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ABSTRACT

Provided is a description of a mutation which is positively
correlated with Warmblood Fragile Foal Syndrome Type 1
(WFFST1). The mutation is a G to A change at a specific
location in the equine lysyl hydroxylase 1 (LH1) gene. Com
positions and methods for use in diagnosing WFFST1 are
provided.
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Figure 2

Wild Type Equine LH1 cDNA (SEQID NO:2)
AGTTTCCAGCCTGCCAGCGCCTGCTGGCTGCCCGGACGTCCCCAGACCTCGGCC

ATGCGGCCTCTGCTGCTCCTGGCCCCGCTGGGCTGGCTGCTCCTGGCCGAAG
CGAAGGGCGACGCCAAGCCGGAGGACAACCTCTTAGTCCTCACGGTGGCCACG
AAGGAGTCCGAGGGGTTCCGACGCTTCAAGCGCTCAGCCCAGTTCTTCAACTAC
AAGATCCAGGCGCTGGGCCTGGGGGAGGACTGGGACGGGGACAAGGAGACGT
CAGCGGGCGGCGGGCTGAAGGTTCGGCTGCTGAAGAAAGCTCTGGAGAAGCAT
GCAGACAAAGAGAACCTGGTCATTCTCTTCACAGACAGCTATGATGTGGTATTT
GCCTCGGGGCCCCGAGAGCTCCTGAAGAAGTTCCGGCAGGCCAGGAGCCAGGT
GGTCTTCTCGGCCGAGGAGCTCATCTACCCCGACCGCAGGCTGGAGGCCAAGTA
CCCGGTGGTGTCCGATGGCAAGAGGTTCCTGGGCTCTGGAGGCTTCATCGGTTA
TGCCCCCAACCTCAGCAAACTGGTGGCTGAGTGGGAGGGCCAGGACAGCGACA
GTGACCAGCTGTTTTATACCAAGATCTTCTTGGACCCAGAGAAGAGGGAGCGG
ATCAACATCACCCTGGACCACCGCTGCCGTATCTTCCAGAACCTGGTTGGAGCC
TTAGATGAGGTCGTGCTCAAGTTTGAAATGGGCCATGTGAGGGCGCGGAACCT
GGCCTACGACACCCTCCCCGTCCTGATTCATGGCAACGGGCCCACCAAGCTGCA
GCTGAACTACCTGGGCAACTATATCCCTCGCTTCTGGACCTTCGAGACGGGCTG
CACGGTGTGTGACGAGGGCCTGCGCAGCCTCAAGGGCATTGGGGATGAAGCTC
TGCCTGTGGTCTTGGTCGGCGTGTTCATCGAGCAGCCCACGCCGTTCCTGTCCCT
GTTCTTCCAGCGGCTTCTGCGCCTGCATTACCCCCGGAAACAGCTGCGGCTTTTT
ATTCATAACCATGAGCAGCACCACAAGGCTCAGGTGGAGCAGTTCCTGGCAGA
GCATGGCGGCGAGTACAAGTCTGTGAAACTGGTGGGCCCCGAGGTGCGGGTGG
CAAACGCCGATGCCAGGAACATGGGCGCGGACCTGTGCCGGCAGGACCGTGGC
TGCACCTACTACTTCAGTGTGGATGCCGACGTGGCCCTGACCGAGCCCAAGACC
CTGCGACTGCTGATTGAGCAGAACAAGAATGTCATCGCCCCGTTGATGACCCGC
CACGGGAGGCTGTGGTCGAACTTCTGGGGGGCAATGAGTGCAGATGGCTACTA
CGCCCGCTCCGAGGACTACGTGGACATTGTGCAGGGGCGGCGTGTTGGCGTCTG
GAACGTGCCCTACATCTCGAACATTTACCTGATCAAGGGCAGTGCCCTGCGGGC
TGAGCTGCAGCAGACAGATCTGTTCCACCACAGCAAGCTGGATGCCGACATGG
CCTTCTGTGCCAATATCCGGCAGCAGGATGTGTTCATGTTCCTGACCAACCGGC
ACACCTTCGGCCACCTGCTCTCCCTGGACAGCTACCAGACCACCCACCTCCACA
ACGACCTCTGGGAGGTGTTTAGCAACCCCGAGGACTGGAAGGAGAAGTACATC
CATGAGAACTACACCAGGGCCCTGGCGGGGAAGCTGGTGGAGATGCCTTGCCC
GGATGTCTACTGGTTCCCCATCTTCACGGAGACGGCCTGTGACGAGCTGGTGGA
GGAGATGGAGCACTACGGCCAGTGGTCTCTGGGAGACAATAAGGACAACCGCA
TCCAGGGTGGCTACGAAAATGTGCCGACCATCGACATCCACATGAACCAGATC
AGCTTTGAGCGGGAGTGGCACAAGTTCCTGGTGGAGTACATCGCCCCCATGACA
GAGAAGCTGTATCCAGGCTACTACACCAGGGCCCAGTTCGACCTGGCCTTTGTT
GTCCGCTACAAGCCTGACGAGCAGCCCTCGCTGATGCCCCACCACGATGCCTCC

ACCTTCACTGTCAACATCGCCCTGAACCGGGTCGGGGTGGATTACGAGGGCGG
GGGCTGTCGGTTCCTGCGTTACAACTGCTCCATCCGAGCCCCACGGAAGGGCTG
GACCCTCATGCACCCCGGACGACTCACGCACTACCACGAGGGACTCCCCACCAC
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Figure 2, continued
CAAGGGCACCCGCTACATCGCGGTCTCCTTCGTCGATCCCTAATCGGCCAAGC
CTGGCCACTTCGGACCTTTTCCTCGTTGCCAACAACCACTGCCCAGCAGCCTCTG
GGGCCTTGGGGTCCCAGGGAACCTGGTCCAGCCTCCGGGCTCTTGACCTCCCAT

TGCTTTCGGAGCCGCCG/ATCGGAGAGACTGGGCCGCAGGCCAGAGGCAGAGC
ACACCTCCTTGGCTGGGGCTTTCCTGGTGTTCTGCTCCCCACCCCGGGAGATGG
GGTCCACGCTCACTGCCTTGTAACAGCTCATCCTCTCCCACCTGTTCTCCTGAAA
AGCCCGGTCCCTCTTCCTCTGCCTCTTCCATGGGCCCAGACCTGAGCAGAACCG
GGCTTACCCAGCTGCCCAGAGAGACTCTAGGGGCCAGAAGCCATGCCCCAGAG

CTCCCAGGCG/AGGGCTGCCACCCGGGAACTTCTGCTTCAAGCTTCAGGGTAG
ACACAGAGACCTGGATGAGACTCAAGTCCCCTCCCTGATCCTGGGCCTGCTGAA
GCCCCTTCCTCCATGGCTCCTGTCATGAGAGCAAAACATTGTCGCCTGGAGACG
GTGACTCGGAAAGCCTCCTGGGAGACAGGAAAGGCATCGATGCCACAGCTCCA
TCCTCTACTTGACCCTTGCTGGCGGGAGGGGAGTGATATGTCCACACACTGCAC
TGCGTCATCCTGTTCCGGATGCCTCCGGAGAGAGGGACGGACAGTCAGAAACA
AGGGAGTTTCTATTAAAGGCCATCCAAACCAAAAAAAAAAAAAAAAAAA
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Figure 7

Mutant Equine LH1 Exon 19 (SEQ ID NO:7)
GGCAGGGGCTGTCGGTTCCTGCGTTACA ACTGCTCCATCCGAGCCCCACGGAA
GGGCTGGACCCTCATGCACCCCGGACGACTCACGCACTACCACGAGGGACTCC
CCACCACCAAGGGCACCCGCTACATCGCGGTCTCCTTCGTCGATCCCS &\TCGG
CCAAGCCTGGCCACTTCGGACCTTTTCCTCGTTGCCAACAACCACTGCCCAGCA
GCCTCTGGGGCCTTGGGGTCCCAGGGAACCTGGTCCAGCCTCCGGGCTCTTGAC

