S0 rrrrrrrrr orrrr ottt 0 3 JAN 2007 WO 2004/ 004450 *166166*

PCT/ NZ2003/ 000140 METHOD FOR Y ACI D COVWPOSI TI ON CF M LK
TECHNI CAL FIELD 5 Thi s invent fmmmmmxﬂo a method for rle3HJANRGOR he | evel
of saturated fatty acids relative to the |evel of unsaturated fatty acids
in nmilk. M? %%d/?‘i*éﬁ’l ar, the inventi®®f relates to the geﬁ%?’?&???ﬁ“’&‘ﬁd? or
phenot ypi ng of bovine cows on the basis pf the am no acid residue |ocated
at position 67 of R-casein produced in their mlk. 10 BACKGROUND Dietary
saturated fatty acids intake is known to be a major risk factor in heart
15 di sease in humans, particularly in countries where the population is
wel | nourished. Animal products, such as dairy products (especially mlk),
are nmaj or contri METHGD FORAETERINGFATIVIANE COMPOSITION OF MiB.Kkgener al |y
accepted that the level of saturated fatty acids tound in mTKk,
particularly those with a chain length of less that 18 carbon atons, is a
risk factor in coronary heart disease. In contrast, 20 unsaturated fatty
acids are considern t beneficial. Because of this, there has been a
pr ef erence fﬁcﬁmﬁg\o"n@tﬁggtion of plant derived oils as opposed to ani nal
based products. The nedi cal cormunity S aI so concerned about the

consunption und danc

sat ur at ed faﬁ{hﬂls 5‘5?'51“08 rJe_E tovﬁu (rzglﬁhOd '% 'é'ﬁt hef 55‘”6 a?ﬂﬂrl%egdefﬁﬁ% ac*ﬁﬁe dairy
i ndustry has relatn\gmtotthemoufdmbammfedtfbw agdthuraik. om mefrtic dlarv\nrfeah ertiohk
alternatives ti nd extraction hn| ues,. 30 In
addition to f é@ges@lg e%??goqypdr%gﬁ?lﬁr Bﬁ?vnpog’FPérFﬁ gft%ofv"}?i s ?rlln %ng ftWS A

vari ant of tdnting 3cidassidue Ipcatbe atipositich evealﬂ-basreusbroaaﬁéd).h&hexmﬂke are a
nunber of reports that the consunption of (3-casein A" by hunans is Ilnked
with d%hi gher incidence of certain diseases, specifically diabetes
(Elliott et al. 1999 D abetol ogia 42: 292- 6;
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Dietary saturated fatty acids intake is known to be a major risk factor in heart

15 disease in humans, particularly in countries where the popuiation is well-
nourished. Animal products, such as dairy products (especially milk), are major
contributors to the dietary intake of humans. It is generally accepted that the
level of saturated fatty acids found in milk, particularly those with a chain length of
less that 18 carbon atoms, is a risk factor in coronary heart disease. In contrast,

20 unsaturated fatty acids are considered to be beneficial. Because of this, there
has been a preference for the consumption of plant derived oils as opposed to
animal based products.

The medical community is also concerned about the consumption of fat found in

25 milk because of the abundance of the saturated fatty acid C:14:0, which is
thought to be atherogenic. The dairy industry has in part responded with the
production of “low fat” milk alternatives using chemical separation and extraction
techniques.

30 In addition to fats, specific protein components of milk, including the A' variant of
the B-casein protein, are health risk factors. There are a number of reports that
the consumption of B—casein A' by humans is linked with a higher incidence of

certain diseases, specifically diabetes (Elliott et al. 1999 Diabetologia 42:292-6;
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. 0 3 JAN 2007 WD 2004/ 004450 PCT/ Nz2003/000140 2 Wasnmuth et al. 1999

Di abetol ogia 42 (Suppl. 1):A88 Proceedings of the Kongress der

Eur opai schen Di abet esgesel | schaft vom 28.-30.09.1999 in B83s$8N MBel gi um
and coronary heart disease (MLachlan, C N, Med. Hypotheses 56(2):262-72,
2001). 5 WA24UH0H8n to phenotyping a cow by identifyi nd CHEFI4HY 04t ar
{3-casein variant or variants producedsin the cows mlk, it is well known
that a cow can be genotyped for a specific single nucl eot i de pol ynmor phi sm
(SNP) to determ ne which 13-casein variant or variants she will produce in
her mlk. A method of selecting bovi ne 10 cows on the basi s of this

genot ypi ng net hodol ogy to give m| g her ds whi roduce mlk free

OT O haP 59 TR o, 1ShetbieSaglont kPl AR Fipopsrings B 4Se Kangass
variant, is Gél%tﬁb‘@él@éﬁen@laﬁ’égéd\éggﬁs%ﬂgﬁ38m(2311?50'@mgaﬁ BWas86/B¥dad) - The

appllcant has now found that there is a caorrelation between the ratio of
15 sat ur at ed3?$ cpiesanuPeabdisease (Malachian; &N IMed fdvrotheses C8Ri2R2V&r i ant s

in mlk. Wygpbenthere are known methods of altering the fatty acid
conposition of anl mal products, these typically include chem cal
extraction, specific feeding and managenment systens, and quantitative

genetic sel efr AdiRtidnOo ;ll-fé‘rﬁelfy§nn@fa §m%zf|¢ié‘ntnf)f|ﬁé the aé}h@lﬁaﬂ Mcadeirkvarkme br et hod
is costly and usually inefficient is therefore an object of the

i nvention t oVyRHIA RIEIHFadin the cow'pmilful is welt ipaywythat ¢ G?Hvtcﬁﬁtbe SEPRYPEHi ch has

a reduced | eigla PecHalsingrt ﬁ@hiécﬂhéxpowdﬂpmérﬂl(st\w@o HeterrHing Ahithag-egsdimt t y
acids, or to at | east provide the cPubll a useful alternative. 25
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variant, is the subject of PCT/NZ96/00039 (published as WO 96/36239).

