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Summary

I .Commercialization and mass production of CPP H

[I. Purpose and necessity

The animal husbandry industry of the 21th century needs research of functional
substances using high technology of biotechnology and new breeds development of
high value added. Up to date, new substances have been developed mostly by
chemical synthesis or use of micro organism, but for the new substances
development in the animal husbandry has high stability and efficiency, it has high
economic and industrial value. The purpose of this research is establishing mass
production system for putting the substance CPP H(casein phosphopeptide H,
functional substance which helps the absorption of Ca as making Ca available) into

practical use.

OoCPP

A casein is one kind of protein contained in bovine or human milk, and q, § and
K types have been reported. In particular, B-casein have Al, Az, A3, B, C,Dand E
variants whose primary structures have been already suggested. (Eigel. at al., 1984)
Being a peptide contained in a casein and a fragment isolated from a casein by
digestive enzymes, CPP’s physiological functions have been reported. Since
excessively taking of nutritions is becoming an issue in today's dietary life, lack of
minerals, especially a Ca and an Fe, is getting conspicuous. Fortifying minerals into
foods as a countermeasure can hinder use of other minerals, therefore the method
improving efficiency of mineral absorption without raising mineral intake is needed.

At this point CPP is considered as a very important substance.

_10_



In general, minerals should be kept in a soluble state to be absorbed into
animals. However, as contents moves through the small intestine in animals, a pH
thereof shifts from a neutral to an alkaline state. In accordance with the change of
pH in the small intestine, a large portion of minerals becomes insoluble to cause a
precipitation. Concerning a Ca absorption, as a Ca moves through the small
intestine, a portion of soluble Ca decreases in inverse proportion to an increase of
pH therein. A Ca is actively transported in the upper small intestinal track and
passively transported in the lower track, and the Ca absorption can be accelerated

by vitamin D and lactose.

O Structures of CPP and CPP H
Irrespective of A', A% AB, B, C and D variants of B casein, their structure and
amino acid sequence of CPP produced therefrom remain same, the sequence of

which is shown as follows.

fig.1
Are-Glu-Leu-Glu-Glu-Leu-Asn-Val-Pro-Gly -Glu-Ile-Val~-Glu~Ser-Leu-Ser-Ser-
Ser—-Glu-Glu-Ser-lle-Thr-Arg

* wherein Ser(P) represents a phosphorylated serine.

As illustrated above, a conventional CPP has 25 amino acids; and three
successive phosphoserines and two glutamic acid residues coming thereafter form a
strong negative charge area, thereby providing an active site with respect to a Ca.

CPP H this research tries to mass-produce only exists in Korean bull among
the world’s bulls and its appearance frequency is very low as 0.01. So, it is very
rare gene. As CPP H has different amino acid sequence and structure from
existing CPP, it is named beta casein H. Conducting DNA and amino acid
sequencing of beta casein H and CPP H, the structure is closely examined.
(GenBank accession # AF104928 & # AF104929; Swiss Prot accession # P02666;
PIR accession # ABH9068 & # B59068) This CPP H refined from beta casein H

- 11 -



forming dimer by disulfide bond, it is proved to have better Ca soluble ability
than existing CPP. The sequence, which has the excellent Ca soluble ability, is

shown as follows.

fig.2
Arg-Glu-Leu-Glu-Glu-Lue-Asn-Val-Pro-Gly-Glu-Ile-Val-Glu-Ser-Leu-Ser—-Ser-
Ser-Glu-Glu-Ser-lle-Thr-Cys-Ile-Asn-Lys

* wherein Ser(P) represents a phosphorylated serine.

Since the 25th Arg from N-terminal in the conventional CPP is substituted by
Cys, forming dimer, CPP H shows different sequence from the existing CPP.
Proteins and minerals like Ca and Fe generally tend to be bound to each other and
strength of such couplings are largely dependent upon their higher structures ie.,
secondary or tertiary structure. Due to differences of the amino acid sequence and
primary structure, the inventive CPP and the beta casein H containing same show
an improved ability to solubilize minerals including calcium in the small intestine:
and, therefore, it naturally entails an enhancement of mineral absorption in animals.
These new functional substances can be developed as osteoporosis cure, preventive
medicines, all kinds of dairy product, health foods additives, tarter prevention

additives, beauty products and feeds additives.

OMass production of CPP H

Various genes of Korean bull, in the dimension of developing physiological
activity matters which are high' biotechnological resources, have great utility value
as a useful source. However, these kinds of researches are wholly lacking in the
field of Korean animal husbandry industry; preparing for 2lst century’s biological
era the countermeasure about utilizing scheme of genetic resources is urgent. This
research is contriving high technological improvements of animal husbandry utilizing
the genes of Korean bull by mass—producing physiological activity matter, CPP

developed from the genes of Korean bull.

_12_



Korean bull has low milk production, so cross-breeding with breeds producing
more milk such as Holstein CPP H can be mass-produced from natural milk. We
can produce more stable and economical new substances than chemical synthesis or
microorganism. IF F1 cross-bred between Korean bull having CPP and Holstein
mass—produces CPP H ,and has traits like better quality of meat or good resistance
to disease, the 21st century's development of new environment related breed both

for milk and meat will be possible.

. Subject matter and extent

1)Animals on trial

OSelecting the elite bull having CPP H gene
-verifyhing beta casein H type of Korean elite bull
O Selecting the elite cow among Holstein individuals

—analyzing beta—-casein genotype of selected individuals

2)Individual identification

OMicrosatellite

—-Analyzing 9 microsatellite loci which ISAG(International Society for Animal
Genetics)

Oblood and protein typing

Omilk protein typing

3)Cross-breeding Holstein and Korean bull (CPP H)
4)F1 production and management

OF1 production and beta-casein type analysis

O Setting F1 family

...13_



~family set by analyzing the 9 loci of Microsatelite, blood protein and milk

protein

5)CPP H containing milk produce and cross-breeding among F1 to produce

excellence lineage’s F2
6)F2 produce and CPP H producing lineage construction

7)Mass production of CPP H
OMilking from F1 which has CPP H gene
ODetection of CPP H type by using acidic starch gel electrophoresis

8)Performance test

OFl1's milk production, meat quality and resistance to disease examination

[V. Usage of result

Various genes of Korean bull, in the dimension of developing physiological
activity matters which are high biotechnological resources, have great utility value
as a useful source. However, these kinds of researches are wholly lacking in the
field of Korean animal husbandry industry; preparing for 2lst century’s biological
era the countermeasure about utilizing scheme of genetic resources is urgent. This
research is contriving high technological improvements of animal husbandry utilizing
the genes of Korean bull by mass-producing physiological activity matter, CPP
developed from the genes of Korean bull.

CPP H gene researches only can be in Korean bull. However, since Korean bull
has low milk production, to mass-produce CPP H from natural milk we produced

F1 and F2 by cross-breeding with Holstein which has high milk production.

- 14 -



OProduction of F1

By cross—breeding 2 heads of Korean elite bull and 89 heads of Holstein elite
cow, total 62 heads of F1 (27 cows, 35 bulls) are produced. Among them 27 heads
had CPP H gene(27 cows, 14 bulls)

Produced calves were mostly black, but very some of them had white spots and
2 heads were brown just like Korean bull. This will be used as a important

resource about the research relating to hair color genes later on.

OProduction of F2 and mass-production of CPP

Among 27 F1 individuals possessing CPP H, 9 heads(799, 800, 809, 810, 813, 815,
816, 812, 826) finished cross-breeding delivered F2 calves from 16th Feb 2003 to
1l4th Apr 2003 and started to produced milk containing CPP H. Among 9 delivered
calves, 1 head had brown hair like it’s mother. Those delivered 9 calves are all
healthy ,and their mother 9 Fl’s are also healthy and produce more milk than
expected. In case of 799, the milk production reached to maximum 16.6kg per day,
1 day average production is about 10.1kg whereas Korean bull produces 171.5kg per

day.

These results are regarded more than expectation as the first delivering cow and
also the milk production from secondary delivery is expected to be increased, so

this research is successful in the respect of the quantity of milk producion.