CTCCCATTGCTTTCGGAGCCGCCATCGGAGAGACTGGGCCGCAGGCCAGAGGC
AGAGCACACCTCCTTGGCTGGGGCTTTCCTGGTGTTCTGCTCCCCACCCCGGGA
GATGGGGTCCACGCTCACTGCCTTGTAACAGCTCATCCTCTCCCACCTGTTCTCC
TGAAAAGCCCGGTCCCTCTTCCTCTGCCTCTTCCATGGGCCCAGACCTGAGCAG
AACCGGGCTTACCCAGCTGCCCAGAGAGACTCTAGGGGCCAGAAGCCATGCCC

CAGAGCTCCCAGGCAGGGCTGCCACCCGGGAACTTCTGCTTCAAGCTTCAGGG
TAGACACAGAGACCTGGATGAGACTCAAGTCCCCTCCCTGATCCTGGGCCTGCT
GAAGCCCCTTCCTCCATGGCTCCTGTCATGAGAGCAAAACATTGTCGCCTGGAG
ACGGTGACTCGGAAAGCCTCCTGGGAGACAGGAAAGGCATCGATGCCACAGCT
CCATCCTCTACTTGACCCTTGCTGGCGGGAGGGGAGTGATATGTCCACACACTG
CACTGCGTCATCCTGTTCCGGATGCCTCCGGAGAGAGGGACGGACAGTCAGAA
ACAAGGGAGTTTCTATTAAAGGCCATCCAAACC
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Figure 8

Equine LH1 Exon 1: (SEQID NO:8)
AGTTTCCAGCCTGCCAGCGCCTGCTGGCTGCCCGGACGTCCCCAGACCTCGGCC
ATGCGGCCTCTGCTGCTCCTGGCCCCGCTGGGCTGGCTGCTCCTGGCCGAAGCG
AAGGGCGACGCCAAGCCGGAGG

Equine LH1 Exon 2: (SEQID NO:9)
ACAACCTCTTAGTCCTCACGGTGGCCACGAAGGAGTCCGAGGGGTTCCGACGCT
TCAAGCGCTCAGCCCAGTTCTTCAACTACAAGATCCA

Equine LH1 Exon 3: (SEQ ID NO:10)
GGCGCTGGGCCTGGGGGAGGACTGGGACGGGGACAAGGAGACGTCAGCGGGC
GGCGGGCTGAAGGTTCGGCTGCTGAAGAAAGCTCTGGAGAAGCATGCAGACAA
AGAGAACCTGGTCATTCTCTTCACAGACAG

Equine LH1 Exon 4: (SEQID NO:11)
CTATGATGTGGTATTTGCCTCGGGGCCCCGAGAGCTCCTGAAGAAGTTCCGGCA
GGCCAGGAGCCAGGTGGTCTTCTCGGCCGAGGAGCTCATCTACCCCGACCGCA
GGCTGGAGGCCAAGTACCCGGTGGTGTCCGATGGCAAGAGGTTCCTGGGCTCT
GGAG

Equine LH1 Exon 5: (SEQ ID NO:12)
GCTTCATCGGTTATGCCCCCAACCTCAGCAAACTGGTGGCTGAGTGGGAGGGCC
AGGACAGCGACAGTGACCAGCTGTTTTATACCAAGATCTTCTTGGACCCAGAGA
AGAGG

Equine LH1 Exon 6: (SEQ ID NO:13)
GAGCGGATCAACATCACCCTGGACCACCGCTGCCGTATCTTCCAGAACCTGG
TTGGAGCCTTAG

Equine LH1 Exon 7: (SEQ ID NO:14)
ATGAGGTCGTGCTCAAGTTTGAAATGGGCCATGTGAGGGCGCGGAACCTGGCC
TACGACACCCTCCCCGTCCTGATTCATGGCAACGGGCCCACCAAG

Equine LH1 Exon 8: (SEQID NO:15)
CTGCAGCTGAACTACCTGGGCAACTATATCCCTCGCTTCTGGACCTTCGAGACG
GGCTGCACGGTGTGTGACGAGGGCCTGCGCAGCCTCAAGGGCATTGGG
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Figure 8, continued

Equine LH1 Exon 9: (SEQID NO:16)
GATGAAGCTCTGCCTGTGGTCTTGGTCGGCGTGTTCATCGAGCAGCCCACGCCG
TTCCTGTCCCTGTTCTTCCAGCGGCTTCTGCGCCTGCATTACCCCCGGAAACAGC
TGCGGCTTTTTATTCATAACCAT

Equine LH1 Exon 10: (SEQID NO:17)
GAGCAGCACCACAAGGCTCAGGTGGAGCAGTTCCTGGCAGAGCATGGCGGCGA
GTACAAGTCTGTGAAACTGGTGGGCCCCGAGGTGCGGGTGGCAAACGCCGATG
CCAGGAACATGGGCGC

Equine LH1 Exon 11: (SEQID NO:18)
GGACCTGTGCCGGCAGGACCGTGGCTGCACCTACTACTTCAGTGTGGATGCCGA
CGTGGCCCTGACCGAGCCCAAGACCCTGCGACTGCTGATTGAGCAGAACAA

Equine LH1 Exon 12: (SEQID NO:19)
GAATGTCATCGCCCCGTTGATGACCCGCCACGGGAGGCTGTGGTCGAACTTCTG
GGGGGCAATGAGTGCAGATGGCTACTACGCCCGCTCCGAGGACTACGTGGACA
TTGTGCAGGGGCGGCGTGT

Equine LH1 Exon 13: (SEQID NO:20)
TGGCGTCTGGAACGTGCCCTACATCTCGAACATTTACCTGATCAAGGGCAGTGC
CCTGCGGGCTGAGCTGCAGCAGACAGATCTGTTCCACCACAGCAAGCTGGATG
CCGACATGGCCTTCTGTGCCAATATCCGGCAGCAG

Equine LH1 Exon 14: (SEQID NO:21)
GATGTGTTCATGTTCCTGACCAACCGGCACACCTTCGGCCACCTGCTCTCCCTGG
ACAGCTACCAGACCACCCACCTCCACAACGACCTCTGGGAGGTGTTTAGCAACC
CCGAGGAC

Equine LH1 Exon 15: (SEQID NO:22)
TGGAAGGAGAAGTACATCCATGAGAACTACACCAGGGCCCTGGCGGGGAAGCT
GGTGGAGATG
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Figure 8, continued

Equine LH1 Exon 16: (SEQID NO:23)
CCTTGCCCGGATGTCTACTGGTTCCCCATCTTCACGGAGACGGCCTGTGACGAG
CTGGTGGAGGAGATGGAGCACTACGGCCAGTGGTCTCTGGGAGACAATAAG

Equine LH1 Exon 17: (SEQID NO:24)
GACAACCGCATCCAGGGTGGCTACGAAAATGTGCCGACCATCGACATCCACAT
GAACCAGATCAGCTTTGAGCGGGAGTGGCACAAGTTCCTGGTGGAGTACATCG
CCCCCATGACAGAGAAGCTGTATCCAGOCTACTACACCAGO

Equine LH1 Exon 18: (SEQID NO:25)
GCCCAGTTCGACCTGGCCTTTGTTGTCCGCTACAAGCCTGACGAGCAGCCCTCG
CTGATGCCCCACCACGATGCCTCCACCTTCACTGTCAACATCGCCCTGAACCGG
GTCGGGGTGGATTACGAG

Figure 9A (SEQID NO:26)
atagotgt CactCCaCaaggcacaaggg Ctgcttggct ggggtggctC
agatgggaga atggggggta CtaggggaagggCCCagctt CCtCttgggg aaactgacgC

titcctgttgg gaaactgaca CttcCtgtct CCcagggcgggggctgtcgg titcctg.cgtt
acaactgctic CatCCgagCC CCacggaagg gCtggaCCCt catgcacCCC ggacgactica
CgCactaCCaCgagggactC CCCaCCaCCa agggcacCCg CtaCatCgCggtotCCttcg
togatcCcta atcggccaag cctggccact tcggacCttt tocticgttgc caacaaccac
tg