The applicant has now found that there is a correlation between the ratio of
15 saturated to unsaturated fatty acids in milk and the PB-casein variants in milk.
While there are known methods of altering the fatty acid composition of animal
products, these typicaily include chemical extraction, specific feeding and
management systems, and quantitative genetic selection for levels of specific

fatty acids in milk. Each method is costly and usually inefficient.

20
It is therefore an object of the invention to provide milk, or a product obtained
from that milk, which has a reduced level of saturated fatty acids relative to
unsaturated fatty acids, or to at least provide the pubiic with a useful alternative.
25

STATEMENTS OF INVENTION

In a first aspect of the invention there is provided a method of reducing the level
of saturated fatty acids relative to the level of unsaturated fatty acids in bovine
30 milk by:



WO 2004/ 004450 PCT/ Nz2003/000140 3 (a) determ ning which cows of a herd
produce m1k containing (3-casein having a proline at posgti gdN 9067 where
the herd conprises cows that produce mlk containing (3-caseln having a
proline at position 67 and cows that produce mlk (3-casein having a

hi sti di neW&20p64i4¢30on 67, by 5 testing genetic material péTiNagiosieuad cows
of the herd for the presence of DNA enc?di ng 13-casein having a proline
residue at position 67 or by testing mTk produced by individual cows of
the herd (or a product produced fromthat mlk) for the presence of
f3-casein having a proline at position 67, 10 (b) selecting cows that have
DNA encodi ng 13-casein having a proline residue at position 67 or cows

t hat produce mi | ka)codetgrmining wlicbasmaisnof s heidprodupes alilk entinimpRichéein 67;

and 15 (c) mlking thg,s&lL 3 v 11k having a reduced | evel of
saturated fatty acids. ¥'§§§t ’lgg\?gpet %ppﬁséﬁq%e@}élﬁhoe?% tﬂtﬁ%g‘frgr%“?@o@s?ﬁf?‘@s tds
conpared with milk obtagdugednifkreamtainiog ifesaseinl havirg pipedliee rat gositiat 61 aed

R-casein having a prqli it 67 .i.ncludes one.or = 20.nor f
(3-caseins A2, A3, D?&\Eggwnagtplg.' ills.e '?‘@pg?é%é'@?‘gy'ggraemgqq%e[ att‘??é't'(:’%-s?ag\éi n

havi ngS a histidi ne igstipgsgenetin 6atériat|aidindividual amowsoot tid Hbrd ofeeithe A, B,
and C. In a preferre idgeﬁ o] ipventlon the 13-casein having a
proline at positi onglé%?lﬂgéj -cgéelg?lé%gaﬁ(f%?%'}e’ %]%V-'Q%éef’w(ﬁﬂ%\f?ﬂ%“ea at

hi stidine at positi oRogon &7 by testing swilkrpreducetitbyiisdifidudl ltews pf #ieatered t hat ,
in addition to reducy f ids relative to the
| evel of unsaturat edt#}g’@t %758%1 ggfg?dlug&g ﬁghlr:‘l{h?iﬁ]g?)og’héﬁed%ﬁe&?g?%eoﬁfased? cCows,
the | evel of short ahavingairmeineralipesition 67.ated fatty acids having 6 to 14
30 cagpon atons in each chain (C6:0-Cl4:0) is also reduced. 0 3 JAN 2007 4

In a further preferred enbodi ment of the invention, determ ning which cows
of the (b) selecting cows that have DNA encoding B-casein having a proline

residue at position 67 or cows that produce milk containing B-casein

having a proline at position 67; and

15 (c) milking the selected cows to give milk having a reduced level of
saturated fatty acids relative to the level of unsaturated fatty acids
compared with milk obtained from the herd.

It is preferred that the B-casein having a proline at position 67 inciudes one or
20 more of B-caseins A?, A>, D, E and F. It is also preferred that the B-casein having
a histidine at position 67 includes one or more of B-caseins A', B, and C.

in a preferred embodiment of the invention the B-casein having a proline at

position 67 is B-casein A? and the B-casein having a histidine at position 67 is B-
25 casein A'.

It is further preferred that, in addition to reducing the level of saturated fatty acids

relative to the level of unsaturated fatty acids in the milk produced by the herd of

cows, the level of short and medium chain saturated fatty acids having 6 to 14
30 carbon atoms in each chain (C6:0-C14:0) is also reduced.



