‘21 DEC 2006 WD 03/100074 PCT/NZ03/00102 1 AN MAL GENOTYPI NG METHOD Thi s
i nvention relates to a nethod ,for identifying a physical trait _of an
animal by 5 genotyping in the region of a gene which det er A hO§Cv&08 at i on
in the phyg ait and determ ning whether the ani es a
specific vari alr)l({ t7Iof a gene by reference to the DNA i n”?he&?é‘g@zﬁ of the
gene, rather than by genotyping for tihe gene itself. In particular, the
invention relates to a nmethod for determ ning whether a bovine ani mal
possesses a gene for the (3-casein A protein or a gene 10 for the
E3-casein A2 protein and therefore the ability of bovine cows to produce R
casein A or P-casein A2 in their ml|k. BACKGROUND 15 Consuners demand
high quality and | ow price when purchasi ng goods such as dairy and. neat

products. However, many cORGHAR! SERLFPPINGMERRSB ance that the products
and production systems are managed to mnimse risk and naximse benefits

to human health, while also being non-detrinental to the 20 environnent
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_ BACKGROUND
15
Consumers demand high quality and low price when purchasing goods such as
dairy and meat products. However, many consumers also want assurance that
the products and production systems are managed to minimise risk and
maximise benefits to human health, while also being non-detrimental to the
20 environment and to the welfare of animals.

it is well known that the genetics of an animal has a substantial impact on
production and product quality, and on health, environmental and animal welfare
issues. The ability to determine a-phenotype of an animal by using a genetic test

25 is a valuable tool for achieving rapid identification of animals and animal products
with beneficial characteristics and for forming a group of animals having
enhanced production and/or product quality. Animals can be gfouped based on
genetic differences that relate to animal or animal product traits that are of
economic interest. In the case of the dairy industry, examples of important traits

30 are milk production, milk protein content, fat production, and specific components
of milk that are associated with healith, for exampie the absence of the B-casein -
A’ protein or the percentage of saturated fats.
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"21 DEC 2006 WD 03/100074 PCT/NZ03/00102 2 In a typi cal genetic test, the
DNA sequence of a gene encoding a protein or group of protfi1 %Cr %Q&t ed to
a physical trait of interest will be known. A DNA sanple is Féd from

an ani rral %nbi nation of polynmerase chain reacti 02 Hﬁg@
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anplification, fragnent anal ysis, and data processi

identify the 5 DNA present at the kndwn | ocation for the gene in the
animal's genonme. Highly automated testing enables the presence of a gene
or gene variant, and therefore the ability to exhibit a physical trait, to
be determned for a |arge nunber of animals conparatively quickly and
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variants on the one hand and the A", B, and C variants on the ot her hand
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aninmal . 30 There are a nunber of reports indicating t presence of
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di seases, specifically diabetes

One example of the significance of an SNP is the genetic makeup of a bovine
cow that enables the production of B-casein proteins in its milk. Typically, a cow
_ will produce B-caseins in its milk. However, several B-casein variants are known
20 including A", A%, A%, B, C, D, E, and F. One difference between the A2, A% D, E,
and F variants on the one hand and the A', B, and C variants on the other hand
is that the former group has a proline res'idue at position 67 of the B-casein
protein whereas the latter group has a histidine residue at position 67. This
difference is determined by substitution of the nucleotide adenine with the
25 nucleotide cytosine at position 200 of the coding region of the B-casein gene. It
is therefore possible to distinguish between the two groups of B-casein variants
by identifying and testing for the SNP that encodes for the B-casein protein of an

animal.

30 There are a number of reports indicating that the presence of B-casein A’ in the
human diet is linked with the incidence of certain diseases, specifically diabetes
(Elliott, R. B., Harris, D. P., Hill, J. P., Bibby, N. J., Wasmuth, H. E., Type |
(Insulin-Dependent) Diabetes Mellitus and Cow Mik: Casein Variant
Consumption, Diabetologia 1999; 42:292-6: Wasmut'h,' H. E., Rosenbauer, J.,



"(Elliott, R B., Harris, D. P., Hill, J. P., Bibby, N. J., Wasmuth, H E
Type | (Insuli n Dependent) Di abet es Mellitus and Cow M | k Casein Vari ant
Consunption, Diabetol ogia 1999; 42:292-6; Wasnut h, H E., Ro5eMBau08 J
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Di abetol ogia 42 (Suppl.1): A88; 1999) and coronary 5 heart disease
(McLachlan, C. N (2001) R-Casein A, Ischaemc Heart Disease Mortality,
and O her | EligtedeB., NMadchisy pot Habkarst, 58( Biard6 B, 7R)b, Hn pdeisdin ol t o
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preferably moHslty ahb@tt(sBﬂlaa&es.nWékﬂH\yﬁdﬁthétfbfs56(2$.262§i$@.0rl bed in PCT/ Nz96/ 00039
(published as WD 96/ 36239). 15 Studi es have shown that SNPs, or other DNA

variants (tandemrepeats, insertion-deletions) are valuable in predicting
a di sease, inaddifignltd phenstyping aagrawrby idepiifyitg tite, padicular Broaskic vartamt benef i t .
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Studies have shown that SNPs, or other DNA variants (tandem repeats,
insertion-deletions) are valuable in predicting a disease, the quality of an animal
product, or a production benefit. However, in cases where genetic selection is
used to sort, cull or mate animals, a selection' strategy based on the use of a

20.. single SNP or trait is sub-optimal. This is because an SNP, such as an SNP
within the B-casein gene, is not randomly associated with the surrounding DNA.
The region of DNA that surrounds the genotyped SNP may encode one or more
functions which also influence a physical trait. Selection based on a single SNP
may therefore inadvertently select for traits additional to the trait of interest.

25
The inventors have now found that it is possible to determine whether a bovine
animal possesses a gene for the B-casein A' protein or a gene for the B-casein
A? protein, not by identifying the DNA of that gene, but by identifying SNPs or
haplotypes (combinations of SNPs) in the region of the animal's genome where
30 the gene for B-casein is located.

It is therefore an object of the invention to provide a novel method of genotyping
an animal for its B-casein gene, or to at least provide a useful altemative to
known methods.