ODetection of B-casein H from the milk produced by F1

As the result of analysis of B-casein by electrophoresis, to venfy if the functional
substance, CPP H is contained in the milk produced by each 9 heads of F1 mother
cows, all 9 samples of milk was confirmed as B-casein H. It is confirmed that
Korean bull’s gene is orderly transmitted to F1 born by cross-breeding with
Holstein and CPP H substance is synthesized by that CPP H gene, which was the
purpose of this research.

On the other hand, individuals born between Korean bull and Holstein, and F2's
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born between F1 and F1 were healthy during pregnancy period, delivery, and
growing after delivery. They didn’t have any symptoms of diseases which appears
in transgenic animal or animal clone and were even healthier than Korean bull,
cow, and mixed cow. Also it is conjectured that they have strong resistance to

diseases, and this is another successful result of this research purpose.

As CPP H is the gene which only exists in Korean bull, since Korean Bull has
low milk production, it is very difficult to mass-produce CPP H. Therefore, when
this gene is normally transmitted to F1 produced by cross-breeding with the breed
which has large milk production like Holstein, CPP H substance coded by that gene
can be mass-produced in the natural milk. By this animal factor method, not likely
microbic or chemical synthesis, new natural substances can be produced stably and
economically.

This method is different from complex production method like DHA produced
only by trans—formatted animals or special feed supply but it is the invention of
stable and economic animal factory we can produce substance by the code of the

normal functional gene.

The utilizing plan of the R&D developed in this research is commercialization of

CPP H and development of new substances.

O Commercialization of CPP H

For commercialization of CPP H, prodution of current price products, clinical
experiment and more studies about marketing are strongly needed. As the use of
CPP H, production of food, beverage, medicine and functional cosmetic can be
possibly produced, and also like the oral compositions such as gargle and special

feed additive the use of CPP H is various and the market is wide.

OlImprovement of new breed

As 21st century is a globalizied and open era, not only the countermeasure about
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imported beef but also the researches concerned with animal genome are demanded
in the bio industrial period.

As the result of the research, biotechnology, which can mass—produce functional
substances using high technology of life engineering, is developed and at the same
time excellencies of Korean bull’s gene is proved.

By using CPP H gene which doesn’t exist in any other breeds of the world,
economic and stable animal factory is successfully developed.

This animal factory shows the possibility that we can develope milk and meat
producing breed with high resistance to the disease and mass production of milk
and meat.

Now, the immune system of improved breeds such as Holstein became weak
because of genes related to diseases laying disproportion of gene composition. For
the derived disease, the abuse of antibiotic and residual antibiotic is worldwidely
conspicuocus. F1 developed in this research can be the fundamental solution. This
will be the new breed producing 21lst century environment relating and stable
healthy stock farm products.

In the future, with continuos support, farm spread of this breed will be possible
and when it comes true, for the multipurpose dairy management producing
functional milk and meat at once, we can formate the foundation of stable dairy

industry.
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Ngdo Arge2RE CZo Arg7bAl 25719

Ser-PZ717F 370 &4

O CPP+=

2709 Gluzt717F 42 =
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2 gd#dA ¢dth(Sato et al, 1986; Li et

L

Br

al., 1989; Meisel & Frister, 1989).
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Arge] Cyse2 A&so] oj&st Age osir olFAE FHFozA V&9
CPPE T 23ta o] thd AdAAH]l 1 GALdEDH] 714 Zge 7183 Y
°of $-dte]l 248 WM Zed F+8 CPP X0 9453 S7H0E 5 ok

CPP-HE $3(50140248) 9 wl=(5834424), 7 ¥, d& 5 AlA
8 F53tdon 1 58 MUE FFoR J% T FY A

R oA, A4F FAF R AZAFA A, AEA

oA ofe] 7HA £AF ] 2

wehA CPP He| 4§38 $Iste] ebgaje]l ¢4 Pargo] glond Ay u g
"ol A ZAZ WH, & CPP H #424E 7H 899 %o B Holstein %3
o FF7 welE $3hel Flol AASHoIA CPP HE W Adae 7% AA2

sl st gk,
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A 148 7154 F2AAE 713 Fl1 oy

57 AU e 9SS e dd ATy Add AgHER A 3
Pl A F83 sourceR FHEAo] Atk ey ojeid AFst fEjvEr FAabRofdl A
= AFE AAloA 2047 BES Aldo] giud A Apde gt dig
HA o] AlFeih. B Age 9o FHA2RE Add AUIHEH CPP HE U
Ao zA 9o FHAE &3 Wehe ZdEe Fdde FariedEs =

s
S
iy

CPP H #4dAE 713 39-= H3Fo] o] Holstein® 22
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1. CPP

casein® Ffit B9t 28 FHol £Aske dMARA afx Ho] i, o] FoA]
2l beta casein® Al Al, A2, A3, B, C 2 D ¥olA7t glen, 1 dx4zrt
®axo] o(Eigel et al, 1984).

Casein phosphopeptide (CPP)& casein® T+ 35l peptide©]™ casein®] A 3}& 49
A8 2HHANE o EElHE dHo2M 1 AH siFe] ds g dF Rt 9l
o G #Y A BAC Ha e d@die JAgdA nug 53] Zay
o Aol o & EAZ dFHL Ut o] iAo AFo) mu
L3l B wv#e] o]&A4& A et dod, waps wdH
i uuEe] F5FE8S Eolv Wiol Ay o)z HHox
a3 EAdR A4 Qo

ditd oz vdE HEol A WA F HY HiAMe JHEAR dHE A3
of A8t Aol A4 zheth Y, 2B S pHE F40A LZEA
o=z vk 7] wiol] muEe] A, E&gHe Aol Ak AE A 2 WA

_x_,l_,mxo
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5% W pH7L Asste she4e) gl ZasAl Hed, CPPE
AATAL e H84 Bao vl fo% JE2 Fopth BHE 273 PN

5EFE0R, e BT Ful B8 FEFEHW, 1 F5E vEw D 2
s
(e} [e]

rr

el oM FATh 2o 7 B FFEL & AR Yol A Tt
 =AR A FARe] &7 Wi Fwke] BAe ¥ou, F4 FTHo M B2 N
Ae &% 379 AFOZA rate] A AA F5HF 62 WA 83%¢ "*3} AL 2]
BF 8FE dAEE Zed F5Fe]l @A gaFHER, el A FF T
23 FAYS & F Arh %HQ 7h&gtel] Vdete AEoRA AATE E"'?:}'S}Fl
UE CPP7 $83% 988 3t Aoz BasAqrkSato et al, 1986).

Ml

7ol 2r o] Ba v AP O ZA casein, UAH7IE A A casein, FFH, Aok
g 7tz dEC g9 F A auvdNg Jt8d #ge ¢ 2 FF g
A, JAAUAZE AASGA FE caseing FA4%F% RETAA 7MF ¥ £HE e

B, o] A3 CPPel Q4717 Zge 7H8ste] Fad 928 dos LS o
A th £33, S caseing EYA oz 2 stW CPP7 22 En o]Ao] Zg ®
= 08 muE Jde UAIFgn Basdoh(Sato et al, 1986).

L

2. CPP%} CPP HY +%

Beta casein®| CPPA#-2 beta casein Al, A2, A3, B, C 2 D2 #4% wHolalo &
Aglel zk WolAl MR FUdF F2E & dom, 15 7+ RlojAE EYder
AgatdS W A EHE CPPY ofrfxwa MEdL g3 2k

a9 1.
Arg-Glu-Leu-Glu-Glu-Leu-Asn-Val-Pro-Gly-Glu-lle- Val-Glu-Ser-Leu-Ser-Ser-S
er-Glu-Glu-Ser-Ile-Thr-Arg

* Ser< phosphoserine?.

a9 14 BRE vie} Zo] CPPE NZ @ Argo2ZHE CZY Arg7tA 25709
ol wato 2 FAHD Ser-P 7|7} 370 d&E F 249 G|t AAHE 2
o124 e AUy o] st Zgd Ud FAREGFes deA lvk(Sato
et al, 1986)



BoAFgM AR st st B8 CPP HE AMAY & FF FodAMxE g0
Ak fdstAl EAse FAARA 2 28 UEE 0012 W5 22 AT izt
th(Abe et al, 1968; Han et al, 2000). CPP HE 7|29 CPP & Zoldt ofnjxil A
g W ZZE NAE HAOEZAM beta casein HY 2.2 #3501 o] beta casein H
2 CPP H¢ DNA ¥ animo acid sequencing® A3 1 F+2E wHIIAG
(GenBank accession # AF104928 & # AF104929; Swiss Prot accession # P02666; PIR
accession # AS9068 & # B59068). ©| beta casein HEFE] AA =+ CPP He °l%3%
Aol 98 olFA(dimer)E FASA 71E9 CPPRY Zrxo] 7M438 o] 45%
< Y4Z3tAch(Han et al, 2000).

o] 7183 S0l 948 CPP HY opujxil HE& o &3 2o

g 2.
Arg-Ghli-Leu-Glu-Glu-Leu-Asn—Val-Pro-Gly-Glu-Tle-Val-Glu-Ser-Leu-Ser-Ser-S
er-Glu-Glu-Ser-lle-Thr-Cys-lle-Asn-Lys

* Ser< phosphoserine¥.

