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WO 98/53102 .

METHODS AND COMPOSITIONS TO IDENTIFY
SWINE GENETICALLY RESISTANT TO
F18 E. COLI ASSOCIATED DISEASES

Compositions and non-invasive methods are provided for the
identification of swine genetically resistant to E. coli related diseases, in
particular, intestinal diseases associated with a strain of E. coli bacteria
supplied with fimbriae F18. DNA polymorphisms in the swine alpha (1,2)
fucosyltransferase (FUT!) gene were identified that differentiate resistant from
susceptible swine and provide a diagnostic test useful for swine breeders.

A major problem in breeding swine is to keep them disease-free.
Intestinal disorders postweaning are a particular problem. A limited number of
serotypes of toxigenic Escherichia (E.) coli strains are the causative agents of
oedema disease and postweaning diarrhea in swine which induce serious
economic losses, especially among piglets aged 4 to 12 weeks, in swine
breeding farms all over the world. The typical clinical symptoms of cedema
disease are neurological signs such as ataxia, convulsions and paralysis. At
post mortem examination, oedema is typically present at characteristic sites
such as eyelids and forehead, stomach wall and mesocolon, The diseases are
caused by Shiga-like toxin-II variant and enterotoxins LT, STa, STb
respectively, produced by E. coli that colonize the surface of the small intestine
without effecting major morphological changes of the enterocytes (cells in the
intestine). Certain types of bacterial E. coli strains, F18, F4 and K88 are major
lethal villains in this regard. “Oedema disease of pigs is an enterotoxaemia
characterized by generalized vascular damage. The latter is caused by a toxin,

Shiga-like toxin II variant, produced by certain strains of E. coli” (Bertschinger
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et al., 1993). The E. coli are distinguished by their pili types, a group of
adhesive fimbriae that are related are designated e.g., K88 or Fi8 (Vogeli
et al., 1997).

Not all swine succumb to E. coli infections. Colonization depends on
adherence of the bacteria to the enterocytes which is mediated by the bacterial
fimbriae designated e.g., K88 or F18. Susceptibility to adhesion, i.e.
expression of receptors in swine for binding the fimbriae, has been shown to be
genetically controlled by the host and is inherited as a dominant trait with, in
the case of F18, B being the susceptibility allele and b the resistance allele.
(Vogeli et al., 1996, Meijerink et al., 1996). The genetic locus for this E. coli
F18-receptor (ECFI8R) has been mapped to porcine chromosome 6 (SSC6),
based on its close genetic linkage to the S locus and other loci of the halothane
(HAL) linkage group on chromosome 6. The receptor for K88 E. coli is on
chromosome 3.

The mechanism for resistance appears to be that intestinal borders in
resistant animals are not colonized by E. coll, i.e., the bacteria do not adhere to
intestinal walls of resistant swine. Glycoprotein receptors in the brush border
membrane of the intestine were shown to be responsible for the differences
between adhesive and non-adhesive phenotypes related to some E. coli,
therefore, the genotype of the host swine determines resistance. The
fimbriated bacteria also have been studied. (WO 9413811)

Current methods of identifying swine that are resistant to F18 E. coli
associated diseases are either to 1) collect intestinal samples from swine at
slaughter and perform the microscopic adhesion test, 2) challenge the animals
with virulent E. cali (“colonization test™), or 3) perform blood typing of the
A-O(S) blood group system. The first two methods are not practical for _

identifying resistant animals for use as breeding stock. Although the blood

typing methad does identify resistant animals, the test is unable to determine
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whether susceptible animals are homozygous or heterozygous for
susceptibility. Knowledge of the genotype of animals with regard to these
alleles (conditions of a gene) is essential to develop a successful breeding
program. The purpose of the breeding program is to produce swine that are
resistant to F18 E. coli associated diseases that decimate stock post-weaning.
In one publication the authors stated, in reference to oedema disease in
swine, that “Searches are underway for appropriate genetic markers. ., .”
(Bertschinger et al., 1993, page 87) and, citing Walters and Sellwood, 1982:

Breeding resistant swine is an attractive method for
prevention of diseases for which an effective prophylaxis
is not available. The feasibility of this approach will
depend on the prevalence of the gene(s) encoding
Tesistance in the pig population, improved methods for
the detection of resistant pigs, and absence of negative
genetic traits co-selected with this resistance.

A genetic “marker” locus is a coding or non-coding locus that is close
to a genetic locus of interest, but is not necessarily the locus itself. Detectable
phenotypes include continuous or discontinuous traits, e.g. restriction length
fragment polymorphisms, production traits, bacterial adhesion traits,
colorimetric or enzymatic reactions, and antibiotic resistance. The S locus
controls expression of the A and O blood group antigens. Swine homozygous
recessive at the S locus do not express either A or O blood group antigens. A
similar condition exists in humans and is due to mutations in the alpha (1,2)
fucosyltransferase gene which encodes the human blood group H (Kelly et al.,
1994; see also WO 9628567). The porcine alpha (1,2) fucosyltransferase gene
of swine has recently been sequenced (Cohney et al., 1996). This gene is very
likely the gene present at the S locus in swine.

The blood group A and Se loci have been mapped genetically and
physically to human chromosome 19q13.3. This region is evolutionarily

conserved, containing genes homologous to the HAL linkage group of genes in
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pigs. The blood group H encoding gene is the so called FUT! whereas the Se
gene is equivalent to the FUT2 gene. FUT/ determines H antigen expression
in the erythroid cell lineage, whereas FUT?2 regulates expression of the H
antigen in the secretory epithelia and saliva. Conservation of the FUT/ gene
has been shown in lower mammals such as rat and rabbit, and mRNA
expression has been shown in rabbit brain tissue and rat colon. In all these
species two types of alpha (1,2) fucosyltransferase genes have been reported
which are structurally very similar to the human FUT/ and FUT2 genes, but in
particular the F'UT! homologous genes show a species specific expression
pattern. In humans the FUT/ gene is responsible for synthesis of H antigens in
the precursors of erythrocytes. However, in pigs erythrocytes passively adsorb
H-like antigens from the serum, as is the case for the human Lewis antigens. In
pigs all H-like antigens are related to exocrine secretory tissues, and expression
of the FUT2 (Secretor) gene is seen in secretory tissue of other animal species.
Therefore, expression of the porcine A-O blood group determinants which
cross-react with anti-human blood group H and A antibodies might be
influenced by the FUTZ gene.

Further information about blood groups and E. coli swine diseases
include that carbohydrate structures of blood group antigens mediate the
adhesion of some pathogenic microorganisims to host tissues, e.g. Helicobacter
pylori adhere to Lewis® blood group antigens, and E. coli causing urinary tract
infections adhere to blood group P substance. Genes encoding
glycosylturansferases that are responsible for the formation of the blood group
specific carbohydrate structures, therefore, represent candidate genes for the
control of bacterial colonization by the host. The localization of these geﬁes is
in the same chromosomal region as the locus responsible for

adhesion/non-adhesion of F18 positive E. coli in the swine small intestine.

PCT/US98/10318
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Swine do not express blood group antigens A and O until after weaning, this is
the same time that they become susceptible to disease caused by F18 E. coli.
New methods of diagnosis and treatment are needed for E. coli related
intestinal diseases in swine. Detection of a genetic mutation was proposed as a
diagnostic test for some swine disorders (malignant hypothermia) (Fujii et al.,
1991; U.S. Pat. No. 5,358,649), but polymorphic markers were not reported for
diagnosis. Vaccines to develop resistance to E. coli colonization were
described (U.S. Pat. No. 5.552,144; WO 8604604}, but are unlikely to be a
preferred method to prevent the E. coli disease because of difficulties in
administering live vaccine orally to newborn swine, and because of regulatory
restrictions. Antibiotics are available for treatment, but there is no successful

prophylaxis.

SUMMARY OF THE INVENTION

The compositions and non-invasive methods of the present invention
provide detection and elimination of swine that are susceptible to E. coli
associated diseases. A non-invasive method for identifying a swine that is
resistant to intestinal colonization by E. coli F18 includes the following steps:
determining whether a genetic polymorphism associated with resistance to
colonization is in a biological sampie from the swine; and inferring that the
swine is resistant if the swine is homozygous for the polymorphism.’

More particularly, the method is determining in a biological sample
from the swine whether the nitrogen base at position 307 in the alpha (1,2)
fucosyltransferase gene of the swine is only adenine or only guanine; and
identifying the swine as resistant if the only nitrogen base at position 307 is

adenine.

' A polymorphism is a change in a nucleotide sequence that exists in a
population due to mutation.



10

15

20

WO 98/53102

To determine whether a polymorphism is present in a biological
sample, restriction fragment length polymorphisms are analyzed on a gel that
separates them by molecular weight. Restriction endonucleases are enzymes
that reproducibly cut nucleic acid molecules at specific sites, resulting in
nucleic acid fragments of different molecular weights, depending on the
location of the cuts.

The invention also relates to a method for breeding swine to be resistant
to E. coli associated diseases by selecting for breeding swine that have a
genetic polymorphism in the alpha (1,2) fucosyltransferase 1 gene that
identifies them as swine that are resistant to E. coli related intestinal diseases;
and breeding the selected swine.

An aspect of the invention is a DNA molecule which is polymorphic for
the alpha (1,2) fucosyltransferase 1 gene in swine, in particular 2 sequence in
accordance with FIG. 1. Other aspects of the invention are molecules with
nucleotide sequences complementary to that of FIG. 1.

An aspect of the invention is an isolated DNA molecule with a
substitution of adenine for guanine in position 307. This molecule may also
bond a substitution of adenine for guanine in poéition 857. Other isolated
DNA molecules of the present invention include those with a mutation at
nucleotide position 229 of the sequence of FIG. 1, wherein the codon CTT is
changed to TTT, encoding for the amino acid phenylalanine instead of leucine.
A mutation at nucleotide position 714 is from GAT—GAC, but there is no
accompanying amino acid substitution in the encoded product.

Polypeptides encoded by the DNA molecules of the present invention
and having alpha (1,2) fucosyltransferase activity are also aspects of the
invention.

A molecular assay for detecting E. coli F18 receptors in swine is to (a)

isolate DNA from porcine nucleated cells; (b) amplify the DNA ina

PCT/US98/10318
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polymerase chain reaction (PCR) using oligonucleotides as primers which are
complementary to a DNA sequence of the porcine alpha (1,2)
fucosyltransferase gene |; (¢) perform a restriction enzyme digest with at least
one restriction enzyme e.g., Cfol; (d) separate the resulting fragments by gel
electrophoresis; and (e) determine the respective numbers and lengths of
fragments on the gel; and (f) determine from the numbers and length of
fragments of F18, which receptors are present in the porcine cells. Use of the
larger amplified fragments disclosed herein for restriction length
polymorphism analysis (RFLP), rather than smaller fragments, is less
expensive because the DNA bands can be run on agarose gels of relatively low
concentration. Also, to produce some of the fragments, only one restriction
enzyme Is needed for a constant restriction site adjacent to the variable
diagnostic site.

