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*@00002* ANI MAL GENOTYPI NG ME ention rel at es to a magur%d :

i dentifyi X BPWYSical trait of ansastnal by 5 genotypirormznsibhe:r egi on of
a gene which determnes variation in fhe physical trait and determ ning
whet her the ani mal possesses a specific variant of a gene by reference to
the DNA in t t he gene, rather than by genotyping for the ‘gene
itself. In pgm l"‘mwm‘mmmIMe invention relates to a nethod for determ ning
whet her a bovi ne g(;a nel possesses a gene for the 15-casein A' protein or a
gene 10 for the (3-casein A2 protein and therefore the ability of bovine
cows to produce R casein A or (3-casein A2 in their mlk. BACKGROUND 15
Consurer s demand hi gh qual ANMAIGENSRYBING METHEP pur chasi ng goods such as
dairy and. neat products. However, many consuners al so want assurance that
the products and production systems are managed to mnimse risk and
maxi m se behki$ inventiop rélatearto baeatida fomidishitfyiag aphpetd Graf @n af @hiialBnt 2l to the
20 ens_;{lronngé'hto | nown that the
vBf il etréb%maf g “%Emacf&erwgﬁtva%mnmmﬁ‘ﬁl?&' ight@ihd product

genetics of_an ani ma stan

quality, an%“do?ﬁt?fé‘a'!"tgnWh%fh%r themmﬂt abssessesamispadifionadrizar e a gen?eusys The

ability to dﬁr@fcmtmmeébmhﬁﬂﬁéye@%n% tRNgEHal %erlﬂé’a Oégg' ﬁf’ﬂg? c test 25 is
a

a val uabl e tool r ac i dent I fication $hd ani mal

products wPTH 'Bs(?ﬁef 'inc’f"?{F ”&{th&gBé?ﬂ'“g?ﬁe@fe&n@ 2 grethedt fornegstermiminup of

ani mal s havnejherertivsine edini pdstessesra gﬁrdlf@fth@m{éﬁﬁh A wadtdit Br aé@h@' s can be
groupgd bas Mo te t o- ani nal ani mal

pr odggt trafaftsrgt ca@éﬁg% tgihecoﬁ]r%? 8re th? 8$'B %W%@%%’Feﬁhe dairy

I ndustry, e‘kﬂfﬁfil%@r %Fa$el’tfp6rlnémﬂlrmlﬂ<al ts 36 are m I’k production, mlk protein
content, fat production, and specific conmponents of mlKk that are

associ ated with health, for exanple the absence of the (3-casein A
protein or the percentage of saturated fats. 0 9 MAR 2007

- 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 aiso being non-detrimental to the
20 environment and to the welfare of animais.

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 grouped 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 health, for example the absence of the B-casein -
A' protein or the percentage of saturatet! fats.



: WO 03/100074 PCT/ NzZ03/00102 2 1In a typi cal genetic test, the DNA sequence
of a gene encoding a protein or group "of proteins relat ed to a physical
trait of interest will be known. A DNA sanple is obtained 8BoMARRIENI nal
and a conYde¥108074 of pol ynerase chain reaction (PCR) a”PéT/M&%ng” DNA
fragment analysis, and data processing is used to |dent|fy the 5

present at the known location for the gene in the animal's genone.: H| ghly
automat ed testing enabl es the presence of a gene or gene variant, and
therefore the ability to exhibit a physical trait, to be determ' ned for a

| ar ge nunbe I tively quickly and efficiently. 10 The gene
that is res{)on&plfﬁ'ef NEF?%??B}S%)%' &Fave%wé B&&Ne ercgHing gfpreteinangnoep may be

i denti fi abl o Hsytelas silated & apbysied trdieopiateyse WhbeSkAKWENG DNARAPR i S @ DNA
sequence at [ different to the DNA
sequence at oi?aihé&%rh%rigggﬁ?%ﬂé:; J%maggﬂ8ﬁgqmerﬁ%me&ﬁti%Pc& virtue of
only one n@EPldsitionedNifraamantdingiveiseanrbdats pewasddingis usdd .@eanryrm@n an ani mal
exhibits a DNE pias’t@ﬁtlé%lﬁii@kndwms&a%h fdrrtﬁéhﬁx@ﬁrtﬁﬁgmﬁigpsg ném%gh-g@a does not.

One exanpl e lg t% ni ficance of enet1 Yof a bovine
cow that enafPBEef ffat %rmﬁsl tofn PigEenRe of @dene or aensi \ialgamtnancttiaenefdré(
Typical ly, thecabilty toi ésthigitr @ higsicd| : t?aitc&ﬁ%na‘etérnurieasfoma'iErgeng@éP@f sever al

P-casein v i clL.udi nd F. One
differ ence é@\?\%g?ﬁéﬁe %g\m yaﬁg E'C'e" d F variants on the one hand and
the A, B, and C variants on the other hand 1is that the former group has a

prol ige r eSTiGEJQerfétthﬁQ§ 'réépgﬂs@z f&i’f a ggﬁicﬁap a@gicgi.lihﬁr qtagi: ﬁn”i"E"i‘ gﬁ%gﬁ? Lhe latter

group has a hl% i di ne residue at
det er mi ned 'H§TEENE (i 2iSingle BPC‘?CH@E rRereesphige (SHENI e WNPhist NS nucl eot i de

cyt osi ne atsquoshdsi sira 2QGti®f int be aﬁ%ié‘%ernsﬂile%i&f istdiﬁerén’i tﬁatﬁglgﬂ\lﬁgene It s
t herefore pge% gp‘ie at#%s%'mseti' gaqw sh hbet ween groups o casein

vari ant s ent PR&G ﬁg?ef’B?’ePﬁé”@W apima beMidbelekorfior t he
R-casein pr@'teel‘iweeﬁdEarEveaalduf@IrencBGs“Ehnetles #iecam TS arfthal e@RGifd$ | ndi cating

that 14 he presenss T i AS A man diet is linked with the
I nci dence of. certgfpn dr seaseés?eésad{gghekgﬁ' ar§°eai“8 etes (Elliott, R B.,
Harris, D. P., HIIl, J. P., Bibby, N J., Wasmuth, H E., Type |

(I'nsul i n- DePesdeantije B tbesipafichdd bft arsSAPds GVgdeti& mak@felih Navideant

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 inciuding A", A%, A, B, C, D, E, and F. One difference between the A2 A%, D E.

N 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 residue 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 nuclectide adenine with the

25 nucieotide 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., Hams D. P., Hill, J. P., Bibby, N. J., Wasmuth, H. E., Type [
(Insulin-Dependent) Diabetes Mellitus and Cow Milk Casein Variant
‘Consumption, Diabetologia 1999; 42:292-6; Wasmuth, H. E., Rosenbauer, J.,



; Consunption, D abetologia 1999; 42:292-6; Wasnuth, H E., Rosenbauer, J.,
WO 03/ 100074 0 9 MAR 2007 PCT/Nz03/00102 3 Elliot, R B., MlLachlan, C,
Er har dt , ... G ani, G, Kolb, H, (3-Casein Al Consunpti gn ga ci dence
of Type I_‘&)gﬂéﬂt"g’é in Germany. Kongress der Europal SCheﬁCTfiz‘B/oof:]szd?