CPP H¥ NZ oA 25 A 2] Argo] Cyse. 2 A 3hgo] oA g T 2A 7|E
°f CPP(1¥ 1)%E Aoldt +25 vedth

IS ERS 7‘*, d oy 2 vuzy 4F g A%S she 4ol dn 9]
opl kibe] F, MY ¢ wwlyol 23 33 Az

°P9§‘4(Na1to 1986) uwebA o)A CPP H ¥ 1AL X3l caseind otnj =4t
5, A9 2 a7tz B oo 238 WA LstE i WE dAggel woF dwd
-3 Feo] 7[EY AxR 53t aFBUAAN #g F4E FAE ¢ AT

3. CPP HY AW 7143 4%

CPP He} 7]&9 CPPete ZHFF& S vy Hste ratg o83 2d& A
4tk 2 43 CPP HE X ¥8tE caseing 343 Al 138 4EQ 233 W /Mg
Zer e 5848ppm (B ) EA, 7129 caseing F24% Al 2 & HEQ AT Te
o] % 50.60ppm(F )l ®lske] oF 15% 7t ZFrhEdem T3 CPP HE 343 Al
3¢ FE 233 7143 ZaFE 682ppm(B ) EA, 7€ CPPE F4

-
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ol RE AW Ao < 5538ppm(H )l vl ste] 23%7FF F71H 0] caseing
A% TR L JHE3 TEHE YeEAY 53 7h83 dE9 80%H ST 3§

LstR A 78 ZES> A 1 o) 4223ppm °)3 Al 2 o] 35.1lppmo®
% Z7F Hdew A CPP HE F43% Al 33¢0] 51.0lppmelZ A 4 9]
39.33ppm o2 A5 CPP HE AT oA o 30% 7tF F/490eS & 4+ AU
(Han et al, 2000; 3=E53& 50140248, 1998; 7= 53] 5334424, 1998).
ojd e A, CPP H ¥ RS EF8E caseine 25MA 9 o}v| x4t Argol
Cyse 2 A#xo olFAE FAstnR 71&2] A "l oprxity F7/, A8 R
AzpT27E doldte] AW A sHEs sEe] FHHUSFE griste Aol
nZ, Zge F4 S #4938ty CPP H 2 A4S L 8stE caseing o8 &x =
AREE 4l

o

55
)
N
X
o

4. CPP 2 CPP He A A4y

ol o]
casein'g %J_é]:‘?:a]?@ T e = i a

T3 A gidle 2EHEFI7 2 FE| 2L AAstE HEAS AUt A™dATE
W (Spellacy, 1953), @Ml (rennet)S A 7tste] A A A 71 9 (Fox, 1970)5 0] R iy

o)
2R

L

ole} Zo] AoJA beta casein H B2 I3t caseino] @z Hars A7k
o JlEREen, Qo b RdEe azvEaddsid 2 owwe] AR
peptide(CPP H)E A= & 4 Uob. 7h48e g422E I8 o9ud 2sas, oA
o EQA, BAolE, REYN E= gL

HHogE HPLC £ A o3 azvgadyg Aed
37) Aol AzvEasbusie Wi dojxd tFR#E Frleleg ke
peptide® FAAA 7)1, AAH peptideE 3|Fst= W@ o A5F peptide(CPP H)E A

=, FUlol2og2N Feg HF¥ v 20mMe] HEEF AUtz daess HFs:

50% HEE H718te peptideE HAANA AAE peptideE TAAZSS, CPP HE
ARE 4 Qo ojwe A o3 mzelExdyd o FJH TEE 4T Fro)R
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of o3 AAEANA 9%l P, BT 1.2g0] Ak £ Av] F7]0]& Fe tjilof
Ca, Ba, Cu, Zn, Mn, ¥ Co °]&& A9 S Wx FAFSE A7rt Ao H) 47 3
A oA Frlo]2i FAl ow&s Astsdod, Jdues HEA @
FeCl3wt& 7t (A5 % 20mM)g 4 $ol = 415F peptide(CPP H)7} A A 5] A o}
oI 2 AxUHE w9 uw 53 (I 5 50140248, 1998; 1| 5
5834424, 1998)°l) <& AxWeE 5Pz 47| Wi et 4989 CPP H
& AAE 5 Ut

5. CPP He| =44t W

CPP H =% o|& X F3ele caseing thd AAtslr] 98- = beta casein HfF A A&
7H A §FE dF A Aol Hastch olE YA Y3, beta
casein H8 H#AAE o] A9} HlHFo| HL A
£ % beta casein HE 9 #+AAE 7127 <
&E ﬁ‘ﬁ?}l’, AEE d2ERE RE AHSL, 47 SFEEEH Ao Wy
°late} beta casein HE-& A A% 4= 9l

AT Ao FAAYES w2 A FE57] 98 PCR-RFLP 7€ 2de oy
T AT E FE BN BT FAAE S 2AE F A At Pinders
< PCR& 01%3]-04 29 casein rAAES E LS FAM 38U beta casein B
kapa casein B Alojo] A##AA 7 Aot Aetdt gtk Liens& created restrition site
o] FZ4 o t}5 beta casein YA AR (Al, A2, A3, B)Y HAEWHS Husy
o} Lien® Rogne(1993)F casein haplotype® ¢ 9 WX E ¥ 13828 PCR-RFLP
g o] 8T MEL beta casein HHFHA] T4 FAS A3 Gt wE
HE st

2 ATAME YZE beta casein HF A A2l HAE2 Y38t primers 7|8 $ o
21 sequence= US¥ ZtH(Han et al, 2000; THFEF E0140248, 1998; I ZE 3
5834424, 1998).

Moo

Sense strand : 5 -CAACAGCCTTATTCAGAAGAGTGG-3’
Antisense strand @ 3° -CAGTGGGATGACAGAAAGTAGTCGTATAGG-5
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o] primerel] 23} AJ4kE PCR product& Nsi I &4 93] 7t¢Rajsgct 2 A
beta casein H #&A A& F#3¢ DNA ©#H-& 1829 458bpe] A# oz E ¥t ol

Zhrdald dUES 2% agarose geld XA ARsE A7G T s AEEHU
& o CPP H #3449 Fd94e 394 ddfaxdel A=Ak (Han et al,
2000).

oj¢} Zo] CPP H o WAL 93tod CPP H 2449 typingE 938 primer, d
719 ol 9 g GAd typing ¥ CPP H S8 &2H%A CPP He +x% 9 7

T, A 5 RE 712H vlse] mAR FEoR g gad Aol
wetM, 78 E ?491 A AR dydd FA A8} Jhed GANA B
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H 3 & dijgsrd e 2 20

i

A 1E d7FE B
IERETIRE

7}, CPP H % 5- S A
1) 37 EFAA 123970 wulE AAH Fwd CPP H F#AdAE 711 809 F9 %

paid

2) 39 £12 29| beta casein H type &< (PCR-RFLP %)
: PCR-RFLPHY ©o]€ : beta casein Holl £9o]# 2l primer (beta-CN 2 primen)E 7§
3t o9 o] primerZ DNAE PCR Wilol & $Z ¥ Nis | Algasr=s dd

p

2% agarose gel electrophoresis3dle] beta casein H8 & &2l.

beta casein HE-& 458bpe} 182bpE TA Y F 7H9 bandz ¢ 3.