Figure 9B (SEQID NO:1)
atagctgt CactcCacaaggcacaaggg CtgCttggct ggggtggctic
agatgggaga atggggggta CtaggggaagggCCCagctt CCtctgggg aaactgacgc

ttcCtgttgg gaaactgacactCctgtct CCCagggcaggggctgtcgg ttCctg.cgtt
acaactgctC CatCCgagCC CCaCggaagg gCtggaCCCt CatgCaCCCC ggacgactica
CgCactacca CgagggactC CCCaCCaCCa agggCaCCCg CtaCatCgCg gtCtCCttCg
togatcCCta atcggCCaag CCtggCCact tcggacCttt toCtcgttgC CaacaacCaC
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IDENTIFICATION OF THE CAUSATIVE
MUTATION FOR INHERITED CONNECTIVE

TISSUE DISORDERS IN EQUINES AND
METHODS FOR TESTING FOR SAME

0001. This application claims priority to U.S. patent appli
cation Ser. No. 61/486,464, filed on May 16, 2011, the dis
closure of which is incorporated herein by reference.
FIELD OF THE INVENTION

0002 The present invention relates generally to inherited
disease observed in horses. More particularly, the invention
relates to detecting a point mutation in a gene associated with
Fragile Foal Syndrome Type 1.
DESCRIPTION OF RELATED ART

0003. Inherited connective tissue disorders occur in a vari
ety of species. They are known by many names and are
associated with many different underlying genetic defects.
Nonetheless, they all present with skin hyperextensibility.
Warmblood Fragile Foal Syndrome Type 1 (WFFST1) occurs
in the Warmblood horse population which are a group of
mid-sized horse types primarily originating in Europe, devel
oped with the aim of competing in Olympic equestrian sports
(often called Sport Horses). The presently available pedigree
data shows that Warmblood Fragile Foal Syndrome Type 1
segregates in the Hanoverian, Selle Francais, KWPN
(Dutch), Oldenburg, and Westphalian lines. These registries,
as well as the Holsteiner, Wurtemberger, Rhinelander, Geld
erlander, Zweibrucker and Bavarian Warmblood are central

to all Warmblood/Sport Horse registries, placing all horses
among the broadergroup of registries at risk for carrying this
disorder. A partial list of many of the registries includes:
Hanoverian: Selle Francais; KWPN: Oldenburg; Rhine
lander; Holsteiner; Westphalian: Gelderlander; American
Warmblood; Anglo-Norman: Austrian Warmblood; Bavarian
Warmblood: Belgian Warmblood (including Belgian Half
blood); Canadian Sport Horse; Danish Warmblood: Brazilian
Sport Horse: Friesian Sport Horse; German Warmblood
ZflDP; Czech Warmblood; Irish Sport Horse: Karossier/Ost
friesen/Alt-Oldenburger; Hungarian Warmblood; Romanian
Sport HorseSwedish Warmblood; Swiss Warmblood; Wurt
temberger, and Zweibrucker. There is an ongoing an unmet
need to identify the mutation that causes WFFST1 and to
develop compositions and methods for determining which
horses carry it and which horses do not. The present invention
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that the horse is homozygous for the WFFST1 mutation and
canthus be identified as affected or predisposed to developing
WFFST1. Determining an absence of the G to A mutation in
both alleles establishes that the horse is homozygous for the
absence of the allele and is indicative that the horse is geneti
cally normal with respect to WFFST1.
0005. The mutation can be determined from DNA or
RNA, or from a cDNA amplified from RNA, or from protein
obtained from a horse. In one embodiment, the presence of
the mutation is identified by determining the presence of a
polynucleotide comprising the sequence of SEQ ID NO:1,
which is a PCR product obtained by amplification of a seg
ment of the LH1 gene from a horse, the genome of which
comprised the mutation. In another embodiment, determin
ing the presence of the mutation comprises determining a
change from G to A at position 4 in the sequence of SEQID
NO:6, which is the wild type sequence of exon 19 of the
equine LH1 gene. The sequence of exon 19 comprising the
mutation is presented as SEQID NO:7.
0006. In various embodiments, determining the presence
of the WFFST1 mutation (irrespective of heterozygosity or
homozygosity for it) establishes that the horse is not geneti
cally normal with respect to WFFST1. Determining the
absence of the mutation (irrespective of heterozygosity or
homozygosity for its absence) establishes that the horse is not
affected with WFFST1.

0007 Also provided is a method for selecting horses for
breeding. This aspect of the invention comprises obtaining a
biological sample from a horse, testing the biological sample
to detect the WFFST1 mutation and, based on analysis of the
allelic status for the WFFST1 mutation, breeding horses that
are genetically normal or heterozygous for it with horses that
are genetically normal with respect to WFFST1.
0008 Isolated nucleic acids and proteins which comprise
the mutation are also provided by the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

0009 FIG. 1A provides a photographic representation of
excessive skin elasticity that is typical of horses affected with
WFFST1.

0004. The present invention is based on the discovery of

0010 FIG.1B provides a photographic representation of a
skin lesion that is typical of horses affected with WFFST1.
0011 FIG. 2 provides the sequence of wild type equine
LH1 cDNA (SEQ ID NO:2). The wild type bases at the
positions of the mutation (base 2086) is bold and enlarged.
Non-informative non-coding region single nucleotide poly
morphisms (SNPs) are located at bases 2320 and 2580 (when
the A of the ATG translational start codon beginning at posi
tion 55 is designated as nucleotide 1). Either G or A may occur
at these positions in wild-type alleles. Thus there are two
additional nucleotides depicted in this sequence in FIG. 2

the mutation associated with WFFST1. The method com

than would exist in the cDNA, which is for convenience of

meets these and other needs.
SUMMARY OF THE INVENTION

prises testing a biological sample obtained or derived from a
horse to identify the presence of a G to A mutation in the
equine lysyl hydroxylase 1 (LH1) gene. The location of the
change will be apparent to those skilled in the art from the
amino acid and nucleotide sequences described herein. In one
embodiment, the mutation is at a nucleotide position 2086 of
the cDNA produced using mRNA transcribed from an LH1
gene which contains the mutation. This clNA is presented in
FIG. 4 as SEQ ID NO:4. Determining a G to A mutation in
only one allele establishes that the horse is heterozygous for
the WFFST1 mutation and can thus be identified as a carrier.

Determining the G to A mutation in both alleles establishes

illustrating this variability. In the depicted sequence the A of
the ATG codon is at position 55. The translational stop codon
is position 2182-2184 when designating the A at position 55
as nucleotide number 1.

0012 FIG. 3 provides the wild type equine LH1 polypep
tide sequence (727 amino acids: SEQID NO:3). The position
of the amino acid in the normal peptide corresponding to the
position of the change in mutation is bold and enlarged.
0013 FIG. 4 provides the sequence of a mutant equine
LH1 cDNA (SEQID NO:4). The position of the mutation is
2032 (when the A at position 55 is designated nucleotide 1),
and non-informative, non-coding region SNPs are bold and
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enlarged. These are respectively at 2320 and 2580. The A of
the ATG codon at 55 is bold and enlarged. The translational
stop codon is position 2182-2184, and is bold and enlarged.
When the first nucleotide of the sequence is counted as nucle
otide number 1, the mutation is at position 2086 and the other
features of the sequence described above can take their
numerical positions in relation to this numbering convention.
0014 FIG. 5 provides the amino acid sequence of the
mutant equine LH1 peptide (SEQ ID NO:5). Arginine
replaces the evolutionarily conserved Glycine at position 678
(R is bold and enlarged).
0015 FIG. 6 provides the sequence of the wildtype equine
LH1 exon 19 (SEQ ID NO:6). The wild type base at the
position of the mutation (base 4) is bold and enlarged and
non-coding region SNPs are also shown in bold and enlarged.
These are respectively at bases 292 and 552, and either G or
an A may occur at these positions in wild-type alleles, while
an A occurs at each of these positions in the WFF1 mutant
allele. The translational stop codon is bold and enlarged.
0016 FIG. 7 provides the sequence of the mutated equine
LH1 exon 19 (SEQID NO:7). The mutation (base 4) is shown
in bold and enlarged. The non-informative non-coding region
SNPs are also bold and enlarged and occur at bases 292 and
552. The translational stop codon is shown in bold and is
enlarged.
0017 FIG. 8 provides the sequences of exons 1-18 of the
equine LH1 gene (SEQ ID NOS 8-25, respectively).
0018 FIG. 9A provides the nucleotide sequence of a rep
resentative amplicon obtained by PCR amplification of an
equine LH1 gene that does not contain the mutation (SEQID
NO:26).
0019 FIG.9B provides the nucleotide sequence of a rep
resentative amplicon obtained by PCR amplification of an
equine LH1 gene that does contain the mutation. The muta
tion is at position 147 and is enlarged and shown in bold (SEQ
ID NO:1).
DETAILED DESCRIPTION OF THE INVENTION

0020. The present invention is based on the discovery of a
mutation which is positively correlated with WFFST1. The
mutation is a G to A change in the equine LH1 gene. The
mutation is referred to herein as the “WFFST1 mutation.