A kit for detecting polymorphisms associated with E. coli F18 receptors
uses oligonucleotides in separate containers which are complementaryto a
DNA sequence of the porcine alpha (1,2) fucosyltransferase gene | that
distinguishes resistant from sensitive swine. The test can be performed on
swine of any age.

The polymorphisms are also useful to develop drugs to treat swine that
have E. coli-associated disease. A mutated form of porcine alpha
1,2 fucosyltransferase could interfere with the normal enzyme, preventing it

from producing the intestinal receptor for F18.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the nucieotide sequence (FUT/)} (below) and the
predicted amino acid sequence (above) of the swine al—2fucosyltransferase
polymorphism of the present invention using the one-letter amino acid code.

The solid double line below the amino acid sequences (=) is the putative

PCT/US98/10318
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transmembrane region; the dotted line below the amino acid sequence shows
three potential N-linked glycosylation sites (....).

O is where an adenine (A) is substituted for guanine (G) in resistant
swine.

*Indicates the termination codon

Abbreviations for the amino acid residues are as follows: A, Ala; C,
Cys; D, Asp; E, Glu; F, Phe; G, Gly; H, His; 1, [le; K, Lys; L, Leu; M, Met; N,
Asn; P, Pro; Q, Gin; R, Arg; S, Ser; T, Thr; V, Val; W, Trp; and Y, Tyr.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Molecular analysis of DNA polymorphisms associated with resistance
of swine to E. coli associated diseases facilitated diagnostic assays to select
resistant pigs for breeding. Resistant pigs differ from sensitive pigs at the
E. coli F18 receptor locus as identified by the polymorphic markers of the
present invention.

The present invention provides non-invasive methods and compositiohs
to distinguish with a high level of sensitivity and specificity, swine that are
geneticajly sﬁsceptibie to diseases associated with F18 £, coli infection from
resistant swine. A DNA polymorphism in the swine alpha (1,2)
fucosyltransferase (FUT/) gene was identified that differentiates resistant from
susceptible swine. The polymorphism arose by a mutation {change) in a
nucleotide sequence leading to a new allele. An allele is a condition of a gene.
In a population there may be many alleles of a gene differing by nitrogen base
substitutions, presumably caused by mutations in an ancestral DNA molecule.
The coexistence in a population of more than one allele (sometimes referred to
as a “variant”) is called a genetic polymorphism. Loci at which more than one

allele may exist as apparently stable components of a population, is a

PCT/US98/10318
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polymorphic locus. Usually, one of the polymorphic loci is at a low frequency
in the population.

As determined from a biological sample, preferably blood, the resistant
swine have a polymorphism in their genomes in which the only base detected
at position 307 {see FIG. 1} in the nucleotide sequence is adenine, whereas the
base in the same position in homozygous susceptible swine is guanine.
Heterozygous swine will show both types of DNA and will be susceptible.
The polymorphism is a variation of a porcine gene sequence (Cohney et al.
1996).

Genetic linkage analysis was performed on families of swine and
genetic associations between polymorphisms in FUT! and disease resistance in
outbreed swine were determined. According to the present invention,
polymorphisms have been found in the alpha (1,2) fucosyltransferase 1 gene
(FUTJ). A polymorphism that has a single nucleotide base substitution at
position 307 was used to establish a close linkage between the
fucosyltransferase gene and the S-system, the ECF/8R locus and other loci of
the HAL linkage group.

The detection of the close linkage of the mutation at #UTJ and
ECFI8R allowed a molecular test to be developed for the identification of
E. coli F18 adhesion resistant, heterozygous (carrier) and homozygous
suséeptible pigs. This diagnostic test identifies, with high sensitivity and
specificity, pigs that are susceptible to oedema disease and postweaning
diarrhea. The incidence of the polymorphisms of the present invention differs
among swine breeds. Vogeli, et al. (1997) presented frequencies of the M307
allele in 5 pig breeds from herds that were not related to one another. The
availability of the diagnostic test for the polymorphism of the present invention
provides breeders with the opportunity to effectively eliminate the ECFI8R

susceptible aliele from their swine herds, thereby eliminating a prerequisite for

PCT/US98/10318
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E. coli F18 bacterial adhesion causing oedema disease and postweaning
diarrhea. ‘

The present invention further includes nucleotide sequences that are
variants of a sequence of the alpha (1,2) fucosyliransferase gene | representing
the various polymorphisms at bp 307, and dtagnostic molecular based kits to
identify polymorphisms in the alpha (1,2) fucosyltransferase gene.

In order to obtain candidate genes for the E. coli F18 receptor locus
{ECFI8R) 5 cosmids and one genomic clone containing the gene were isolated
containing the alpha (1,2) fucosyltransferase genes, FUT/ and FUT2
(Meijerink et al., 1997), from a porcine genomic library. Mapping by
fluorescence in situ hybridization placed all these clones in band q11 of
porcine chromosome 6 (S5C6ql1). Sequence analysis of the cosmids resulted
in the characterization of (2) an open reading frame {(ORF), 1098 base pairs in
length, that is 82.3% identical to the human FUTT sequence, and (b) a second
ORF, 1023 base pairs in length which is 85% identical to human FUT2
sequence. The FUT! and FUT?2 loci therefore seem to be porcine equivalents
of the human blood group A and the Secrefor locus. Direct sequencing of the
two ORFs in swine either susceptible or resistant to adhesion and colonization
by F18 fimbriated E. coli (ECF18R) revealed two polymorphisms at base pair
307 (M307) and base pair 857 (M857) of the FUTJ ORF. The nucleotide
positions are numbered from ATG (encoding methionine). Analysis of these
mutations in 34 matings of Landrace families with 221 progeny showed close
linkage with the locus controlling resistance and susceptibility to E. coli F18
adhesion and colonization in the small intestine (ECF18R) and with the locus
of the blood group inhibitor §. Therefore, the M307 mutation is a good marker
for marker-assisted selection of E. coli F18 adhesion resistant animals.
Anocther mutation at nucleotide position 229 was found leading to a

pelymorphism in which the codon encoding leucine (CTT) was changed to

PCT/US98/10318



10

15

20

25

WO 98/53102 PCT/US93/10318

1

TTT (encoding phenylalanine). A mutation at position 714(GAT->GAC)
(encoding aspartic acid) did not produce an amino acid substitution. No
polymorphisms were identified in FUT2 that differentiated susceptible and

resistant pigs.

Examples

The following examples provide embodiments of the invention.

Example 1: An Assay For Resistant Swine

The polymorphisms of the present invention are easily identified using
PCR-RFLP tests. One embodiment of the tests used 2 160bp fragment of
porcine alpha (1,2) fucosyltransterase 1 amplified using PCR with the
following primers; S'CCAACGCCTCCGATTCCTGT3' and
5'GTGCATGGCAGGCTGGATGAT', Preterred PCR conditions for this
embodiment are 25 cycles at the following times and temperatures: 94°C, 30
sec; 60°C, 45 sec; 72°C, 90 sec. The amplified DNA from resistant swine was
digested by the restriction enzyme Hgal, but was not digested by the restriction
enzyme HinPl. The amplified DNA from homozygous susceptible swine was
digested by the restriction enzyme HinPl. The amplified DNA from
heterozygous susceptible swine was partially digested by both enzymes.

Alternatively, DNA was isolated from porcine nucleated cells according
to standard procedures. Direct sequencing of porcine FUT! and F UT?
sequences and their flanking regions in animals of different ECF18R genotype
(Bb, bb) resulted in the identification of two G --> A transitions at positions
307 and 857 (termed M307 and M857, respectively) of the FUTI ORE. The
M307 transition eliminates a restriction site for Cfol. Amplification of DNA
isolated from porcine nucleated cefls was performed according to standard
procedures with primers P6 and P11 (3 min at 95°C, 30 cycles of 30 sec at
95°C, 30 sec at 56°C and 30 sec at 72°C, followed by a 7 min final extension



10

15

20

{~
wn

WO 98/53102 PCT/US98/10318

12
at 72°C) followed by Cfol digestion and separation on a 3% agarose gel
resulted in a restriction fragment length polymorphism (RFLP). Homozygous
M30744 animals showed 2 bands. Homozygous M307CGG animals showed
93-, 241- and 87bp fragments. Heterozygous animals showed all four

fragments.

Example 2: Sensitivity And Specificity Of An Assay Using Alpha (1,2)
Fucosyltransferase In Detecting Swine Resistant To FI8 E. Coli

A study was conducted to determine the association between disease
resistance and the polymorphism at position 307 of the FUT1 gene. 183
weaned swine (ranging in ages 2-6 months) were obtained from six different
breeding herds. Only one of these herds was known to contain resistant
animals before the start of the study, and this herd is known to have a high
incidence of porcine stress syndrome. The other 5 herds had no evidence of

porcine stress syndrome, and the incidence of disease resistance was unknown.

“Swine from each herd were randomly selected, humanely euthanized and

spleens and samples of small intestine were removed. DNA was extracted
from splenic tissue and used in a PCR-RFLP assay described in Example 1.
Intestinal cells were purified by scraping the mucosal surface off the intestine,
lysing the cells in a hypotonic EDTA solution and washing by centrifugation.
The purified intestinal cell brush borders were incubated with F18 E. coli.

This mixture was examined by phase contrast microscopy. This assay
determined if swine were susceptible (intestinal samples had adhering bacteria)
or resistant {intestinal samples had no adhering bacteria). The PCR-RFLP
assay for the polymorphism correlated with the bacteria-intestinal cell binding
assay in 53 of 53 resistant swine and 128 of 130 susceptible swine. Two swine
that were determined susceptible using the bacteria-intestinal cell binding
assay were incorrectly predicted to be resistant using the PCR-RFLP assay.

Two of the six herds examined contained resistant pigs, while only one herd
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had porcine stress syndrome, demonstrating that the PCR-RFLP assay can
identify disease resistant anirals in animals that do not have porcine stress

syndrome.

Example 3: Localization Of FUT] On Chromosome 6 (SSC6)

Cosmids ETHsl, -s2, -s3, -s4 and -s6 were identified after screening of
the cosmid library with a FUT/ nucleotide probe obtained from porcine
genomic DNA with primers P7 and P10 and were mapped by FISH and DISC-
PCR to chromosome 6 in band q11.

Example 4: Identification of the Porcine FUT! ORF

Hybridizing Kspl. EcoRI and KspI/EcoRI cosmid digests with
radiolabelled porcine FUT/! fragments P6-P11 and P7-Pi0 for Southern blot
analysis revealed identical autoradiography signals for ETHs2, -34 and -36,
whereas different signals were obtained from cosmids ETHsl and -s3. From
cosmid ETHs2 Kspl, subclones 940 bp and 6.2 kb in length were isolated,
corresponding to the estimated length of hybridizing Kspl fragments on the
Southern blot. The sequence results of both subclones were combined to yield
a 1501 bp sequence, which was in agreement with results of direct sequencing
of genomic PCR products. The 1501 bp sequence contains an open reading
frame (ORF) of 1098 bp corresponding to the human FUT] ORF, with §2.3%
nucleotide and 80.8% amino acid identity. The ORF encodes a polypeptide.