U, 2u$-2 o] 43 Holstein 7fa18 Al
) AZYstn 220 Agsdoa Agw 2 s Ee] A TS 1078

p R4 3

¥ TAYG sEoz A 1070 dut Bl dA AAT dFe] WAH Axd
3t g5 AEFdeA ulE YA
2) Adrd 7R 9 beta-casein FHAE #A4
Dz A §F o ZEE acidic starch gel electrophoresis® 2 ©]-£3}¢] beta-casein

Fouay B2y

2. AdZE AAES] AAANE

7}. Microsatellite®9 & #4]

1) International Society for Animal Genetics (ISAG)oIA WA A RS ] A3 974
o microsatellite ¢ ¥A(ETH3, ETHIO, ETH225, TGLA122, TGLAIZ26,
TGLA227, BM1824, BM2113, SPS115)
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o3 gulAaeg £4

1) Starch gel ¥ acrylamide gel electrophoresis® 2 ©o]-&3le] £4]

2) Hemoglobin(HB), Albumin(ALB), Transferrin(TF), Post-transferrin-2(PTF-2),
Post—-albumin(PA) 2 Amylase(AMY) #$¢ £4
e dsy 24

1) acidic 2 alkaline starch gel electrophoresis®-& ©]&3le &4

2) alpha S1 casein, beta casein, kappa casein, beta lactoglobulin % alpha
lactoglobulin# ¢l #4

3. 3¢ x Holstein i 4l

4. F1o) A 2 7y
7} Fl1el AAF 9 beta casein® 4

U, A" F1F beta casein® PCR-RFLP® & o] &&ta] £

th Fleo] &%
CPP H non CPP H
Female 25% 25%
Male 25% 25%

2}, F19] 71 AA ¥
1) Microsatellite, AT 9 Fodigd 949 FEAjo og 7HA B H
2) F1ol A% 5 1AM A5 58, SAHE 2 2HATgAd e 58334 A4

o

5. CPP HE# $#9 A4 2 $2AT F2 44 9% Fizke] mu)
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7F CPP HE £#3 Fl ¢4 2 $£428 MAddd )
v e A g AR
A4 g8 AL g

3 A]
2) HHA o3 durd

o]
N
O~ =
_‘_tﬂ.

ok F29] A4 9@ CPP HE Aist=
D A4 F29| beta casein #3238 24 (PCR-RFLPYH S o] &38}d 54
2) F2¢] 7}AI8 Y] (Microsatellite, AFLP, @dgulzg 2 g zouxd BA)

r_{

6. CPP He| ofFAt

7F. CPP H H3AE 2#3% Floz RE 28
U &ZAFH % acidic starch gel electrophoresis#-& o]-g3lo] $otulzle]l CPP H
29l

th CPP He| AAl 2 dizkyar
D A A o8] /2 5E beta caseing AAF F Sl &gk =
HASs A7bstd 7bs e @ (2 35-60C, pH 7-9, 5-24hrs).
2) 7t g pHE 4622 2Ado AAE vuk$ caseing A7 o},
3) o] &oo Frle]2o2 M FeE HFTHE7l 20mMo] HEE sl w o 8re S
L 50%7F = E AH7Fst peptideE A A 71T
4) A4 H peptide® FHHAZ3 CPP HE AAtsio),

m

i
hoFL 2 P29 5874 2 AES BE F 518 E 7z A= £4

>
N
flr
3
ax)
oZ,
o
ol
o
2
gi
r-\o

i 19 BFYEL AY 2
A HET sowrce B8] Tth Te o1 AT Sael Lo
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21471 mlee) 02 AREete HaAs S o & vleAH BEEY ¥4 H 1
F7E7bA o] AEFE o] 2 AFgA] AEAS A9 gy JY E= vAAE
& o] &3t AEHAL Hopo Ao NEA MEE kA 2 F&A Eob A
A, AdH 7AA 7L FEoF A s E AEE  casein
phosphopeptide He] 2838 93 qHFAA AAE SHsA

1. A748 Azt

b CPP H $A4E 248 &9 54 A

1) PCR-RFLPY & o] &3t Holstein® mujo] o]-&8 CPP H #32& 273
FH FRE 20F F 20AE ddaAdc.(Fig 1)

- A AAEY AANewtH 474 lmlel FAL AR F AT R
Genomic DNAE F&33t}.

- CPP H FdAE &Ast7] #3to] beta casein Holl 5¢]# <] primer (beta-CN 2
primen)& °]§3te] PCRE AI5te] 540bpe] F%H4HES Aarstanh Y€ PCR

o

ZEZANE S 2% agarose gelE o] £33 HI|A=E

L

[e]
5

- CPP H¥ & #Qlatr] 9ste] Aakd 540bpe] FEZAFEE Nsi [ Adasz A9 @
T 2% agarose gel$ ©]8% A7IGES AT A 2Y 294 He uek Zo
CPP H¥2 458bpet 182bp?) F 709 bandZ HZEHUZ CPP HFo] obd 7 A ¢
FTEAEZ DA @& 540bpe] bandE AEFHUAT (Fig. 2). CPP HE 22 =4l

" ¢ FESE T 25 E Holsteindte] wufel] o] &3ttt
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Fig 1. CPP-H type korean cattle sires
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1 2 34 5 M6 7 89 10 11

Figure 2. The result of PCR-RFLP with Nsi I emzyme to identify CPP H gene
lane 1, 2, 4, 6, 7, 11 : CPP H type

lane 3, 5, 8, 9, 10 : Non CPP H type
Ma : pGem DNA size marker
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v FW$2 o] &% Holstein 7fA 9] Ayt
A AFEsAol AR

2 IRAZI S 247 FHF 100F

2) A" A9 beta—casein FAAE B

=
AWHE  Holstein $W$ 7 AAZHREYE #F52

electrophoresis®-& ©}-83}4 beta-casein +

223 Holstein F5-%-914 beta casein Al, A2 ¥

FARHEe 2AhetA et

oV
1
N,
o
HT
2
ol
ok

Fig. 3. Electrophoregram of B-casein phenotypes
Lane 1, BB; 2, BAL;, 3, A1A2 4, BAZ; 5, AZH;
6, A1AL 7, A1A2; 8, A2A2; 9, AZH

Lane 5 and 9 : Korean Cattle, Others : Holstein
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oA A AR
A =

AdbEl MAE2] DNA, 8% 2 #5023 E Microsatellite &9, dddtwa =9
4 fFEARE 98 BN AAAES AA e

1) Microsatellite=} ¢ #4
¢ T2 2 Holstein FW MA2EE& $38t4] International Society for
Animal Genetics (ISAG)SIA 7AH e 98] AA3 microsatellite #9191 ETHS,
ETHI10, ETH225, TGLA122, TGLA126, TGLA227, BM1824 ¥ BM2113 %9 &4
S AN
- Ad® 9 4 Holstein 7AAl2] o 2HE Genomic DNAS F&35 3t
- PCR $%& A% dgdo =4 25ng2 genomic DNASH Z+zh 200pM <] dNTP,
lunit®] Taq polymerase, 1X PCR reaction buffer 2@ primer® A7}ele] HZE wkg-
Ng 12plE FAEY
- Z} microsatellite 392 YK AR genotyped #HAL st Z+ AL 3u
PCR product® ©°]&3dt. 7 PCR productEg 7ME urea’t H7F9E 8%
acrylamide gel ¥ 1X TBE®Q] running bufferZ o]-&3to] 1500Vl A7]19 %3S
=3
- silver staining g AA|sle] FAxES A} (Fig. 4, 5, 6, 7, 8, 9, 10 and 11).