"ani mal possesses a gene for the 13-casein A" protein or a gene for the
(3-casein A2 protein, not by identifying the DNA of that gene, but by
identifying SNPs or hapl otypes (conbinations of SNPs) in the region of the
animal 's genone where 30 the gene for (3-casein is |ocated. [21iBEC 2008
therefore an object of the invention tot provide a novel nethod of
genotyping an aninmal for its c3-casein gene, or to at |east provide a
useful alternative to known nethods. 21 DEC 2006 4 STATEMENTS OF
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determ n| n| mal possesses a gene encoding for the
protein O-casein A' or a gene 5 encoding for the protein R casein A2 by
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0-casein ovi ne ovi ne ani na
invention is preferably a cow 15 In a preferred enbodi nent of the

i nvention f ?ago a%gg a%ﬁ%”ﬁe%h@ﬁﬁeﬁl?ﬁ Ea% H SHRL atfehdt onterlﬁ\llpﬁ%?l@@e or

absence ofI ovine cow. In an alternative
enmbodi rentreptdsentata é.negiehudamldbmlymrkkysml (SNP) rekiasdein trePpeaheOr ANdRIANAR- or
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enbodi nment ion east one Is a marker for
t he gene encoding for (3-casein A'. In an alter nat| ve enbodi nent of the

invention fhe af . | ! t@‘ﬁg ' h -réfa Einfg@hofyPE f@I®RGiIne BEmAi Ng
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In a preferred embodiment of the invention the at least one DNA marker is linked with
the presence or absence of B-casein AZ in the milk of a bovine cow. In an alternative
embodiment, the at least one DNA marker is linked with the presence or absence of B-
casein A' in the milk of the cow.

20
In a preferred embodiment of the invention the at least one DNA marker is a marker for

the gene encoding for B-casein A'. In an alternative embodiment of the invention the at

least one DNA marker is a marker for the gene encoding for 3-casein AZ,

25 The DNA of the animal tested may be obtained from any tissue of the animal which

contains or contained nucleated cells, preferably blood, sperm, hair, or milk of the

animal.

In a second aspect of the invention there is provided a method of producing milk
30  substantially free of B-casein A' including the steps:
a) determining whether one or more bovine cows possesses a gene encoding
for the protein B-casein A' or a gene encoding for the protein B-casein A?

according to the first aspect of the invention;



“animal . In a second aspect of the invention there is provided a nethod of
producing mlk 30 substantially free of R-casein A including the steps:

a) determ ning whet her one or nore bovine cows possesses a gene encodi ng
for the protein 13-casein A or a gene encoding for the prot&l PEL3ABGsei n
A2 according to the first aspect of the invention; 21 DEC 2006 5 b)

sel ecting those cows that do not have a gene encodi ng for the protein R-
casein A ; and c) mlking the selected cows. 5 Preferably the milk produced
by this met hod nt ai ni (3- i y all
(3-casein A2. Itﬂ B%S?tﬁ‘gqg%ep%o&&g?t %%rgﬁﬁﬁgé;%\g@hgg O%m @Eﬁ%?dgégeye% a net hod
of form ng a herdcadein Abwnde cows by testing the DNA of each cow in
accordance with.th hod irst 10 aspect of the invention and

sel ecting t hosé)c Bl(ﬁ)é'”?fﬁféﬁsep {Igéeg@v; gene encoding for R casein A2 and do
not possess a gene encodl ng for (3-casein A'. In another aspect there is
provi ded I t ai ne t hat ; n
accorda?nc:;B \?i(e{%9¥ ﬁ]g gme?’ ﬁ}éfsﬁ? ?tg avgsrgg(c%ong%mpﬁgrﬁaﬁéﬁﬁrﬁ%ﬁg 15 1n a
further asqueestantdllytdigd-caseenhi.on there is provided a food or food product
containing, or processed from the mlk of this invention. In yet another
aspect of the invention there is provided senmen or an enbryo froman 20
ani mal t hah dmameoasﬂmt/eftbemvenm@dra in psavidsdcamethogiof Foreing beMa of this
21 DEC 2040, ;00 03/ b§qg97n§ &%a%ﬂjc% i acd Rk VAR thE H:‘eftﬁc{daé?ltr)(e firde senen
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In another aspect there is provided milk obtained from a bovine cow that has been

tested in accordance with the method of the first aspect of the invention.

In a further aspect of the invention there is provided a food or food product containing,

or processed from, the mitk of this invention.

In yet another aspect of the invention there is provided semen or an embryo from an

20 animal that has or have been tested in accordance with the method of this



"froman animal (such as blood, sperm hair, or nmilk) based on genetic
differences. In a preferred enbodi nent of the invention thegge r}@qic

di fferences 10 are SNPs or conbi nati ons of SNPs. The use o Bgﬁ :

well as e a user to catal ogue popul ati ons of ani al so be
used to pmjéif“é‘n ani mal  phenotype. Exanples of trai tgg?}é“?%“t’ﬂﬁ’?\% to mlk
production include nmilk yield, milk protein 15 conposition, amount of milk
fat, and nore specific traits such as the presence of R-casein vari ants,
the proportion of saturated and unsaturated fat, and the nunber of somatic
cells present in the mlk. The variant caseins are distinguished by a small
nunber of awkftenaErefermbitigesemaOon embryreis osed @ brosiegog nfispring usih@se pr ot ei ns.
I n bovine cattl e bet ween the- A2 and A variant of

13- casein 8 &M 'Fd'aﬂ%b%oqmgntreg%qquem no acid froma proline to histidine at
position 67 of this protein. The rel evant SNPs occur on chronosone 6 of
Bos taurus bovines. 25 Wiile other R-casein variants have histidine as
opposed to roI ine_a on 67, they are usually mnor variants and for
t he pur pos T&"—%QE%FB&?&%M s invention are to be considered generally
as 3-casein A'. Sl mlarly, those R casein variants, in addition to

3- i o
(3-caseln Ao Akl BOA0L R4 P BbhAftn O cB1E gl yerbor  var o
be nade as fiom wheatimal ¢such| s kivod; jspsie bRiF | Ye MKy Bapethitan| genetigossesses

genes that o‘ﬁ%%c@é(QH‘ésdr¥f€H¥d éﬁeo&nh&tefth!weﬁt% tﬂése(g%ne@es@ﬂfd?er(oés
honmbzygous), exclusively f varlaRt § ous% or for a

m xt it e of @9 BEEW%@'"W?)S‘?%’B%?W‘*F‘@?/ ﬁ)?s Fﬁ& g g A2
variants (A dséZtohﬁtaﬁ:rgoéjpgﬂLust)cnthammabIcramlsoa:btdsed taoprbdict apeantrdli ed  whi ch
pr oduce mI o qnt aining solely G3-casein A, solely (3-casein A2, or a

m xture fPIBET¥%f t hese casein variants. It also allows cattle to be

i dentifi ed whi ch may produce offspring with the ability to produce m |k

cont ai ni ng é&lﬂﬁ'd ﬁt%§%@tu‘% to mik SRoRIcionRmeREE mMikAfieldOfmilk pRatghur e of bot h
of these caselh varian
15 composition, amount ‘of milk fat, and more specific traits such as the presence of

B-casein variants, the proportion of saturated and unsaturated fat, and the

number of somatic cells present in the milk.

The \}ériant caseins are distinguished by a small number of amino acid changes
20 in the overall sequence of these proteins. In bovine cattle, the difference

between the A% and A’ variant of p-casein is a single change in amino acid from a

proline to histidine at position 67 of this protein. The relevant SNPs occur on

chromosome 6 of Bos taurus bovines.