Example S: Identification of a Porcine FUT?2 and a Pseudogene FUTP

ETHs1 has one DNA fragment (2.7 kb) that hybridizes to FUT!
sequences, whereas ETHs3 has two (2.7 kb and 8.2 kb). Subcloning and
partial sequencing of the 2.7 kb EcoRI fragment of ETHs1 and -s3 confirmed
that these two fragments are identical. The sequence is highly similar to the

human FUT2 but shows several changes in the NH,- and -COOH terminal
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regions. These changes lead to frame shifts that are not compatible with a
conserved ORF, therefore an assumption is that the sequence obtained from the
2.7 kb fragment represents a psuedogene (FUT2P). After subcloning of
ETHs3 BamHI digests, the hybridizing sequences contained in the 8.2 kb
EcoRI fragment were identified. The sequence of the subciones obtained
represents a 1023 bp ORF and is 85% identical at the nucleotide- and 83%
identical at the amino acid level to the human FU72 sequence. Many
differences in the NH,- and -COOH terminal regions were observed between
the porcine FUTZ2 sequence and the FUT2P sequence derived from the 2.7 kb
fragment. The predicted amino acid sequence corresponds to the partially
determined amino acid sequence of the porcine Secretor enzyme (Thurin and
Blaszczyk-Thurin, 1995). The porcine FUT!, FUT2 and FUTP sequences
obtained were submitted to GenBank and have accession numbers U70883,
U70881 and U70882, respectively. The FUT! and FUT2 genes have highly
homologous sequences. This has to be considered in, for example, primer
development. Furthermore, FUT/ and FUTZ enzyme activity need to be

differentiated in further studies.

Example 6: Identification of M307 and
M857 Mutations and Characterization of M307

DNA was isolated from porcine nucleated cells according to standard
procedures. Direct sequencing of porcine FUT] and FUT?2 sequences and their
flanking regions in animals of different ECF/8R genotypes (Bb, bb) resulted in
the identification of two G = A transitions at positions 307 and 857 (termed
M307 and M857, respectively) of the FUTI ORF. The M307 transition
eliminates a restriction site for the enzyme Cfol. Amplification of DNA
isolated from porcine nucleated cells was performed according to standard
procedures with primers P6 and P11 (3 min at 95°C, 30 cycles of 30 sec at

95°C, 30 sec at 56°C and 30 sec at 72°C, followed by a 7 min final extension

PCT/US98/10318
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at 72°C) followed by Cfol digestion and separation on a 3% agarose gel
resulted in a restriction fragment length polymorphism (RFLP). Homozygous
M30744 animals showed 2 bands (93- and 328-bp fragments). Homozygous
M307GG animals showed 87-, 93, and 241-bp fragments. Heterozygous

animals showed all four fragments.

Example 7; Characterization Of Mutation M&57

The M857 mutation is a transition that eliminates an Acil site. Primer
PBEST was designed to mismatch two additional Acil sites at positions 866
and 872. PCR with primers P7 and i’BEST (3 min at 95°C, 30 cycles of 30 sec
at 95°C, 30 sec at 56°C and 30 sec at 72°C, followed by a 7 min final
extension at 72°C) followed by Acil digestion enables PCR-RFLP analysis on
a 3% agarose gel. Homozygous M85744 animals show a 174 bp fragment
while amplification products of M857CG animals show 136- and 38- bp
fragments.

Example 8: Genetic Mapping Of The FUTI Gene

In Landrace swine families, recombination events between M307 and
the loci of the HAL linkage group (S, ECFI8R, RYR!, GPI, PGD) revealed
recombination fractions 6<0.04 (Table 2). The lodscores Z for the overall
recombination fractions were between 24.5 and 50.6, showing strong evidence
for linkage between these loci, These data allow genetic mapping of the FUT]
gene to the HAL linkage group in close proximity of 8 and ECFI18R which are
both influenced by FUT/. In the experimental Landrace families, allelic
association was found between ECF/8R and RYR/. An excess of genotypes
RYRITT at position 1843 in RYR/ (halothane susceptible genotype) was
observed among pigs resistant to oedema disease and postweaning diarthea
(genotype ECFI18RY/8Y (Table 3). This allelic association is a result of linkage

disequilibrium, that is, deviation of observed haplotype frequencies from
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expected haplotype frequencies under independent assortment of alleles.
Therefore, linkage disequilibrium designates a non random association of
alleles belonging to linked loci. Owing to low recombination rates however,

no locus order could be determined as being significantly better than others.

Example 9: Association Of M307A
With ECF 180 And M307C With ECF18RB

In Landrace (SL) and Large White (LW) parental pigs, ECFI8R) (the
oedema and postweaning diarrhea resistance allele) is 100% associated with
M3074, and ECF18RB (the oedema and postweaning diarrhea susceptibility
allele) is 100% associated with M307G (wherein A=adenine; G=guanine). In
SL pigs 88% (30/34) of S* accounted for all ECFI 8Rb and M3074 haplotypes,

. respectively. The corresponding values for both the S*-£CF 18RY and

S5-M3074 haplotypes were 82% (9/11) in Large White pigs. In the
experimental SL families, the occurrence of the M8574 allele at the FUT/
locus was low, and even absent, in LW pigs. Therefore, a significant gametic
association was not observed between the alleles of M857 and the alleles of the
flanking genes. The.G—>A transitions at positions FUT/ 307 and FUT! 857
were found with variable frequencies also in Duroc, Hampshire and Pietrain

pigs, making it likely that those transitions also occur in other pig breeds.

Example [0: Distribution Of FUT/ Genotypes

Table 4 shows that the distribution of FUT! genotypes at nucleotide
position 307 among ECF/8R types was significantly different from the
expected ratio under a hypothesis that the two are independent. Of the 119
oedema disease and postweaning diarrhea resistant ECF/ 8RY/® animals, 118
were determinea to have the genotype M30744 in the DNA-based test. One
resistant animal had the genotype M3074/C, Of the 131 susceptible pigs, 130

were M3074/G or M307G". One animal, susceptible to E. coli adhesion, was
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shown to be homozygous M3074/4 by the DNA-test. The data from this
example and example 2, together with past studies suggested that the FUT/
gene is the gene present at the § locus in swine and the ECF/8 locus. While
4 animals in this example and example 2 contradict this hypothesis, it is
probable these animals were incorrectly phenotyped in regards to disease

resistance/susceptibility.

Example 11: Amino Acid Exchanges in Alpha (1.2} Fucosyltransferase
The G = changes at bp +307 and bp +857 of the alpha (1,2)
fucosyltransferase gene | results in a predicted amino acid substitution of
threonine (neutral-polar) instead of alanine (neutral-nonpolar) and glutamine
(neutral-polar) instead of arginine (basic), respectively which may have
functional consequences in the encoded product. A C = T change at bp 229
results in an amino acid substitution of leucine (neutral-nonpolar) instead of

phenylalanine (neutral-nonpolar).

PCT/USY8/10318
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Table 1: Sequences Of Forward-(F) And Reverse-(R) Primers And Their
Relative Position To The Porcine FUT! And FUT? Start Codons.2

Primer name Primer sequence Position

FUT1 P§ (R) 5'-CTTCAGCCAGGGCTCCTTTAAG-3' +489
FUTI P7 (F) 5-TTACCTCCAGCAGGCTATGGAC-3' +720
FUT1 P10 (R) 5'-TCCAGAGTGGAGACAAGTCTGC-3' +1082
FUTL P11l (F) 5-CTGCCTGAACGTCTATCAAGATC-3' +69
FUT1 P16 (F) 5'-AGAGTTTCCTCATGCCCACAGG-3' 90
FUTI P18 (R) S'-CTGCTACAGGACCACCAGCATC-3' +1203
FUTI PBEST (R)  5.ACCAGCAGCGCAAAGTCCCTGAC +893

GGGCACGGCCTC-3'

FUT2 P16 (R) 5'-CTCCCTGTGCCTTGGAAGTGAT-3' +1094
FUT2 P17 (F) 5“AACTGCACTGCCAGCTTCATGC-3' -83

Table 2: Overall Recombination Fractions (0), Lodscores (Z) And Number
Of Informative Animals (N) For M307 And Loci Of The H4L Linkage
Group In The Landrace Experimental Population

Locus pair N 0 Z

S-ECFi18R 183 0.01 50.6
M307-8 183 0.01 50.6
M307-ECF18R 216 0.01 57.1
M307-RYRI 198 0.02 472
M307-GPI 147 0.03 34.2
M307-PGD 147 0.04 24,5

2 Primers FUT! P10 and FUT] P11 are derived from the human FUT] gene.
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Table 3: Haplotype Frequencies At The Four Loci (S-FUT-{ (M307,
M857)-ECFI8R-RYRI) In The Landrace (SL) Experimental Population And
Randomly Selected Large White (L W) Pigs.

Breed Haplotype® at S, Frequency®
FUTI (M307, M857), (number)
ECFISR, RYR!

SL SAGbT 70 (28)
SAGHC 5 (2)
SGGBC 15 (6)
sGABC 10 (4)
LW sAGHC 56 (9)
SGGBC 31 (5)
sGGBC 13 (2)

3 5. Suppressor locus for A and O blood types (S and s).

FUTI (M307). alteration of adenine (A) to guanine (G) at nucleotide 307 of
the ajpha (1,2) fucosyltransferase (FUT!) gene. FUTI (M857): aiteration of
adenine (A) to guanine (G) at nucleotide 857 of the FUT! gene. ECFI8R: E.
coli F18 receptor. The dominant susceptible allele is indicated by B and the
resistant allele by b. RYR/: skeletal muscle ryanodine receptor. C (cytosine) is
the dominant resistant and T (thymine) the susceptible aliele for malignant
hyperthermia.

* Haplotype frequencies in % and absolute number of haplotypes between
brackets.
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Table 4: Distribution Of The Genotypes, Tetrachoric Correlation (R} And
Significance Of The Association (x2 And w x x2) Of The Associated
Polymorphic FUT1 (M307) And ECFI18R Loci In Landrace (SL)
Experimental Population And Randomly Selected Large White (LW)
Swine.

FUTI/M307
Breed Locus Genotype A/G Ald r x? ¥ x o
SL ECFISR b/b ! 113 098 2131 42,64+
B/b 106 1
A/G
Genotype (4/G) G/G AlA
LW ECFI8R 6 b/b 0 5100 290 11.6%%*
B/b,B/B 24 0

METHODS

l. Primers

Primers derived from the human FUTJ gene were used for the
amplification of its porcine counterpart from genomic DNA. From the
resulting porcine sequences specific primers were designed which were used in

further amplification and sequencing reactions (Table 1).