o
o

_36_



12 3 4 5 67 8 9 1011 12

Fig 4. Seven alleles of ETH3 microsatellite locus in
Korean native cattle and Holstein breed.
Lanel, 117/117; Lane2 & 3, 119/119; Laned, 122/122; Laneb, 127/129
Lane6, 127/129; Lane7, 119/127; Lane8, 125/125; Lane9, 117/119
LanelQ, 117/117; Lanell, 117.119; Lanel2, 121/121
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3 4 5 6 7

s

Fig 5. Nine alleles of ETH10 microsatellite locus in
Korean native cattle and Holstein breed.
Lanel, 215/215; Lane2 217/217; Lane3, 219/223; Laned, 217/217
Laneb, 221/225; Lane6, 213/213; Lane7, 209/211
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Fig 6. Seven alleles of ETH225 microsatellite locus in
Korean native cattle and Holstein breed.
Lanel, 150/150; Lane2 140/142; Lane3, 148/148; Laned, 146/146;
Laneb, 152/152; Lane6, 150/150; Lane7, 148/156; Lane8, 150/144
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12 34 5 6 78 9101112131415

Fig 7. Thirteen alleles of TGLA122 microsatellite locus in
Korean native cattle and Holstein breed.
Lanel, 171/171; Lane2 135/143; Lane3, 171/171; Lane4, 171/171;
Laneb, 151/151; Lane6, 147/151; Lane7, 159/159; Lane8, 141/145;
Lane9, 171/171; Lanel0, 149/163; Lanell, 149/149; Lanel2, 151/171
Lanel3, 161/181; Lanel4, 151/171 ; Lanelb, 135/153
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12 3 4 5 6 7

3

Fig 8. Seven alleles of TGLA126 microsatellite locus in
Korean native cattle and Holstein breed.
Lanel, 115/115; Lane2 125/125; Lane3, 121/121; Lane4, 119/119;
Laneb, 125/125; Lane6, 123/125; Lane7, 117/117; Lane8, 113/113
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1 2 345 6 7 89 10

Fig 9. Twelve alleles of TGLA227 microsatellite locus in
Korean native cattle and Holstein breed.
Lanel, 91/93; Lane2 79/87;, Lane3, 81/83; Laned, 89/91;
Laneb, 79/105; Lane6, 85/89; Lane7, 87/93; Lane8, 95/99
Lane9, 93/95; Lanel0, 95/97
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12 3 456 7 g8 91011 12 13

Fig 10. Six alleles of BM1824 microsatellite locus in
Korean native cattle and Holstein breed.
Lanel, 182/184; Lane2 182/180; Lane3, 180/180; Lane4, 180/190;
Laneb, 180/180; Lane6, 188/190; Lane7, 180/188; LaneS8, 180/182;
Lane9, 178/182; Lanel0, 180/182; Lanell, 182/182; Lanel2, 180/180
Lanel3, 180/182
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Fig 11. Nine alleles of BM2113 microsatellite locus in
Korean native cattle and Holstein breed.
Lanel, 125/127; Lane2 133/137; Lane3, 125/137; Laned4, 145/147;
Laneb, 133/137; Lane6, 135/145; Lane7, 141/145; Lane8, 135/145
Lane9, 143/145
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A #9290 Hemoglobin(HB)Z$ & Starch gel
o (Fig. 12), Z@Adad  #HA
Transferrin(TF), Post-transferrin-2(PTF-2), Albumin(ALB) % Post-albumin(PA)3

electrophoresisoll &t B "5'}%{

:

$E Starch gel ¥ acrylamide gel electrophoresis®-& o] 88te] 489 (Fig. 13,
14 and 15).

AA  AB AA BB - AA AB

Fig. 12. Electrophoregram of HB protein phenotypes
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TF

AA AE  DIE AH AA  EE EE  D2E  EH

Fig. 13. Electrophoregram of TF protein phenotypes

PTF2

Iig. 14. Electrophoregram of PTF protein phenotypes
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ALB*

PA

Fig. 15. Electrophoregram of ALB and PA protein phenotypes

* non polymorphism
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3) radAse B
acidic ¥ alkaline starch gel electrophoresis®¥ € ©]-83F9 beta casein, alpha Sl

casein, kappa casein, beta lactoglobulin % alpha lactoglobulin®$ & #4139} (Fig.
3, 16 and 17}

(lSr-CN

] k-CN

CC BB BC CC BC BB BB BC CC BB
BB AB AA BB  AA BB  AB AA BB AA

Fig. 16. Electrophoregram of aS;~ and K-casein phenotypes
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B-

: lactoglobulin

BB BB BB AB BB AA AB BB BB AB BB BB AB BB

Fig. 17. Electrophoregram of P~lactoglobulin phenotypes in Korean cattle

* alpha lactoglobulin locus was not presented polymorphism
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2t F19 A4k

1w 2% &9 FE$9 5059 Holstein $995 wwiste] 23F9 F1 o}
A g AR er ol F 13F7F FFobAolL 1057 GFoART. o€ T 1F%
AAAZ Qste HAE AL, 1FE E2EQo2 A FHol NN Adsit
22 e 1Ad T AU 2% &% FR49 3979 M2 g Holstein
FH$-E st 39%9 Fl $obAlg F7ta Qs o8 F 22%7F $5oA
13 1757F & obA Ao

PCR-RFLPd} oi3} & 6259 F1 Fobxs 27vtele) Fobx7t CPP HFAAE 4
& Aoz FAHUG o]F FFolA 13F % $FotA 145t . (Fig. 18).
AdE FolAEL R R F4oin F3] Yo WA g v 2] FHE Y
Bl ot 2% oA g9t e g YEhiTh ol FF 2AHHAG #d¥d
Aol mlg F8T Adew 8 Aol (Fig. 19).

dse] gl o]4d &% FR$9 Holstein FH5-9f A= i€ Fi &
o}AE& Figure 203 2114 B uie} 23 ojge] {4 nlFuA9] AL Fig 22
of Getileh. 2abd woll F7bAkE FopAlof AR Fig 23914 2= uhep 2o

o
Nl

o

Fo
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<« 540bp
<~ 458bp

«— 182bp

Fig. 18. The results of PCR-RFLP of F1 offsprings
Lane 1, 2, 7, 8 11 and 12 are CPP H types
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Fig. 19. Two F1 Offsprings of brown hair
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rstem

ing sy

Fig. 20. Korean Cattle sires and Holstein dams uging mat
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prings

Fig. 21. F1 offs
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k. CPP H FHAE &/ A2g A5 39

F1o 7RAAd 2 14348 4% d4d9d 2 microsatellite 92} #4

A€ F1 A& DNA Microsatellite 219 gz A5 B3t a4
AR S Ao

1) Microsatellite®$] #4

Flof 7RA4d 2 IAAAHE $18te] INRA023, ETHI0, ETH225 TGLA122,

TGLA126, TGLA227, BM1824, BM2113 ¥ SPS115 #99] £4& AAstdrt

- 7HATFSE et ¥ 2, A AE AH 5t Genomic DNAE &350

- PCR TF%F& Ag wr&Ae A2 25ng® genomic DNAS Z+2F 200uM el dNTP,
lunit®] Taq polymerase, 1X PCR reaction buffer ¥ primerS H7}sled HE w3
Ng 12pE 2Hsd.

- Zt microsatellite #99 AP FAA genotyped] #AL Yo Z+ AT 3p9
PCR product® o]&£339d. &+ PCR productsS 7MY urea’} H71E 8%
acrylamide gel ¥ 1X TBE® running bufferE® o] &3dted 1500VolA A7 D=3
=3

- silver staining& AAlsle] FAHAH S S8t} (Fig. 24, 25, 26, 27, 28, 29, 30,
31 and 32).
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RN

4 g 12 13 14

I 2

Fig 24. The results of parentage test with INRA0Z3

lane 1, 208/214; lane 2, 206/214; lane 3, 206/214;
lane 4, 206/210; lane b, 206/214; lane 6, 206/214;
lane 7, 206/214; lane 8, 210/214; lane 9, 210/210;
lanel0, 210/210; lanell, 214/218; lanel2, 210/214;
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[XXARRXS

1 2 3 4 5 6 7 8 9 10 It 12 13 14

Fig. 25. The results of parentage test with ETHI10

lane 1, 117/117; lane 2, 117/113; lane 3, 117/117;
lane 4, 117/125; lane 5, 117;119; lane 6, 119/127;
lane 7, 117/119; lane 8, 117/119; lane 9, 117/119;
lanel0, 119;119; lanell, 117/117; lanel2, 117/119;
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[RXAERXS