. herd produce mlk containing 3-casein having a proline at position 67 is by
testing the genetic material of cows for the presence of DNA encodi ng
R-casein having a proline residue at position 67. In an ab8eANa?ll% e

enbodi nent, determ ning which 5 cows of the herd produce m |k containing
(3-casein having a proline at position 67 is by testing the mlk produced
by cows (or a product produced fromthat4 milk) for the presence of
3-casein having a proline at position 67. Wiile the genetic nmaterial of the
cow may be any tissue containing, or which 10 contained, nucleated cells,
the genetic material is preferably obtained fromblood, hair, or mlk. 0 3
JAN 2007 V0|20 @dHHED HAGE ELIMDERRRA! AR therftion DERAIhiFRg WRRERIGAE! ShOF  THE
INVENTION It is well known that the genetics of an aninmal has a substanti al
i mpact on pheELRPHYEE Midyeprdaining Porasaindaviigal prefne aimesian Rédg bitesting

envi ronment akne géibtiaMdiBrial oPcWR foRtHR préseHRe of DRA &Q’ohin%ﬁﬁ-éé%eﬁ'ﬂa%\’r@ ae a
phenot ype of an animal by using a genetic test is a valuable tool “for

achi evi ng r aprdinedesidyq ?g&‘?ﬁ't&ﬁ‘ &f Bremaltegnative erapndimentpdelatriningwhien
beneficial chay S ol M i Having
enhancgd pro gg??gﬁ{ea%(? %F%dg?% d'gt”f&%g‘mg{]%?gsﬁﬁf m&égﬁ&bg%g%%@déﬁbased
on genetic dis petestingthetrnilic progyceddytowaniPhaPraguctanipardedfioptithet milkefior s t hat
are 10 of e L Cnd r : gaeF?}g of that gene) that is
responsi bl e or&gggnfreﬁf?u a%mp-gg@?ca |t|r£egélttp\6§|g| ﬁg?f animal may, in sone

i nstances, be identifiable by a single nucleotide polynorphism(SNP). An
SNP is a DNA i cat i L ' - i S

i ferent 1o TR TRA Do creg ! M <Dy a8y one SRGRT, A8 &

anot héf ani mgPntgipedi nyqrates celigl the@eaeiimpieoel ig ereferably oftaingd feprablaedas

smal | as thisgsrad AR@N one ani mal exhibits a particular physical trait
whereas another animl does not. 20 Associ ati ons between the casein
content and the fat content of mlk have been identified, but these have
been variable in the size and direction of the correlation. The results
are therefore inconclusive. Bovenhius and Wl |l er



(Cenetics; 137(10):267-80, 1994) concluded that the associations, where
they "exist, are due to linkage (in a sire pedigree) or |inkage
disequilibrium (in a 25 population) with a fat QIL on the $83gARan7l e
chronmosone ( chronosone 6). The overall conclusion from published data is
that the Wwotabyeapent of fat in mlk is not related to B3raasRLOo@eNOt ype
and that the effect or effects that R-casein may have on human health are
not related to the volune of fat intake.’However, the applicant has now
identified an unexpected rel ati onship between the genotype of 30 the
R-casein gene on cattle chronmosone 6 and the fatty acid conposition of cow
mlk. 0 3 JAN 2007 WD 2004/004450 PCT/ NZ2003/000140 6 The applicant has
confirmed prigeTAILEOIDESCRIFION OK THE INVERGTGRI NS (3-casein A (Al m k)
has a simlar overall percentage of fat conpared with mlk which is free
of (3-casein Al (A2 mlk). Surprisingly, and contradictory to previous
findings, the isapglikneRh thas il gerxrisest dhahintl Hasl kK fidstaatifli isHpaEt on -
percentage of saturated fatty 5 acids and a |ower percentage of unsaturated

fatty acids @&%ﬁl%'%’SMdn?ﬂOféuct qadily. ang prihealty snysoRmRental 3pd AgidHat t he
| evel ssof COwelit@re fedlks. CiRe aimilitfid! dbRirhine aashéiﬁ)tw@r A9 AHpeA ugmsmd kK from

t hose cows hom)zqycsous for (3-casein A2. This significant finding shows

that m |k whiGeRENS test iss @ AMyaRle Joal fereacivieving. @a?eldﬁn%fcampm jof aalr@,%s @h8duce

mlk fat thatanfias préRts W@V@éf%ﬂéfal @ﬁéruétaﬁarésfaaa ot faFhiA§ a%?suw@pummbléo chain
fatty aci ds C6 to Cl4) and hi | evel s of unsaturated tatty acids

Theref ore, aYing; q’ﬂf‘aﬁ%&d PFP(—S‘“ﬁg @ﬁdlﬁérﬁ’éﬁquﬁt g¥alithe Arepale e ‘P% gratPedi seases
associ at ed Wﬁage&oﬁggﬁétlcfﬂlﬁ&én@és that relatd Rohrfiraltor aAfhdl Drodué Raisthat are

at heroscl erosi.s esity, coronary heart disease, and di abetes. 15

Typi cdPly, a % 8GFPRAMIE N'6duce R caseins inits milk. However, different
(3-casein variants exist including A, A2, A3, B, C, D, E and F. The

di fferences hetween these &r(tot ei ns are det er m ned by sequence vari ations

in the P-casdif ER4O™ yasiant ghihaioene) il isfespnisiip tor Aparticiariphysiod trats  p,
E, and F varichrérs ahimae niayRrifl édife iffahddde batiddiFiableOBy &7 siWgRN Badedtite A , B,

and C vari ants have .a h| i di ne Sj du§ 0O at position 67. This di flference
is deterni ned P URHET; CHP ot bPNFHE B etsiglce at a focation in'an animal's
15 genome which is different to the DNA sequence at the same location in the

genome of another animal by virtue of only one nucleotide. Even a difference as
small as this can mean one animal exhibits a particular physical trait whereas
another animal does not.