The invention comprises a method for analysis of WFFST1
status in a horse. The method comprises obtaining a biologi
cal sample from a horse and testing nucleic acids and/or
proteins from the biological sample to determine the presence
or absence of the WFFST1 mutation. Determining a G to A
mutation in only one allele establishes that the horse is het
erozygous for the WFFST1 mutation. The horse can thus be
identified as a carrier of WFFST1. Determining the G to A
mutation in both alleles establishes that the horse is homozy
gous for the WFFST1 mutation. The horse can thus be iden
tified as affected or predisposed to developing WFFST1.
Determining an absence of the G to A mutation in both alleles
establishes that the horse is homozygous for the absence. The
horse can accordingly be identified as genetically normal
with respect to WFFST1. An LH1 allele that does not com
prise the WFFST1 mutation and is thus genetically normal
with respect to WFFST1 is also referred to herein as “wild
type.” In one embodiment of the invention, determining the
presence of a wild type WFFST1 allele establishes that the
horse is not affected or predisposed to developing WFFST1.
In another embodiment, determining the presence of a
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WFFST1 mutation establishes that the horse is not geneti
cally normal with respect to WFFST1.
0021. The location of the G to A change in any particular
sample of equine nucleic acids can be ascertained by the
skilled artisan via reference to the nucleotide sequences pre
sented herein. The invention encompasses detecting the pres
ence or absence of the WFFST1 mutation in any polynucle
otide from any suitable biological sample obtained orderived
from a horse. Detecting the mutations by testing the polypep
tide encoded by the LH1 gene is also included. Further, for
each DNA sequence described herein its RNA equivalent
(replacing each T with a U) is included in the invention. All
polynucleotides which encode the equine LH1 polypeptides
presented herein are also included with the scope of the inven
tion.

0022. The WFFST1 mutation is shown in one illustrative
embodiment as an A at position 147 of SEQID NO:1 (FIG.
9B). SEQID NO:1 is the sequence of an amplicon obtained
by PCR amplification of a sample comprising nucleic acids
which contained the mutation. The A at position 147 of SEQ
ID NO:1 represents a change from a wild type G to the
mutated sequence which comprises an A at position 147. The
sequence of an amplicon obtained by PCR amplification of a
sample which did not contain the mutation in presented in
SEQID NO:26 (FIG.9B).
0023. Other polynucleotide sequences presented herein
show the mutation in extended equine genetic sequences. For
example, the WFFST1 mutation is also shown as an A at
position 2086 in the sequence of SEQ ID NO:4. This
WFFST1 mutation can be designated to beat position2032 of
SEQ ID NO:4 if nucleotide numbering in that sequence
begins with the A at position 55, which is the A of the ATG
translation initiation codon. SEQID NO:4 is the sequence of
a cDNA produced from mRNA transcribed from an LH1 gene
which contains the mutation. Non-informative, non-coding
region SNPs are present at positions 2320 and 2580 (number
ing of nucleotides as if the A of the ATG translational start
codon is designated as nucleotide position 1). The non-infor
mative SNPs can be A or G at these positions. The pertinent
translational stop codon is position 2182-2184 (again where
numbering using A at position 55 of the cDNA is designated
as nucleotide position 1).
0024. In another embodiment, determining the presence
of the mutation comprises determining a change from G to A
at position 4 in the sequence of SEQID NO:6. In connection
with this, the wildtype sequence of exon 19 of the equine LH1
gene as shown in SEQID NO:4 comprises G at position 4.
The sequence of exon 19 comprising the WFFST1 mutation is
provided in SEQID NO:7. Thus, the invention includes deter
mining the presence of the mutation by determining the
sequence of SEQ ID NO:7 from a sample obtained from a
horse, or determining the absence of the mutation by deter
mining the sequence of SEQID NO:6 from a sample obtained
from a horse.

0025 Those skilled in the art will recognize from the
foregoing description that position 2086 in SEQ ID NO:2.
position 2086 in SEQID NO:4, position 147 in SEQID NO:1,
position 147 in SEQID NO:26, position 4 in SEQID NO:6,
and position 4 in SEQID NO:7 are equivalent expressions of
the location of the site where the G to A change that consti
tutes the WFFST1 mutation takes place at the genomic DNA
level.

0026. Those skilled in the art will also recognize that
probes and primers can be developed for detecting LH1
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sequences that contain the mutation or for LH1 sequences
that do not contain the mutation based on the nucleotide

sequences described herein. For example, any fragment of
SEQID NO:2 or SEQID NO:4, or their complements, that is
at least 12 nucleotides long and does not encompass the
mutation site can be used as a primer for any conventional
amplification or sequencing reaction to perform the method
of the invention. Any fragment that is at least 12 nucleotides
long and which does encompass the mutation site can be used
for detecting the presence or absence of the mutation using
any conventional technique that involves hybridization of a
diagnostic probe that can discriminate between an A or a Gat
the mutation site. In specific embodiments, PCR can be per
formed on DNA obtained from a horse with a first primer that
is identical or complementary to nucleotides 1-24 of SEQID
NO:1 and a second primer which is identical or complemen
tary to the 25 nucleotides at the 3' end of SEQIDNO:1. Those
skilled in the art will recognize that the sense orientation of
the first and second primers will be opposite according to
conventional PCR methods.

0027. The WFFST1 mutation results in a change in the
amino acid sequence encoded by the LH1 gene which com
prises it. In particular, an equine LH1 polypeptide sequence
encoded by an equine LH1 gene which contains the mutation
is presented in SEQID NO:5. This polypeptide differs from
the wild type sequence (a polypeptide sequence encoded by
an equine LH1 gene that does not contain the mutation,
depicted in SEQID NO:3) at amino acid position 678. In the
mutant sequence the amino acid at position 678 is Arginine,
while in the wild type sequence this amino acid position is
occupied by Glycine. Thus, in various embodiments, the
invention provides for testing LH1 protein from a biological
sample obtained or derived from a horse to determine the
amino acid at position 678. In one embodiment, detecting
LH1 protein comprising Arginine at position 678 establishes
that the horse that produced it is not genetically normal with
respect to the WFFST1 mutation.
0028. The invention can be carried out using any suitable
biological sample obtained from a horse. In various embodi
ments, the biological sample contains nucleic acids encoding
the LH1 protein or portions thereof, or a biological sample
that contains the LHI protein, or combinations of Such poly
nucleotides and protein. Suitable sources of biological
sample include but are not limited to blood, hair, mucosal
scrapings, semen, tissue biopsy, or saliva. In one embodi
ment, the biological sample is blood. In one embodiment, the
biological sample is obtained from the horse and used directly
in analyzing the polynucleotides and/or protein. In another
embodiment, the biological sample is obtained from the horse
and Subjected to a processing step before the analysis. In
Some examples, the processing step can be carried out to
isolate or purify the polynucleotides and/or proteins to be
analyzed, or to amplify the polynucleotides. Thus, the inven
tion in certain embodiments comprises extracting a biological
sample from a horse so that the sample is separated from its
naturally occurring environment, and mixing it with a non
naturally occurring reagent, Such as an extraction buffer. The
sample can be mixed with organic Solvents, such as formal
dehyde, chloroform, alcohols, and the like. The sample may
also be subjected to Successive heating and cooling steps, or
freezing temperatures, such as -20 Celsius.
0029 While any suitable technique can be used to detect
the presence or absence of the WFFST1 mutation, presently
preferred techniques include polymerase-chain based reac
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tions, such as PCR or real-time PCR (RT-PCR), or reverse
transcriptase based PCR, or restriction digestions. These pro
cesses involve well known techniques and generally include
providing a composition comprising isolated nucleic acids
for testing and mixing the nucleic acids with non-naturally
occurring reagents, such as recombinant or isolated bacterial,
viral or bacteriophage polymerases, buffers comprising pre
fixed concentrations of free deoxyribonucleotides, including
those that are unlabeled and/or those that are detectably
labeled, and/or recombinant bacterial restriction endonu