2. Screening of a Porcine Genomic Library
Porcine genomic libraries were screened with either a porcine FUT1

probe obtained with primers P7 and p10 or a porcine FUT1 ¢cDNA. A porcine

$ A weight factor of w = 0.2 (SL) and 0.4 (LW) was applied to correct for the
lack of precision resulting from inclusion of related animals in the data,
according to Cotterman (1947). *** p<0,001.

® Animals of genotype b/ at the ECF/8R locus are resistant and those of
genotype B/b and B/B are susceptible to adhesion of F18ab E. coli bacteria.



10

15

20

WO 98/53102

21

genomic library, constructed in SuperCos | (Stratagene, La Jolla, Ca, USA),
was screened with an o””P dATP labeled (Prime It II, Stratagene) FUT] probe
otained from porcine genomic DNA with primers P7 and P10. After
hybridization of replica filters at 42°C for 15h (50% tormamide, 6 x SSC, S x
Denhardt’s, 0.5% SDS, 0.1 mg/ml Salmon Sperm) and washing twice at 65°C
for 30 min. (1 x SSC, 0.1% SDS), positive colonies were identified after
exposure (15h, -80°C) to X-ray film.

Cosmid clones ETHs 1, ETHs2, ETHs3, ETHs4 and ETHs6 were
subjected to flucrescence in situ hybridization (FISH) (Solinas Toldo, et al.
1993) or direct in situ chromosomal PCT (DISC PCR) on porcine metaphases.
Metaphase chromosomes were Q-banded and photographed before
hybridization. The probes were labeled by random priming using
biotin-16-dUTP. Signal detection and amplification was performed using
avidin-FITC and biotinylated anti-avidin. The chromosomes were
counterstained with 4,6-diamidino-2-phenylindole, and the relative positions of

the cosmids were determined as described by Solinas Toldo, 1993.

4, Subcloning

Enzymatic digests of probe positive genomic colonies were separated
on agarose gel, transferred to a nylon membrane, and probe positive bands
were subcloned into plasmids for FUT1 sequencing. The sequence of FUT1
derived from this method is shown in FIG. 1.

Kspl-, EcoRI- and KspI/EcoRI digests of all cosmids were separated on
a (0.8% agarose gel and transferred to a Hybond N nyion membrane.
(Meijerink et al., 1997). This blot was hybridized with o **P dATP labeled
porcine FUT! PCR products (primers P6-P11 and P7-P10). Based on the

autoradiographic signals, ETHs1, -s2 and -s3 were subjected to further

PCT/USS8/10318
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subcloning into pBluescript SK- (Stratagene), and FUT sequences were
determined from subclones. The sequences of two FUT-like open reading
frames (ORFs) (FUT! and FUT2) obtained from cosmids ETHs2 and -s3 were
compared in ECFI&R positive (BB/Bb) and negative (bb) animals by direct
sequencing of PCR products.

5. Polymerase Chain Reaction and Direct Sequencing

Using the Perkin Elmer Ready Reaction Dye Terminator kit (Perkin
Elmer Cetus, Norwalk, CT, USA) and 10 pmol of primer, cycle sequencing
was performed with a thermal program consisting of an initial denaturation of
5 min at 95°C, followed by 25 cycles of 30 sec 95°C, 15 sec 50°C and 4 min
60°C. Primers used for amplification and sequencing of the porcine alpha
(1,2) fucosyltransferase genes are listed in Table 1. Additional primers were
designed taking the posstbility of cross-annealing of primers due to the high
similarity of FUT{, FUTZ2 and the FUTZ pseudogene into account. Samples
were analyzed on a 373A ABI sequencer (Applied Biosystems Inc.) and

sequence analysis was performed with the GCG package (Devereux, 1984).

6. Production of Informative Offspring

Single nucleotide polymorphisms were analyzed in 221 Landrace swine
produced from 4 boars and 16 sows, and in 29 Large White swine produced
from 9 matings between unrelated swine. In order to produce a large number
of informative offspring for the examination of linkage between porcine genes
encoding ECF18 receptors and selected polymorphic loci, only informative

Landrace matings of the type B/b x b/b were produced.

7. Colonization Test

In a study of Bertschinger et al., 1993, the above mentioned Landrace

swine were also tested for ECF18 susceptibility in a colonization test, For this,
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swine were inoculated shortly after weaning with bacteria of E. coli strain
124/76 of serotype O139:K12(B):H1:F18. (Rippinger, et al., 19-95). Faecal
shedding of the bacteria was monitored daily. The extent of colonization was
calculated as the mean of the two highest faecal scores. Swine with a mean
faecal score of 3.5, corresponding to 6.7 log colony forming units (CFUYg or
more, were considered susceptible to colonization. This limit was based on a
lack of mortality below this value, and on scores obtained from completely

resistant litters.

8. Linkage Analysis of Nucleotide Polvmorphisms

The results of the single nucleotide polymorphisms were compared with
typing data for ECF18R, which were identified in an in vitro adhesion assay
described by Végeli er al., (1996), and with typing data for the GPI-, PGD-,
¢-1-B-glycoprotein-(A1BG), ryanodine receptor (RYR/), EAH-and S-loci as
published by Vogeli et al. (1996). Pairwise linkage analysis and calculation of
recombination fractions was performed using the CRI-MAP version 2.4
programme (Green et al., 1990). Multipoint linkage analysis was performed
by sequential insertion of the above loci into the map. Haplotype frequencies
were calculated from the parental animals, in the Landrace families and from
the 8 parental Large White animals which were haplotyped for ECF'I8R from
progeny information. Tetrachoric correlations of ECF/8R and mutations in
FUT! (FUT1/M307)polymorphisms) were calculated on all Landrace and
Large White progeny.

9, Southern Blot Analysis

Southern blot analysis was performed of cosmids ETHs1 (1-3), ETHs2
(4-6) and ETHs3 (7-9) after digestion with enzymes Kspl (1, 4, 7), EcoRI (2,
5, 8) and Kspl/EcoRI (3, 6, 9) and separation on 0.8% agarose. Hybridization
with an of? PAATP labeled §' FUTI fragment (primers P6-P11) results in the
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same hybridizing 940 bp band in both the Kspl digest (lane 4) and the
Kpsl/EcoRI digest (lane 6). However, hybridization with a 3' FUT/ fragment
(primers P7-P10) (Table 1) shows a 6.2 kb Kspl band in lane 4 and a 1.1 kb
Kspl/EcoRI band in lane 6. Both the 5' and 3' FUT! fragments hybridize to
the same 4.6 kb EcoRI fragment in lane 5, This indicates the presence of a
Kspl site in the FUT! gene contained in cosmid ETHs2. Cross hybridization
of the 3' FUT] fragment detects 2.7 kb (lanes 2, 3, 8 and 9) and 8.2 kb (lanes §
and 9) bands, resulting in the identification of the FUT2 psuedogene

(incomplete ORF) and the FUTZ gene sequences, respectively.

10.  Restriction Fragment Polymorphisms

Detection of (A) the M307 G to A and (B) the M857 G to A mutation in
the porcine FUT! gene was achieved by restriction length polymorphism
analysis, rising various restriction enzymes. Digestion of amplified FUT/
fragments with Cfol (A) and Acil (B) results in a restriction fragment
polymorphism. In the first lane 15 a2 100 bp marker. Fragment lengths are
indicated in base pairs. (A) The M30747/4 genotype (lane 2) generates 328 and
93 bp restriction fragments while the M307G/G genotype (lane 4) generates
93, 241 and 87 bp fragments and heterozj;gous M3074/G genotypes (lane 3)
shows all four fragments.

(B) Digestion of the M8574/4 genotype (lane 2) generates 174 bp
fragments, while it generates 136 and 38 bp fragments in the M857G/G
genotypes (lane 4), and in M85 74/G genotypes (lane 3) all three fragments are

generated.

11. Source of Swine

Data of the Swiss Landrace experimental population came from two
pedigrees, which were built up at the Institute of Veterinary Bacteriology,

University of Zurich. All other pigs of the Large White, Swiss Landrace,
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Duroc, Hampshire and Pietrain breeds came from different breeding herds of
Switzerland. Other swine were randomly obtained from farms in the U.S.

Midwest.
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WE CLAIM

1. A method for identifying a swine that is resistant fo intestinal
colonization by E. coll, said method comprising:
a. determining whether a genetic polymorphism associated
with resistance to colonization is in a biological sample from the swine; and
b. inferring that the swine is resistant if the swine is

homozygous for the polymorphism.

2. A method for identifying a swine that is resistant to E. coli
associated intestinal disorders, said method comprising:
a. determining in a biological sample from the swine
whether the only nitrogen base at position 307 in the aipha (1,2)
fucosyltransferase gene 1 of the swine is adenine ;and
b. identifying the swine as resistant if the only nitrogen base

at position 307 is adenine,

3. A method for breeding swine that are resistant to E. coli
associated diseases, said method comprising:
a. selecting for breeding swine that have a genetic
polymorphism in the alpha (1,2) fucosyltransferase 1 gene that identifies them
as swine that are resistant to £. colf related intestinal diseases; and

b. breeding the selected swine.

4, The method of claim 1, 2 or 3, wherein E. coli is strain F18.

5. An isolated DNA molecule which is polymorphic for the alpha

(1,2) fucosyltransferase gene 1 in swine.

PCT/US9B/10318
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6. An isolated DNA molecule having a nucleotide sequence in
accordance with FIG. 1.
7. The isolated DNA molecule of ¢claim 6 wherein adenine is in

nucleotide position 307 instead of guanine.

8. An isolated DNA molecule which is complementary to the

nucleotide sequence of claim 6.

9. The isolated DNA molecule of claim 6 with a substitution of

adenine for guanine in nucleotide position 857.

10.  Anisolated DNA molecule according to claim 6 with a

threonine in nucleotide position 229.

11. A polypeptide encoded by the DNA molecule of claim 5 or 6,

said molecule having afpha (1,2} fucosyltransferase activity.

12. A portion of the isolated DNA molecule of claim 5 or 6, said
portion including the nucleotide sequence that distinguishes E. coli

colonization resistant from sensitive swine.

13. A molecular assay for detecting E. coli F18 receptors, said assay
comprising isolating DNA from porcine nucleated cells, amplifying said DNA
in a polymerase chain reaction using oligonucleotides as primers which are
complementary to a DNA sequence of the porcine alpha (1,2)
fucosyltransferase 1 gene, performing a restriction enzyme digest with at least
one restriction enzyme, separating the resulting fragments by gel

electrophoresis, determining the respective numbers and lengths of fragments,
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and determining from the numbers and lengths of fragments, which receptors

are present.

14, The molecular assay of claim 14 wherein the restriction enzyme
is Cfol.

15.  AKit for detecting E. coli F18 receptors, said kit comprising in
separate containers oligonucleotides which are complementary to a DNA
sequence of polymorphisms of the porcine alpha (1,2) fucosyltransferase

gene 1.

16. A porcine polypeptide having alpha (1,2) fucosyltransferase

activity and an amino acid substitution in position 103.

17.  The polypeptide of claim 17, further characterized as having an

amino acid substitution in position 286.