20 Associations between the casein content and the fat content of milk have been
identified, but these have been variable in the size and direction of the
correlation. The results are therefore inconclusive. Bovenl—wius and Weller
(Genetics;137(10):267-80, 1994) concluded that the associations, where they
exist, are due to linkage (in a sire pedigree) or linkage disequilibrium (in a

25 population) with a fat QTL on the same cattle chromosome ( chromosome 6).
The overall conclusion from published data is that the total amount of fat in milk is
not related to B-casein genotype and that the effect or effects that B-casein may
have on human health are not related to the volume of fat intake. However, the
applicant has now identified an unexpected relationship between the genotype of

30 the B-casein gene on cattle chromosome 6 and the fatty acid composition of cow
milk.



adenine with the nucleotide cytosine at position 200 of the coding region
of the 0- casein gene. The (3-casein variant phenotype of a co be
determined indirectly by genotyping the SNPs that are resB@né%CZ@Hf

di stingui shing these variant types. 25 The applicant has di scovered that
t he selectio imals on the basis of ~3- casein vari

genetic vgﬂ{é?%oﬁ%n the R casein gene can identify groﬁ%@m%&gﬂ&r}é S wth
significant differences in their mlk fadty acid conpositions. For
exanple, mlk fromanimals which are honozygous for the adenine 30

nucl eoti de at position 200 of the coding region of the P-casein gene (A)
differs in fatty acid conposition frommlk fromanimls which are

het erozygous for an adenine_and cytasine nucleotide (AL /A2) at this

posi tion, whild% aAPIFRY biag Ganfrmedopror findinas thahmilki WaiFk camats PrcaseidAbzy gous

for a cytosingq @ik} Hé§a B%Iafr'ooé\'a(l'ﬁ%)cen&ga of AN cERParedWA ARIR WARAES Gee
PCT/ NZz2003/ 000140 Nore specifically, an adenine at position 200 of the

R-casei n geneéf ﬁn@ﬁS@MS(M reu)a{ Sugrisingdy. 98¢ geatradicteryite preyiqusdindmas, thes: o,
C10:0, C12:0 @B%aﬁiﬂa@d@@&erg@ﬁa?ﬂﬂﬁﬁllwm Hfg%ﬁ?erf;@ﬁtagelgf %athét@d FaﬁVpar abl e

anount. On renoval from5 consideration of fects of herd, mobb " wi thin

herd, Breed, asigls andga lowriyrercentagy Pk unsatumaiadatatty meigs cwmpased te A2emilk. he

13-casein ger)!@éd’ﬁﬁ ﬁ’é? wWat %éﬂ{dnﬂqsﬂ%g%\e%velé BecH ats &t 1S aerampeci fic
fatty acid profil es vveen ani me resence of a histidi ne at

position 67 @tldavz%tseeduceda@mlg ftqmtmqummmomgm@rf@aﬁr@ﬁﬁemA This

(3- casoror phi ook R SRl Qo R/GReBIAR, AGL o BoBELAy 2. 1o

formed onlyfr cas sonor phi’n pepti des are nown to
act as opi oi cdso Patacd rrmmfehil thatelhasalowe( 138818, ofl%capjratédsfam@e@i)is 2R8-mddiumsuggest

CasondPphi no LBt B, L noakael Aha; bRy efi “ornbitabafli, g acies.
ent er ost at i n Therafordel Bhis smikénas nthakhealﬂhn bm&ﬂm tafathe rfeduberts rickkesf diseasdgst hat
peptides fr On@sgﬁﬁgﬂ WI{P\yg hﬁ;)éer nta ofV\éa Lrﬂ'a{e\é Jén%/ lacn%Qd c%sésdgﬁ%ﬁ s?r%ﬁgﬁl%is (I ow

3- casonor phi ase e en GXTdatT of &
density | i pombesigj, msionarfiheast disease, and dlabetes.

15 Typically, a cow will produce B-caseins in its milk. However, different B-casein
variants exist including A', A%, A, B, C, D, E, and F. The differences between
these proteins are determined by sequence variations in the B-casein gene. For
example, one difference is that the A%, A’, D, E, and F variants have a proline
residue at position 67 whereas the A', B, and C variants have a histidine residue

26 at position 67. This difference is determined by substitution of the nucleotide
adenine with the nucleotide cytosine at position 200 of the coding region of the #-
casein gene. The P-casein variant phenotype of a cow can be determined
indirectly by genotyping the SNPs that are responsible for distinguishing these
variant types.

