each of said animals of

the family Canidae is of a species selected from the group consisting oiCunis.



52. The assay plate of any one of claims 42-47, wherein each of said animals of

the family Felidae is of a species selected from the group consisting of FeI'is.

53. The assay plate of any one of claims of any one of claims 42-52, wherein said

plurality of polymorphisms comprises between about 20 and about 12,000

polymorphisms.

54. The assay plate of any one of claims 42-53, wherein said plurality of

polymorphisms comprises about 60, 3000, 6000 or 9000 polymorphisms.

55. The assay plate of any one of claims 42-53, wherein said plurality of

polymorphisms comprises about 64, 128, 3072, 6344 or 9216 polymorphisms.

56. The assay plate of any one of claims 42-53, wherein said plurality of

polymorphisms comprises between about 20 and about 5000 polymorphisms.

57. The assay plate of any one of claims 42-53 and 56, wherein said plurality of

polymorphisms comprises between about 20 and 200 polymorphisms.

58. The assay plate of claim 57. wherein said plurality of polymorphisms

comprises about 20, 30, 40, 50, 60, 70, 80, 90, 100. 110. 120. 130. 140, 150.

160, 170, 180, 190, or 200 polymorphisms.

59. The assay plate of any one of claims 42-58, wherein each of said plurality of

polymorphisms is a polymorphism of a nucleotide marker sequences

according to Table 2, Table 4, Table 6, Table 8, and Table 11

60. The assay plate of any one of claims 42-59, wherein each of said plurality of

polymorphisms is a polymorphism of a nucleotide marker sequences

according to Table 2 .

6 1. The assay plate of any one of claims 42-59, wherein each of said plurality of

polymorphisms is a polymorphism of a nucleotide marker sequences

according to Table 2 and/or Table 4 .

62. The assay plate of any one of claims 42-59, wherein each of said plurality of

polymorphisms is a polymorphism of a nucleotide marker sequences

according to Table 6 .



63. The assay plate of any one of claims 42-59, wherein each of said plurality of

polymorphisms is a polymorphism of a nucleotide marker sequences selected

from the group consisting of SEQ ID NOs 1-58, and 60-382

64. The assay plate of any one of claims 42-63, wherein said phenotype is a trait.

65. The assay plate of claim 64, wherein said trait is selected from the group

consisting of coat color, hair color, hair length, eye color, marbling,

tenderness, quality grade, muscle content, fat thickness, feed efficiency, red

meat yield, average daily weight gain, disease resistance, disease

susceptibility, feed intake, protein content bone content, maintenance energy

requirement, mature size, amino acid profile, fatty acid profi le milk

production, a milk quality susceptibility to the buller syndrome, stress

susceptibility and response, temperament, digestive capacity, production of

calpain. caplastatin and myostatin, pattern of fat deposition, ribeye area,

fertility, ovulation rate, conception rate, fertility, and susceptibility to infection

with and shedding of pathogens.

66. The assay plate of claim 64, wherein said coat color is selected from the group

consisting of cream, red/black, silver, tobiano, sabino. agouti chestnut, brown,

dilution, melanistic mask, albinism, recessive black, Siamese, Burmese points,

cinnamon, red, and albino.

67. The assay plate of any one of claims 42-63, wherein said phenotype correlates

with a disease.

68. The assay plate of claim 67, wherein said disease is selected from the group

consisting of LWO, GBEl, JEB, SCID. and HYPP.

69. The assay plate of claim 67, wherein said disease is selected from the group

consisting of congenital myotonia, muscular dystrophy, globoid cell

leucodystrophy, GM-gangliosidosis, Hemophilia B, hereditary cataracts,

phosphofructokinase deficiency, thrombasthenic thrombopathia, SCID, retinal

dystrophy, type-2 von Willerbrand's disease, and Type III von Willebrand.



70. The assay plate of claim 67, wherein said disease is selected from the group

consisting of hypertrophic cardiomyopathy, polycystic kidney disease and

mucopolysaccharidosis.

7 1. A composition comprising a plurality of nucleotide marker sequences, wherein

each of said nucleotide marker sequences comprises a polymorphism, and

wherein said plurality of nucleotide marker sequences correlates with at least

two characteristics selected from the group consisting of: (i) parentage; (ii)

identity; (iii) sex, (iv) genotype and (v) phenotype;

wherein each of said nucleotide marker sequences is any one of

the nucleotide marker sequences as set forth in Tables 1-1 1.