25 While other p-casein variants have histidine as opposed to proline at position 67,
they are usually minor variants and for the purposes of describing this invention
are to be considered generally as B-casein A'. Similarly, those B-casein variants,
in addition to B-casein A? which.have proline at position 67 are usually minor
variants and are to be considered generally as B-casein A%,

30
- A determination can be made as to whether cattle, or tissue derived from cattle,

possesses genes that code exclusively for the A' variant of B-casein (A’
homozygous), exclusively for the A? variant (A? homozygous), or for a mixture of .



"In this way, herds of nilking cows can be formed which produce nilk having
a particular physical trait, for exanple the absence of the (3-casein A
protein or the presence of only (3-casein A2 of the (3-case?h BESr2086ts. 10
An addi ti gpal ffature of the invention is that once ani 'Fﬁjr/ﬁﬁﬁ!/&olsza

particul ar genotype or hapl otype have been sel ected and m I's produced
fromthem the origin of the mlk, br other products such as nilk powder
and processed m |k products, can be verified as being produced fromthe
selected aninmals. This has 15 the benefit of providing consuners with
confidence that the mlk is indeed from animals of the desired genotype or
hapl ot ype tectipandSheearfantsa(A'i’ hetesozygoush t Thiss allosve ecaditectarbet identifi@NPs can be
readily-identjf] i 0. i [ 1 he T ' ' are

br edi of 1 ve Beh pirifed i SGRYRRE <Ol icdEeih 4° sotnIPERED 4705 MM BC° ) oo

predi ct i vepf both pbthese caseinyvariantsatli also dlowpattliedd by identified Wieh may heal t h

ri sks assogj it : [ a tde wth eight
SNPs has. besa ety WiniRs Sl b bEESe ik BRRHNAD SR oEB AT " he
caseisn geneolely Bsiaeein 4f, ac atroiktaraiibeth of theseigresinvasagiene encodi ng R- casei n.
This region of DNA is estimated to consist of about 200-300 kil obases of
DNA. 25 O these eight SNPs associated randonmly in different individuals, a
t heor et i calin thifufBemegts fdaiding @Wé(ﬁ‘i'ﬁibﬁef?'inéﬁﬁ’sw'%'éf PIRIPsOIVIHEYGR 2 to the
power of eipghituiérdhysicaiiaht oPexapREBE @Bsentsl bpthe Bidaglil A' bitteimotther  of

hapl ot ypes observed with these_ SNPs and subsets of these SNPs is nuch | ess
than what RERSPECRE oBY Fekasel A" PRIRA BRSS! VRS t her ef or e possi bl e, using the
di scgvery of the specific associations 30 between the SNPs, to correctly
class a cattl e popul atjon into.hapl ot: gL oups... i Nl Y, mal | nunber
of SNPs. N@\neaq#ﬁg%t %ﬁt”lr?,of Brﬁeeérge E?BI %Itq ﬁ%tegr%%a%m%‘ég ﬂ@‘eg Elt’%hcgﬂraZdi ct '
speci fi ¢ pliendypeparshapiotypediave deen selentehapslimilk Isqaraduced dlamatierntée i dentity of
the a-Sl, g@%i\?}g@a AR dod SthGIaEr%Hlﬁth‘stHﬁ B RHIRTpBWYE htbrdcesddd Plile 2006 VO
03/100074 / /00102_ 8 The associ ati ons between SNP hapl otype(s) and
product i on PEIfYclsy Gmke: vasifiad ¢ Peing prodvced fEmsthe sgigcied Animal JBIStRg t s,

specif i ¢ t ahdparieRtofMrbliding REAIGRILWAT a6fidencst thétSthe milk is indeed from

. animals of the desired genotype or haplotype group.

Specifically, the inventors have shown that SNPs can be readily identified in
regions outside the p-casein gene which are predictive of B-casein protein type.

20 These SNPs are therefore also predictive, or potentially causative or partially

causative, of health risks associated with B-casein alleles. A population of cattle

with eight SNPs has been identified and analysed. The SNPs.are derived from

the casein gene cluster of cattle which includes the gene encoding B-casein.

This region of DNA is estimated to consist of about 200-300 kilobases of DNA.

25 Of these eight SNPs associated randomly in different individuals, a theoretical
number of possible combinations (or haplotypes) of 2 to the power of eight (2%

would be expected. Sufprisingly, the number of haplotypes observed with these

SNPs and subsets of these SNPs is much [ess than what would be expected
randomly. lt is therefore pbssible, using the discovery of the specific associations

30 between the SNPs, to correctly class a cattle population into haplotype groups
using only a small number of SNPs. More importantly, these haplotypes can be

used to predict specific phenotypes in individuals or populations, such as the

identity of the a-S1, a-S2, B-, and kx-casein milk protein variants.



"associated with R~ or x-casein variants, whey % protein % fat % fatty
acid 5 profiles (C4 to C22), conjugated linoleic acid content (CLA),

nmel ting point, p- lactoglobulin content, |actoferrin conten®q BREM@IGC cel |
count, dajlyehde, Yield, fat yield, protein yield, full-k 9(f&p yi el ds
of nllk at ang protein. It was found that significant PRI H ons exi st
bet ween casein regi on haplotype 10 &nd producti on and product quality
traits, such as somatic cell count, fat % protein % j3-casein yield, and
fatty acid profile. Information about the non-random associ ati on between
adj acent DNA markers and conbinations of these markers (i.e. hapl otypes)
in a population and the 15 relationship between those narkers and

hapl ot h j | fits: 1.
P Lot Y Pes TR SsBRb T hehed) SRp MBS LRl bl AR BRY BRkLAaRgE] L1 1
nodi fi ed t dratiwwoerd examiriedi Tiese t"?m SDMW@rbp\ém "dhpmqque@aﬂfaétﬁ”ﬁfcs 20

undesi r abl g phy, a?éoc@vlth L Qﬂrtlcscaswﬂ'\fénaﬁfiywﬁ rétéﬁn%cﬁt sﬁlfﬁtﬁl b@ia of |inked

geneti.c information known or ects on enotK 2.
| dentd fi catpmﬁfesoﬂC4s’19e622| @om@gﬂﬁdwlapiedmgméfcomm il @5‘ iog PAIDh B region 25

of the gen J?ﬁ e&a&@ﬁSDacmnﬁhchéw'ééﬁnaa@c@lﬂb@nt HailPRiik gleidpradi ctor  of
product qual an anlwﬁ%a% e SNP with ion. 3. ldentification of

he
a subset ofylegxllpf%?"ﬂ ¥ekls o pieidz PR, yatﬁf‘%af"fﬁ' variation in a |arger
group of known or unknown SNPs. 30 4. Prediction, with a useful degree of

Genot ypud. Toaepund 8 sl Msssgtarsiis bohbn it BaRghopagARl | (5e1 1 be
t he mmj or mSIom’odudthm agd qupsicb qealityr fraity, wiethian samatigicelh cowst, &t Jenome into

whi ch new, &@FMQ)% r#%:%ﬁﬁ GRYES gfaﬁ%%ﬁ:{ﬂeat' ons in that region wll
e

typically f nvén Iron enables the identification of SNPs, and
the use of SNPs and SNP

Information about the non-random association between adjacent DNA markers

and combinations of these markers (i.e. haplotypes) in a population and the
15 relationship between those markers and haplotypes and physical tralts has the
. following potential benefits:

1.  Selection procedures' for selecting animals based on a single marker
can be modified to avoid or minimise the inadvertent amplification of
20 undesirable physical traits, which may result from co-selection of
finked genetic information with known or unknown effects on
phenotype.