cleases, and combinations of the foregoing. The composi
tions can comprise one or more synthetic oligonucleotides
that have complete or partial complementarity to the isolated
equine polynucleotide so that they can function as probes,
Such as primers. In another embodiment, an isolated poly
nucleotide which comprises or might comprise the WFFST1
mutation can be annealed to a synthetic oligonucleotide that
is fixed to a Substrate. Such as glass or a resin. For example, an
isolated polynucleotide which comprises or is Suspected of
comprising the WFFST1 mutation can be annealed to a syn
thetic oligonucleotide that is present on an array which com
prises a plurality of distinct oligonucleotides. Such arrays can
distinguish polynucleotides that differ from one another by a
single nucleotide and will produce a signal that is detectable
by an individual and/or a machine to signify the presence or
the absence of the mutation.

0030. In another embodiment, the presence or the absence
of the WFFST1 mutation in a polynucleotide can be deter
mined using a restriction endonuclease digestion. For
example, when present the WFFST1 mutation introduces a
unique AlwN1 site. Using a polynucleotide consisting of SEQ
ID NO:1 hybridized to its complement as a non-limiting
example, digesting this amplicon with AlwN1 yields frag
ments of ~150 and 200 by on digestion, as compared to the
uncut 350 by fragment obtained when the wild-type allele is
present. Furthermore, the WFFST1 mutation ablates an AciI
site, yielding fragments of ~269, 10 and 72 bp, while diges
tion of the wild-type fragment produces ~149, 120, 10 and 72
by bands in this illustrative example. Thus, digestion with
AciI cleaves the wild-type product in three places while the
mutant product is only cleaved in two places. Those skilled in
the art will recognize that there are a multitude of restriction
endonuclease assays that can be developed if desired from
these observations.

0031. As with polynucleotides, detecting a protein which
comprises the WFFST1 mutation can be performed using any
known technique. Such techniques includebut are not limited
to immunodetection assays, which entail forming a complex
between a protein that comprises or might comprise the
amino acid change encoded by the WFFST1 mutation with a
monoclonal antibody that is produced by a hybridoma or by
recombinant methods. The complex can include a detectably
labeled ligand, Such as a detectably labeled monoclonal anti
body that is specific for the protein. The invention includes
generation and use of monoclonal antibodies that can dis
criminate between the wild type and mutant forms of the LS1
protein.
0032. Also provided in the present invention are kits for
detecting the presence or absence of the WFFST1 mutation.
The kits comprise reagents for nucleic acid based detection of
the presence or absence of the mutation(s), or antibodies for
detecting the presence or absence of the mutation. In one
embodiment, the kits comprise reagents for extraction/prepa
ration of nucleic acid samples and pair(s) of specific primers
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for use in identification of the mutation. In another embodi

ment, the kits provide antibodies and compositions used for
probing samples with the antibodies to determine whether or
not the WFFST1 mutation is present in a horse from which a
biological sample is obtained and tested according to the
invention. Any of the aforementioned kit components can be
provided in one or more sealed, sterile containers, such as
vials.

0033. It is contemplated that any horse at any developmen
tal stage (i.e., fetal, neonatal, postnatal, juvenile, adult, etc.)
may be tested according to the method of the invention.
Further, any horse, regardless of breed, could be homozygous
or heterozygous for the WFFST1 mutation, or homozygous
for the absence of the mutation, and thus is suitable for test

ing. In various embodiments, the horse may be a Warmblood,
Thoroughbred, Standardbred, Tennessee Walking Horse,
Mustang, Quarter Horse, Arabian, Draft breed, Miniature
Horse, or a pony.
0034. By using the tools and method described herein,
horses which are genetically normal for the disease, carriers
of the WFFST1 disease and horses which are affected by (or
predisposed to) WFFST1 can be identified. Upon identifica
tion, affected or predisposed, or carrier horses can be elimi
nated from the breeding stock. Alternatively, horses which are
affected or predisposed with WFFST, or carriers of the
WFFST mutation, can be mated with genetically normal
horses to avoid producing affected foals.
0035. In one embodiment, the method further comprises
fixing the result of determining the presence or absence of the
WFFST1 mutation in a tangible medium, such as a paper
report, or a portable medium on which electronic files can be
stored, such as a hard drive, a computer disk, a thumb drive,
and the like. In another embodiment, the invention includes

communicating the result of determining the presence or
absence of the WFFST1 mutation to an individual. The test

result can be communicated to an individual by any method.
Non-limiting examples of the individual to whom the test
results may be communicated include the horse owner, an
equine registry, a veterinarian, or a provider of genetic test
results.

0036. The WFFST1 phenotype is clinically detectable and
present at birth (premature birth has been reported). Affected
foals are euthanized within days to weeks of life due to the
poor prognosis. Horses that are clinically affected can be
recognized by skin traits that are characteristic of WFFST1.
FIGS. 1A and 1B illustrate typical manifestations of
WFFST1, where the skin lacks tensile strength (FIG. 1A) and
extreme skin fragility characterized by tearing, ulceration,
etc. from contact with normal surroundings: FIG. 1B).
Lesions can occur anywhere on the body, but are most noted
on pressure points and in addition to skin wounds, lesions are
found on the gums and other oral cavity mucous membranes
and the perineum. Skin is hyperextensible (stretchy) over
essentially the whole body, and especially the head, neck,
thorax and limbs. Limb joints are lax and hyperextensible.
Fetlocks are the most dramatically affected and affected foals
cannot stand normally. Ears may be soft, overly flexible, bent
or floppy presumably due to failure of collagen in the Sup
porting cartilage. At post mortem exam hematomas and sero
mas are noted under the skin, particularly over pressure
points. Supporting structures around joints (capsule, tendons,
ligaments) are lax. Lesions of articular cartilage are reported
in Some joints.
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0037. The invention will be further understood by the fol
lowing Example, which is intended to be illustrative and not
restrictive in any way.
EXAMPLE 1.

0038. This Example demonstrates a 100% correlation
between homozygosity (AA) for the causative mutation and
the disease phenotype. The disease phenotype is recognizable
on clinical examination and is characterized by the presence
at birth of soft skin lacking adequate tensile strength to with
stand even normal environmental contact. The skin is hyper
extensible (lacking normal recoil when traction is applied/
released) over the whole body, especially the head, neck,
thorax and limbs. Over the first hours to days of life, focal
seromas, hematomas, and lacerations/ulcerations result from

incidental environmental contact. Such lesions are predomi
nantly found over pressure points such as fetlocks (metacar
pal-phalangeal joints), carpi (knees), and tarsi (hocks), but
may occur anywhere on the body (including oral cavity and
perineum). Limb joints, particularly the fetlocks) are lax and
hyperextensible, and affected foals cannot typically stand
normally. The ears are typically bent or floppy. Also demon
strated is a 100% correlation between heterozygosity (AG)
and the normal phenotype, as well as a 100% correlation
between homozygosity for wild type (GG) and the normal
phenotype. The normal phenotype lacks the clinical criteria
specified above for the disease phenotype.
0039 Results from determining genotype and phenotype
are presented in Table 1. To obtain the results presented in
Table 1, the WFFST1 genotype was established by PCR
amplification of a 350 by fragment of the LH1 gene contain
ing the WFFST1 mutation site from genomic DNA, followed
by automated direct sequencing of the resulting PCR prod
ucts. The sequences of amplified fragments (amplicons) rep
resenting the wild-type and WFFST1 alleles are given in SEQ
ID NO: 26 and SEQID NO: 1, respectively. Genomic DNA
was extracted from whole blood/serum or maneftail hair root