18.  Use of polymorphisms of porcine alpha (1,2) fucosyltransferase

to develop drugs to treat swine that have . coli-associated disease.

PCT/US98/1G318
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FRARPET URKF RSB ERNER A EER
13 F18 K BB B X BREUB R ShieH
RAFFRMERFHETEAEE P EH«(1,2) 8%
PR B R (FUTL) 2R i DNA ZEHHER ViR W
BB, 2 RACEHETRISHENDHAETER
BARERR, KAoXKBITH F18 - il 24 (R
&) REa B BN TR A&, 4 FER
LR R R EE X K R BT S R &
BBk, A& T R R R N, &
RUETHER FREBTLHEAMEAT #XBHE
FRBEEOREMBIT .
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R #H & K P

1. XX XBHEBEEAREEG T, kol

a. MEBEBHAETRATFAELREREMANEHSIAN #

b, R EARTHESM, MIEMBEIRMS.

2. XXX AGHABELYREEY T &, EFEEE:

a. MEHEAMHERFTHa(l, D2FBEEB8ER 15 307444
£ BBARBARIRES; Fo

b. wEF 0T LGS RBERZIE TS, FTHEEZ SR

3. HANKBHAMAERAARBENEG 7L, HEF X6
3%

a. %HFa(l, 22FEEEEEE | AEVPALARESSHBE MR
XRANKBHAMXEERLEREGHEGTHE;

b. ¥ AT EFE R,
BAEKL, 2X3INGF%, AP XBmArERE#kFI18.
SBGDINALSF, Eb#aQ, EFHLELHE | ARAA

S BGDNALTF, AAARER 1 HEFRAT.

RAEK 665 FDNA ST, K FF 307 4065 BFbal g
L858
S EWGDNAS T, AERAELR 6 65HF87 5 EFh.
HAEK 66945565 DNA oF, R+ H 857 18y &fnbadap®

© o X NeE e e

B,

10. BA B K660 Fed DNA o--F, K F 229 f 6943588 4 FF M.

11, ARAZRSA 6N IMNASTHRAEY IR, HESFEAA(l,
2) 5 EBARMBHEN,

12, BABEEHR 60945 B4 DNA 9 F&584, MERHAEHRX
B AZEREEFHBEE S ETRAF.

13. B XBATE F18 TG FR Lk, A& CHERE A
Hmp P45 H DNA; ALEa(l, DEEBALBELE 1 4 DNA 4
FEAGEBTREN Y, ERGBBRE T EANE DNA;, AES
— AR R Ee AT R4 e B AL AN BRRSRSBHAERE, BEE
R BFfkE, OANGEAPRRKRERZAER—HTHE.

!



14, BRAlEL 14695 FRI=&E, L PR4\PEEZ Cfol.
16. M KAHATE FI18 S EAME, MAEXNESEBRINERF
SHEERa(l, 2)ZFBAHBEEAN 1 &5 $5H DN FH L2 ER
H 8.
s 16. % 5K, RAEAa(l, DEEBEAHBHENNT 103 68K
P33 0.
17. BARR 1T GSK, Hdt—FORELETHE 286 L EFERE
AR UK.
18. Ha(l, DEFBEAEBEGEARENKAELFEAXRBHE
10 ABXREFBRGHGEH P ML,
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# W
XX FI8 KAt isn
BERRES T EPULY

AXRBTELMNKBATEAXLER, ARARELELFISHXAG
HEBRBXREALREAR R ARG LS WARERERFE. K
R da(l, D EEBEALLE FUTAB T DNA 544, TR
WHde B RE S9F, Am HAMRAARZRA R GSBXE.

BB FHIEFBREELEAR, NVBEABATARLE
PEYAM. FRBEAHFBEXGHAEH AR IR RSB HBE
BEGOHAR, CETIRLERFHLELFEGA2FHL, LR 4
£ 12 AEHEGRE. ANARVHBERERINEZEFRIE, wiEF)
X, WERH. EHEHFEFTRA, K —RAL THERMES,
wREfdH, FENMEBAR. MERSHNWEZET I BAGERE
CHmE (Bral) L EBATAGRBHEAAGERAEEE-1I
XA A& K LT, Sta, STb 9. ARG @, L REVHARBHHEY
# F18, F4 #= K88 % £ &4y 8 MG villain. “BABHHABHFF
%, AFEETRALGNGLERYE, XA TEEXRBHEAHKR 4
%, ERHSE-II LKFHH” (Bertschinger ¥, 1993). T
HEERESKBHE, BEG—ALHBLEKSI M K88 X
F18 (Vogeli ¥, 1997).

RRIHGHRDBERGHE, REGRRTHENBRRGHR,
XA GRS K88 X FIS A 56, CiEEHHRG S
Bl, PR PLESELNTHRGAR TR EIGRLES, SFI8R T,
IRHEMEHBHBRBAEET R, BAFHENFLANR, b £+
FWEEEE (Vogeli ¥, 1996; Meijerink ¥, 1997). HELEFE
th 6 LRI (HAL) 48P S RRERLCE B BN K ERAEH,
¥ XA F18-% 4k (ECFISR) 69 & 1 B/F W £ &1k 6 (SSC6), K88
XBAF 8 R T &4 13,

RENETREEAXBHEAARETRED G HETG, FoBLL
BWFREEHELE XERBHAEERPERHATE[GKFRE
THRMREBGETG K, A, SEZHXEARNEzRE,. F5ME

l
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BT HE LG mE WO 9413811).

EXFIB XA ERMXERGRBEY RN FEL 1)K ERBEF
MBS, EARRETHAEHXR, DABRFES KB AL E
i (“RERE”), R DT A0Q) M Zh kXA, WHHF kT
ERBMPHAAEFARFRAFAER. RELREZHERERZR
Wahdy, PR XERERRESEIWGHBRRESNEZLEH. £
TREFLEEARGDIHEAAD R (RHRA) REERS FTHT R AL
FH. AN ASRFATAMRARBEHF FI18 X BmAdis
Xk BFALH RN,

ARy, EEARBABEAMNBHLY: “‘FAFRESHH
#4732 (Bertschinger ¥, 1993, p.87), #3 % Walters #= Sel lwood,
1982:

BT SO M R B AR R S TR EF 69 & A%
84k, RFEGTAERE THE
TRERMGEAOKESE, BHRHM
WHAR T FRNKER BN
PR RGEZ

A A AREXFAMELARDESSARFERALRE, &
AABEGEHRRLEN. TRHOADOHEASGORFRELEHGHR, &
BHMEKERASAN, £AFHK @ELHER 2 EIBRESH
HAFHRHE. SAREEHEAF O LBLANAR, SEBERHES
SUERAL AR O VER. BTHRBALEY Hega(l, 2)EEHEL
HBBARTREEEE, ANMAORALELETAY Kelly ¥, 19%, &
AT W09628967 ). RERE THa(l, 2) 2 FBAEB5LHGFF
(Cohney ¥, 1996), WX B E¥ S A 84 &£ L EEF4A0.

ARt hREEL 0¥ Hf Se AHEMETFAREK 19q13.3,
HERERTRETFTS, 2ALEAE AL 24HARMNAE. %5
A Hag A B RFTE FUTL, @ Se REFE-F FUT2 £ 8. FUTL £ &
mpEA PO HERAR R FT2 AYSREEEid HRAN
K&, XA LHREFALGHF, FUTL EARKRTY, RBAR
R ZALEBPEFE oRNA 69X, AMAXESHd, CRETHH

2
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£8eha(l, )EEBEABBHLAR, L8HEF LT A FUTL # FUT2
B, 12 FUT1 RBRABHIBLEFE B FREGEIABX, A FUTL
RAGRa@EThT HREGEA, R, Bawmlddiin i
o) HHRR, HEAA Lewis 3B, BV A H AR BEL 545
“aypmk, ELEsiHegytmy b mES FUT2(secretor) &k B &
k&, B, FUIR AR TRLEBAHNERA LY HA AREKIILSY
A0l Eeghik,

AraRP KEHEERGRACELOELDRROE KL
UM GF— BB RABEDEFIAZGRR, wBTTEAEE Lewis
W RGEHR, PERREBRENAXIHAL LY P WRMER. B
e, ARaBgRFRERehElBAOBEAEBEGRBARRE
FREIENEELENEREAR, X558 5% 0B f FIS ML
AT R/ EREOREAEZETHRAGRERKR., HALEHY
BARZBRER AFO, AHNEEHBERFIS KB EATEGER.

BEELERETEXBHEMERARAH T E, AAEE
AATESKRMEH—LHAERS (BT H) GHHER Fujii ¥,
1991; £ BH ¥4 5,358,649), ERARET A FTH B8 5 AHARET.
MAKBHBRZEFAREN RS CRBE (2B EH 5, 552 144; WO
8604604), Al FTLMNAKORFEAZOREFAYTGRIHE, LXK
THRAABG XKBHAAERGREFTE, RAETARTHE R, 2L
BT T By A

KR &

IR R ERGF ETARMNPHR L R XFHE M
*AEBGE. EXKBHE FI8 BEEGRAMEGERERFEGET
FIFH: MNEBLEUHEFPREALESXERBUMEGEES SR
REG AN 1 3ANAABTELAGBFRFANE T EMBG L)
RUGH), W THREHZ .

FAKRKH, RFEAMNEHLADHES PHo(, 2) 2 XBEES
BANE 307 265 2 RAALRESERS G FS; RE 07T 4
e [BRAPERES, BPTHBEEZHRE.

ATRARAEDHRVYRELELSSY, AR S TERHLSENR
BREyHBABEAKENS AR, MARRNEBRET H AN R

3
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ERAREER S T6H%, RENIASEETIFAXRBASFESERA
Bf

AEXPEFREBAN KA BRELERLAREGHEG Tk, Rk
FkaKieFall, EFBEEBE | RAFTAAEA SARARY
RERA KA ERXBEARBLAFREGEGYEE, ¥t
& %%,

AEARG—AsEREa(l, DEEBELBE | ARAASER
& DNA 4F, AERAMRER | 957, AERGF—FaXEFEH 1
B a4 B84 89T,

AZR—AH @A 307 426 5 ob BSR4 B e DNA
2%, AT F 8T Lty AR dAd R RS AR, KA AT 5 Fe9 DNA
STOHEB 1FAR 296 BYRALARENS T, A FPREEAMR
HEDT CTTREARBERABRGEST TTT. £ T4 EHRFRGE
KA W GAT £ 4 GAC, 2@ ae) =4 ¢ A A MK o RIEARA.

MAZBE DNA 5 THEFAEAa(l, 2) ZFBALBHERN S
FRALZ AR PG A E.

EREFTRBEATH FIS TGS TFRAZEZ QNAEREHE
(nucleated cell) ¥4 % DNA; () A53a(l, 2) 2 EBAMBEHE
B/ 146 DNA A3l ZAM BB G BAEA Y, EREGGBHRE (PR T
¥ DNA; ()R EY —#rR4IE, J Cfol #HATMA MWL, (d)i#F
HRBEERS BB, o()MNTRRLE N B3 B MEKAE; fo ()
B RS AMMBEARKERATHAMRPELAR—F Sk, AALANT
BRI h B R R R B AT R4 K $ 3 W44 (RFLP)
BAEE, BH DNA B TAMREGFBRBERR L3t TRk, 59,
ATEA—BRE, 5TESHELBAGE T RMBEENE S —#
TR %) M Be.