2. Identification of specific combinations of SNP alleles within a region
25 : of the genome (haplotypes) which provide an equal or better predictor
of product quality than any single SNP within the region.

3 identification of a subset of SNP alleiles which efficiently predict
variation in a larger group of known or unknown SNPs.

30
4.  Prediction, with a useful degree of accuracy, of the identity of an SNP

which for any reason cannot itself be genotyped.



' hapf otypes to: 1. Provide the neans to efficiently select, sort or group
ani mal s producing specific a-casein and/or (3-casein and/or x-casein
vari ants 10 usi ng a mnimumof SNP tests. In particular, genpDgpexgnd

phenotyp to casein variants can be inferred b ng a
smal | (Eozgsom ated SNPs. The use of associ ated %cQEJ}B&/%% at are

Ilnked to rrul ti pl e genotypes or phendtypes, or to genotypes that are

unabl e to be tested, can provide econonm ¢ and technol ogi cal 15 advant ages.
2. Predict the performance of dairy cattle and therefore product quality
and heath effects of the mlk fromthe cattle, or the progeny of the

cattle, as wells as Idéht:ﬁlﬁﬁ&rﬁ‘dftﬁéﬁﬁoﬁﬁéo&am@o@NBcémmmwmm sagiinn 20

region. 3. Catal ogue nuch of ,the variation | in the
cattle popul ati on°f/\ft9ﬁ”°é“erﬁ”fﬂ WRIRT AtHoEYS 6?”%@%‘35@ a@ﬁ&épgl%g'rggéﬁr ovi di ng an
ef ficient neans t ot esggonavill igpioelly falt t | e according to predicted 25
performance or product 'qual ity. 4. Provide an efficient neans of selecting

specific casein types (e (3-.casein A2) while mninisi gg 3@ alteration
of the freqﬁmmyerdrbn\ﬁaablgﬁw&hg idenifiqation eleeNRs 384 e ussof SNPpARYSE 2 neans to

sel ect for &fﬁwpeg%ﬁel n genes or associated traits, while at the same tine
i ncreasing the proportion of (3-casein A2 aninmals in a specific herd. 21
DEC 2006 WO 03/100074 PCTI Nz03/00102 10 The invention is described in
further detail 1y rededeetite meanshie kficieoihi sgleeix ol es greupaenid@ionstrate t he

b oci ated that ¢ RECRERY SRR et ihdot e fasp Ry ctiSlin vparts®, 0 7F,
Any Rer son ski | | ed usimgt hi wingmura aff SNEctestsl ody mruqulareee@mmé artht t hese
phenotypes related to casein variants can be inferred by genotyping a
small number of assocnated SNPs. The use of associated markers
that are linked to multiple genotypes or phenotypes, or to genotypes
that are unable to be tested, can provide economic and technological

15 advantages.

2. Predict the performance of dairy cattle and therefore product quality
and heath effects of the milk from the cattle, or the progeny of the
cattle, as well as or better than any single SNP from the ca;ein

20 region.

3. Catalogue much of the variation in the casein genes in the cattle
population with a minimum number of markers therefore providing an
efficient means to class or group caftle according to predicted

25 performance or product quality.

4. Provide an efficient means of selecting specific casein typés (e.g. B-
casein A?) while minimising the alteration of the frequency of variants
in related caseins.

30

5. Provide a means to select for other casein genes or associated traits,

while at the same time increasing the proportion of @-casein AZ

animals in a specific herd.



"5 procedures may be used generally to discover useful SNPs in the genone of
an aninmal. EXAMPLES 10 Exanple 1: ldentification of SNPs in a popul ation
The DNA sequences in the asl, as2 and R-casein genes from a hubEér 2008
individuakw&€£%%§4mere determ ned and analysed to identify SNPs. A
conmparison 0 t hese sequences enabl ed the identificd%'GHwawnﬁblynDrphic
sequences. The oligonucleotide prinets SEQID NO1 to SEQID. NO 14 were
desi gned and synthesised. The sequences are based on the published
sequences of the Bos taurus asl (ACCESSI ON X59856) and as2 (ACCESSI ON
MB4327) sequences. 20 Each prinmer pair was al so designed so that any

resul ting PR ipNepdsttl dasatbed infanier AbtaiKBP FefarBibetts eigliolidghd éxahi
endonucl eas§ site a ondi ti onﬁ_| for

its flanking ends. The

ool 111 car B SETassbae e SaRHiP o ASSHBD SNEE GnB IRe RS 55 SEQ | D

NG 1, SEQ |ueblOlt2s SEQe bppidatad tBEQdsE ed@indles 26 nSEIhit DeMNCoBe of3RR | D NO 6
SEQ I D NO 7 =0) | =HOMH ' . 3 1 11, SEQ ID
No 12 SeQ TITRES 13 eethn ARt St prtiroRllin eogieg et i 5 O3 e
t hat ¥ egi onRyoesduEMYOIe Ussd @saeraty Psliseruniiselil SN thsgerpm@ & agf t he asl
gene and exgiisall-2 and 17-18 of the as2 gene gave PCR products of the
anticipated sizes. 21 DEC 2006 WO 03/100074 PCT/ Nz03/00102 11 Sem nal
genom ¢ DNA was purified fromcattle that were previously genotyped and

shown to be either carriers of the A or A2 variant of the R-casein
protein. DNA was anplified using genomic DNA m xed in equinol ar

concent r at | BRAMPLES

10
Example 1: Identification of SNPs in a population

The DNA sequences in the as1, as2 and B-casein genes from a number of

individual cattle were determined and analysed to identify SNPs. A comparison of
15 these sequences enabied the identification of polymorphic sequences.