samples using respectively, the QIAamp DNA Blood Mini
Kit or the DNeasy Blood and Tissue Kit (QIAGEN) accord
ing to the manufacturer's recommended protocols. Amplifi
cations were performed in 50 microliters total volume con
taining 3 microliters genomic DNA (~40 ng), 1 X Platinum
Taq Hi Fi buffer, 200 micromolar dNTPs, 0.2 micromolar
each primer, and 1 unit Platinum Taq Hi Fi (Invitrogen).
Primer sequences for PCR were 5'-atagctgtcacticcacaag
gcaca-3' (sense primer, SEQID NO:27) and 5'-cagtggttgttg
gcaacgaggaaaa-3 (antisense primer, SEQID NO:28). DNA
amplification was performed in an ABI 2720 thermal cycler
using the following program: Initial denaturation: 5 min at
95°, followed by 40 cycles of 30 sec at 95°; 30 sec at 55°:30
sec at 72: followed by a final extension segment of 5 min at
72°. Unincorporated primers and nucleotides were elimi
nated from PCR reactions using the DNA Clean & Concen
trator-5 Kit (Zymo Research) according to the manufactur
er's recommended protocol. DNA sequencing was performed
by cycle sequencing using a primer having the sequence
5'-atagctgtcacticcacaaggcaca-3', using dye terminator chem
istry (Big Dye v3.1, Applied Biosystems, Foster City Calif.),
followed by dye terminator removal using Edge Performa
DTR gelfiltration plates (Edge Biosystems, Gaithersburg
Md.) and automated data collection on an Applied Biosys
tems 3730x1 DNA Analyzer.
0040. The results presented in Table 1 demonstrate a 100%
association between the presence of a G to A mutation in the
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LH1 gene at position 2086 in the sequence of SEQID NO:4.
More specifically, there is a 100% association between
homozygosity (A/A) for the causative mutation and the dis
ease phenotype; a 100% association between heterozygosity
(A/G) and the normal phenotype, as well as a 100% associa
tion between homozygosity for wild type (G/G) and the nor
mal phenotype.
TABLE 1.

Homozygous for Heterozygous for Homozygous for
the mutant allele

the mutant allele

the normal allele

(A/A)

(A/G)

(G/G)

2
2Affected

8
8 Normal

149
149 Normal

Genotype
Number Tested
Clinical

Phenotype

0041. The data summarized in Table 1 show that two foals
homozygous for the mutant (A) allele were clinically
affected. The phenotype of affected foals was determined by
clinical examination over the initial days of life. Eight Warm
blood horses were determined to be heterozygous for the
mutant allele (A/G) and all eight were clinically normal.
Three of the eight heterozygotes were obligate carrier parents
of the affected foals. The five additional heterozygotes were
identified by screening DNA samples from 104 clinically
normal Warmbloods from the local population. One hundred
and forty-nine horses were determined to be homozygous for
the normal allele (G) and all were clinically normal. This
group of horses included 50 horses of various breeds (Thor

oughbred, Standardbred, Tennessee Walking Horse, Mus
tang, Quarter Horse, Arabian, Drafts and ponies) in addition
to 99 clinically normal Warmbloods.
0042. The results in Table 1 show clearly that there is a
100% association (2/2 horses) between homozygosity for the
causative mutation and the affected phenotype. The fre
quency of the mutant allele (A) appears to be approximately
3.77% in the test population. The frequency of the mutant
allele (A) in the "at-risk” population (Warmbloods) appears
to be approximately 5.50%, while the carrier frequency
among the group of clinically normal adult Warmbloods stud
ied is 7.48%. Mutations in lysyl hydroxylase 1 (LH1) are
known to cause the human disorder Ehlers-Danlos Syndrome
VI (EDSVI). This is an autosomal recessive connective tissue
fragility syndrome characterized by premature birth, infant
floppiness/oint laxity, development of kyphosis and/or
scoliosis, skin fragility, abnormal bruisability and Scarring,
ocular abnormalities, recurrent joint dislocation, cardiac val
Vular failure, catastrophic arterial and/or bowel rupture. The
present invention is believed to represent the first discovery of
a spontaneously occurring EDSVI analog in a non-human
animal species, and mutations causative of deficient/abnor
mal LH1 are believed to have not previously been described in
non-human animals.

0043. The invention has been described through specific
embodiments. However, routine modifications to the compo
sitions, methods and devices will be apparent to those skilled
in the art and such modifications are intended to be covered

within the scope of the invention.

SEQUENCE LISTING
<16 Os NUMBER OF SEO ID NOS: 28
<21 Os SEQ ID NO 1
&211s LENGTH: 350
&212s. TYPE: DNA

<213> ORGANISM: horse

<4 OOs SEQUENCE: 1

at agctgtca ct coaca agg cacaagggct gcttggctgg ggtggct cag atgggagaat

60

gggggg tact aggggaaggg cc cagct tcc tdttggggala actgacgctt Cotgttggga

12O

aactgacact tcctgtctcc cagggcaggg gctgtcggitt Cotgcgttac alactgctc.ca

18O

to cagc.ccc acggaagggc tiggaccctica to accc.cgg acgact cacg Cactaccacg

24 O

agggact coc caccaccaag ggcaccc.gct acatcqcggit ct cott cq t c gatc cctaat

3 OO

cggccaa.gcc toggcc acttic ggaccttitt c ct cqttgcca acaaccactg

350

<21 Os SEQ ID NO 2
&211s LENGTH: 2992
&212s. TYPE: DNA

<213> ORGANISM: horse
22 Os. FEATURE:

<221s NAMEAKEY: misc feature
<222s. LOCATION: (2374) ... (2374)

<223> OTHER INFORMATION: n is a, c, g, or t
22 Os. FEATURE:

<221s NAMEAKEY: misc feature
<222s. LOCATION: (2634) ... (2634)

<223> OTHER INFORMATION: n is a, c, g, or t
<4 OOs SEQUENCE: 2
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- Continued
Calaccactgc C caggagcct Ctgggggctt ggggtcc cag ggaac Ctggit C cagcct cog

234 O

ggct Cttgac Ctcc cattgc titt cqgagcc gcc.nt cqgag agactgggcc gcaggcc aga

24 OO

ggcagagcac acct cottgg Ctggggottt CCtggtgttctgctic cc cac ccc.gggagat

246 O

gggg.tc. cacg ct cact gcct totaacagct catcct citcc cacctgttct c ct gaaaagc

252O

ccgg tocctic titcctctgcc tict tccatgg gcc.ca.gacct gag cagaacc gggcttaccc

2580

agctgcc.cag agagacticta ggggg cagaa gocatgc.ccc agagctic cca ggCngggctg

264 O

ccaccc.ggga acttctgctt Caagcttcag ggtag acaca gagacctgga tigagact caa

27 OO

gtcc cct coc tdatcc tdgg cct gctgaag cccct tcctic catggct colt gttcatgaga.g

276 O

caaaac attg tcgc.ctggag acggtgactic ggaaagcctic ctgggagaca ggaaaggcat

282O

cgatgccaca gct coat cct C tacttgacc Cttgctggcg ggaggggagt gatatgtc.ca

288O

Cacactgcac togtoat co tottcc.ggat gcct CC9gag agagggacgg acagt cagaa

294 O

acaagggagt ttct attaaa gogo catccaa accaaaaaaa aaaaaaaaaa aa

2992

<210s, SEQ ID NO 3
&211s LENGTH: 727
212. TYPE: PRT

<213s ORGANISM: horse

<4 OOs, SEQUENCE: 3

Met Arg Pro Lieu Lleu Lleu Lieu Ala Pro Lieu. Gly Trp Lieu. Lieu. Lieu Ala
1.