D abet esgesel | schaft vom 28.-30.09. 199 in Brussel s/Bel gium ~ Proceedi ngs
publ i shed in Di abetol ogia 42 (SuppLl): A88; 1999) and coronary 5 heart-

di sease (MLachlan, C. N (2001) R-Casein Al; ischaem c Heart Di sease
Mortality, and Other Illnesses. Med. Hypotheses 56(2):262-72). In addition

to phenot ypigiptaRc@y MyLdHRA bf,ygﬁﬁ,&,ng;'pfggﬁf#lﬁ{? R- C-ff;én.va%ant or .
, 1T 1S " (IRNI“‘ aget e a Cow by

variants pr d.in the cow s m _

10' identif%ﬁ%&?ﬂ@nsﬂﬁe icdpass 85 dure tlo Dipeteskinamdredae Rénggt fer the cow
e e e L
herds which wil pFoduce m Ik~ FPe8©oiBf42 (RupPLDaA8s: M9A0) wad icaahsry and

pref er’abl y d6R@IdFeasre (McLaghlara N (2081) Bro=88h A1 fc grl_ieggd@iﬁ%% ot S

PCT/ NZ96/ 00 QRSkafitp Ubli 96136239). 15 Studi s &V
or other DNA var ?’ﬁds&?ﬁl}\r%gsrﬁ%sg;{%'EPRGF?FS@K@)E@%J@EI etions) are valuable

in predicting a disease, the quality of an animal product, or a production

benefit. Howeseditionitd phas@ipinteESy § ke selection is used to sort, cull
or mate ani gl a sel ecltniTﬁn strat ig%%%"gg’ggh%ﬂa'{'%r@s%"sﬁm vanagor single SNP

or trait i sr@{lj S BIOCRETY N E Cows Al aiti s weh ke ts wehotse ancogNGy Wi thin the

(3-ca¥ei n gédestifying throENP dnmbesdsye s ﬁﬁ&ﬂe%&?ﬁhgﬁersgn”ou di DNA. ~ The

regi on of D%iit%hé‘}:roﬁ%er?ﬂ&%?n he enot%ged NP ey ent 6de™ B nore

functions which also I nfluenc cﬁs%hX’EI | Afediiad of Selbdinpitoninbases on a

single SNP ChilP asEcs seahessnotmingfotiemt ijkisehaed whiol whilofdduBe AfigLd Ona Lo the
T s

trait of inetRsB-cagdn e digye rS_ . now found t hat f)ossi ble to
Froaseh ngﬁh?h@lﬁe 6%%?&5%03@’ dheyErvasein A’ vasiahts icasei n A

det erm ne ngst hﬁrd 2 avi ne _
protein or & geRe” PSr- YNPSH00AS tuRisned apin ed/as23ppt by i dentifying the DNA
of tHat gene, but by identifying SNPs or hapl otypes (conbinations of SNPs)

in the regi i mal, ' one where 30 the gene for P-casein is
| ocated Rt RAR aRlS SNEOTE Sther 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 seiection. strategy based on the use of a
20.. single SNP or trait is_sub—optimal. This is bécause -an SNP, such as an SNP
within the B-casein gene, is not randomly associated with the surrounding DNA,
The region of DNA_th'at surrounds the genotyped SNP may encode one or more
functions which also inﬂuence a physical trait. Selection bésed on a singie SNP
y may therefore inadvertently select for traits additional to the trait of interest. |
The inventors have now found that it is possibie 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 alternative 1o
known methods.



. It is therefore an object of the invention to provide a novel nethod of
genotyping an animal for its (3-casein gene, or to at |east provide a
useful alternative to known methods. 0 9 MAR 2007 .4 STATEMVERHSMA&R 2007
INVENTION In a first aspect of the invention there is provided a nethod for
determ ni ng whether a bovine ani mal possesses a gene encoding for the
protein (3-casein A or a gene 5 encoding for the protein 3-casein A2 by
testing the DNA of the animal for the presence of at |east one DNA narker
for either SHATEMENRSCQEENVENTIQN 0- casein A2 genes, where the at |east one
DNA marker is located in a gene encoding for the protein as2-casein. 1In a
preferred enbodi nent of the invention each of the at | east one DNA narkers
10 repr eselftaligt aspagl & thritventiondbeneds providei smetSHRYr, deterhAiISE Whe@RERL . OF

an inserti i iebi f | east _one DNA markers represents
‘an SNP. Al ?ﬂ"&lﬁﬁ‘"ﬁﬁ@%ﬁﬁ%ﬁ aﬁ%éggbééchgig]ﬂ@{’r&kﬁé’foé?'ﬁi ﬁ‘éasFWé“m?%-a&%Pé@i n genotype

for bovi ne®HFFINg fordhe PEiBIn Freaselsoi yeteatiigiae INA bhteianiea féraRe biesBh&S er abl y

a cow. 15 batdedat 85EHNRM b R, the_invention the at |east one DNA
marker is |inked wth th%ﬂgagge'nceog{rhea‘ggae%eé%go?r ‘f‘%@ieé{%i genes. Whetehe ni | k

of a bovi n&e@iRast anedANAIbKerds iogetedaniaagtinemmeodindi foralie RSt aQR@sENA mar ker
is linked with the presence or absence of (3- casein A" in the mlk of the
cow. 20 In a preferred enbodi nent of the invention the at | east one DNA
marker is 9 hiielesiedembodiment géthe invantion mgct of thE-at ReEi SheONA rhatkaR

al terngt i vepesshadi [ ' t t . least one DNA nmarker is a
mar ker for tphe ggna{a@gtsr%%ggicl%gﬁfe‘oﬂrb Y@Q%gggfnn&w 3 BNGRR TPREAL ¢ 3rBsefenival
tested nmayd8ieivhiaeieeably themt laapt onesBNA rofrkelsarepmisams antENE  cont ai ns or
cont ai ned nucl eated cells, preferably blood, sperm hair, or mlk of the
animal . In a second aspect of the invention there is provided a nethod of
pr oduci ng fNauah e Bathoanay ke usedite detapininethe BsmisainAenbiBk fsHbaginkhRust eps:

a) determ g dags MrRHIGIhe UMEN A of IR Lhe _cows possesses a gene encodi ng
for the protein P—casgien A grma%'g‘é%@gbﬁsc%rﬁfeﬁ@b'?&mi”he protein R-casein A2

accordi’hg to the first aspect of the invention;

in a preferred embodiment of the invention the at least one DNA marker is linked with
the presence or absence of B-casein A? in the milk of a bovine cow. in an alternativé

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 m-arkér 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 B-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 biood, sperm, hair, or milk of the
animal.