25
The applicant has discovered that the selection of animals on the basis of B-
casein variant type or the genetic variation in the B-casein gene can identify
groups of animals with significant differences in their rﬁilk fatty acid compositions.
For example, milk from animals which are homozygous for the adenine
30 nucleotide at position 200 of the coding region of the B-casein gene (A1) differs in

fatty acid composition from milk from animals which are heterozygous for an
adenine and cytosine nucleotide (A1/A2) at this position, which differs again from

milk from animals which are homozygous for a cytosine at this position (A2).



the current understanding of (3-casein A", in terns of its relationship to
factors that are detrinmental to human health, is related to the action of
casein, and 20 peptides derived fromit, on the fat net abol PSS W0Re
consuner and not related to differences in the fat conposition of mlk
from ani nWO0s208f/00d#30f er ent R-casein genotype. It is unli RETANZLIHA00G1HE
mechani sm whereby (3-casein affects the fatty acid 25 conposition of mlKk
is due to a linked gene. This is because of the size and consistency of
the effect observed across sires. Wthout placing any limtation on the
invention, it is speculated that the discovery is related to a direct
effect of (3-casein on the biosynthesis of lipids in manmary tissue.

Al ternatively, the discovery may be a direct result of the interactions of

h N ; S
possi bi e to A4S HRAtEal el agiile ot Bophct 285 &rngRkiReln ghhe MheREa,: ¢ on
of R-casei n dbeki nbthef satmmﬂ fiattys aoitls s@6:8c C&D, casednCiali and Cldypandf or

examl e, [ reqealeafomngiafls 0 vy JuptolpdatIshingd BroseRRtfon

conditions na ben
3 JAN 2007 vsmszwaﬁ@oaﬂﬁe @ECXSI\IZQD@@I mmvmmm &eﬂdjebre&*stagfeo'z-SR- caselnn can

be used 1o SGURCH HidTBh Brdyd, LAE!SHECE S Badbf derdiipe dHcklihidoOfs.530) G used

to select aninmals as sires, onor s

artificial bteedrajonin tbesmspagificdatty acid pmﬁtﬁdmtweﬂn gemalsat i ons of ani mal s
to be included in a herd for mlking. In this way, herds of mlking cows 5
can be fornmed which produce mlk where the p-casein A protein is absent
(or where tH'éleombwr(ce-wfaa;élisﬁdmee@emsiﬁi® 6B-of fseaseinA@nahles theeemrymaticn

fract f ' | ifi d
fatty B0 g LoHinefbh o1 - GRAIBNDS, BRUBRERAL? 12 oferBRHthink SRPDPRESS, | |
the fat fractainsdbrme only|fkom AB- mamdAE),fB ard €ct iOagomorphite peptigesoaret he

Pt ot hacRuBERILYN M dier it FIAA Y G (188 Bl Sel 1S PEALHGS T K

free of the -casein I ant era sol casel’'n A2
variant, is tshggesiithatcf- QaSOIPGIUHNE%MOB@d(IlptﬁbIﬂ’hes hrdgkenof Vlietap6 f@623) . An

addi tional fearRrdHind BfmiieCiMe' RfaKeS of BRtarNSEIrA R Wrirdlst Enidrddidiih! cul ar

15 inhibits the intake. In addition, it has been found that peptides from casein
hydrolysates with tyrosyl end residues (such as B-casomorphin-7) promote
peroxidase-dependent oxidation of human LDLs (low density lipoproteins). Thus,
the current understanding of B-casein A', in terms of its relationship to factors
that are detrimental to human healith, is related to the action of casein, and
20 peptides derived from it, on the fat metabolism of the consumer and not related to
differences in the fat composition of milkk from animais of different B-casein

genotype.

It is unlikely that the mechanism whereby B-casein affects the fatty acid
25 composition of milk is due to a linked gene. This is because of the size and
consistency of the effect observed across sires. Without placing any limitation
on the invention, it is specdlated that the discovery is related to a direct effect of
B-casein on the biosynthesis of lipids in mammary tissue. Alternatively, the
discovery may be a direct result of the interactions of caseins with lipids in milk.
30 If the latter is correct, it may be possible to alter the fatty acid profile of a product.
Thus, the addition of 8-casein obtained from animals of selected casein variant
type (for example, free of B-casein A') to a product under defined processing

conditions may beneficially alter the fatty acid profile of the product.



15 genotype have been selected and mlIk is produced fromthem the origin
of the m’k, or other products, such as mlk powder and processed m |k
products, can be verified as being produced fromthe sel ect ed anjmal s.
This is achieved by deternmining the fatty acid conpositiond 3fJANBK a nilk

product. Wwonsemussocan therefore be confident that the petkzhésionseed from
animal s of the desired 20 genotype. The benefits of the mlk of this

i nvention are considerable: (1) the abséhce of (3-casein A protein and the
presence of only a-casein 25 A2 produces a |lower risk of coronary heart

di sease and Typel diabetes (2) replacing saturated fat wi th unsaturated
fat produces a lower risk of coronary heart disease, obesity and ot her

di seases 30 (rBe tbbtercs QST | l:@m pef udetdiseldtti SMmiafs ohPWEAE ik Perd for
at herogenic, i s reduced. 0 3 JAN 2007 WD 2001/004450 PCT/ Nz2003/000140 9

The mechani sMiKPORI 30 BaLEes tepelseh animRls toap¢ yised P8 SUEAPBRNE Yntissieni | k i s

uncl ear but dbnérs ﬂéﬂsaﬁ'hft&ér trBéding torl &oﬁiﬁgltat @f@e&hﬂlbgéq&é?ﬁ dederaibhe norof
casonmorphin peptid from casein. be mechani stic relationship

bet ween t hi s 28¢pls f°n€e adused ip@ herd f‘&rofﬁg'ﬂ"r‘ﬁ)t ?’bW'ﬁ)’P"aR heqde Phmiking \FoWSmans.