¥aE X mAHE FI8 R4 MA N S ARNEAMNELAZA L IHNES
PR T 5Ha(l, DEERELBHER 1 6 DN A5 24 B
B, CRFAHEFEBZFE SR, THEMFEGHRTHEE,

FABATRATHEEFAEXBHAMALAROEYHY. £EH
AW Fa(l, 2)2FBAABHETUTHREF G, BiLX 4 F18 &
AR



10

15

20

25

30

HERR

B 1 EFRTAABSHa(l, DEFBELBEE SHSHBETSEA
AEUTD(T), FEAEFBEARERBETFTTHRRGEALRFF
(L), BEEABRAATHFORELZRC) ARG HKE;, KABFHTH
ERET IANHLEG NBEBEEE ().

O P & oF % (6) MRS (A) ALK,

*F IR AT,

REABMERANGESwTF: A Ala; C, Cys; D, Asp; E, Glu; F, Phe;
G, Gly; H, His; I, Ile; K, Lys; L, Leu; M, Met; N, Asn; P, Pro;
Q, Gln; R, Arg; S, Ser; T, Thr; V, Val; W, Trp;# Y, Tyr.

ik £ F KGR L

R KXGHERAERGREA X6 DNA $ 5B TFoHE T
TRBFHABREES SR E. B3 XL % S iFREEE:
B S HBAGXEHE FI8 4 LB EXRH.

RAERARBETAZ AP G EEN Pty FHFEE4 3T F18 X IFH
HALRYNBAERBRANEERRBES ARG ERERFT AL
W, XExhFa(l, DsEBEELE FITDRARG DNA £ 454, #i
Ry dt $5EIBERANFPEEAHFEAANEE (X
)z, FEEEBRAEAG—FRAL, E—-A#HFEF, —ALBAR
AR, FAGSRAEANERRAAMTR, MEARKRTHRAINE
RDNA S FHFHRENREY, —AHFPREAF - IR ELSFELE
BARZA ‘TR DRKAXREAG S AR, EHBY, —AMAALGFE
ARGANBRENBROSALEGEABZSSHRABE. BF, X¥—
A EWARELEFARY ARG,

WAEWHSL, KA TG REESERBALFSSN, X
PEBFRAFE 307 £ (AE DN EHE—REARRES, Hkd Y
BHGMALELORAR G F%., 2R BEFHAH LM DNA, S
B2 B A, % AME Cohney %, 1996 FiiRiE ey A B A7) 65 % F.

ST AT RAA RSN, BE FUTL &9 3 5HPE A ¥HAHY
AAREZMOESRE, RELLY, CEa(l, 2)EE2BEAHBEH
1 AR FUTD) ARSI SR, $ 307 REFLNABEFRARXARRN S5
BB THEZEEBEAEBEARM S-4%, ECFISR A K & HAL #

5
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BHEGLCRARREZHGEEEH.

3 FUT1 #» ECFISR I R E MR F R Y BEF L TERERERATE
EXmAH FI18 M HM, K& (FRK)Fssde Hhal. RBhXR
SEEREPRFELETHHEANBREBEREEEGE. EXHT. &
EPSENAEERFLER. B Vogeli FUNRE, BBV 5 X%
6 M307 FLEEBMEZRMEA. ALV L ARSH ARG TRARAR
BEERTHAEBTARER ECFISR HASEEE, MmEhSRA
Fi o e BT 05 S5 ML 69 b B 54t KA F18 m i # W

ALRRCEBETEAFT, Eha(l, 2)2FBAALBSGEE 1 4
FReE#, K& bp307 &5 E#H 558, RANZAHEETHEST
KEWAMNE, TATERa(l, DEFEBALBSHERAFH S LB,

ATHHXHAH F18 THREH & BCFISR) &R AE, AHAR
BXETSEESEAG 5 ARER I AXAALE LS5FAa(l, 2)
BEBEAEHEEAE FUT1 & FUT2 Meijerink %, 1997). BRI AR
ERXEREMAXELERETHEEK 6 89 qll %L (SSCeqll).
sTHBGF IS ERE () FAREE (ORF), EKEH 1098 sk
#f, H5AFUTL A7) 82.3%48E], # (b) & =A ORF, HKAEH 1023 A%
X35, H5A FUT2 /%) 85%48F). Bk, FUTL # FUT2 X B B-FZ AL
# H #o Secretor A E ESHEFRAY. S HRRRELA FI8 BLYXH
HHE (ECFIBR) MR MAPZEHH THHRA ORF 7 ARMEF, BFd
FUT1 ORF #§#%J& =t 307 (M307) fesk i st 857 (MBST) &y WA 2 &M, #
FMAEE AN ATG(RAFTRAR) FHid &Koy, ERLA 221 ABRHY
Landrace £#% 34 AXBR PO IALRE, SRR 54 XBHA
F18 # WA X E T Bty fo 5 B bk 6y K B B (ECF18R) Ho do B 3p 4] #
S A AEREERE. B, M07T EERFL-HBAEBXBITE F18
RSB R, AT 229 S HFBRMF - LR EA
B, ATHBERARGESTCIDEN TITGAXAKK). § 714
32 (AR ALARR)GET GAT £ 4 CAO) R A4 AL MBRAK,. £ FUT2 F
REXETAR G HBEE g 3 54,

5 5645

IBIEZ L RS LET VS

s 10 XS
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# A PCR-RFLP KB TR HWEXZLL AN S E5H, BG4
£ & F £® M T F 5 31 % : 5CCAACGCCTCCGATTCCTGT3® #o
5°GTGCATGGCAGGCTGGATGAS. M E#7 Foh4hik PCR 4 L4 T 5 8 ]
Ao B T 4T 25 463K 94C, 30 #7; 60T, 45 #; 72T, 90 #.
B R By Hgal WHALBBIE 3% DNA, {2 R A FRA) M8 HinPI 4
{3t DNA. JAFR4) M8 HinPI s540se4- 5 A695 3 DNA, A Lkm#
B3R AL A5 B 6 3 36 DNA.

XE, BEHFAEFEAEAEEE TS E DNA, sRE ECFISR #
H A (Bb, bb)Z &3, FUTL 4 FUT2 F AR AMER AEBF, 1%
5 i FUT1 ORF &5 5 307 Fo 857 4 (4~ #1#kZ 2 M307 Fo M85T) A # A G—A
69 4EHe. M307 33EH MR T Cfol MAIHAE, MBI AEF %, A3 P6
FPLL T EABREHBY DNA(IST 3 54, REZ 9T, 30 #;
56T, 30#; 72C, 30 &% 30804 2K, BER T2CREHEM T 4 4),
BHAT Cfol Hi, £ WNBEEKLSE, PERABAMKAES
A (RFLP). 64 M30T* i Bk 2 &3, 464 M307% sh 48 2 F 8 93-,
241-#2 8Tbp 69 K B, XA FHWBFHAH 4 A K ¥

gy 2 ERal(l, DEEBEEB5LD FI8 XEFEHREH
EoRER ok E P T IY S

MAEMEEF/BRHEN FUTI RBAF 307 L3 AR MK A, 183
kBB (FEI2E26MA)FH A TEANER. ARARTR L
BEP A EHLSALELDY, CLERBERIRAEGLBLES, £
C 5 ABHEARENZLSGER, ARRBORXLEET Kb, K
BHBAVTHEREER, AARELLRL, RERBER MBS AR
W PIREDNA, A FE#&H 1 Frikeg PCR-RFLP X%, #iM )M
EETHRBELE, EKH EDTA BR P L Bmeitdid 5 shkdshii
Bk, e mmapREs FIS XBHE—RAR, BidgLE
RELEERRLSY, AR TRAIHRZHEAY (BHESERAXE)ER
R (SRR E). A I AREHER 130 & 5 2360 128
k¥, % Abe) PCR-RFLP KB E5MmB-HmesaXbmt SAME
~Mp A RO A R A J) B ¥ o9 % Sk H# PCR-RFLP X B R ERRA Z
AREHE. BEEGAMBFIA2ALAEEE, ARAA 1 AEHEL
HHE sz 448, X 4% PCR-RFLP XBTEZ RALMAE S ZLEY

7
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Ly 31 I FUTL = 4L T % &4k 6(SSC6)

RAiFamA AL DNA & FUTl BHREMFABELEZE, AJ
# P7 % P11 5% #:4 ETHsl, -s2, -s3, —s4 #v—s6, it FISH #
DISH-PCR ¥ {4k £ &4k 6 # q11 F k.

%M 40 £ Z 3 FUTL ORF

4% KspI, EcoRI #= KspI/EcoRI #:47K 4 b5 5 4L 4 M 47 869 3 FUTI
K B P6-P11 #F= P7-P10 #tF7 L vA# 47 Southern HiEHH, LR AP
ETHs2, -s4 fo-sb #9384 8 EHETHME, MF AL ETHs] fo-s3
25 RF. Mi# ETHs2 Kspl w4 & th KE A 940bp #= 6. 2kb 49 & %
%, #8% F Southern ¥pif L2 X Kspl R it KA. £4BALEL
Bt A7l 4%, 4 1501 bp 5], REXHMA PR HABIFLER
— 5. 1501bp A 5| 4K 1098bp &5 JF 3% ¥ i 4E (ORF), 48 % T A FUT1 ORF,
EX EA 82 3% ek A 80. 8% R EME —. ORF &4 S Ak,

L4 5: X Z 3 FUT2 #B L B FUTP

ETHsl A& 1 A5 FUTL A %] % X & DNA X Bf (2. 7kb), # ETHs3 A
A HA L B B (2. Tkb A 8.2kb). #F ETHsl ##-s3 # 2. Tkb EcoRI A
BT ARPF NS, EXTTXAANMNBZMAEG. FF 5 A FUT2
EFARM, 124 NH, #-C00H XS EREFHENATFH., XBTHFHK
5% F ORF r a5 65458, Hi, BREFH 2.7kb A Bitd Aol 7L
B (FUT2P). ¥ #% M ETHs3 BamHI #4#Z 5, %52 8.2kb EcoRI 4 #f
A RXAFI. HMEEAEAA AT 1023bp ORF, E5A FUT2 A
FlEBFRAFLE 85%8F, KAKAKELE 83%8F. £ FUI2 #5714
#74E B 2.7kb K 878 FUT2P A5 2 £ 5] NH, #=-COOH K 5% K a7k
3ER. BRGRERATIME TR Secretor B35 XM RERAF
%) (Thurin # Blaszcyk-Thurin, 1995). % F74§3% FUT1, FUT2 #+ FUTP
J5 5] %492 T GenBank, H36%4 %1% U70883, U70881 #= U70882. FUT1
Fo FUT2 A AE SEARBREFF. BRI HFR T EaH B4,
Ao, Et—F L P EZE S FUT] f FUT2 B8 754,

ket 6: 5T M307 o M857 K & Ao K SE M307

RIAEAFEF ERHE R TS5 & DNA, * KFE] ECF18R A K% (Bb,
bb) &) Zy # & 34 FUTL # FUT2 A3 R KB R K A0 A, &R 528 FUT1

8
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ORF #5 % 307 # 857 4% (-3 #Z 4 M307 #= M857) A # A GoA # - 4.
M307 #E% T Cfol M4IMIEE, HIEHAEFE, A4 P6 # Pl
FHLSEAEAB MG DNAOST 3 94F, KERZ 95C, 304#; 56T,
30 #; 72C, 3043 30 #M3K, BER 2CREEN T 44), 4
B4 Cfol b, £ B ERBELELE, FARMEANKESSR
(RFLP). 364 M307* 3h 4 B 7 i 2 &4 (934 328-bp K Bf), sb4& M30T
HPRFH 03, 241-F 8Top X W, HEABWEFHAH 4 A1 #.
£ 70 K EE K M85T7