5

1O

15

Glu Ala Lys Gly Asp Ala Lys Pro Glu Asp Asn Lieu. Lieu Val Lieu. Thir
2O

25

3O

Val Ala Thir Lys Glu Ser Glu Gly Phe Arg Arg Phe Lys Arg Ser Ala
35

4O

45

Glin Phe Phe Asn Tyr Lys Ile Glin Ala Lieu. Gly Lieu. Gly Glu Asp Trp
SO

55

6O

Asp Gly Asp Llys Glu Thir Ser Ala Gly Gly Gly Lieu Lys Val Arg Lieu
65

70

7s

8O

Lieu Lys Lys Ala Lieu. Glu Lys His Ala Asp Llys Glu Asn Lieu Val Ile
85

90

95

Lieu. Phe Thr Asp Ser Tyr Asp Val Val Phe Ala Ser Gly Pro Arg Glu
1OO

105

11 O

Lieu. Lieu Lys Llys Phe Arg Glin Ala Arg Ser Glin Val Val Phe Ser Ala
115

12 O

125

Glu Glu Lieu. Ile Tyr Pro Asp Arg Arg Lieu. Glu Ala Lys Tyr Pro Val
13 O

135

14 O

Val Ser Asp Gly Lys Arg Phe Lieu. Gly Ser Gly Gly Phe Ile Gly Tyr
145

150

155

160

Ala Pro Asn Lieu. Ser Llys Lieu Val Ala Glu Trp Glu Gly Glin Asp Ser
1.65

17O

17s

Asp Ser Asp Glin Lieu. Phe Tyr Thr Lys Ile Phe Lieu. Asp Pro Glu Lys
18O

185

19 O

Arg Glu Arg Ile Asn. Ile Thr Lieu. Asp His Arg Cys Arg Ile Phe Glin
195

2OO

2O5

Asn Lieu Val Gly Ala Lieu. Asp Glu Val Val Lieu Lys Phe Glu Met Gly
21 O

215

22O

His Val Arg Ala Arg Asn Lieu Ala Tyr Asp Thir Lieu Pro Val Lieu. Ile
225

23 O

235

24 O
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- Continued
His Gly Asn Gly Pro Thr Llys Lieu. Glin Lieu. Asn Tyr Lieu. Gly Asn Tyr
245

250

255

Ile Pro Arg Phe Trp Thr Phe Glu Thr Gly Cys Thr Val Cys Asp Glu
26 O

265

27 O

Gly Lieu. Arg Ser Lieu Lys Gly Ile Gly Asp Glu Ala Lieu Pro Val Val
27s

28O

285

Lieu Val Gly Val Phe Ile Glu Gln Pro Thr Pro Phe Leu Ser Leu Phe
29 O

295

3 OO

Phe Glin Arg Lieu. Lieu. Arg Lieu. His Tyr Pro Arg Lys Glin Lieu. Arg Lieu.
3. OS

310

315

32O

Phe Ile His Asn His Glu Gln His His Lys Ala Glin Val Glu Glin Phe
3.25

330

335

Lieu Ala Glu. His Gly Gly Glu Tyr Lys Ser Val Llys Lieu Val Gly Pro
34 O

345

35. O

Glu Val Arg Val Ala Asn Ala Asp Ala Arg Asn Met Gly Ala Asp Lieu.
355

360

365

Cys Arg Glin Asp Arg Gly Cys Thr Tyr Tyr Phe Ser Val Asp Ala Asp
37 O

375

38O

Val Ala Lieu. Thr Glu Pro Llys Thr Lieu. Arg Lieu. Lieu. Ile Glu Glin Asn
385

390

395

4 OO

Lys Asn Val Ile Ala Pro Lieu Met Thr Arg His Gly Arg Lieu. Trp Ser
4 OS

41O

415

ASn Phe Trp Gly Ala Met Ser Ala Asp Gly Tyr Tyr Ala Arg Ser Glu.
42O

425

43 O

Asp Tyr Val Asp Ile Val Glin Gly Arg Arg Val Gly Val Trp Asn Val
435

44 O

445

Pro Tyr Ile Ser Asn. Ile Tyr Lieu. Ile Lys Gly Ser Ala Lieu. Arg Ala
450

45.5

460

Glu Lieu. Glin Glin Thr Asp Lieu. Phe His His Ser Llys Lieu. Asp Ala Asp
465

470

47s

48O

Met Ala Phe Cys Ala Asn Ile Arg Glin Glin Asp Val Phe Met Phe Leu
485

490

495

Thr Asn Arg His Thr Phe Gly His Lieu. Leu Ser Lieu. Asp Ser Tyr Glin
SOO

505

51O

Thir Thr His Lieu. His Asn Asp Leu Trp Glu Val Phe Ser Asn Pro Glu
515

52O

525

Asp Trp Llys Glu Lys Tyr Ile His Glu Asn Tyr Thr Arg Ala Lieu Ala
53 O

535

54 O

Gly Lys Lieu Val Glu Met Pro Cys Pro Asp Val Tyr Trp Phe Pro Ile
5.45

550

555

560

Phe Thr Glu Thir Ala Cys Asp Glu Lieu Val Glu Glu Met Glu. His Tyr
565

st O

sts

Gly Glin Trp Ser Lieu. Gly Asp Asn Lys Asp Asn Arg Ile Glin Gly Gly
58O

585

59 O

Tyr Glu Asn Val Pro Thir Ile Asp Ile His Met Asn Glin Ile Ser Phe
595

6OO

605

Glu Arg Glu Trp His Llys Phe Leu Val Glu Tyr Ile Ala Pro Met Thr
610

615

62O

Glu Lys Lieu. Tyr Pro Gly Tyr Tyr Thr Arg Ala Glin Phe Asp Lieu Ala
625

630

635

64 O

Phe Val Val Arg Tyr Lys Pro Asp Glu Glin Pro Ser Leu Met Pro His
645

650

655
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115

12 O

125

Glu Glu Lieu. Ile Tyr Pro Asp Arg Arg Lieu. Glu Ala Lys Tyr Pro Val
13 O

135

14 O

Val Ser Asp Gly Lys Arg Phe Lieu. Gly Ser Gly Gly Phe Ile Gly Tyr
145

150

155

160

Ala Pro Asn Lieu. Ser Llys Lieu Val Ala Glu Trp Glu Gly Glin Asp Ser
1.65

17O

17s

Asp Ser Asp Glin Lieu. Phe Tyr Thr Lys Ile Phe Lieu. Asp Pro Glu Lys
18O

185

19 O

Arg Glu Arg Ile Asn. Ile Thr Lieu. Asp His Arg Cys Arg Ile Phe Glin
195

2OO

2O5

Asn Lieu Val Gly Ala Lieu. Asp Glu Val Val Lieu Lys Phe Glu Met Gly
21 O

215

22O

His Val Arg Ala Arg Asn Lieu Ala Tyr Asp Thir Lieu Pro Val Lieu. Ile
225

23 O

235

24 O

His Gly Asn Gly Pro Thr Llys Lieu. Glin Lieu. Asn Tyr Lieu. Gly Asn Tyr
245

250

255

Ile Pro Arg Phe Trp Thr Phe Glu Thr Gly Cys Thr Val Cys Asp Glu
26 O

265

27 O

Gly Lieu. Arg Ser Lieu Lys Gly Ile Gly Asp Glu Ala Lieu Pro Val Val
27s

28O

285

Lieu Val Gly Val Phe Ile Glu Gln Pro Thr Pro Phe Leu Ser Leu Phe
29 O

295

3 OO

Phe Glin Arg Lieu. Lieu. Arg Lieu. His Tyr Pro Arg Lys Glin Lieu. Arg Lieu.
3. OS

310

315

32O

Phe Ile His Asn His Glu Gln His His Lys Ala Glin Val Glu Glin Phe
3.25

330

335

Lieu Ala Glu. His Gly Gly Glu Tyr Lys Ser Val Llys Lieu Val Gly Pro
34 O

345

35. O

Glu Val Arg Val Ala Asn Ala Asp Ala Arg Asn Met Gly Ala Asp Lieu.
355

360

365

Cys Arg Glin Asp Arg Gly Cys Thr Tyr Tyr Phe Ser Val Asp Ala Asp
37 O

375

38O

Val Ala Lieu. Thr Glu Pro Llys Thr Lieu. Arg Lieu. Lieu. Ile Glu Glin Asn
385

390

395

4 OO

Lys Asn Val Ile Ala Pro Lieu Met Thr Arg His Gly Arg Lieu. Trp Ser
4 OS

41O

415

Asn Phe Trp Gly Ala Met Ser Ala Asp Gly Tyr Tyr Ala Arg Ser Glu
42O

425

43 O

Asp Tyr Val Asp Ile Val Glin Gly Arg Arg Val Gly Val Trp Asn Val
435

44 O

445

Pro Tyr Ile Ser Asn. Ile Tyr Lieu. Ile Lys Gly Ser Ala Lieu. Arg Ala
450

45.5

460

Glu Lieu. Glin Glin Thr Asp Lieu. Phe His His Ser Llys Lieu. Asp Ala Asp
465

470

47s

48O

Met Ala Phe Cys Ala Asn Ile Arg Glin Glin Asp Val Phe Met Phe Leu
485

490

495

Thr Asn Arg His Thr Phe Gly His Lieu. Leu Ser Lieu. Asp Ser Tyr Glin
SOO

505

51O

Thir Thr His Lieu. His Asn Asp Leu Trp Glu Val Phe Ser Asn Pro Glu
515

52O

525
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Asp Trp Llys Glu Lys Tyr Ile His Glu Asn Tyr Thr Arg Ala Lieu Ala
53 O