Howeves, thecgh rb@%rrﬁe@wh%tp@au@@m WHER Hey PRaSEIN e &orbir ¥ Aifsedlt Rgrofi | e
of mlk has quite separate utility fromthe direct effects of casein and

casei n net ab¥herethenniy Bsasait amsentimfotaseineA’) dothewnretein fragtion ofithe milko be a

direct effechpy ‘P(Qﬁﬁ?l?é(dtﬁeﬁ?eﬁlglsrb? sﬁ:%?ﬂ@?%t&r’afé& é%ﬁg{h@@ r%kﬁ&?\g idlelegt | Y

nodi fy the fatty acrd conposition S extracted
and the fatty %pﬁcdcumgbsatteﬂdatﬁy acide rimithe: figtf fragtiond df khe moilk.  A1mathodogfeny

derived fromsél'eétméd bERndhioGl Helfe DSl PGP YenbYybing toYofth SRl herie 200 of

the (3-casein
.10 WhICh will produce milk free of the B-casein A' variant, and preferably solely the

B-casein A? variant, is the subject of PCT/NZ96/00039 (published as WO
96/36239).

An additional feature of the invention is that once animals with a particular
15 genotype have been selected and milk is produced from them, the origin of the

milk, or other products, such as milk powder and processed milk products, can be

verified as being produced from the selected animals. This is achieved by

determining the fatty acid composition of such a milk product. Consumers can

therefore be confident that the milk is indeed from animals of the desired
20 genotype.

The benefits of the milk of this invention are considerable:

(1) the absence of B-casein A' protein and the presence of only B-casein
25 A? produces a lower risk of coronary heart disease and Type1
diabetes

(2) replacing saturated fat with unsaturated fat produces a lower risk of
coronary heart disease, obesity and other diseases
30
(3) the consumption of C14:0, which is thought to be atherogenic, is
reduced. |



DNA was extracted fromthe mlk in the following way. M|k was m xed
thoroughly by inversion and 1.0 mM was pipetted into a 1.5 ni

m crocentrifuge tube. The tubes were centrifuged at 8,0 3 PR
m nut es qgg ﬁ?égo'%l al i quot of supernatant 20 (contalnlaércrude

pi petted Yrd T'sanple into a new 1.5n tube. The crutel/NBAY/BMWIIGct was
stored frozen at -20C and 1-5 pl was used, w thout further purification,
for genotyping. Genotyping nmethods used were have been descri bed previously
in detail in 25 PCT/NzZ96/ 00039 (published as WD 96/ 36239). The sanpl es for
fatty acid analysis were centrifuged at 15,000 rpmfor 15 mnutes. An

al i quot of t u r |la | i renmoved from each sanple. This
i pid sanpl et}aﬁiﬁ%g‘é’f' H¥S}5 "b@g Etsn@F’tféBY jacish EO’F‘E‘PI%‘IFéUOf Bvll ist or ed
30 frozen. Theds@rrﬂutws\pﬁéﬁbtéwrhaetqyeﬁédnatemdwhaﬁ@fbrﬁﬁqoﬁeﬁééé%%rmn gas

chr omat ogr aph eak areas on chromatographs were integrated
quantify t hBXFPtWéI . %b&%sﬁ'”f %FSF gy pe WéCh%'@lr??“%s%Eﬁwﬁa@ WS aeqi d was

determ ned byhe emeapayfithd cbRurhgtioAnsfi @Raddimea'ody ﬁ@tﬁgné)eﬁgw-?!‘@etrhtr@
standard. D 3 _JAN 2007 10 O the sanples anal’yse aninmal s el ther tested

cC (A2), AC Eflast Rbsassin ge0qtyne on the faikkadid Grefier mifihaasintifecsapatats utidy ween

genot ypes WefrEmanaRrEQbAsis caddnahalchssd rﬂétélfoﬂ{esf&dﬁ n‘?é@lgc%féhs an@fe the
raw data was adjusted for other factors which fect tatty acid

conposi ti on. CPIME; UhefeMay Hra be Aadieecs effeet; Whlelfe@y ﬁmﬁem (or wattfsnidr Br eed,
Age 2-8+, Daysridrits)Mah fire &Rl it ﬁatl'fg%xd C%’n%bgltl%;o?t kHerd. Finally, Sire,

Genot ype, and Slre by Genotype’interaction ‘were ed. The results from
this study are given in Table 1 and show that the A2 genotype 10 had a
signifjcant effect on fatty acid conposition. The levels of statistical
significance varied between individual fatty acids (* =p<0.05, **=p<0.01
***=p<0. 001) ExXAmmaEsd to Al, mlk fromanimals with the A2 genotype had a
significantly higher percentage of |long chain unsaturated fatty acids
(C18:1) and a Iomer percent age of saturated nmediumchain fatty acids in

t he range 0 A/ A2 individuals were internedi ate for
t hese vgl u((aCBNQ\ was ex&actec} an\cmhe ?a%?y acid compositions determined from milk from

1114 progeny derived from six sires which were heterozygous A/C at nucleotide
15 200 of the B-casein gene.