1z

4 5 B 7 5 8 10 {11z 13 14

(S5

Fig. 26. The result of parentage test with ETH225

lane 1, 148/150; lane 2, 148/148; lane 3, 148/148;
lane 4, 148/150; lane 5, 144/150; lane 6, 150/152;
lane 7, 148/150; lane 8, 144/146; lane 9, 148/150;
lanel0, 144/150; lanell, 146/150; lanel2, 146/150;
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EREARES

1 2 3 4 5 6 7 8 9 10 1112 13 14

Fig. 27. The result of parentage test with TGLA122

lane 1, 153/153; lane 2, 149/149; lane 3, 149/153;
lane 4, 149/161; lane 5, 143/149; lane 6, 143/151;
lane 7, 143/153; lane 8, 143/145; lane 9, 143/143;
lanel0, 143/143; lanell, 143/149; lanel2, 143/145;
lanel3, 163/163; laneld, 145/151
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1

R

3

1112 13 14

Fig. 28. The result of parentage test with TGLA126

lane 1,
lane 4,
lane 7,
lanelO,
lanel3,

119/119; lane 2, 119/119; lane 3, 119/119;
117/121; lane 5, 117/119; lane 6, 117/121;
119/121; lane 8, 119/119; lane 9, 119/127;
119/119; lanell, 121/125; lanel2, 119/125;
117/125; lanel4, 117/119
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[REAXXS

1 23 4 5 6 7 8§ 10 1112 1314

“ig. 29. The result of parentage test with TGLAZ227

lane 1, 91/97; lane 2, 81/91; lane 3, 81/97,
lane 4, 89/91; lane 5, 89/93; lane 6, 81/97;
lane 7, 91/97; lane 8, 81/93; lane 9, 91/97;
lanel0, 81/97; lanell, 81/97; lanel2, 81/81;
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[RXATXR

1 2 3 4 5 6 7 8 9 10 11 12 13 |4

Fig. 30. The result of parentage test with BM1824

lane 1, 178/178; lane 2, 180/188; lane 3, 178/180;
lane 4, 176/178; lane 5, 176/178; lane 6, 180/180;
lane 7, 178/180; lane 8, 180/180; lane 9, 178/188;
lanel0, 178/180; lanell, 180/180; lanel2, 180/180;
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[EXR XX

123 4 5 6 7 8 9 10 Il 12 1314

Fig. 31. The result of parentage test with BM2113

lane 1, 135/139; lane 2, 135/139; lane 3, 139/139;
lane 4, 125/139; lane 5, 125/127; lane 6, 125/135;
lane 7, 135/139; lane 8, 135/139; lane 9, 125/127;
lanel0, 127/135; lanell, 127/127; lanel2, 127/139;

_66_



LiL RS,

1 2 3 ¢ 5 6 7 8 8§ 10 11 12 1314

Fig.32. The result of parentage test with SPS115

lane 1, 248/252; lane 2, 248/252; lane 3, 252/252;
lane 4, 248/260; lane 5, 252/260; lane 6, 252/260;
lane 7, 248/252; lane 8, 248/258; lane 9, 246/256;
lanel0, 246/248; lanell, 248/256; lanel2, 248/248;
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2

- THATEE Ystd £, B, zhe] g

) FL ZhA1e] A 9 Ax88E g g

R

AHe g A998 2AG0.
7 A AANE 2 AARHE fatel TFD A F9)9 Hemoglobin(HB) 2]

o AT AN Amylase(AMY) #YE Starch gel elecrophoresis® o] ] ¥}

A8t (Fig. 33 and 34), @b a #9191 | Transferrin (TF), Post-transferrin

-2 (PTF-2), Albumin(ALB) % Post-albumin(PA)#$ & Starch gel 2 acrylamide
gel electrophoresis®-& ©]-&8to EA g (Fig. 35).

oS
.

=

=
i

§=]
i

AB A A A AB A

Fig. 33. Electrophoregram of HB protein phenotypes
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Fig. 34, The result of parentage test for AMY

Polymorphisms was not identified
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EXXNRYS

T8 9 101112 13 14

ALB

PA

TF

Fig. 35. The results of parentage test for ALB, pre~ALB, TF and post-TF

A lane 1, B; lane 2, B; lane 3, B; lane 4, B; lane 5, Bilane 6, B;
lane 7, B; lane 8, A; lane 9, B; lanel0, AB; lanell, B; lanel2, AB;
lanel3, B; laneld, AB

T lane 1, AE; lane 2, DZ; lane 3, AD2; lane 4, ADL; lane 5, A;
lane 6, A; lane 7, A; lane 8 D1DZ; lane 9, D1D2; lanel0, DIDZ;
lanell, DID2; lanel2, DID2; lanel3, AD2; lanel3, DID2
PTF-2 : lane 1, A; lane 2, AB; lane 3, AB; lane 4, A; lane 5, A;
lane 8, B; lane 7, AB; lane 8, A; lane 9, A lanel0, A; lanell, A;
lanel2, A; lanel3, B; lanel4, A
ALB ' Polymorphisms was not identified
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vh F2 A s F1hel

D Rz2dA ol o3 kA 44

AE Fl1 AAE9 1234 S 9709 microsatellite 9]¢} 6772 Atz HAE
olg3ste] Ao 1 AR wet wwE A% HAE AUt (Table 1 and
2).

DNA microsatellite &9} ¥4 A% 2 7HA9] B$ A7} opdo]l &QlHo] (Table
19} REJECT) ©] AAEL F2 A4S A% wwlol A AgHner A4 JAaA7}
e T2 2 FRNSE A3tgnh 29y dddd #9o EMdARE BE
MAZE AALez HeElY DNA microsatellite 2917 Ay ook xaA
& 3ol o TS YEliAT

Table 1. The results of parentage test using 9 microsatellite loci

Loci
P ‘1001 INRA023| ETHI0 | ETH225 | TGLA122 | TGLA126 | TGLA227 | BM1824 | BM2113 | SPS115 | Result
amily

Sire | 208/214 | /N7 | 148/150 | 153153 | U119 | 91/97 | 178/178 | 136/139 | 248/252

Bam | 206214 | LL7/113 | 148/148 | 149149 | 119119 | 8191 | 180/1&8 | 136/139 | 248/%52

ACCEPT
Offspring | 206/214 | 117/117 | 148/148 | 149153 | 119119 | 81/97 | 178/180 | 139/139 | 252/252

Famil
T Dam | 26210 | 117125 | 148450 | 149061 | A2 | 8ye1 | 1T6AT8 | 125139 | 248260
1 REJECT
Offspring | 206/214 | 117/119 | 144150 | 143/149 | 117119 | 89/93 | 176/178 | 125/127 | 252/260

Dam | 206/214 | 119/127 | 150/182 | 143151 | 117/120 | Q97 | 180/180 | 125/135 | 252/260

ACCEPT
Offspring | 206/214 | 17/119 | 148/150 | 14153 | 119121 | 9/97 | 178/180 | 135/139 | 248/252
Sire | 2107214 | 117119 | 144146 | 143145 | 119119 | 81/93 | 180/180 | 13/139 | 248/258
Dam | 210/210 | 117/119 | 148/150 | 143/143 | 119127 | 9197 | 178/1&8 | 125/127 | 246/256
ACCEPT

Offspring | 210/210 | 119119 | 144150 | 143/143 | 119119 | 81/97 | 178/180 | 127/13%5 | 246/248

Famil
T pam | os | umanr | uens | 1eag0 | s | osver | soiso |z | vese
2 ACCEPT

Offspring | 210/214 | 117/119 | 146/150 | 143145 | 119125 | 81/81 | 180/180 | 127/139 | 248/248

Dam | 210214 | 119/121 | 180152 | 163/163 | 117/125 | 81/91 | 182/188 | 125/137 | 248/252

REJECT
Offspring | 210/214 | 117/119 | 144150 | 145/151 | 117/118 | 81/81 | 180/188 | 137/139 | 248/252
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Table 2. The results of parentage test using 6 blood protein loci

Loci
. HB *AMY *ALB PA TF PTF Result
Family
Sire A A A B AE A
Dam A A A B D2 AB
ACCEPT
Offspring A A A B AD2 AB
Family I| Dam A A A B AD1 A
ACCEPT
Offspring A A A B A A
Dam A A A B A B
ACCEPT
Offspring A A A A AB
Sire AB A A A DID2 A
Dam A A A B DID2 A
ACCEPT
Offspring AB A A AB DID2 A
Family 2|  Dam A A A B DID2 A
ACCEPT
Offspring AB A A AB DID2 A
Dam A A A B AD2 B
ACCEPT
Offspring A A A AB DID2 A