In a second aspect of the invention there is provided a method of produciﬁg 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 A2
according to the first aspect of the invention;



. 0 9.MAR 2007 5 b) selecting those cows that do not have a gene encodi ng
for the protein (3- casein A',- and ¢) mlking the sel ected CG)H"SMAR520

Preferably the milk produced by this nethod.is nilk containing Qcas«grn
which is substantially all (3-casein A2, In another aspect of the
invention there is provided a nethod of 5form’ ng .a herd of bovine cows by
testing the DNA of each cow in accordance with the nmethod of the first 10
aspect of the invention and sel ecting those cows that possess a gene
encodi ng for 3 Bhaselastingthmsd cdes tutt dposs aage aggﬂélan@jaa?%ﬂg\efdp&eﬁ-ggasei n
A . In another aspggtinthess,is provided mlk obtained froma bovine cow
that has been tested in accordance with the nethod of the first aspect of
the invention. @5 miking theselestedampect of the invention 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 senen
or an ehbr Feferabntaemilporeshicenby thimmettasl iomikavatabeep-tesdie@dnich i@ccor dance
with the meidedhiafy Hing3asdn 22MAR 2007 WO 03/100074 PCT/ NZ03/ 00102 6

i nvention. Preferably tﬁe senen or enbryo is used for producing offspring
using any artificial reproduction technique. 5 DETAILED DESCRI PTI ON Thi s

i nvention g ation of cattle, or tissue derived
froman anj ﬁkﬁggﬂé%gﬁb 38\%”9?'8%%%8?%%40?'99@? "ﬂﬁfh%fOf{fag@ag grhegbefet i c

di f f er enceBoViNecawgbitesting:tedib df eanit cavi intdveoidarenivitothel MEHSd SEMELHS

di f f er gnceggpkdt : i iLons of Ps. The use of such SNPs, as
wel | as enab%i@najtﬁ%ﬁygztrl&{%@%%?@Bﬁtg&ﬁo%omsg%t(ﬂﬁsﬁs geneetncodipgior-so be
used 't o pr &Y AN Rell PospersrrusEeen dadamytbes-cadeit Adi ts relating to milk
‘production include mlk yield, mlk protein 15 conposition, anpunt of mlk
fat, and nore specific traits such as the presence of |3-casein variants,
t he propor i BWthsT aspedithared providesd sk wbdisell fah a beldd® that has bee

tested in accordance with the method of the first aspect of the invention. '
15

" .In a further aspect of the invention there is provided a food or food product containing
or processed from, the milk 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



. nunber of somatic cells present in the mlk. The variant caseins are

di stingui shed by a snmall nunber of am no acid changes 20 ingtdhgapV:
sequence of these proteins. In bovine cattle, the difference betmeen the
A2 and A WRPYEM74of p-casein is a single change in am necesidobfoem a
proline to histidine at position 67 @f this protein. The rel evant SNPs
occur on chronosonme 6 of Bos taurus bovines. 25 Wiile other. R-casein
vari ants have histidine as opposed to proline at position 67, they are
usual Iy mnor variants and for the purposes of describing this invention

are to be er ally as p-casein A, Simlarl t hose (3-casein
vari ants, qméﬁgog‘dlﬁgfg%%[}%f ?f%‘ﬁ%@f %mﬁaf’ R ed er %“ ogffsﬁ@gdts"}gom tion 67
are usual | yEniraifeial repredustiosteghniqes e t o be considered general |y as P-casein
A2. 30 A determination can be made as to whether cattle, or tissue derived
fromcattle, possesses genes that code exclusively for the A variant of
(3-casein (A honozygous), exclusively for the A2 variant (A2 honobzygous),
or far a MDETNEEDDEBCRIFNIOGNO074 0 9 MAR 2007 PCTINZ03/00102 7 the A" and
AZ variants (A /A2 heterozygous). This allows cattle to be identified

whi ch produce mlk containing solely (:3-casein A, solely (3-casein A2, or
“a mxture Tabs ipeartiomknatisese usersiel growma ipapdiation|df cattiep oAtidsvgenkt | e to be

identified u h |tyto roduce m |l k.
cont ai ni ng ﬁgg‘l 3ﬂ E@)ﬁ%gé&ﬂ = %écgpésd F’gl i Ségﬁikﬁbtﬁf dopn ge t‘5‘5ture of both
of these c%f@“ﬂm@%tr'i“érﬂ@fe"?%e'ﬂ“hi?@mﬁﬁhpffh?ém\(ﬂig’tlwthm& genetic difersnasn be f or ned

whi clo pr oduse SNPk ler bewbimgions oP8KPs. CMeaﬂsem?léﬁérP%Pé rA \Xlell ésoerna npl e the
absence of the resence of —casein A2 of

~the (3-casél %Sergrﬁagai?gé‘e pr“‘%W”é&&FT‘WB‘ﬁa‘Fa”f Rgrysegfto Pf?é'q?ﬂ/m?'on i s that

once ani nalphemdtyge.a particul ar genotype or hapl ot ype have been sel ect ed
and mlk is produced fromthem the origin of the mlk, or other products
such as m |k powder and processed mi |k products, can be verified as bei ng
produced froRMPIse &draite traltinghtoremils. pradiictior insiuts mikke yisteh ek tproteinpr ovi di ng

CONSHTEr'S VdohipoSifisH, 'aﬁ‘l@ﬁ}ﬁ%f bR Fat! &) Adrespbdind tRAS e LOMe AN:HE & Of the
desired genotglge or hapl oty P 9( ug
p-casein variants, the proportion of saturated and unsaturated fat, and the

number of somatic cells present in the miik.

The variant 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 A2 and A" variant of B-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 qther PB-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 A2,

30

A determination can be made as to whether cattle, or tissue derived from cattle,
possesses genes that code exciusively for the A' variant of B-casein (A"

homozygous), exclusively for the A? variant (A2 homazygous), or for a mixture of .



. Specifically, the inventors have shown that SNPs can be readily identified

in regions outside the P-casein gene which are predictive of f3-casein
protein ty\98'03/10% 4These SNPs are therefore also predictive, of9pmarepggral |y
causative or partially causative, of health risks associ a&@ﬁzw,o;,#bzf&casei n
alleles. A population of cattle wth eight SNPs has been identitied and
anal ysed. The SNPs are derived from the casein gene cluster of cattle

whi ch includes the gene encoding (3-casein. This region of DNA is
estimated to consist of about 200-300 kil obases of DNA. 25 O these eight

SNPs associtat ad sh@ndQuli Vil i nt - individuals, a theoretical nunber of
possi bl e conbi nat ?Z\ngg'%%r}té EAa?)'f‘ 0{1&3%)@%\’)908%' ;XII.SCF"PW(S; GFBiRee befidentiiigat ( 28)
woul d be exUbRsRAucs s cpataingioysoleifecaseie’ sabiyaRisahwPes HhggEved W th

these SNPsor@B of tHesels : LS much | ess than what woul d be’
expected randon ?@ﬁtvhﬁ'ofgggc?!%‘?'%?%pe P ifentfied whish vayr y of t he