DNA was extracted from the milk in the following way. Miik was mixed thoroughly by
inversion and 1.0 mi was pipetted into a 1.5 ml microcentrifuge tube. The tubes were
centrifuged at 8,000 rpm for 10 minutes and a 100 pl aliquot of supernatant

20 (containing crude DNA) pipetted from each sample into a new 1.5ml tube. The crude
DNA extract was stored frozen at -20°C and 1-5 pl was used, without further
purification, for genotyping.

Genotyping methods used were have been described previously in detail in
25 PCT/NZ96/00039 (published as WO 96/36239).

The samples for fatty acid analysis were centrifuged at 15,000 rpm for 15
minutes. An aliquot of the upper layer of lipid was removed from each sample.
This lipid sample was heated to 60.0°C and the melted lipid removed, and stored
30 frozen. The samples were subsequently methylated and analysed by gas
chromatography. The peak areas on chromatographs were integrated to quantify
the levels each fatty acid. The identity of each fatty acid was determined by

comparing the retention time of each peak with a known étandard.



As a percentage of the total Cl18:1, A2-derived m |k had about 3% nore C18:1
than Al -derived mlk. C18:1 nakes up about 15% of mlk fat so the overal
effect as a proportion of total mlk fat was about half a grcenémﬂg

Cl18: 1. The 20 reduction in the percentage of saturated fatt

simlar to the increase in wunsaturated fatty acid. Wth the effects of
herd, nob within herd, breed, age 2- 8+1!0days in m |k, nethylation group
and sire renoved by the nodel, the (3-casein genotype accounted for 15-20%
of the variation in these specific fatty acid conpositions betmeen the

ani mal S. 3 J 2007 11 |1 of ' OI o
| ni %qu‘e @mVFS)?I”a&YFeA @nlrﬁls @'”ﬂ%t?&eﬁd %C fAs A? N/iAZNOLAA (Aﬂl? I
rd C] f : lrﬂ I ol lpohition 1200~ :THe wiffeten@es ldbtwee@ml g&fotydes- wéﬂi cbmpared| u§ﬁg | nI |
1 1 O at

91 d d n~ geper@lls,e_g ||r@ard10qe?@nalg5|s wherZ the raN\lv dl\ét:!\\l‘vsllas adjusted gor other
factors which might affect fatty acid composition. Pre-adjustments were made

5 for: Herd, Mob within Herd, Breed, Age 2-8+, Days in Milk, and Methylation

Group within Herd. Finally, Sire, Genotype, and Sire by Genotype interaction

were fitted.

The results from this study are given in Table 1 and show that the A2 genotype
10 had a significant effect on fatty acid composition. The levels of statistical
significance varied between individual fatty acids (* =p<0.05, **=p<0.01
***=p<0.001). Compared to A1, milk from animals with the A2 genotype had a
significantly higher percentage of long chain unsaturated fatty acids (C18:1) and
a lower percentage of saturated medium chain fatty acids in the range (C6:0-

15 C14:0); whereas A1/A2 individuals were intermediate for these values.

As a percentage of the total C18:1, A2-derived milk had about 3% more C18:1
than A1-derived milk. C18:1 makes up about 15% of milk fat so the overall effect
as a proportion of total milk fat was about half a percent more C18:1. The
20 reduction in the percentage of saturated fatty acids was similar to the increase in
unsaturated fatty acid. With the effects of herd, mob within herd, breed, age 2-
8+, days in milk, methylation group and sire removed by the model, the B-casein
genotype accounted for 15-20% of the variation in these specific fatty acid

compositions between the animals.
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Although the invention has been described by way of example, it should be

5 appreciated that variations and modifications may be made without departing
from the scope of the invention. Furthermore, where known equivalients exist to
specific featureé, such equivalents are incorporated as if specifically referred in
this specification.

10
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the invention has been described by way of exanple, it should be 5 _
appreci ated that variations and nodifications may be nmade without departing
fromthe scope of the invention. Furthernore, where known equival ents exi st

to specific , i |l ents are incorporated as if specifically
referred in "%ﬁleéi’%%}cf\ |C<[§|E§*rllf 0 $ 3 JAN 2007 WD 2004/004450

PCT/ Nz2003/ 000140 13

Milk having a low level of saturated fatty acids compared to unsaturated fatty
acids is useful for the avoidance of certain diseases and disorders. Dietary fatty

5 acid intake is a major risk factor in heart disease and much of that dietary fatty
acid intake is from the consumption of milk and milk products. The ability to
obtain milk low in saturated fatty acids relative to unsaturated fatty acids by
milking only those cows that have been genotyped or phenotyped on the basis of
their ability to produce B-casein variants having proline, rather than histidine, at

10 position 67 represents a useful method of producing milk beneficial to human
health.



| NDUSTRI AL APPLI CABILITY MIk having a | ow | evel of saturated fatty acids
conpaied to unsaturated fatty acids is useful for the avoidance of certain
di seases and disorders. Dietary fatty 5 acid intake is a g@j@{ %@ k factor
in heart disease and nmuch of that dietary fatty acid intake"i i t he
consunpt iw 2064/00445k and m | k products. The ability to abtENB2008/DI01400W | N
saturated fatty acids relative to unsaturated fatty acids by mlking only
t hose cows that have been genotyped or ﬂ)‘henotyped on the basis of their
ability to produce p-casein variants having proline, rather than histidine,
at 10 position 67 represents a useful nmethod of producing mlk beneficial
to human health. 13 JAN 2007 WD 2004/ 004450 PCT/ NZ2003/000140 14 CLAI M5
1. A nethod GLAiMSluci ng the | evel of saturated fatty acids relative to the
| evel of unsaturated fatty acids in bovine mlk by: 5 (a) determ ning

whi ch cows of a herd produce mlk containing (3-casein having a proline at
posi tion 67, 1wheAendthed béraiucmarthe el cloysurateat fattp moids celativd {0 thendval ni ng