The oligonucleotide primers SEQ ID NO:1 to SEQ ID.NO:14 were designed and
synthesised. The sequences are based on the published sequences of the Bos
taurus as1 (ACCESSION X59856) and as2 (ACCESSION M94327) sequences.
20 Each primer pair was also designed so that any resulting PCR product would
have an Xho1 and EcoR1 restriction endonuclease site at its flanking ends. The
conditions for PCR amplification were optimised for the appropri'ate primer pairs:
SEQ ID NO:1, SEQ ID NO:2
SEQ ID NQO:3, SEQ ID NO:4
25 SEQ ID NO:5, SEQ ID NO:6
SEQ ID NO.7, SEQ ID NO:8
SEQ ID NO:g, SEQ ID NO:10
SEQ ID NO:11, SEQ ID NO:12
SEQ ID NQO:13, SEQ ID NO:14
30
From these results it was determined that regions of DNA corresponding to exons
1-2 and exons 3-6 of the as1 gene and exons 1-2 and 17-18 of the us2 gene
gave PCR products of the anticipated sizes.



'5 five A honmozygous (A" DNA) and five A2 (A2 DNA) honpzygous animals. The
PCR products of anplification fromA DNA and A2 DNA were punﬂgg@( th a
H gh Pure PCR Product Purification Kit, digested with EcoR "an l‘?

restricti ucl eases, and the enzynes then heat
Wou é‘gm% Qg‘;@g@?&as | i gat ed

heating for mnat 70 C. A portion of each of these

into the plasm d 10 pBluescript KS (&tratagene) that was previously

di gested with Xhol and EcoRl restriction enzynme, treated with shrinp

al kal i ne phosphat ase (Amersham Pharmacia Biotech Inc.) and finally heat
inactivated for 20 mn at 70 C The ligated plasm ds were used to transform
chem cal |y conpetent Ecoli strain 15 XL1-Blue. Individual colonies

contai ni ng §é lpﬁ eh&ﬁ%rlﬁﬁA WaQ ﬁlﬁnerd' fYo%q cgﬁlgriﬂcffe‘we% é%lou% Wpanal ysed by

col ony PCR. gene region, rom exons
3-6 (3 eacrﬁfﬁriﬁﬁWt’ﬁ@bﬁ'eltbﬁ?rdcaﬂ@r{)m%eaﬁqdore&mam-q thg §-adeein weadeif.r om A DNA

and 5 frompéga %lé\)amwe% L&ﬁglb‘éfﬂSr%Q DNA n'h lﬁaawﬁ\gwr QBnceﬂgrﬁﬁﬂlz #9mf rom the

regi on spanni ng exon each from.t and._20 exon 17-18
(5 eath frofWFtAhé‘°55l°Z¥9ﬁHS/ﬂ@ IPAR) angefive %é&u@ﬁ‘@é&"m%Y@SHi)éF'F@lﬁn W® these
sequences avrambe;dua@lemrmfnrc@bn aBmox’ le :ynm«zpiswxweﬁowms&ﬁma@dnghnucl eoti des.

Exanpl es ofgsu I quen are.give 15-28. 25
Exanpl e 2: gy ‘pr?% %gmgﬁ\l u”f%ats I‘lglgI% e|S\t/ee {Ng% ééogﬁeang%énrfé 'CWé‘re anal ysed
by ali gnrrerﬂndgmdegsw @od éhmerfzvrom thee hetinacstivatad bpaektingefon/2¢ giroat 10. 2,

Genetics Copget er n Gt 6Cekh ommséoghmcplxssvvas @u Brfnﬁi e }csjuasrwae anal yses
reveal ed that a nunber of the SNPs coul d be rea used to distinguish
an A0 ani nefBlyesEift 7 (Rbataqermiithat yiae Papvieushretigestsd “t" %b%ﬂ%‘?ﬁ?@é deri ved

from the as@stg&neseadyms, ﬁeﬁmw@mushmﬁﬁ é‘lQahh@WpﬁdéEﬁétSse a(ﬂhférdhﬁmf eVﬁal edh
that a nunbgr "of .SNP t.he uence nke I o ecty w th either
the A or tﬁ@r'ﬂic'%ﬁl'o%gwn ﬁ?%ﬁygeatd@"z‘ﬁ%eﬁ%%rhb %7@ a total of 10 21
DEC 2006 WD 03/100074 PCT/ Nz03/00102 12 pl asm ds cont ai ni ng inserts
derlvedfro-m tefl fus@ e d from5 A2
ani mal s were s%c%]t?e?% gﬁgl - rl'lé?c‘%i :Rgnérfs‘?or from aﬂynl:?rﬁbeté’rg ér@dllsstr%ﬂ

15 XL1-Blue. Individual colomes containing exther inserts from derived from A' or A2

DNA were analysed by colony PCR. For the as1 gene region, plasmids

qontaining DNA from exons 3-6 (3 each from the A' and A2DNA) and exons 1-2
(5 derived from A" DNA and 5 from A2 DNA) were sequenced. In the as2 region
plasmids from the region spanning exon 1-2 (5 each from the A’ and A2DNA) and.

20 exon 17-18 (5 each from the A’ and A DNA) were sequenced. A éompaﬁson of
these sequences enabled identification of polymorphic sequences and
nucleotides. Examples of such polymorphic éequences are given in SEQ. ID.
NOs:15-28.

25 Example 2: The use of SNPs as predictive tools

The sequences were analysed by alignment using programs from the Wisconsin
Package Version 10.2, Genetics Computer Group (GCG), Madison, Wisc.
Surprisingly, the analyses revealed that a number of the SNPs could be readily
30 used to distinguish an A’ animal from an A? animal. The alignment of the
sequences derived from the as2 genes of A' homozygous and A? homozygous
animals revealed that a number of SNPs in these sequences were linked directly
with either the A? or the A% animal. Therefore, as shown in Figure 1, a total of 10



t3 bri mer sites in the pbluescript plasmd. 5 The sequences were all
aligned using the progranms Celstart, Gelenter, Gelnerge and GeI gssenbl e.
The output from Gel assenble is given in Figure 1 where the LQ hc6 f r om

P1 to P5- Gé&’ t7 are derived fromA honozygous cat
sequences to ?10 82 t3 or t7 are from A2 honpbzygous tgg?tl QOOA& consensus

sequence is also given in this alignfnt. Miltiple differences or 10

pol ynmor phi sns occur between the sequences fromdifferent individuals. Many
of these-differences are single deletions or are single nucleotide base
differences (SNPs) occurring between individuals. In the sequences three
SNPs at pogilasmidsscongdng Dgétndativé@ #dm the a8k mgnesoafsepatied/BNpis fromm t he fi r st

base of thmﬂﬁ%;rsrrhmsfrohﬁgwsq@%pas w%?e@eg&@rﬂl Qﬁec@%all‘);tﬁ%mﬂ-@??énp and T

respectlvelé equences In the A2
ani mal seqd ﬁE@QF%FﬁSHbFBﬁPHees(CAPtplﬁm'd and cytosine (C) occur respectively at
t hese positions of the sequence The t hree SNPs at p03|t| ons 664, 926 and
1377 re shgwn in bol re underlined. The GAATTC) and Xhol

" BEehtnge Bl b aBEdun Basers Hoe Gaaner B onn | n_bol d.
20 The | deranldtcgelasfsembles@hmumbetcftandmlaeaamlaé BsOglm id Figuraiinekrdhenet hods

oL ner L han selieRESHAR TN psaRPACA Lik Jh0aS ga ReRoABEk Ll gt nat | on

wi th genom c ' sequence-s |ca gies, SUch as the
pol yrrer ase teddeauencendi F’(‘WPL‘?‘SW K ae fra‘lﬂ A® GomgzySoH$ rvgttllelar Bor Synp.