L
specific as%%‘F%lP%%mi@g Jithpiee ability totnecdsisPsmilkt @nmﬁiﬁfeélbly B8 a8 cattle
| ;

popul &t i on dorlyB-GRBHAEYHS G j:ng- only a snall nunber of 'SNPs. More
i mportantly, these haplyotypg(gﬂéc)gfnbo%h:&@ﬁ%s&?agﬂnﬁ?’é‘%ﬂt%t speci fic phenotypes

in individuals or popul ations, such as the identity of the a-Sl1, a-S2, P-,

and x-caseilmthis Why, preedseof i : 074.0 9 MAR 2007
PCTI NZ03/ 0 8y %.e sggm?ggt ﬁf“ﬂeﬁe&%ﬂb@ﬁfﬁ%ﬁw JPVIBHE producti on

: %RI%UIFHE Sic I?r Itt r ] C A . vy :
and product”(Uar RYSICR Fat ©r Gxampleths #brente of thescaseni A'srotsipecinti ¢ to bovi ne
mi |k, - i ncl wdeententanl @rdbinGs of PG EH S -t%,h 3- or x-casein variants,
whey % protein % fat % fatty acid 5 profiles (C4 to C22), conjugated
linoleic acid content (CLA), nelting point, R- lactoglobulin content,
| act of er r i fincaiitional, festinmtaf dhe divienionUBt thatdBhds/ aRinldfs Whte!d adidisr Yield, ound
protein yi gbfotydeldr! HapREFALH ' S.0 il k, fat and protein.” It was foun
t hat signi ?i.c,anrﬁ arssgciwgt%i rl(l)a(r‘:/g %&fé@e%%{ ﬁégeﬁ‘lﬁﬁﬁs%ﬁ%“‘?eédmﬂhfhﬁ&pﬂhctype 10 and
product i on 38 POk @uethet producis sush sk’ WISPERd bocsRbd rRUNt . f at

protein % ptsHuctsSeineWerticd a8 B& rofile. Infornmation about the
non-yandomassociati on. et ween g%?gg%cr?? B‘r?aﬁ'elkengega%-gﬁ'ﬁﬁlaﬁati ons of

t hese markers ?r‘e.ﬂeqf HiAT'Be PRSIt prafidence that, thamliktiftdedkbirarg! at i onshi p
bet ween t h@SEnalrenf ker destiedl gévagtyretoy pasiorcyratyy si cal traits has the follow ng
potential benefits: '
Speciﬁcally, the inventors have shown that SNPs can be readily idenﬁﬁéd in
regions outside the B-casein gene which are predictive of B-casein protein type.
20 These SNPs are thersfore also predictive, or potentially causative or partially
causative., of heclth risk_s associated with B-casein alieles. -A population of cattie
with eight SNPs has been identified and analysed. The SNPs.are derived from
the casein gene cluster of cattle which inciudes 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 possibie combinations (or haplotypes) of 2 to the power of eight (2°)
wogld be expected. Surprisingly, the number of haplotypes observed with these
| SNPs and subsets of these SNPs is much less than what would be expected
randomly. It is therefore possible, using the discovery of the specific associations
* 30 between the SNPs, to-correctly class a cattle popuiation into haplotype groups
_ gsing only a small number of SNPs. More importantly, these haplotypss cac be
used to predict specific phenotypes in individuals or popuiations, such as the
identity of the a-81, 0-S2, B-, and x-casein milk protein variants.



. 1. Selection procedures for selecting aninmals based on a single. marker
can be nodified to avoid or mnimse the inadvertent anplification of 20
undesirabkf Rﬂéﬁ¥pal traits, which may result from co- sel ect 9 8nMA} AW7nked
genetic intor dn with known or unknown effects on P hetok ¥@R0103 -

I dentification of specific conbinatigns of SNP alleles within a region 25
of the genone (hapl otypes) which provide an equal or better predictor of

product quality than any single SNP within the region. 3. Identification of

- a subset of SNP alleles which efficiently predict variation in a |arger
group of known or unknown SNPs. 30 4. Prediction, with a useful degree of
accuracy, Q|I the identity of an SNP which for any reason cannot itself be
genot yped. d‘%ﬁsm;@@f@owe%m'Wlm@wwemwmwm%da,m@a qetaint i fication
of the maj draite 9@ACEIMIREY. Thedd it GoBEifid ROk Lon .of .a genome into
whi ch new, as yet %Higcovgr ed, DCNS% vgér%??%oﬁr?gh '!}hﬁdp%g?hafaec&inéfﬂcﬁm |

typical ly farToaed WD vERtsehnvasantel wbey He brdtsin %f fat 6. fatty afcidSNPs,  and
the use of pBdiss @WltcSNB2), haRLGHNP BTl ack: cfrﬁ&‘}(!(égag:t e %,gs tﬁ- efficiently
sel ect, sorléctc())rob%go%g ani ?Pdgff)r oduci ng specitic d-casern hdfor p-casein
and/ or x- cacaYCRAY CRRELt laptptemdy pRytent $amaks el fcowKraile siilk yield faiar t i cul ar ,
genot ypes atd, pradeiotyigfis fullriadtation dields obamIRifat aApr@aLSs can be inferred by
genotyping a small nunber of associated SNPs. The use of associ ated
markers that are linked to nultiple genotypes or-phenotypes, or to

genot ypes It W&t foape tha signéicars ab%OCtaémsedxistmanynmabarer@mma? and

technol ogi Gl prd&uchely Hmkiageduct %uanf}f ﬁgwtsutcﬁ'easp?ebqa ) rgglﬂgg%% i ?}Pry cattle

and therefore ipro duct quality ‘and heath effects o om t he
cattle, or pt’?f@”r/ﬁdﬁ%???‘ el¢, [f8d faity eeig erofls wel | as or better than any single
SNP fromthe casein 20 region.

Information about the non-random association between adjacent DNA markers
‘and combinations of these markers (i.e. haplotypes) in a population, and the

}5 relationship between those markers and haplotypes and physical traits 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
linked genetic information with known - or unknown ef%ects on
. phenotype.

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

3. Identification of a subsst of SNP alleles which efficiently predict
variation in a larger group of known or unknown SNPs.
30 '
| 4, Prediction, with a useful degrée of accuracy, of the identity of an SNP
which for any reason cannot itself be genotyped.