* ALB & AMY : polymorphisms was not identified

O & d7dA AAste AAAE 2 ARG E AT T4 B4 AEESE
2131 2001-20023 = ISAG(International Society for Animal Genetics)olAl A] 3] 3
cattle DNA comparison testd] #A71st A1 958 AL 53t & EFZF9 DNA
A dig A ZES kg e oh(Fig 36)
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=B 3593 uostredwoo YN( °1Wed DYSI 9¢ Big

A/F
AUS
BEL/CI
BEL/MA
BR/BH
CDN/M
CDN/S
CHE/B
CsS/B
CS/H
CZE/HR
D/Goe.Ca
D/GR
D/HG
D/HL
D/RHE
D/SCH
DK/F
E/BI

E/Ph

1

133/137
134/138
133/137
133/137
133/137
133/137
133/137
133/137
1337137
133/137
133/137
133/137
133/137
133/137
133/137
133/137
133/137
133/137
133/137
133/137
133/137
1337137
133/137
133/137
133/137
133/137
133/137
133/137
133/137
133/137
133/137

133/137

133/137
133/137
133/137
133/137
133/137
133/137
129/133
133/137
133/137
133/1317
133/137
133/137
133/137

2

125/13%
126/136
125/135
125/135
125/135
125/135
125/135
125/135
125/138
125/135
125/135
125/13%
12571358
125/135
125/135
125/135
125/135
125/135
125/135
125/135
125/135
125/135
125/135%
125/135
135/

125/135
125/135
134/

125/135
125/138
1257135

125/135
128/135 135/139°.

135/

125/135
125/135
1257135
125/135
125/135
121/131
125/135
125/135
125/135
1257135
125/135
125/13%

3

135/139
136/140
135/139
135/139
135/139
135/139
135/139
135/139
135/139
135/139
135/139
135/139
135/139%
135/139
135/139
135/139
135/139
135/139
133/135
135/139
135/139
135/139
135/139
135/139
135/139
135/139
135/139
134/138
135/139
135/139
135/139
135/139%

135/137
135/137
135/137
139/

135/137
135/137
135/137
135/137
135/137
135/137
135/137
135/137
135/137
135/137
135/137
135/137
135/137
135/137
135/137
135/137
135/137
135/137
135/137
135/137
135/137
134/136
135/137
135/137
1357237
135/137

5

1257133
126/134
126/133
125/133
125/133
127/13s
125/133
125/133
1257133
125/133
125/133
125/133
125/133
125/133
125/133
126/133
125/133
125/133
125/133
1257133
128/133
125/133
125/133
125/133
133/

1257133
125/133
132/

125/133
1257133
125/133
125/133

125/1§§N}27Ll%lwlz§¢l21MLZ§AL3Inlﬁéélzln

135/13%
135/139
135/139
135/139
135/139
135/139
1317138
135/13%
135/139
135/139
135/139
135/13¢8
135/139

135/137
135/137
135/137
135/137
135/137
135/137
131/133

135/137

135/137
135/137
135/137
135/137
135/137

133/

125/133
125/133
125/133
125/133
125/133
1217129
125/133
125/133
125/133
125/133
1257133
125/133

&

127/137
128/138
127/137
127/137
127/137
129/139
127/137
127/137
121/137
127/137
127/137
127/137
127/137
127/137
127/137
125/137
127/137
127/137
127/137
127/137
127/137
127/137
127/137
127/137
137/

127/137
127/137
136/

127/137
127/137
127/137
127/137

127/137
127/137
127/137
1277137
127/137
123/133
127/137
127/137
127/137
127/137
127/137
127/137

7

125/127
126/128
125/127
1257127
125/127
127/129
125/127
1257127
125/127
125/127
125/127
125/127
125/127
1257127
125/127
125/127
125/127
125/127
125/127
125/127
125/127
125/127
125/127
1257127
1257127
125/127
125/127
125/128
125/127
125/127
125/127
125/127

129/141
125/127
128/127
125/1217
125/127
125/127
121/123
125/127
1257127
125/127
125/127
1257127
125/127

8

125/137
126/138
125/137
125/137
125/137
127/139
1257137
1257137
125/137
125/137
125/137
1257137
125/137
125/137
1257137
125/137
125/137
125/137
125/137
125/137
125/137
125/137
125/137
125/137
125/137
1257137
125/137
124/136
125/137
125/137
125/137
125/137

1257137
125/137
125/137
125/137
125/137
125/137
121/133
125/137
125/137
125/137
125/137
125/137
1257137

9

125/127

126/128
1257127
128/127
1257127
125/127
1z25/127
125/127
1257127
125/127
125/127
1257127
125/127
125/127
1254127
125/

125/127
1257127
128/127
1257127
125/127
125/127
125/127
125/127
125/127
125/127
125/127
125/127
125/327
125/127
125/127
125/127

129/

1257127
125/127
125/127
125/127
1257127
121/123
125/127
125/127
125/127
125/127
125/127
1257127

10

133/135
134/136
133/135
133/135
133/135
133/135%
133/135
133/135
133/135
133/135
133/135
133/135
133/135
133/135
133/135
133/135
133/135
133/13%
133/135
133/135
133/135
133/135
133/135
133/135
133/135
133/138
133/135
132/134
133/135
133/135
133/135
133/135

133/13
133/135
133/135
133/135
133/13%5
133/135
128/131
133/135
133/135
133/135
133/135

133/135

133/135

i1

133/135
134/136
1337135
133/135
133/13%
133/1335
133/135
133/135
133/135
133/135
133/135
133/135
133/135
133/135
133/135
133/135
133/135
133/135
133/135
133/135
133/135
133/13%
133/135
1337135
133/135
133/135
133/13%
132/134
133/135
1337135
1337135

"133/135
1337135
133/135
133/135
133/135
133/135
129/131
id3/135
133/135
133/135
1337135
1337135
133/135

12

133/135
134/136
1337135
133/135
133/135
133/135
133/138%
1337135
1337135
133/135
133/135
133/135
133/135
138/13%
133/135
1337135
133/135
133/135
133/135
133/135
133/135
133/135
133/135
133/135
133/135
133/135
133/135
132/134
133/135
1337135
133/135

133/135

3 RAT

13
133/

133/
133/
133/
133/
133/
133/
133/
133/
133/
133/
133/
133/
133/
133/
133/
133/
133/
133/
133/
133/
133/
133/
133/
133/
133/
1327
133/
133/
1337

}33/

1337135
133/13%
133/135
1337135
133/13%
133/135
129/131
133/135
133/135
1337135
133/135
1337135
1337135

133/
133/
133/
133/
133/
133/
1297131
133/
133/
133/
133/
133/
133/



2) CPP He o Ais A% HH
CPP HE 58 5=
< FAH AL g FAE nesn dFEE 4 E"dﬂﬂﬂa B2 sk} 7HA
o] EFHYE dHEA St E Fl1te] AguwulE Arstdnt e F1 25 2F
o] A}H & Fig. 374 Jebwch

FA A Fl 999 a5 AD-S Fig 3801 WeEbAvh

A2 6259 F1 $o1A (8 3B5F, ¢ 275)F CPP H fA4AE 473 2759 AA
(3 13, ¢ 145)% wujgdds] =2& AA4E dusid IAAA AFHe oz &
g FA8Y] 9 A%E A9 2wl E AASGAT 1 Y¥o] 4 ETable 3.9 EA8
How B Ao uiio] @ AAHIE 799, 800, 809, 810, 813, 815, 816, 812, 826%
9% o},

;

_74_



Fig 37. dvd CPP-HE 7} Fl £E9-
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Fig.