Quant. Bi 0|oon5éns§§3ec§]e%c@5s aE38Hen Erihiscé”lg’ﬁ#neﬁtt ﬂliultlpleEEﬁéthéez:Aor EP 84,796,
EP 258, 017 P 237, 3 Mullis, K Mul | i K. et al., US

4, 68% 202; ReMMOgHISmS °°°t‘fs,beli""%eé‘zth?§8q“e&ﬁ%f fr%f’iﬁf?fe"ﬁ”d'é@u%l% Mapysots 683, 194)) .
Exanpl es ofthesscdifferetdes dse singlelditetians oex@yigle Asdecties ibasadifierefiedshod (US

4,656, 127), (stv )@qu&”%%%ﬂr&%”ﬁgﬂﬁ?&u‘ % lnéhg %e)q {qée%tthreg@@% 5%@%@5 for assaying

pol ynor phi ¢ sl Res.
17: 7779- 77864 98Ba)d 130k spaging ®nseeutiveljutrom tite fings biesof thd 8orendus( 1990) ;

g?/vanleapoc seQu?ncgth 3 gﬁéﬁ]ﬁé‘kéﬁ t@’?%gﬁllggi%dqggl) rez1am I\ILI' e}?
et ab’ | Hurﬁ"'rﬂﬂjﬁéﬁ“enfe%@ml\@&semyg A@gtﬁﬁewuenaes ¥t aggnine GATR  9: 107- 112

(1992); Nyraan, cyRsinet (C)l acpurMeapectiBily ah emese 208tidnélefline sedehdp) , THehe

three SNPs at positions 664, 926 and 1377 are shown in bold and are underlined.
The EcoR1 (GAATTC) and Xho1 (CTCGAG) restriction endonuclease reco'gnitibn
site are also shown in bold.

20
The identity of these nucleotides can also be determined by methods other than
by sequencing, especially those methods used in combination with genomic
sequence-specific amplification technologies, such as the polymerase chain
reaction (Mullis, K. et al., Cold Spring Harbor Symp. Quant. Biol. 51:263-273

25 (1986); Erlich H. et al., EP 50,424; EP 84,796, EP 258,017, EP 237,362; Mullis,
K., EP 201,184; Muliis K. et al., US 4,683,202; Erlich, H., US 4,582,788; and
Saiki, R. et al., US 4,683,194)). Examples of such methods include an
exonuclease resistance method (US 4,656,127), primer-guided nucleotide
incorporation procedures for assaying polymorphic sites in DNA (Komher, J. S.

30 et al., Nucl. Acids. Res. 17:7779-7784 (1989); Sokolov, B. P., Nucl. Acids Res.
18:3671 (1990); Syvanen, A.-C., et al., Genomics 8:684-692 (1990);
Kuppuswamy, M. N. et al., Proc. Natl. Acad. Sci. (U.S.A.) 88:1143-1147 (1991);
Prezant, T. R. et al., Hum. Mutat. 1:158-164 (1992); Ugozzoli, L. et al., GATA
9:107-112 (1992); Nyren, P. et al., Anal. Biochem. 208:i?1-175 (1993)), the



'21 DEC 2006 WD 03/100074 PCT/ NZ03/00102 13 "digonucl eotide Ligation
Assay" ("OLA") (Landegren, U et el., Science 241:1077-1080 (1988)),

pyr osequenci ng (Kitti es et al. Cancer Epidem ol Biomarkers Efrgyc 1 Sep;
10(9) : 94340 a3/ MassARRAY ( Sequenom Corp.). 5 Exanple e TN S0l SNPs
to predi ct a geno4t ype or phenotype by using an alternative genotyping

met hod This exanpl e shows that the i ddnt i ty of SNPs, in a |arger popul ation
than used in Exanple 2, can be determined with net hods other than DNA
sequencing and 10 that these SNPs can be used to predict a genotype or
phenot ype. Specifically, a nethod based on PCR anplification, prinmer

ext ensi on aitdigenusigolige drigatipri Ssesy” t (LA Dr (Lardegeskt eHS|Q§ne|pr§dl§nQ8 with a

Sequenom Mass: ﬁfreqtoe@smsm a%ﬁfs@&d&%cxH@S(Kutﬂé&e%tt Q. PEssliert EpbghiBEr an
aninmal, or tjssue ani na contains "either. one or two

copi es of tﬁ'@mﬁﬁ‘ﬁés erﬁﬁaﬁmn%fﬁ %8)@43(7&3"334?\?@?‘%%?‘\9@%9%@? Copy- vari ant of

the mlk 13-casein gene. The senen froma known heterozygous A A2 ani mal

was used to i£ t ) were
oS afed {rERDBEIE Thbhse JISNBS R FoRYS 0obpe 3 BhERoGES BTMIHIE) OLE L
of the progamglteinative genedming methasim 20 bei ng phenotypical ly or
genotypically A' or A2 was determ ned i ndependently. A total of 71 progeny
were anal ysed for SNPs associated w th A000069, A000070, A000055, A000057,
A000058, A0HB5¥MAR seRSGhat s ssBY ol PN 8 l2xges PoRyiRisndien used iSEQ | D,
listing) W EkanipléRaBaiabd detcdimed vith fmethodsesibetian D@ sdquendiidaid on to t hese

SNPs,lOmar ke{rba 000 ﬁégcﬁ%je@% Qj 0§79%§15ha'5°gdef°§3% o&%é hesé’gc|§cﬁqdent| ty of the

m |k protei var -casel n ¥ agenotypes
from i ndi vi thetiiod WQmomBﬁBI@nmflq@nmtpy]p@s emwmlfy@éxdamawswltme their

hapl ot ypes [jim&- estdiRiocnProdUeainvte We%fﬂmﬁ@pb&l‘bs%pf %a%.fsk\ﬁéss as they

occur physically their chronmosones). In t he package Crimap was used

to 30 checkussselogrpdicty whethgi Aapripal ﬁh@?%‘ﬂ[?@ﬂ"qdﬁépnﬁré‘f‘e@m?' 89MEI®sv0 pat er nal

hapl ot ypes w&eiee oferdrw@e dobieh df hee Qér&géﬁdﬁdﬁgwhké orT benveasglycthy pés deri ved

from nal f th NP ncl n h NP rmnin he Al or A2
R- gasléiana ysaerfangofﬂge r%ﬁkﬁéase?ngln cluding the S ete 'ng the °

The semen from a known heterozygous A'A? animal was used to artifically
inseminate cows. DNA samples (from milk) were isolated from the sire and from
the progeny of these matings. The identity of the progeny with respect to them
20 _ being phenotypically or genotypically A' or A? was determined independently. A
total of 71 progeny were analysed for SNPs associated with AC00068, AC00070,
AC00055, AC00057, AC00058, AC00059, AC00080, AC00061, AC00063, and
AC00064 (see SEQ ID. listing) with a standard procedure from Sequenom Inc. In
addition to these SNPs, markers AC000069 and AC000070, that determine the
25 identity of the milk protein variant p-casein A or B, were also genbtyped.