. 3. Catal ogue nmuch of the variation in the casein genes in the cattle

popul ation with a m ni nrum nunber of markers therefore provi db@gMﬂg 007
efficient neans to class or group cattle according to predicted ™ g
per f or manc®WOdB/IM0Bduct quality. 4. Provide an efficient m&sﬁg%o el ecting
specific casein types (e.g. ~3- caseip A2) while mnimsing the alteration.
of the frequency of variants in relafed caseins. 30 5. Provide a neans to
sel ect for other casein genes or associated traits, while at the sane tine
increasing the proportion of R casein A2 animals in a specific herd. 0 9
MAR 2007 WO 03/]00074 PCTI NZ03/00102 10 The invention is described in
further detail by r'Q‘F'étPr'é?fE’@OffBeﬂ?éorfaéFWﬁUOﬁgmeRamumgvt!thuita Mrmnstrate t he

procedure for di Scosfer sargmENRs waits e ok HeSEhdRaMeRS D‘flﬁﬁ@?a ah' df to be
this

appreciated that th L es limt the scope o i nventi on.
Any person skilled tﬁ?\t ThI @nﬁpg’cag‘ffaﬂechnol ogy will recognise that these 5

procedures may be used generally to discover useful SNPs in the genone of

an ani mal . TRXANRRES, erldie fmtgg éat.ohft?gwpt'ac%ttton of: b SES gﬁ@ popul ati on

The DNA sequences In the a asel ﬁber of

i ndi vi dual &8RIPYReS{8i e det er ni ned and anal ysed to |dent| fy SNPs. A
conparison of 15 these sequences enabled the identification of polynorphic
sequences. The Qllglg tldergrlne QIDNO1to SEQID NO 14 were
desi gned and synt heS 8 "© TR o %‘t"ér?‘%sw & gleuP parimais hed

sequences of the Bosrodtangrspecifsb- émssbmc&%mora@&s@%&éﬁ@%' ON
I\/94321t) sequences. @“%CF‘ rimer, was . ahso desi gned so that any

resul ting PCR produc Wﬁv@ ﬁ?ﬁts anti BRRYar (qeeppey asd
endonucl ease site aphanptypéd relatedrig cmadsvan’éhte cat bé Midniedty- g‘eﬂbtyﬁ’%?a

anplification were gpij AR of QbsdiiePRRPOPHIALE B B 4436523 markers
that are linked to multiple genotypes or phenotypes, or to genotypes

that are unable to be tested can provide economic and technologlcal
13 advantages.

2. Predict the performance of dairy cattie 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 caseln
20 : region.

3. Catalogue much of the variation in the cassin genes. in the cattle
‘poputation with @ minimum number of markers therefore providing an

efficient means to class or groun cattle according to predicted
25 performance or product quality.

4, Provide an efficient means of selecting specific casein types (e.g. -
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 assaciated traits,

while at the same time increasing the proportlon of B-casein A?
animais in a specific herd.



. SEQIDNO 1, SEQID NGO 2 SEQID NO 3, SEQID NO4 25 SEQID NO 5, SEQID
NO6 SEQIDNO 7, SEQIDNOS8 SEQID NO9, SEQID NO 10 SEDII MARQP1,
SEQID NGO 12 SEQ ID NO 13, SEQID NO 14 30 Fromthese results it was

det er ni nedMAHE0%0%gi ons of DNA corresponding to exons 1'%1@3/%6’,”5 3-6 of
t he asl gene and exons 1-2 and 17-18 gf the as2 gene gave pr.oducts of
the anticipated sizes. 0 9 MAR 2007 03/100074 PCT/ Nz03/ 00102 11

Sem nal genom c DNA was purified fromcattle that were previously genotyped
and shown to be either carriers of the A or A2 variant of the R-casein

pr ot ei n. anpl i fied usin enom ¢ DNA m xed in equinolar

concent r-at %&%?’gw{*ﬁ {gSgidPeg in ﬂﬁ%ﬁg%@h@/ TEfRreroRAy therfdiidwingeexA@ipled2 DNA)
homozygous &t reemenstritre thePEBcsued et disRlermaPEibd GALITHRY, {hEQJncéAéi'(bDNA and A2
DNA wer e purljsécj_egisv@ottjgé% F@c?ﬁ’ed Pure PCR Product Puriftication PY, di gest ed
with EcoRl and Xhol restrictlion —engontddieiesede natimit the seppsyefdisis t hen heat

i nacti vat ed "By HPEar M gemer skilechinithiasreard i@nnélogpwlii retodifse ¥ hel t hese
sanpl s was prdcg@iremhf b® ub&qd g iDt. KS (Stratagene) that
was previousl. igestgd Wthgxﬁgﬁlméﬁggg%"gg{éﬁ?%%i 'Elﬁi‘eoéF”@ﬁ‘Ey?FréU treat ed
with shrinp-a i ne phosphatase (Anmersham Pharmacia Biotech Inc.) and
finally heat inactivated for 20 m'n at 70 C. The ligated plasm ds were used
to transformchem cally conpetent E.coli strain 15 XL1-Blue. |ndividual
colonies containing either inserts fromderived fromA or A2 DNA were
anal ysed by ExawmngsPCR. For the asl gene region, plasnds containing DNA
fromexons 3-6 (3 each fromthe A and A2 DNA) and exons 1-2 (5 derived
from!A' DNA and 5 from A2 DNA) were sequenced, In the as2 region plasnids
fromthe reg Ayl a0 _each fromthe A and A2 DNA) and. 20
exon 17-18 g(gia%é%ﬁ"ﬁégﬁnﬁ%ﬁgggqf%ab?npé'm'wsa%re sequenced. A conparison of
t hese sequences .enabl ed identification of polynorphic sequences and

The DNA ssquences in the as1, as2 and B—casein genes from a number of

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

The oligonuciedtide primers SEQ 1D NO:1 to SEQ ID. NO:14 were designed and
synthesised. The sequences are based on the published sequeﬁces of the Bos
taurus st (ACCESSION X59856) and cis2 (ACCESSION M94327) sequences.
20 Each primer pair was also designed so that any resulting PCR product would
have an Xho1 and EcoR1 restriction endonuc_iease site at its flanking ends. The
conditions for PCR ampilification were optimised for the appropriéte primer pairs:
SEQ ID NO:1, SEQ ID NO:2
SEQ ID NO:3, SEQ ID NO:4
25 SEQ ID NQ:5, SEQ ID NO:8
SEQ ID NO:7, SEQ ID NO:8
SEQ D NO:g, SEQ ID NO:10
SEQ ID NO:11, SEQ ID NO:12

SEQ ID NQ:13, SEQ ID NO:14
30

1-2 and exons 3-6 of the as1 gene and exons 1-2 and 17-18 of the as2 gene
gave PCR products of the anticipated sizes.