MB5T X E AWM Acil EL. 5654 Bk, &3 54 PBEST R4 %5 866
Fo 8T2 {2\ A- 5 469 Acil 4%, M 3|4 P7 #= PBEST # 47 PCR(35C 3
24b, KER 95T, 30 #; 56C, 30 #; 72C, 30 #3 30 RAHER
BER TRCREHEMN T 540, BHRAT Acil H4, £ INFIEHERK
L # 47 PCR-RFLP &-#7. $64-M857T" 3h4h £ 7K 174bp &9 /1 B, % M85T
Bty 3E F R R 136-# 38-bp A H7.

T4 8 £4) FUTI A B E4 8%

A Landrace 3 £ # W, U307 #o HAL % 458 (S, ECF18R, RYR1, GPI,
PED) A B AEZ MG EAFAB T HEMSH00.04(% 2). 2HFayH
AR FETHEIES T H 24.5 £50.6 20, XTULASERXELEE
Z 69, XEHIETIH FUT1 RAE/EE T HAL #4848 ¢ 5% % FUTL
vty S #= ECRISR F4ke94LE. A XBH Landrace B 5% F., X4
T ECF18R #= RYR1 Z R F 4 A BBEA. KM ARPEWE BTGB
#» (EEA BECFISR™ (& 3)) FmiE3 RYRL £ 1843 A THERE
RIRI"(ARHEABE). AHFLEEARKSAAGRFHHLR, Wy
ERFoEFAEAY, AAENGELNRESARGEAYHESR
BEGLER. A, FHAIHEEH TETHERAEGEFAARGE
MALBES ., Kaw THREAENER, LEATEALEERAF 2EHK
T —#EE BT,

534 9: M307* 5 ECF18° F M307° %5 ECF18R® #9 BE4

# Landrace (SL) 34 e &£ 4, Large White (LW) %4 ¥, ECFI18R® (KA} %
FHBEESREFIHEAR)S M307 100984, % ECFI8RE (KA &
MBEMEESEFLEAE)SL M307° 100%84 (3 F A=RE &% G=By-E
), J£ SL #, 88%(30/34) 49 S° 4 %)% ECFISR® #= M0 £ 4R, £

9
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Large White ¥ ¥, S*-ECF18R® #v §°-M307* 3¢ .8 6448 S (& 4 82%(9/11).
AFEM SL £a#P, FUTL XE A6 MBS FARX B9 X A R4, £ LW
ReEEAL, A, ALES M7 FLAAAMEILBGFALAR
Z &) 8 EBTHBHA., £ Duroc, Hampshire #= Pietrain 3 P £ &
FUT1307 #» FUT1857 {569 G—A #HELATESNEE, SLERFTL
i A% A B AR Y T BE.

F34 10: FUTL RED 54

A 42 FHECFISREFH FUTI AR B LA THEFHRS 3074, &
53X @mEABRIABATHEBORABERF. £ 119 LK HM
FEHEW A ECFISR™ &4+, EA T DNA KR PR TR P 118 %
AARAS M0, 1 kRBEDHGERA N M307TVC, E 131 % 5 84
B, 130 k4 M307VC &, M307°C. @il DNA KB 2FH 1 At XD
W5 RS Ny 465 MI0TVA, K EaF A Lkhs] 2 9 RES5T L
HRER—REAP FUTI RARALTH S APAEM ECF18 RBA AR LY
AR, REXERBIP LN 2 PH 4 XFDRARBHAFF, 2ET
R BAREGPYEERRME/ B AR T BREFRBIN LB GBI

£#4 11 oll, DEEBEHBBTHAILRIH

all, D EFEBELB& 1 F bp+307 #= bp+857 & #) 6> T FH
BB REARERK, FARAARR(PHE-HE) RAAEE (FHE-—JEHRE)F
5B (PR RAHKER (BKR), XSRS mFL06%
Eei%a. bp229 &ty CoT T FRGEALARBARA T AR (PR-FR
) BRA R SRR (P -3 HE).
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% 1: EQE)FRE R INHEGFFRELARTH FUTL f FUT2 £

BESTIHEER

5l 4 & #k 3] 40 13 ¥os
FUT! P6 (R) §-CTTCAGCCAGGGCTCCTTTAAG-2' +489
FUTI P7 (F) 5-TTACCTCCAGCAGGCTATGGAC-3' +720
FUT1 P10 (R) 5“TCCAGAGTGGAGACAAGTCTGC-3' +1082
FUTI P1) (F) 5-CTGCCTGAACGTCTATCAAGATC-3 +69
FUTI P16 (F) $-AGAGTTTCCTCATGCCCACAGG-3' -90
FUT!I Pi18 (R) 5“CTGCTACAGGACCACCAGCATC-Y +1203
FUTI PBEST(R) $-ACCAGCAGCGCAAAGTCCCTGAC

GGGCACGGCCTC-3 +893

FUT2 P16 (R) §-CTCCCTGTGCCTTGGAAGTGAT-3" +1094
FUT2 P17 (F) 5-AACTGCACTGCCAGCTTCATGC-3' 83

25|49 FUT1 P10 # FUT1 P11 474 A FUTL £ B

#% 2: 4% Landrace ZB# 4Kk, M307 # HAL H 4B A H F654¥K
THSHE0), KPS O PpR{EEGDHHEN)

AH R N 8 z

S-ECFI8R 183 0.01 50.6
M307-5 183 0.01 50.6
M307.ECFISR 216 0.01 57.1
M307-RYRI 198 0.02 472
M307-GPI 147 0.03 34.2
M307-PGD 147 0.04 24.5
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oooooooooo

# 3: 4t Landrace(SL) £ % #H koMt e Large White (LW) 3
g, 4 A% P E[S-FUT1 (M307, M857)-ECF18R-RYR1] 4t &4 £ 48 4 %

= % S, FUTI (M307, M857), %+ (% H)
ECFI8R,RYR!
iRy
SL SAGHT 70 (28)
SAGEC 5(2)
sGGBC 15 (6)
sGABC 10 (4)
LW sAGEC 56 (9)
sGGBC 31 (5)
sGGBC 13(2)

S: Afe 0 e RIpH B (SAr ) s A W A,

FUT1(M307): a(l, 2)#BAH48 (FUTD XA YHFR 307 &
6Bk (A) & b &% (G). FUT1(M857): FUT1 £ B ¥4 857
oA g (A) B X A 5% (G). ECFISR: kMH# F18 4. B &%
BEMHERFLELE, b AFEF4EEE. RYRl: H#M ryanodine &
., CRER)Z BRI R ERRRFEERR TR ER) L HAEE
i

TRARNFEAGE T, EFTPAHLEARGENKA,
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& 4: Landrace(SL) B R MMikHFY Large White (LW) 3P
FaX B AW FUTI(M307) A ECFISR R H B A B & 4-#, tetrachoric
A R B GREH (Y F wxy?)S

FUTIM307
Bk EAE gy AIG AMA ¢ ¢ Pyt
SL ECFI8R® brk 1 113 098 2131 426***
B/ 106 !
L@ AGGG  AA
LW  ECFI8R® b/ Q 5 100 29.0 1164+
B/b,5/B 24 0

P& Cotterman{1947), HEEHF w=0.2(SL)F 0.4(LW) A T&
EEHE P ML Rm Ak LG AE, +4p<0, 001,
SECF18R A B A EEARE A b/b 95t Fl8ab XA MH EHmE &
0 HWAEAHRME, @AERAYA B/b B/B st Lk KT 5 B,

F ik
1. 3|4
#RAFTEBA FUTL RRGTHMAAEA DNA P55,
15 WATREFIIRH BRI, BEailPATH T T EPREAR
¥ (& 1).
2. HAHARALE
A 314 PT %= P10 7 2| ¥ FUTI 4£4t, ME#4t X3 FUTL cDNA #% &
HEAWAL A, R34 PT 4 P10 A A B4 DNA ¥ 423] FUTL 4541, A
0 Bo*P dATP # 2 4) (Prime It II, Stratagene) HiE4tfE kM T
SuperCos 1(Stragene, La Jolla, Ca, USA)F &9 B L&, T 42
CHEREBLEX 15 o (50%FPBA, 6x SSC, 5 Denhardt’s, 0. 5%
SDS, 0. lmg/ml $:4% DNA), 65T sk A& 30 £-4F (1 x SSC, 0. %SDS)
ZJE, RET(5h, -80C)XHERASERXMEER,
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S.HTHFERREER

453 %, ETHs1, ETHs2, ETHs3, ETHs4 # ETHs6 #47 % X RB4i
% X (FISH) (Solinas Toldo %, 1993) X A ¥ P ML &R ITEERE
# &4 PCT(DISC PCR). A X @yt M e hksT Q-2 FH B, £A
£ 4 £-16-dUTP B MMG Wik Aritifdt. RAFRE-FITC pték
L7 F Fo £ R AT TR H. A 4, 6-dianidino- 2-phenylindole
B & &4k, # Solinas Toldo, 1993 M@ Z 4 esAgsi{L E.

4, ¥ %%

ERBEBRE Ly SHEAMELAHABEGSF1LY, BBERL
L, HIRAMEFRLEEREF AR FUTL M A, HRF EFE
6 FUT1 &3+ T8 1.

A2 0. 8%FE 5B L4 5 Fr A # 8.4) KspI-, EcoRI-#» KspI/ EcoRI
WAL, $#4 % Hybond N RAE L (Meijerink 4, 1997). & sbépid
5 %a>P dATP #5065 3% FUTL PCR * 4 (3] % P6-P11 # PT-P10) & .
RESH G 2155, ¥ ETHs1, -s2 fv—s3 3t —F £ 5. B £ pBluescript
SK-(Stratagene), WX ZLERZ FUT #5]. BT AL A PCR =9,
sb4% ECF18R Fal& (BB/Bb) #= B3 4 (bb) 2 7% B 4545 ETHs2 Fo-s3 65 A
FUT-#f JF 4 B i #€ (ORF) (FUT1 # FUT2) % 4-5.