The genotypes from individuals with complete genotypes were analysed to derive
their hapiotypes (i.e. the combination and organisation of the markers as they
occur physically their chromosomes). Initially, the package Crimap was used to

30 check the SNPs for anomalies whereupon the maternal and two paternal
haplotypes were derived with the program Simwalk. The haplotypes derived from
analyses of these SNPs, including the SNP determining the A or A? B-casein
milk phenotype, are given in Table 1.



Cmilk phenotype, are given in Table 1. 21 DEC 2006 WO 03/100074

PCTI NZ03/ 00102 14 Table 1: Derived hapl otypes of cattle ind
1) ac69 ac70 ac55 ac57 Al

ani mal hapl ot ype

C 500 CATTA2TGCAGC 50054

A TATGTT 5019C ATTA
5023 CATCA2CGCAGC 5025 TCCTA2C
GTGTT 5029 CACCA TGTGTT 5032 C
AT T A2 T BalteA: Begdvedbapiotypes of qatflg individals 7 T
TC 5037 CACCA T O TGTT 5038 TCCTACACAGC 5040TCC

CGTGTT 502

or

2 acb8 ach9
ac648720g?ac% CAL CGTGTT 87203 b CATTA2C 5001 T C
CTA T HShID%C 5002 TCCTA2 TGCAGC 5003CP§T@Z$3/@§&TATAT
CCTATGCAGC 5006 CACT

A
A

2
C
T

C
A

T
5

0

A
G
A2
36

CTA

ual s

Vi
268ELCHIB ace3

TATGTT

C 5027 CACTA T

C
T

A
C

CAGC 5034 C
TTA2TATA

CA2 T G C Astin@

5044 T CCT A2 T GC Aalppe 5045 T CT T A2 T GCAGC

5048 CATT AP T Gef¥ Gaco C acss ac57  Alor2 ac58 ac59 ac0  ac6l ac63 ac64
87203a c A o c Al c G T G T T
87203b c. A T T A2 c A C A a c

5001 T c o T Al T G T A T C
5002 T c c T A2 T G c A a C
5003 C A c T A2 T A T A T c
5004 C A T T A2 T G c A G C
5005 T C C T A2 T G C A G C
5006 C A C T Al T A T G T T
5019 C- A T T Al c G T G T T
5022 C A C T Al T A T G T T
5023 € A T c A2 C G c A G c
5025 T o C T A2 c A c A G c
5027 C A o T Al T G T G T T
5020 C A c c Al T G T G T T
502 C A T T A2 c A C A a C
5034 C A T T A2 T A c A G C
5035 C A C T Al T A T G T T
5036 T c T T A2 T A T A T c
5037 C A C C Al T G T G T T
5038 T c c T A2 c A c A G C
5040 T C o c A2 T G o A G c
5044 T C o T A2 T G c A G c
5045 T c T T A2 T G c A G c
5048 C A T T Al T G T G T C
5049 C A c T Al c G T G T T
5050 T C o T Al T G T e} T T
5053 C A T T A2 T G C A G c
5054 C A c T Al T G T G T T
5055 C A C T Al T G T G T T
5056 C A T T A2 T A c A G c
5057 C A T T A2 T A o A G o
5061 C A c T Al T G o G T T
5062 C A o T Al T G T G T T
5064 C A c T A2 T A T A T C
5065 T c c T Al T G T G T T
5066 C A c T Al o G T G T T
5069 C A o T Al o a T G T T
5070 C A T T A2 o G c A G C
5 There are a total of 38 haplotypes derived that consist two paternal and 36

maternal haplotypes. However, with closer observation there are only 18 unique

haplotypes associated with these animals. More importantly these SNPS, or.



9 CAC T

o
a1
o

Al TGT Al TGTOTT 5053 CATTA2T
054 CTA 0
5

T
AGC SCACTA TGT@#’ 056
TT A2 A CAGC 505 TA2TACAGC 5061 CAC /&i

T 5

0 Al TG 5064 CACT A2 T ApE 065TCC
TG%“@) 5066 CACTA CGTGTT 5069C Mﬁﬁ) GTGTT
5070 CATTA2 CGCAGCS5 There afe a total of 38 hapl otypes derived
that consist two paternal and 36 naternal hapl otypes. However, with closer
observation there are only 18 uni que haplotypes associated with these
animals. More inportantly these SNPS, or. 21 DEC 2006 WO 03/100074
PCT/ NZ03/ 00 e §5€let¢eﬂsea§n'@djlsllbmldfyh%ﬁes&ﬂP$ canblsee tisas¥ tot diessimiSRPs, can be
used to di Sgéﬁn)ébﬁ'%iﬁwaléjﬁé Yx\fg%e ﬁ"‘bﬂﬂ* §ertbg)ﬂeﬁ9TEEesuﬁy sﬂéwe%fthel?m%é( pes. This

study showed that In ani mal s™ an e sire It Ifjwret e
genot ypi ng df 2p3s Fskthgsirg favoridpequirete geratypingof afvenesefdesSNEs | y al | but
one of the iaeotosl) teSnfef sxﬁd&&ﬁlﬁ!lyaﬂlﬂmbﬁe of the.idéntifle’ofaneder fmals nEhe