From these result; it was determined that regions of DNA comresponding to exons



. nucl eotides. Exanples of such pol ynorphic sequences are given in SEQ |ID.
NGs: 15-28. 25 Exanple 2: The use of SNPs as predictive tools The sequences

wer e anal ysed by alignnent using prograns fromthe W sconsi n0% Ba@@

Ver si on 15‘."%‘,’3’1@%“ cs Conputer Group (GCG), Madi son, WEC/NzeS#i#bi Si ngly,

t he anal yses reveal ed that a nunber @f the SNPs could be readily 30 used to

di stinguish an A animal froman A2 aninmal. The alignnent of the sequences

derived fromthe as2 genes of A" honpbzygous and A2 honpbzygous animals

reveal ed that a nunber of SNPs in these sequences were linked directly

with either the A or the A2 animal. Therefore, as shown in Figure 1, a

total of 10 W) 03/100074 0 9 MAR 2007 PCT/ Nz03/00102 12 pl asnids

cont ai ni ng PBS! tggnerBici DAY was gwritiereiers Tatflertaat wdére pravalsgcheRbipsed rom A

ani mal s andarfdr shawh th\de &ith Y =Tp egqu £ ionally fromthe t7

and t3 pri sites jn tﬁ?gé%ﬁﬁggf:@i%t.gg%agar@hﬁ g%{ﬁﬁiécafgﬂfé%%@s were all

al i gned using 78 a&pggﬁda‘r'ﬁ%” 2ANeMigy PNA maikeshinegouin@idrmengentrationd f@ei assenbi e.

The ofit put fiveadrhhGebageesiph'eDNS) SHovie ATAPILINK) Somoisiug e{nnﬁals sglgetjences from

P1 to P5-8 @Rgfo g%sggzgpgﬁrit%egfr % honpzygous®cattle and 'the

sequences P6-1 b P1GS B HMestiop Fom, e 1 Bydicg with pélighA  consensus

sequence i sPue SERyPLasivct RuriftvationaKit, gligessted with| BdopH eardi her pReREoPr 10

pol.ynor phi S¢feiofieied i fferent individuals. Many

Sedd @hURR 'eﬁzprﬁgé 3‘%‘" %%Fﬁua&fvg{é‘g?né{ hed (% %)r aﬁ

of these djfferepces are sing et1ons o _ 818t i de base
di fferences’® (‘GNPR)PFERELPT eAg BEthasensameles Wt aligated intd Hiee pgmNCes t hr ee

SNPs 1@t pospRidesttpt K86iraRiBnd) ekt Wak hreviGas]i Agetary %Jlgn" Ehd skdim the first
base of th%‘e&ﬂ&ﬁﬁn?ﬁ‘z@ setg\éj(?%ge. have a guani ne ( @? t hym ne C{r‘%)_ and T
respectivel Yoo noonry T ie Reatsss Witk ﬁﬁq'mgeglﬁélﬁ‘éeWO%ﬁiﬁﬁs@\"}ﬁﬁﬁamthe A2
ani mal sequdaregciabiotedh iajand AnallyGeat inadivatyd aBi20enih & 70ecur respectively at
these positions of the sequence. The three SNPs at positions 664, 926 and
1377 are shown in bold and are underlined. The EcoR (GAATTC) and Xhol
(CTCGAQ) r ekerlioater plrsavidfowere| usas ¢ ransbaymi ¢heoticaliy cbmpetest Abgstaown i n bol d.

20 The | derxiitauef inkiaes ddiehles ebidifing CARerdsiRs REmIBHEL e d: Byadmet hods
other than DNA were. analysed by colony PCR. For the as1 gene region, plasmids
containing DNA from exons 3-6 (3 each from the A’ and A2 DNA) and exons 1-2
(5 derived from A’ DNA and 5 from A? DNA) were sequenced. In the as2 region
plasmids from the region spanning exon 1-2 (5 each from the A and A? DNA) and.
20 - exon 17-18 (5 each from the A" and A? DNA) were sequenced. A cbmparison of
these sequences enabled identific_:ation of polymorphic sequences and

nucleotides. Examples of such polymarphic sequences are given in SEQ. ID.
NOs:15-28.

25 Example 2: The use of SNPs as prediétive tools

The sequences were analysed by alignmenf 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 A2 animal. The alignment of the
sequences derived from the as2 genes of A" homozygous and A2 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



. by sequencing, especially those nethods used in conbination with genomc
sequence-specific anplification technologies, such as the polynerise chain
reaction ( I& K. et at., Cold Spring Harbor Synp. Quant.p BiMAR. 2007

51: 263- 273 3’{%’86) Erlich H et al., EP 50,424; EP 84 g%gggf é&zss 017,
EP 237,362; Millis, K, EP 201,184; Millis K et al., US

Erlich, H, US 4,582,788; and Saiki, R et at., US 4,683 194)). Exanpl es
of such nethods include an exonucl ease resistance nethod (US 4, 656, 127),
primer-gui ded nucl eotide incorporation procedures for assaying pol ynorphic

sites in K8 REktai al" Nucl. Acids. Res. 17:7779-7784
(1989) Soka Tov. gﬁ%m}‘g "%e”g’%iﬁ‘;eé' Jram dne a9 ggmes1of G190 DISyy #oen, A - C. |

at at., GenOri¥Eaigapdiroman’ (@Mwere&mpmrﬁcd[ré&norﬁﬂy@m% 17 4oy0C. Natl.

Acad. Sci. (BMHSIeASI)es&gthE]ﬂﬁJeé {pl 1) Prezant al™,” Hum
Mitat. 1:159-164 (1992): Ugozézl"::'!fl"D g’ﬁg at., GATA 9:107-112 (1992):

Nyrené P. a_t&ﬁal , Anal .. Biochem 208: 171 175 (1993)), the 0 9 MAR 2007 WO
03/ 100074 PUE HRZOBEE0EAal dignedidingony on Assay" COLA")
@10%&9%@8%5%38%'

(Landegr en, ad. N6 24 enisl GRYBeIgeNnCi ng
(Kitties etaal Ga%%s%tnge é&%g’ep é%ﬁ‘fﬁ?@ﬁsls Ve 2 BigdreSe wha@(18y - 943-7) ,

and MassARFRIUETSES femom @d?ﬁ:ﬁ%_t?: & tEasnpéfved froh€ HéRRz ou§'§§@? ﬁ%pr edict a

genot ype orth@l‘@aoér)bge pby 14151, n native, not y Thi s
exarrpl e sh g@séns the identi %2 3 orgk-ﬁ:’ aftﬁ Qj'&zyﬁmﬁucaiﬂe oMt han used
in hh SGaUYCE P rﬁ‘%‘?e@i"‘w tnhthmtahgrdmermt h@jﬁ,ﬁl@@me%§%guenm ng and

10 th%t the@éyrr&ﬂﬂssmsancdmebetwe& he sB enoty e.
Speci fi cal Imesnadlﬁg%m%% Q_sted o PCS:RJSLGS@%;&‘L:Fé {rgca gﬁﬁmﬁf Mﬁ”érﬁ’ i on and
finally analysis o e""é‘?f‘%ﬁ%|afﬂws'pgleducleotwmblesa difeesiRBOM Mass