535

54 O

Gly Lys Lieu Val Glu Met Pro Cys Pro Asp Val Tyr Trp Phe Pro Ile
5.45

550

555

560

Phe Thr Glu Thir Ala Cys Asp Glu Lieu Val Glu Glu Met Glu. His Tyr
565

st O

sts

Gly Glin Trp Ser Lieu. Gly Asp Asn Lys Asp Asn Arg Ile Glin Gly Gly
58O

585

59 O

Tyr Glu Asn Val Pro Thir Ile Asp Ile His Met Asn Glin Ile Ser Phe
595

6OO

605

Glu Arg Glu Trp His Llys Phe Leu Val Glu Tyr Ile Ala Pro Met Thr
610

615

62O

Glu Lys Lieu. Tyr Pro Gly Tyr Tyr Thr Arg Ala Glin Phe Asp Lieu Ala
625

630

635

64 O

Phe Val Val Arg Tyr Lys Pro Asp Glu Glin Pro Ser Leu Met Pro His
645

650

655

His Asp Ala Ser Thr Phe Thr Val Asn. Ile Ala Lieu. Asn Arg Val Gly
660

665

67 O

Val Asp Tyr Glu Gly Arg Gly Cys Arg Phe Lieu. Arg Tyr Asn. Cys Ser
675

68O

685

Ile Arg Ala Pro Arg Lys Gly Trp Thir Lieu Met His Pro Gly Arg Lieu.
69 O.

695

7 OO

Thr His Tyr His Glu Gly Lieu Pro Thr Thr Lys Gly Thr Arg Tyr Ile
7 Os

71O

71s

72O

Ala Val Ser Phe Val Asp Pro
72

<210s, SEQ ID NO 6
&211s LENGTH: 891
&212s. TYPE: DNA

<213s ORGANISM: horse
22 Os. FEATURE:

<221 > NAMEAKEY: misc feature
<222s. LOCATION: (292) ... (292)

<223> OTHER INFORMATION: n is a, c, g, or t
22 Os. FEATURE:

<221 > NAMEAKEY: misc feature
<222s. LOCATION: (552) ... (552)

<223> OTHER INFORMATION: n is a, c, g, or t
<4 OOs, SEQUENCE: 6
ggcgggggct gtcggttcct gcgttacaac totC catcc gagc.cccacg gaagggctgg

6O

accct catgc accc.cggacg act cacgcac taccacgagg gactic cc cac Cacca agggc

12 O

accc.gctaca togcggtctic ctitcgt.cgat coctaatcgg ccaa.gc.ctgg ccactitcgga

18O

CCttitt Cotic gttgccaa.ca acc actgc cc agcagcct ct ggggccttgg ggtcc caggg

24 O

alacctggit Co agcctic cqgg Ctcttgacct C cc attgctt toggagcc.gc Cnt.cggaga.g

3OO

actgggcc.gc aggc.ca.gagg cagagcacac ctic cttggct ggggctttcc tdgtgttctg

360

citcc ccaccc cqggagatgg ggit coacgct cactgcc titg taacagotca toctic tocca

42O

cctgttct co togaaaag.ccc ggit coct citt cotctgcctic titc catgggc ccagacctga

48O

gCagaaccgg gct tacccag Ctgcc cagag agactictagg ggc.ca.gaagc catgc.cccag

54 O

agct Cocagg Cngggctgcc acccgggaac ttctgct tca agctt Caggg tag acacaga

6OO

gacctggatg agacticaagt ccc ct coctd atcctgggcc togctgaagcc cct tcct coa
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atagotgtca citccacaagg caca
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<210s, SEQ ID NO 28
&211s LENGTH: 25
&212s. TYPE: DNA

<213s ORGANISM: horse

<4 OOs, SEQUENCE: 28

Cagtggttgt tdcaacgag gaaaa

We claim:

1. A method for determining whether a horse is heterozy
gous, homozygous or has an absence of a Warmblood Fragile
Foal Syndrome Type 1 (WFFST1) mutation, wherein the
WFFST1 mutation comprises a change from G to A at posi
tion 147 in the sequence of SEQ ID NO:26, the method
comprising: obtaining a biological sample from the horse and
determining from the biological sample the presence or
absence of the WFFST1 mutation, and identifying the horse
as WFFST1 mutation homozygous by determining homozy
gosity for the WFFST1 mutation; or identifying the horse as
WFFST1 mutation heterozygous by determining heterozy
gosity for the WFFST1 mutation; or identifying the horse as
genetically normal with respect to WFFST1 by determining a
homozygous absence of the WFFST1 mutation.
2. The method of claim 1, wherein the determining the
presence or absence of the WFFST1 mutation comprises iso
lating DNA or RNA from the biological sample and testing
the isolated DNA and/or RNA for the presence or absence of
the WFFST1 mutation.

3. The method of claim 1, wherein the determining the
presence or absence of the WFFST1 mutation comprises pro
cessing the biological sample to isolate DNA which com
prises or might comprise the WFFST1 mutation, subse
quently amplifying a segment of the isolated DNA which
comprises or might comprise the WFFST1 mutation to obtain
a DNA amplification product, and testing the DNA amplifi
cation product to determine the presence or absence of the
WFFST1 mutation.

4. The method of claim 3, wherein the determining the
presence or absence of the WFFST1 mutation comprises
separating RNA from the biological sample, creating a cDNA
from the separated RNA, and testing the cDNA to determine
the presence or absence of the WFFST1 mutation.
5. The method of claim 1, wherein the determining the
presence or absence of the WFFST1 mutation comprises iso
lating protein from the biological sample and testing the
isolated protein for the presence of a protein comprising the
sequence of SEQID NO:5, wherein the presence of a protein
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comprising the sequence of SEQ ID NO:5 establishes the
presence of the WFFST1 mutation.
6. A method for determining whether a genome of a horse
comprises a Warmblood Fragile Foal Syndrome Type 1
(WFFST1) mutation, wherein the WFFST1 mutation com
prises a change from G to A at position 4 in the sequence of
SEQID NO:6, the method comprising: obtaining a biological
sample from the horse and testing the biological sample to
determine the presence or absence of the WFFST1 mutation.
7. The method of claim 6, wherein the determining the
presence of the mutation comprises determining the presence
of SEQ ID NO:7.
8. The method of claim 6, wherein the determining the
absence of the mutation comprises determining the presence
of SEQID NO:6.
9. The method of claim 6, comprising determining the
absence of the WFFST1 mutation and identifying the horse
from which the biological sample was obtained as not
affected with WFFST1.

10. The method of claim 6, comprising determining the
presence of the WFFST1 mutation and identifying the horse
from which the biological sample was obtained as not geneti
cally normal with respect to WFFST1.
11. The method of claim 6, comprising determining
homozygosity for the WFFST1 mutation and identifying the
horse from which the biological sample was obtained as
affected with or predisposed to WFFST1.
12. The method of claim 6, comprising determining het
erozygosity for the WFFST1 mutation and identifying the
horse from which the biological sample was obtained as a
carrier of the WFFST1 mutation.

13. The method of claim 6, wherein the determining the
presence of the WFFST1 mutation comprises detecting from
the biological sample a polypeptide comprising the sequence
of SEQ ID NO:5.
14. A composition comprising an isolated nucleic acid,
wherein the isolated nucleic acid comprises the sequence of
SEQID NO:1.