72. The composition of claim 7 1. wherein said plurality of nucleotide marker

sequences correlates with at least three of said characteristics.

73. The composition of any one of claims 71-72, wherein said plurality of

nucleotide marker sequences correlates with said characteristics in at least one

animal.

74. The composition of any one of claims 71-73, wherein said plurality of

nucleotide marker sequences correlates with said characteristics in at least two

animals.

75. The composition of any one of claims 71-74, wherein said plurality of

nucleotide marker sequences correlates with said characteristics in at least

three animals.

76. The composition of any one of claims 71-75, wherein said plurality of

nucleotide marker sequences correlates with said characteristics in at least four

animals.

77. The composition of any one of claims 71-76. wherein each of said one or more

animals is of a family selected from the group consisting of Equidae, Bovidae.

Canidae, and Felidae.



78. The composition any one of claims 71-76, wherein said one or more animals

of the family Bovidae is of a species selected from the group consisting of Bos

(cattle), Ovis (sheep), and Capra (goat).

79. The composition of any one of claims 71-76, wherein said one or more

animals of the family Equidae is of a species selected from the group

consisting of Equus (horse, donkey, mule).

80. The composition of any one of claims 71-76, wherein said one or more

animals of the family Canidae is of a species selected from the group

consisting of Canis (dog).

8 1. The composition of any one of claims 71-76, wherein said one or more

animals of the family Felidae is of a species selected from the group

consisting of Felis (cat).

82. The composition of any one of claims any one of claims 71-81, wherein said

plurality of nucleotide marker sequences comprises between about 20 and

about 10.000 nucleotide marker sequences.

83. The composition of any one of claims 71-82, wherein said plurality of

nucleotide marker sequences comprises about 60, 3000. 6000, or 9000

nucleotide marker sequences.

84. The composition of any one of claims 7 1-82. wherein said plurality of

nucleotide marker sequences comprises about 64. 128. 3072, 6344 or 9216

nucleotide marker sequences.

85. The composition of any one of claims 71-82, wherein said plurality of

nucleotide marker sequences comprises between about 20 and about 5000

nucleotide marker sequences.

86. The composition of any one of claims 71-85, wherein said plurality of

nucleotide marker sequences comprises between about 20 and 200 nucleotide

marker sequences.

:30



87. The composition of any one of claims 71-86. wherein said plurality of

nucleotide marker sequences comprises about 20, 30, 40, 50, 60, 70, 80, 90,

100, 110, 120, 130, 140, 150, 160. 170, 180, 190, or 200 nucleotide marker

sequences.

88. The composition of any one of claims 71-87, wherein said plurality of

nucleotide marker sequences comprises the nucleotide marker sequences listed

in Table 2 and/or Table 4 and/or Table 6 and/or Table 8 and/or Table 11..

89. The composition of any one of claims 7 1-88, wherein said plurality of

nucleotide marker sequences comprises the nucleotide marker sequences listed

in Table 2 .

90. The composition of any one of claims 71-88, wherein said plurality of

nucleotide marker sequences comprises the nucleotide marker sequences listed

in Table 2 and Table 4 .

9 1. The composition of any one of claims 71-88, wherein said plurality of

nucleotide marker sequences comprises the nucleotide marker sequences listed

in Table 2 and Table 6 .

92. The composition of any one of claims 71-88, wherein said plurality of

nucleotide marker sequences comprises the nucleotide marker sequences listed

in Table 2 and Table 8.

93. The composition of any one of claims 71-92, wherein said polymorphism is

located at a position within said nucleotide marker sequences according to

Table 2 and/or Table 4 and/or Table 6 and/or Table 8 and/or Table 11.

94. The composition of any one of claims 71-93, wherein said phenotype is a trait.

95. The composition claim 94, wherein said trait is selected from the group

consisting of coat color, hair color, hair length, eye color, marbling,

tenderness, quality grade, muscle content, fat thickness, feed efficiency, red

meat yield, average daily weight gain, disease resistance, disease

susceptibility, feed intake, protein content, bone content, maintenance energy

requirement, mature size, amino acid profile, fatty acid profile, milk



production, a milk quality susceptibility to the buller syndrome, stress

susceptibility and response, temperament, digestive capacity, production of

calpain, caplastatin and myostatin. pattern of fat deposition, ribeye area,

fertility, ovulation rate, conception rate, fertility, and susceptibility to infection

with and shedding of pathogens.