Spect r oscogPNEpheacHtring bmenur&'mhutals pfmélsghuéﬁagg Bele Spali mal., or tissue

derived fr@magggaghdmgn G one or two Co %a‘sp%fi %he gene
encodi ng the AI conve%ge vt %ﬁecwy from) 1 firss heseof fhhe:onsdnlsusrs casein

gene. The S8 T B?Hvaa IgBRire ke dnyotryg) QTS ail A reqpaiciRly WESH HeghiHRdat O
artifycall pnunnahsedmemaé@ GQH\@rse NGy g éf romml k) were | sol ated from
the sire angyfy t(l&s Jprogeny “of tﬁese%r?%'sﬁ%‘ée""%%” BaRfiNG €3, ©f t he
progeny wi th r Npect f‘i‘{erﬁ? ectively at these positions of the sequence. The
hree SNPs at positions 664, 826 and 1377 are shown in boid and are underiined.
The EcoR1 (GAATTC) and Xho1 (CTCGAG) restriction endonuclease recognition
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 84 786, 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)).

exonuclease resistance method (

Exampies of such methods include an
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 18:684-692  (1990):
Kuppuswamy, M. N. et al., Proc. Nat[. Acad. Sci. (U.S.A.) 88:1143-1147 (1991);

Prezant, T. R. et al., Hum. Mutat. 1:158-164 (1982); Ugozoh L. et al., GATA

.9107 -112 (1982); Nyren, P. et al., Anal. Biochem. 208.171 175 (1983)), the



. 20 . . being phenotypically or genotypically Al or. A2 was determ ned

I ndependently. A total of 71 progeny were anal ysed for SNPsogsmigﬂt?ed
wi t h AOOORBE ¢3,A88R070,  A000055, A000057, A000058, AO000059, A000068,
A000061, AO000063, and A000064 (see SEQ ID. listing) w tPCENzGamiar d
procedure from SequenomiInc. In addition to these SNPs, narkers A0000069
and A0000070, that determne the 25 identity of the mlk protein variant
p-casein A or B, were al so genotyped. The genotypes fromindividuals with
conpl ete genotypes were anal ysed to derive their haplotypes (i.e. the
conbi nat i on “@fePneelepige s higation @issayie ("TARKE(Samasgrh1ey) g{:cegr Q‘%ﬁ%i cally their
chr onosones pa1:hriiddy ¥198t82eré@gég§9en60ri rrR was used to 30 C 2Ck the SNPs
for anomal i %s wher eupon t he' et er nar i ( S p&t & n&fanceraFnisieyinés wer e
derived wi t [FYPEKESF 8@”2%99755%@(@39%@,'haquassﬁRezs\YqSé&;u@,amf@@ﬁr_b. anal yses of
these SNPs, including the SNP determning the A or A2 O-casein mlKk

phenotype, jven.in Table i. 0 9 MAR 2007 WO 03/100074 PCT/ Nz03/ 00102
14 Tgbl e 1%& le f'gr I}?a'bsfeo‘%} S bt Pregit| 208netNpei attiemotypei byadsihg t0 € m
ac69 ac-70 &p39bemalVe génalypifig aediBocic59 ac60 ac6l ac63 ac64 87203a CA CC
Al CGTGTT 87203b C ATTA2CACAGC 5000TCCTA T5002TC
CTA GTATC TC CAGC 5003CACTA2T5004CATTATATC

A2 T G C A hieexappis strows iatithaientitGoCSAPE iCa 1569 Gofudtidn faflsel A T G T T
5019 C. A TEXambleG, @Q@%e@ie&n@in-gd%t-ﬁ rﬁeﬂ'—logs other than DNA sequencing'and

10 that these SNPs zan be used to predict a genotype or phenotype. Specifically, a
‘method based on PCR ampiification, primer extension and finally analysis o'r' the
primer extension product with a Sequenom Mass Spectroscopy apparatus was
used to predict whether an animal, or tissue derived from. an animal, contains
gither one or two copies of the gene encoding the A' (or conversely the A%

15 variant of the milk B-casein gene.

The semen from a known heterozygous A'A2 animal was used to artifically
inseminate cows. DNA samples (frém milk) were isolated from the sire and from
the progeny of these matings. The identity of the progeny with respect fo them
20 - being phenotypically or genotypically A’ or A% was deternﬁined. independently. A
tqtall of 71 proggny were analysed for SNPs associated with AC00068, AC00Q70,
ACOOOSS, AC00057, AC00058, AC0005g, ACO00080, AC00061, AC00063, and
AC00084 (see SEQ ID. Iisting) with a standard procedure from Sequenom Inc. in
addition to these SNPs, markers AC0O00069 and AC000070, that determine the

25 identity of the milk protein variant B-casein A or B, were also genbtyped.

The genotypes from.individuals with complete genctypes were analysed to derive
their haplotypes (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 Simwaik. The haplotypes derived from
analyses of these SNPs, including the SNP determining the A’ or A2 B-casein
milk phenotype, are given in Table 1.
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5065 T
5066 C
5069 C
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There are a total of 38 haplotypes derived that consist 'tWo paternal and 36

maternal haplotypes. However, with closer aobservation there are oni
hapiotypes associated with these animals. More importantly thes

87203a
87203b




. 5066 CACTA CGTGTT 50069 CACTA CGTGTT 500/0CATTA C
GCAGCS5 There are a total of 38 hapl otypes derived that C@@Wﬁgﬁo
paternal and 36 maternal hapl otypes. However, with cl oser observati
t her e ar e WnPy100@4 uni que hapl ot ypes associ ated wi th t heper/Rpaseies. Mre
inmportantly these SNPS, or. 0 9 MAR 2007 WO 03/100074 PCT/ Nz03/00102 15
nore specifically a small subset of these SNPs, can be used to discrimnate

“bet ween ani mal s having the A' or A2 genotypes. This study showed that in
the 36 aninmals and the sire it mould require t he genotyping of only one of
the SNPs ( $ but one of the identities of
t hese ani miﬁg@%?ﬁ%lc&ﬁ& %rgn%"c%}rﬂ’ggy E}lsggﬁofﬁ'blbﬁd’sﬁ to, disgimiRge two SNPs
(A000059 andetsEn@BB)als havingvibe A\’ lor Ahgeaatymesl STHinstE showep WHaali ma to be

sucessf ul | y 35damidid &ed I en
phenot ype (?E‘ﬁ%};%ll e ZtHerb'II%g Weﬁjlzoorfe Lr"%gth% E%tyéjtng?’g ﬁigg‘? ﬂ‘ptéé% ﬁpe with a
hapl ot ype o (0 BT Sicgashiyeall buh ops of feeidantifien of tHesd etipple (06. mar ker s

out'si de (3- Ga%edcoumacy)| Thé betet &ﬁ%lfﬂrﬂwr{@ C63 nC (A2)
e R ST

nA (Al) A 7

i nventi on hé‘s‘o Seae"ntﬁ 2%”1’}‘%%@ K p?ﬁéf{?t'?)‘? ?%Eﬁrﬁb‘f’%ss‘c‘f"if ideptifipddn BRrmepdr eci at ed

t hat vari at iPeiRg O%cprﬁomeﬁttw:martdrmemiypdaeeaﬁdble\m)t hout departing 15 fr om
the scope of the invention. Furthernmore, where known equivalents exist to

speci fic fedabieds Prediction gfif-vaemfefiotip Ewith & RSN SthaAerd dusBegikl i cal Iy
r ef erWed t o Bioasein &g speci fication.