R-casei n havi ng roline at, position 67 _cows that produce mlk -
13- casei n havi nggfalprﬁﬁg‘['&ﬁpg%ﬁg C’c?fdQEBPY'Bﬁ "glgfg’yby 10 testing genetic material

of i1ndsvidual cows of the herd for the presence of DNA encodi ng R-casein

havi ng a proline,residue at asition 67 or b esti m | k. produced by

di vidual - cove. B9t eerERte PEFh $o8F s o et BRI sieRiE FERE of ¢ he

presence of R-casei nhavigy argolinepatgpdsitiend?, pbere therhesd ;codipriéds coed that | ng

cows that have DNA encodi ngq"((S sei n_havi.n osition
nta

67 or that produce rrPrlolguﬁ% |Cﬁﬁ%¢r 'Q%P-ggg%p aﬁggiragér'oﬁﬁe S£ g‘i’sﬁli doée%fg?)(gsi tion
67; and 20 (c) m | ki cowd treat peddrce exlkdbesseirohaying a midtidineaati pogitian 1I68dby ed
| evel 1(9 f testing genetic material of individual cows of the herd for the
presence of DNA encoding B-casein having a proline residue at
position 67 or by testing milk produced by individual cows of the herd
(or a product produced from that milk) for the presence of B-casein
having a proline at position 67
15

(b) selecting cows that have DNA encoding B-casein having a proline

residue at position 67 or that produce milk containing B-casein having

a proline at position 67; and

20 (¢) milking the selected cows to give milk having a reduced level of
saturated fatty acids relative to the level of unsaturated fatty acids

compared with milk obtained from the herd.

2. A method as claimed in claim 1 where the B-casein having a proline at

25 position 67 includes one or more of B-caseins A%, A®, D, E and F.

3. A method as claimed in claim 2 where the B-casein having a proline at
position 67 is B-casein A%,

30 4. A method as claimed in claim 1 where the B-casein having a histidine at
position 67 includes one or more of B-caseins A', B, and C.

5. A method as claimed in claim 4 where the B-casein having a histidine at

position 67 is B-casein A'.



saturated fatty acids relative to the |level of unsaturated fatty acids
conpared wWith mlk obtained fromthe herd. 2. A nethod as clainmed in claim
1 where the 13-casein having a proline at 25 position 67 ingljuges ogme or
nore of 13-caseins A2, A3, D, Eand F. 3. A nethod as clained in claim?2
where the 13-casein having a proline at position 67 is (3-casein A2. 30 4.
A nethod as claimed in claim1 where thé (3-casein having a histidine at
position 67 includes one or nore of P-caseins A, B, and C. 5. A nethod as
claimed in claim4 where the P-casein having a histidine at position 67 is
(3-casein A°. 0 3 JAN 2007 15 6. A nethod as clained in any one of clains
1 to 5 where the level of short and nediumchain saturated fatty acids

havihng I6kt ob$.4 ca(rjrlaf@fmoatazhrmaih@d hiﬁ!amtz oﬁb&if@laﬁrﬁﬁﬂ&o@lﬂh[&)& the |é@du€§ﬁbrﬁonpa][ ed
with m obt ai ne romt .5 herd. 7. A method as clained in any.one o
T TR R N 2 PR AT vt ST E R IR 7 L U

cont ai ni ng ( 3- casatm cha i(06:0aC 7 ®) ik Reduded copatddonitBimilk Dblihddefsdrh fige genet i ¢
material of cows for the presence of DNA 10 encoding (3-casein having a
proline at positi'8%-67. 8. A nethod as clainmed in any one of clainms 1 to 7

where determ ning which cows of a herd produce mlk containing R-casein
havi ng a pro sition 67 is roduced I,gggcows

i ne ,at by testing, the mlk
Cor 2 protuct pr baetRazs dded imaty fe b SpER") Iod whetsAleRairgdyc n
havi ng a prolinecas posthé i @nd roducd. mik nebiamihga-aakein neatlingn aagrglirenat of
claims 1 to 8 where,.th epetic material ., of the cqows, K may be an [ Ssue
cont i ning.. or  WAPSIOEBATRPTLHIN A el Bate Rl E I 18 Precanee A
claimed in cl ai meBcodiey @-chéeen gavied b @rotiat @t paditions6obt ai ned from bl ood,
hair, or mlKk.
8. A method as claimed in any one of claims 1 to 7 where determining which
cows of a herd produce milk containing B-casein having a proline at
position 67 is by testing the milk produced by cows (or a product produced

15 from that milk) for the presence of B-casein having a proline at position 67.

9. A method as claimed in any one of claims 1 to 8 where the genetic material
of the cows may be any tissue containing, or which contained, nucleated
cells.

20
10. A method as claimed in claim 9 where the genetic material is obtained from

blood, hair, or milk.