96. The composition of claim 94, wherein said coat color is selected from the

group consisting of cream, red/black, silver, tobiano, sabino, agouti chestnut,

brown, dilution, melanistic mask, albinism, recessive black, Siamese, Burmese

points, cinnamon, red, and albino.

97. The composition of any one of claims 71-93, wherein said phenotype

correlates with a disease.

98. The composition claim 97, wherein said disease is selected from the group

consisting of LWO, GBEl, JEB, SCID, and HYPP.

99. The composition claim 97, wherein said disease is selected from the group

consisting of congenital myotonia, muscular dystrophy, globoid cell

leucodystrophy. GM-gangliosidosis, Hemophilia B, hereditary cataracts,

phosphofructokinase deficiency, thrombasthenic thrombopathia, SCID, retinal

dystrophy, type-2 von Willerbrand's disease, and Type III von Willebrand.

100. The composition claim 97, wherein said disease is selected from the

group consisting of hypertrophic cardiomyopathy, polycystic kidney disease

and mucopolysaccharidosis.

101 . A database comprising the nucleotide marker sequences as set forth in

Tables 1-1 1.

102 . A method of identifying a plurality of nucleotide marker

polymorphisms comprising

(a) contacting a nucleic acid sample with the

composition of any one of claims 71-100;



(b) hybridizing said nucleic acid sample to a pair of

forward and reverse primer sequences;

(c) performing PCR amplification of said nucleic acid

sample;

(d) hybridizing said amplified nucleic acid sample

obtained from step (c) to said plurality of nucleotide

marker sequences in said composition; and

(e) identifying said plurality of nucleotide marker

sequences;

wherein said plurality of nucleotide marker polymorphisms

correlates with at least two characteristics selected from the group

consisting of parentage, identity genotype and phenotype.

103. The method of claim 102, wherein said nucleic acid sample is

detectably labeled.

104. The method of any of claims 102-103, wherein each of said

compositions is affixed to a substrate.

105. The method of claim 104, wherein said substrate is selected from the

group consisting of chip, wafer, slide, membrane, particle, bead, panel or

assay plate.

106. The method of claim 102, wherein said forward primer is capable of

hybridizing to a region within a nucleotide marker sequence that is about 30 to

about 60 nucleotides upstream of the polymorphic site present within said

nucleotide marker sequence.

107. The method of claim 102, wherein said reverse primer is capable of

hybridizing to a region within a nucleotide marker sequence that is about 30 to

about 60 nucleotides downstream of the polymorphic site present within said

nucleotide marker sequence.



108. The method of claim 1, wherein said forward primer is capable of

h\bridizing to a region within a nucleotide marker sequence that is about 30 to

about 60 nucleotides upstream of the polymorphic site present within said

nucleotide marker sequence.

109. The method of claim 1, wherein said reverse primer is capable of

hybridizing to a region within a nucleotide marker sequence that is about 30 to

about 60 nucleotides downstream of the polymorphic site present within said

nucleotide marker sequence.

110. A computer readable device having computer readable code embodied

therein, said code embodying instructions for causing a processor-based

system to identify at least two characteristics selected from the group

consisting of parentage, identity, genotype and phenotype, comprising:

instructions that cause a processor-based system to

contact a nucleic acid sample with the composition of

any one of claims 71-100;

instructions that cause the processor-based system to

hybridize said nucleic sample to said plurality of

nucleotide marker sequences in said composition; and

instructions that cause the processor-based system to

detect oligonucleotide sequences within said nucleic

sample that have hybridized to said plurality of

nucleotide marker sequences;

wherein said plurality of nucleotide marker sequences

correlates with at least two characteristics selected from the group

consisting of parentage, identity, genotype and phenotype.

111. A method of determining at least two characteristics of an animal

selected from the group consisting of: parentage, identity, genotype and

phenotype. comprising



(a) contacting a nucleic acid sample with the

composition of any one of claims 71-100;

(b) hybridizing said nucleic acid sample to a pair of

forward and reverse primer sequences;

(c) performing PCR amplification of said nucleic acid

sample;

(d) hybridizing said amplified nucleic acid obtained

from step (c) to said plurality of nucleotide marker

sequences in said composition; and

(e) identifying a plurality of nucleotide marker

polymorphisms within said nucleic acid sample that

have hybridized to said plurality of nucleotide marker

sequences;

wherein said plurality of nucleotide marker polymorphisms correlates

with at least two characteristics selected from the group consisting of

parentage, identity, sex, genotype and/or phenotype and breed

determination.
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