A h
el o SrececsiBhaTne AheiPie of Ay ar SRPRLRCHBL anf hCBIE o ' "bei ng
of A or A2almvsosllyine amirdalp fretnist gqunala@srem balsheeseilly Hatified I tePmedifcti on of
a-casein gergglngeAwg i@gg&gﬁﬂd@gﬁ&%é@ég%tﬁe tside the 10 (3-casein

gene Hapl ot ype~of nar casein nucleotide -casein gene 200
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(Al TA2) Table 2: Prediction of B-casein genotype with a haplotype of markers outside the
10 f-casein gene .
Haplotype of markers outside B-casein nucleotide
B-casein gene 200 (A1/A2)
AC61 AC59  ACB3 nC (A2) nA(A1)
1A A G : 7
A A T 3
A €] G 9
A G T 1
G A G 3
G G T 15
Although the invention has been described by way of example, it should be
appreciated that variations and modifications may be made without departing
15 from the scope of the invention. Furthermore, where known equivalents exist to

specific features, such equivalents are incorporated as if specifically referred to in
this specification.
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" AC61 AC59 AC63 nC (A2) nA(Al) AAG7 AAT3 AGG9 AGTGAG3 G
G T 15 Although the invention has been described by way of exanple, it
shoul d be appreciated that variations and nodifications nay be made w t hout
departing 15 fromthe scope of the invention. Furthermore, where known
equi val ents exist to specific featur res, such equi val ents ar<31| REGrBfr at ed
as if specifically referred to in t hi% specification. 20 16 21 DEC 2006
CLAIMS 1. A nethod for determning vvhet her a bovi ne ani mal possesses a gene
encodi ngef %@" dhe protein f3-casein A' or- a gene encoding for the protein
(3-casein by testing the DNA of the aninmal for the presence of at

| east one DNA marker for either of the P-casein A or (3-casein A2 genes,
where th t t [ e. e odln for t
rotein acoTEncg o BBeRhnTRERHer & eb ¢ e boPstERS o R BT e’ PRt
one DNA naiPK¢in Bapeip At 66 2igRneReAPdIE for the gradein ﬁa:a@emtﬁﬁeyamngmemm@éme 3.

A met hod a%nﬁla@fdﬂﬁf&g&r@sﬁc@bﬂb@e&ﬁ ofk @INR r%ark\g’pﬁF gitﬁeﬁ%hth%fﬁ E&\%\H\a/b Ar%atsats§ﬁl

DNA narkers,i s as claimed in claim'3

ACDO0061 of* SERSS WhRls: thy at @aswnﬁé?%@aé%erés lecated in A denaerecdingdat the pmlernher
conprises tgsdak&g. for the presence of the SNPs ACO00059 of SEQ I D No: 19
and ACD00063 of SEQ ID No:23. 6. A nethod as claimed in any one of claims 1
to 5 where the bovine animal is a cow. 7. A nethod as clained in claims§6,
where t h2 IAfresteottas déinteldén altint tagterotie @néi%;ﬂmagmmrgargém@ hl@edtew”t Eb(éhhﬁ or
resence ol ein A inm roduce the cow 8. A

get hod as ¢l al mec(%%e s(‘Elcgu\'%e"?@g Wwhere the presgnce of thg at | east one DNA

mar ker is _ _ _
3. A method as claimed in claim 1 or claim 2, where each of the at least one DNA markers is
an SNP. ' '

4. A method as claimed in claim 3, where theSNP is ACO00061 .of SEQ ID No:21.

5. A method as-claimed in claim 4 -which further compriees testing for the presence of the
SNPs AC000058 of SEQ ID No:19 and AC000063 of SEQ ID No:23. '

8. _A method as claimed in any one of claims 1to0 5 where the bovine animal is a cow.

7._ A method as clalmed in clalm 6, where the presence of the at least one DNA marker is
_ linked with the presence or absence of B-casein A’ in milk produced by the cow.

8. A method as claimed in claim 6, where the presence of the at least one DNA fn'arker is

linked with the presehce or absence of B-casein A% in milk produced by the cow.

9. A method as claimed in any one of claims 1 to 8, where the at least one DNA merker is a
marker for the gene encoding for B-casein A'. ' -

10. A method as claimed in any one of claims 1 to 8, where the at least one DNA marker is a

marker for the gene encoding for B-casein AZ.

11.A method as claimed in any one of claims 1 to 10, where the DNA of the bovine animal is

obtained from any tissue of the bovine animal which contains or contained nucleated cells.



"linked with the presence or absence of 3-casein A2 in nmilk produced by the
cow. 9. A nethod as clained in any one of clains 1 to 8, where the at.
| east one DNA marker is. a marker for the gene encoding for 13-casein A'.
10. A nmethod as claimed in any one of clainms 1 to 8, whe?t GHfc2088 | east
one DNA marker is a marker for the gene encoding for Rcasein A2. 11. A
met hod as clained in any one of clains 1% to 10, where the DNA of the bovine
animal is obtained fromany tissue of the bovine animal which contains or
contai ned nucleated cells. 21 DEC 2006 17 12. A nethod as clainmed in claim

11, wher h f ,the animal .is obtained, fr bl qod, . sper hair, or

i or T a et 8 Ci%f"e%'”nﬁgaﬁ%cﬂowgﬁﬁeg%ﬁmOﬁfﬂeka@ﬁ‘aktsaﬂﬁ?'aﬁ {fom raigodos
(3-casei n Apermbéiudr mijk bhtbe shieps: a) det erm ni ng whet her one or nore bovine
cows possesses a gene encoding for the protein P-casein A° or a gene

encoding for the protein R casein A2 according to claim1; b) selecting
t hose colWsAtrreibocdief prestucing weilk s ubstartiadin treelpifycdsein A'Hecipding tiersteb3: casein A’ ;

and c) mlkif)g bberRRlngaHthe: QW8 or Mbre ﬁo?@égﬁ%sg%ﬁ%%%s{%ggrﬁne&lﬁgfp F3he

where the ml'k contains (3-casein which i asein A2.
15. M1k obtai n@Pte) Freaseiret hoda dene| eaceding farthe IpsvtainiBcasen AA abewdingrto f ood -
product cont ai nigRgy 1or processed from mlk as clained in claim15. 17. A
~nmet hod of form ng a herd of bovine cows by testing the DNA of each cow in
accordance Wt 3F'SHBI HOSRGAVD AL Ainet Bavenzi 9grq @NO%WQ fontheerrelaingB-easain A';
possess a gene sicodi ng for 3- casein A2 and do not possess a gene encoding
for P-casein A an enbryo froma bovine ani mal that has been

cﬁ gl 18'th8%rrlegtﬁﬁrow
tested in acc r'@a\‘ﬂrlge Ml &Fret hod of claim 1. 19. Semen or an enbryo as
clainmed in claim 18 which is used for producing offspring using any

artifi Ciﬁl. Arn’?é?lﬁ&dégcélél%gdﬁrgglglm %!%\'lhere the milk contains B-casein which is substantially all

B-casein A2 :
15. Milk obtained by the method of claim 13 or claim 14.
16. A food or food broduct cont_ainin’g,"or processed from, milk‘as claimed in claim 15.

17. A method of forming a herd of bovine cows by tesﬁng the DNA of each cow in accordance
with the method of ciaim 1 and selecting those cows that posséss a gene encoding for p-

casein A% and do not possess a gene encoding for B-c'asein Al

- 18. Semen or an embryo from .a bovine animal that has been tested in accordance with the
method of claim 1.

19. Semen or an embryo as claimed in claim 18 which is used for producing offspring using any

artificial reproduction technique.