Hapiotype of markers outside B-casein nucleotide
B-casein gene - 200 (A1/A2)
LACB1 AC59 ACB3 nC (A2) nA (A1)
A A G ‘ 7
A A T 3
A G 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
apprecnated that variations and ‘modifications may be made without departing
15 from the scope of the invention. Furthermore, where known equivaients exist to

specific features, such equivalents are incorporated as if specifically referred to in
this specification.
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.20 0 9 MAR 2007 16 CLAIMS 1. A nethod for determ ning whether a bovine
ani mal possesses a gene encoding for the protein R-casein A" or a gene
encoding. for the protein (3-casein A2_ by testing the DNA of0 $ AR 2067 nal
for the presence of at |east one DNA marker for either of the R' -casein
.,in A or P-casein A2 genes, where thg at | east one DNA marker is |ocated
in a gene encoding for the protein as2-casein. 2. A nethod as clained in
claiml., where the at | east one DNA marker is located in exon 17 or exon
18 of t heCbAMSasein gene. 3. A nethod as clained in claim1l or claim2,
where each of the at |east one DNA nmarkers is an SNP. 4. A nethod as

cl ai Imed i ?l ”%ieqwag’ﬁqrmget;m%ft'gem?}Npgi s A0000061 of SEQ I Df No: Zﬁ. 5. A net ho]g
as claine n 4ceigimiging fwirethleera OV 1§ d or the presence o
the SNPs ABRMEIafin SEQ 'ge,g\pénjc? di%ﬁg ooog'gaétpgg“é%% P yoe. ¥%odipg fox the
method as claimed in any ond of clal freo1"t Brateinferesein KA bp tasiing tranbiRbf fhs a
cow. 7. A n%?'Wgﬁ‘Ob%‘e@r%ﬁeﬁéﬁOﬁaﬂaﬂsam BNAWReiker fohsitHk 88R0Ge..QL, the. at | east
one DNA mar Regeries, wharsliedlatibad) bR G58NCE Or absence of P-gdseiti FReseh
m |k producgd by the cow. 8. A merhod 4 SEFAPRRRC ina g¢ns encdingtter e bhein
presence of THe™4t | east one DNA marker is linked with the presence or
absence of R-casein A2 in milk produced by the cow. 9. A nethod as clai ned
in any one 6l -ai 110 8 where the at |east one DNA marker is. a
mar ker for '? e“mogr?gsc 'ear'lr(%cglnrféa”T‘d-V Wperedbeiahleast ontONAraReh Rodsed Al JBd i
any one of Pailkef thete-Gseinene the at | east one DNA marker 18 & —rar k&
for the gene encoding for (;-casein A2. 11. A nethod as clainmed in any one .
of clai %}%ogég,a-mﬁleredr;‘he DNA of the bovine animal is obtained from any
ti ssue of t'hB°BBYidAc amedil claii Thr caint aj Werer Lned nucl eated cells. 0

9 MAR 2007 aniSkr.12. A nethod as clainmed in cl aeiégnp?]tlf,?k%gglaét ?’TfeSBﬁA”@fferﬁﬂﬁe
animal is obtained fromblood, sperm hair, or mlk of the animal. 13. A
met hod of producing mlk substantially free of Gcasein A including the

steps: 4. Amethod as claimed in claim 3, where the SNP is AC000061 of SEQ ID No:21

5. ‘A mst - clai in claim 4 -whi '
method as-claimed in claim 4 -which further comprises testing for the presence of the

SNPs AC000059 of SEQ ID Nar19 and AC000063 of SEQ ID No:23

6. Ame imed in any on. ' "
- method as claimed in any one of claims 1 to 5 where the bovine animat is a cow

7. . . .. ~ . )
A method as claimed in claim 6, where the presence of the at ieast one DNA marker i
g east one er is

linked with the presence or absence of B-cassain A inmilk produced by the cow

A method as claimed in claim 6, whare the presence of the at least one DNA i'narkor is

linked with the presence or absence of B-casein A2 in milk produced by the cow

.9. A method as claimed in any one of claims 1 to 8, Wher‘e the ai.leas'f ons DNA hérkn' is &
marker for the gene encoding for B-casein A", o

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-cassin A2

1. A method as claimed in any.one of claims 110 10, where the DNA of the bovine animal is

obtained from isst i ' i
t any tissue of the bovine animal which contains or containad nucieated cells



. a) determ ni ng whet her one or nore bovine cows possesses a gene encodi ng
for the protein P-casein A° or a gene encoding for the protein R casein A2
according to claiml1; b) selecting those cows that do not ha& ene
encoding for the protein P-casein P,'; and c) mlking the s@ em%gﬂfft’om.
14. A method as clained in claim13, V\/nere the mlk contains R-casein which
is substantially all P-casein A2. 15. NM/Ik obtained by the method of claim
13 or claim14. 16. A food or- food product containing, or processed from
mlk as %l&a'{\nec{ﬁqz claim15. 17. A nethod-of formng a herd of bovine cows
by testi Hiee avtlamgechincadim N, agEae d of claim!l

" Aane {h% érn% &qa’ﬁ%gwﬁ Blewdand

and sel ectlglgrﬁ]h%eorqgwsofttrﬂaémr}%ossess a gene enco |ng

do not possess a gene encodi ?Or R-casein A . 18. Senen or .an enbryo
froma bovine ani nal that has been tested in accordance with the nethod of

claim1. 1394\m§ﬂf6arbfﬂ'd§é? I in claim18 which is used for
pr oduci ng of f spri 98& nnge’g%y‘%saat%@lycrf © rﬁe‘i?rso’alfbt"?fd}rﬂlm@@hrstaqae

bovine cows possesses a gene encoding for the
bl . . ) . N
protein R-casein A’ or a gen encoding for the protein B-cassin A2 according o
claim 1; |

dnt rmining whetnbr one or more

~ b) selecting those cows that do not nave ‘a gene encoding for the protein B-casain A"

and

¢) milking the selected coWs.

14. A method as claimed in clalm 13, where the milk contains B-

casein which is substé il
B-casein A2, . = ntially all

13. Milk obtained by the method of claim 13 or claim 14.
1'67 A food or food product cont_ain’in’g,"or processed from, milk 'as claimed in claim 15

17. A method of forming a herd of bovine cows by tesfing the DNA or sach cow in accordance

with the method of claim 1 and selnctlng those cows that possnss a gene encoding for #-

2
casein A and do not possess a gene encodlng for B-caseln A",

18. Samen or an embryo from .a bovm° animal that has been tested in ag,cor.dancn with the
method of claim 1

19. Semen or an °mbryo as claimed in ciaim 18 Wthﬂ is usnd for
artmc:al reproduction technigue.

producing offspring using any