5. RSB R B BRI

1% M} Perkin Elmer Ready Reaction Dye Terminator X # & (Perkin
Elmer Cetus, Norwalk, CT, USA)#= 10pmol 314y, M 95CRHB LM
544, & 95C 304, 50C 156 ##e 60T 4 44747 25 46 18 SRELK
BABFRTHERNA, B THRo(, 2)£4BRAESHLHT ¥ A2
Fe5| s T & 1. #ESE FUTL, FUI2 #» FUT2 184 B 6 & B8t
e eyl B X SR KeyTHEME, BT THEG54. & 3734 ABI & fF
AL (Applied Biosystems 248]) E4## &, B GCGC A 6, (Devereux,
1984) AT -5 2 .

6. FETRETHRHENK

FW 4 kDA 16 kB8 F A6 221 3 Landrace AW RAE M
HZH 9 KRR F A 29 % Large White B PO M EABHBY S 5
B, ATFAXREFTRETHSERUEEZ S ECFI18 4L H M
BEZEARRABREZAGHER, R#FTT B/bxb/b BTRMAHM
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Landrace X 2.

7. £ ERE

it Bertschinger %, 1993 W#fR ¥, LAEAXEXB FER T LR
Landrace ¥#&j ECF18 &b, A3k, HWE L ALFARA 0139
K12(B) :H1:F18 & K B 4F & & 4k 124/76 3 # ¥ (Rippinger ¥, 1995).
HFREMNEEEPHEGDE, BZENBAEALAFARLHEE TS
By E. FHREEFESH 3.5, MY FTEFEBAEL (CFU) /g 693t
A 6.7 REFHHIAAR AR EHE., WERGRETKTHMARLALT
FHofF B &M DHGIES.

8. HiF&& £ A ey 49T

BREABFRZAMGERE Vogeli F (1996) A i 644 5h £ 4K
B %X ey ECFISR TR 43k Vogeli ¥ (1996) Fik 69 GPI-, PGD-,
a-1-B-3& & & - (AIBG), ryanodine %4k (RYR1), EAH-# S-X B B#T
B, M CRI-MAP 2.4 A #EF (Green F, 1990) # 47 KT
EQoHd T Eass. AIR ELERBEEAEABEPARTS
EEH S, #HF Landrace FHEWGEFRFPH 8 L FNX Large White
W EARRE, FESHHe ECFISR £ANZHBAEANTHAZ
#. i B A A Landrace # Large White #4 /54 & ECFI8R # FUTI
(FUT1/M307) P89 R % (3 M) Y RAg X .

9, Southern ¥p i 4 ¥

B KspI(l, 4, 7), EcoRI(2, 5, 8)#= KspI/EcoRI(3, 6, 9)¥}4k
A 0.8% B HRK Lo B2 5, sH#4 ETHs1(1-3), ETHs2(4-6)
#r ETHs3(7-9) #t 7 Southern FPE4#. 5 %o*P dATP 4742465 5 FUT1
Ji 87 (314 P6-P11) #9 % X 53 Kspl ¥ 4b4 (k& 4) # Kspl/EcoRI § 4t
4 (ki 6) T AARE 6 940bp X F. KM, 5 3’ FUT1 K &7 (3149 P7-
P10) (k& 1)d %X k& 4 E7# 6.2kb Kspl K Bifefe kit 6 27 &
1. 1kb KspI/EcoRI #.5°#= 3’ FUT1 ki Bf#g %5 kil 5 7 48 Fl 49 4. 6kb EcoRI
REr&%. XAW4E# ETHs2 446 FUTL A B ¢ 44 Kspl 42 5. 3
FUT1 A it XX &3 2. Tkb(5k# 2, 3, 84 9)F 8. Kb (k¥ 8
Fo ) 0%, 2305k FUT2 A B CF 2469 ORF) = FUT2 X B £71.

10. FRBHE B89 $ &4

R SHRAREETRMAERE S SEIER N FUTL X8
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a5 (AM307 G E A A B)MSS7 GE AKX, A Cfol (A)# Acil(B) H
Ly ¥ey FUTL AT 8Bl A g S 88, R —%killZ 100bp &4%
iwHr, AerKEA&ES R, AMIOTV* R B® (ki 2) 4T 328
#= 93bp &9 FR 1B 1 B, do M307YC A B (ki 4) F AT 93, 241 4 87bp
80 BF, A6 M30TVC AR & (GRifl 3) 2 FHATAH 4 4 K .

(B)MBSTMA 3L B ) (kik 2) 8944 T 174bp & K B, @ MB5TC
REA (kif 4) 4 T 136 fo 38bp &9 K B, M7V X PBIA (3% 3) * 4
THH 3 A5 B,

11. #e5 R &

Swiss Landrace LHHARNHEBEHF A H/AH, LABAFELIEY
KFLEMBAFMHENMELY. Large White, Swiss Landrace, Duroc,
Hampshire # Pietrain #H#G R ECHF AR IO RERHE. LTECHHE
PAF B £ B FEHRGRG.

A H L HR:

Bertschinger % (1993), %2 E&A%HF 35:79-89

Cohney ¥ (1996) %X EHF 44:76~79

Devereux % (1984) B & #F X 1:387-395

Fujii 4 (1991) #% 253:448-451

Green % (1990) CRI-MAP, 2.4 jaAkéyL#k, St. Louis: BH K
FEFK

Kelly % (1994), Proc. Natl. Acad. Sci. USA 91:5843-5847

Meijerink ¥ (1997) ‘A FF 256 K A& P44

Rippinger (1995) ¥ Efk 445, 45:281-295

Solinas Toldo % (1993) Mamm. Genome 4:720-727

Thurin # Blaszczyk-Thurin(1995) 4 % & % # &
270(44) :26577-26580

Vogeli ¥ (1996) sh#iE4FF 27:321-328

Vogeli % (1997) Schweiz Arch. Tierheilk 139:479-484

£ B+ #) 5, 358, 648, Maclennon &
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£ B+ 4 5,552, 144, Valery ¥

WO 8604604 987P, A Ui A :Peterson

WO 9628967, A ¥ A: Koike, C

WO 9413811, % # A: Imberechts # Lintermans
TW 266264, K 8 A: Jeng F Liou
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M W Vv P § R R H L €& L T § L L ¥ C 17
CT CGA GCC ATG TGG GTC CCC AGE CGC CGC CAC CTC TGT CTG ACC TTC CTG CTA GTC TGT 59
v L A A ! F € L N V Y Q B L F Y 5 6 L D 37
GTT TTA GCA GCA ATT TIC TIC CTC AMC GTC TAT CAA GAC CTIC TTT TAC AGT GGC TTA GAC 119
L L A L € P D H W ¥V VvV S S P V A I F ¢ 1 57
CTG CTG GCC CTG TGT CCA GAC CAT AAC GTG GTA TCA TCT CCC GTG GCC ATA TIC TGS CI6 179
A G T P v H P N A ] D s < 4 K H 4 A ) F 77
GCG GGC ACG CCC STA CAC CCC MAS GCG TCC GAT TCC TGT CCC ARG CAT CCT CCC TCC TTT 239
S 6 T ¥ T I Y P D G R F 6 N Q K G Q@ ¥ A 97
TCC GGG ASC TGS ACT ATT TAC CCG GAT GGC GGG TTT GGG AAS CAG ATG GGA CAG TAT GCC 299
T & L A L A Q@ L N G R @ A F I QP A K H 117
ACG CTG CTIG GCC CTIG &G CAG CTC AMC GGC CGC CAG GCC TTC ATS CAG CCT GCC ATG CAC 5%
A v L A P ¥V F R I T L P V L A P E Vv D R 137
GCC GIC CTG GCC CCC GIG TTC CGC ATC ACG CTG CCT GTC CTG GGG CCC GAG GLA GAC AGG £19
H A P W R E L E L H D ® H S E D Y A H L 157
CAC GCT CCT TGG CCG GAG CTG GAG CTT CAC GAC TGG ATG TCC GAG GAT TAT GCC CAC TTA 419
X E P W L X L T 6 F P € S5 W T f F H # 1L 177
AAG GAG CCC TGCG CTG AAG CIC ACC GGC TTC CCC TGC TCC TGG ACC TTC TTC CAC CAC CTC 539
R E @ I R $ E F T L H D ® L. B O E A Q@ G 197
CGG GAG CAG ATC CGC AGC GAG TTC ACC CTG CAC GAG CAC CTT CGG CAA GAG GCC CAG GGG 539
v L §$ @ F R L P R T ¢ D R ¢ S T F Vv G V 217
GTA CTG AGT CAG TTC CGT CTA CCC CGC ACA GGG GAC CGC CCC AGC ACC TTC GTG GGG GTC 659
H v R R 6 b Y L R ¥V M ?» K R W K G V V & 237
CAC GTG CGC CGC GGG GAS TAT CTG CGT GTG ATG CCC AAG CGC TCG ARG GGG GTG GTG CGT 118
T G A Y L Q Q A | D w r R A R Y E A 4 v 257
GAC GGC CGT TAC CTC CAG CAG GCT ATG GAC TGG TTC GGG GCC GGA TAC GAA GGC CCC GTC 779
F v v T § W G ¥ E ® € R X ¥ 1 0 T § R € 277
TIT GTG GTC ACC AGC AAC GGC ATC GAG TGG TGC CGG AAG AAC ATC GAC ACC TCC CGG GGG B39
D v 1 13 A G b G E A A 4 A R [ +] F A L L 297
GAC GTG ATC TTT GCT GGC GAT GGG GAG GCC GCG CCC GEC AGG GAC TIT GCG CTG CTG #99
v ¢ C W H T I K T I G T £ G F W A A ¥ L 317
GTG CAG TGC AAC CAC ACC ATC ATG ACC ATT GGC ACC TTC GGC TTC TGG GCC GCC TAC CTG - 959
A &6 ¢ B T I Y L A N F ¥ L P T § S F L K 337
GCT GGT GGA GAT ACC ATC TAC TTG GCT AAC TTC ACC CTG CCC ACT TCC AGC TTC CTG AAG 1019
1 f XK P E A A F L P E W ¥V G I N A D L 5 357
ATC TTT AAA CCC GAG GCT GCC TTC CTG CCC GAG TGG GTG GGC ATYT AAT GCA GAC TTG TGCT 1075
P L @ M L A € P ¢ 365
CCA CTC CAG ATG TTG GCT GGG CCT TGR ACC AGC CAG GAG CCT TTC TGG AAT AGC CTC GGT 1139
CAA CCC AGG GEC AGC GTT ATG GGT CTC CGG ARG CCC GAG TAA CTT CCG GAG ATG CTG GTG 1199
GTC CTG TAG CAG GCT CGA CAC TTA TTT CAA GAG TGA TTC TAR TTG GCT GCGA CTC AGA GGA 1259
AAC CCT GCA G 1268