38. F2 A1bg sis)

Table 3. Breeding system to product F2

System

%

773 (Family 1)

816 (Family 2)

777 (Family 2)

812 (Family 1-1)

777 (Family 2)

826 (Family 1-2)
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Ab F29] A% 2 CPP HY di#F A4

CPP H #3748 2% 2759 F1 /A (3 13, ¢ 47T wwjdde =gato]
Wi7h k| 799, 800, 809, 810, 813, 815, 816, 812, 826% 9T AA7IZHE AH 2003
d 249 1699A 49 149 AA 22T F2 FopAE s on FA4¢ CPP HE
FRHE FHE AU Ao Eabd Fopxe ARIE Fig 39.9 WehRien
979 om e Fig 409 UYeEbHSITh 48 959 Fobx F 1579 Fopxlo 24
< 28S Yehhdo 248 dede FopAle ofnl A 826W d Mot &4t
9% Fotxle 2T AR TAld o]&9 ovidl Fl1 9% 25 obF A%d
R AAFE JIRA R B & dEhda gk ol 9% 9 F2E w9
R HFFE Table 4.0 WEhd vhe} 2o} AbF32 799W 9 44 3

=eatgth @9 8124 8269 % 800 ¥ F Zvlde AAHQ
A3 53] 826 Erbx7] 8Kg=AM thE/fAY HlF dETF v FFES Ul 3l
Ao § olFE Bt e e Adte] fFe] FAI HAHUT. et
Aol IHAE FARAANA Ao 355 AMAF YA 659 1d FF
AL 101kgo 24 ol @99 FAMFE SF Hw o 1~-15kge R =
el Zh7ke A WErdI 9l

18 AL Ao AHozAE VA o)de Autetn AztEH ol Fl1of ]
f AHE 220 FASEE 08 T e AdEel 2dTd FALY

FRAME A dagta nZdd
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H F2 FobA

o

A

Fig 39. 4
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Fig 40. CPP HE d=Aikst= F1 orla
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Table 4. F2& A3 &

&3

S Flo 8% 2 4% 47

AN S 812 826 99

8

809 810 813 815 816

T 030319 | 030216 | 03.03.12 | 030322 | 0303.16 | 03.0320 | 0303.09 | 030330 | 03.04.14

e
-

Hju| % 33 79 166 82 138 136 138 134 17

BRI - - 129 - 8.89 962 114 9.11 87

812, 826, 800 7RAl= AF 34U F MR T o)F, FFFAY] Wi ~E
H2E wol f3o] FA3A RAHU7 AEo, BEFFAA AT
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o}, Flo] 4Atgt 9 B-casein H &<l

7k7} 9% FL oulkol AadsE 7 7154 &4 CPP H/F &aHodsAE
5013ty sty A7|GEFHPHOFE B-casein VS EA3E A3 959 4 sample
HEE B-casein H3oF I Uct B-casein o vy 2 A7|9dE4L2 Fig

4Ll AA A

>

1) A71gdFa 9% B-casein HHE ¢ &<l.

Starch Gel Electrophoresis®] buffer system ¥ 9% =7

OBuffer-(pH1.7)
30ml Formic acid + 120ml Acetic acid + 750ml D.W

OGel

Buffer(70ml) : starch(14g) : Urea(21g)
OQGel Plate

20 13 @ 0.2cm

OVoltage Condition (+ — -)

100V 20mA (20%%F AA)

AA F 150V 25mA running time is 15 ~17hr

OSample Treatment

10g Urea® 100ml D.Weol £33t Skim milks} §F 22 34 3te] ALgghrh
OSample insert the Anodic end 3.5cm
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Fig. 41. Electrophoregram of B-casein phenotypes
1,3 4,5 6 = H type
2, 7, 8 = None H type
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Al B4 $99) HfAA7} Holsteintte} ojo] elald 448 FIAA A
o fAslel 2 CPP HEAAe] jal4 CPP H 2o #4 448 Apdol &
QE Aotk o A of FUA AP ¥ Y FAA AN Aw)
S Aol 9FHNUeR o] Flo] AAss SRl CPP HA #4510 Arke
X

A 399 Holsteinztoll Aard A= 28 Flzk FlAkeldlA ot F2 2% 4

Al EALE B2 A5 AARANAN A738Q L, transgenic animalo|y, HAlEE
2 Aol T4 dA veErA @k o3y dubHQ] et

XS ERT o R A7 JEHEA, W ad qFAge] FE AL

2 FFEo o] Z Ee B AT EH AFAY Adega nFF £ U

CPP Hf A& E @At EAste AN &9t F20] H71 & &%

A oolAE dFAdste AL uig FE Lok wekA holsteind o] FH0] B

Aol wA g AAHoZ AAsE Aottt o] WL HAAME FEoY EE 5
F AIREE Fogdozm H2i AAEE DHAY 299 £ Szd Arxiyyds
g2 A 75 AR codedl A AT 5 e Al =i BA A

A FEsHl Aoz Jigd Aol
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2k ZAHH $F25E CPP HE 83 casein A A

dolAd CPP HE A2F/% /jAE dx2 dgsdry 58 A,
CPP HE &#3 $7E& Axdsta BxAFAs 4340 5389 Cream £, 4
A F Casein A& & & dFael 2@sta gUrh(Fig 42. 43)
AzvtEDg s gl dojR SR E F7)0]2S 718 peptideE A A
AAE peptideE 3]sl WHOE AT peptide(CPP H)E Al &84 th,

5, FUlol2o2A Fed HEFFEL 20mMe] HEE Hrlea, dues HEEE
50% H=E H7}ste] peptide®E HHAIZ T peptide® EAAZES, CPP HE AA
T 4 Uk ole] A o ARviEagyd o FAE #RE ZE Fr)o L
o3k A Eol A 90%01H L, A e 1290190t EF A7) Fr]o] Fe tjaldl Ca,
Ba, Cu, Zn, Mn, ® Co °|2& AE33e wWE FAIE A7t dojhcnt 47 A=A
el ol FAldl dvs HieAouy, oEes Hrisiz gn
FeCl3%2 A7 (AF% % 20mM)ste] At peptide(CPP H)E A A5} o}

<,

rlr
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Fig 42. CPP-H7}
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AF. Beta casein H ###& 4L#¢ Jog 7HAER EFstel CPP HE
straing %

D CPP He dj#gA4bg ¢ straing 75

A ded 5499 yer H fHA4E Mo, FAd eddE

AAAE 2 BAAHE dEs CPP H straing TF3Ath

33 %)\4
PCR-RFLP¥ & o]&3te] B} (Fig 43)
ol g3 A 2 AAuAY gy

7} Ak Flel

- A

- g gwAy 2 DNAY 97 #9E
) F1e] 7HAARH

beta casein®

¥l F1% beta caseing

- Microsatellite, A chid 2 fobwia zofo] EMef gt 714 H ¥
- CPP HE &&% Fl 44 ¥ $29 F2 $olxE Hrstn qlvh
1 2 3 4 5 6
Fig 43. PCR RFLP¥ o] 2l8lo A CPP-H type

3. 6 CPP-H type
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U3 Ad Eod AN AT Eus | S B2 3 CPP H

1| 769 T 00/10/13 | 320 737 & 02/06/29 %3}

21 M F 00/10/24 | 260 738 o & 02/06/29 %3}
317 T 00/10/31 26.0 3877 H & 02/06/29 %3

4| 773 T 00/10/31 245 48 e H
5| 774 F 00/11/2 250 717 & 02/06/29 %3

6 | 777 T 00/12/16 | 250 666 ZR9 H
71 79 T 01/1/2 280 752 & 02/06/29 %3

8 | 78l F 01/2/9 240 2385 02/03/04 = H

9 | 789 F 01/6/21 26.0 755 & 03/04/2%5 %3

101 79 F 01/6/26 310 741 & 03/04/25 &8

11 792 ¥ 01/7/10 29.0 7 & 03/04/25 %3

121 793 F 0L/7/11 2.0 70 H & 03/04/25 =3t

13| 794 F 01/7/18 280 6335 Hl & H
14| 78 F 01/8/4 24.0 712 &

15| 79 F 01/8/7 270 69 i & H
16| 802 ¥ 01/8/14 250 716 252 A H
17| 803 F 01/8/17 26.0 64 i) & H
18| 807 F 01/8/26 25.0 703 H & il H
19 | 811 F 01/9/12 320 67 02/01/25 =&

20| 812 F 01/10/12 | 240 761 RS H
21 | 814 T 01/10/27 | 250 760 H &

22| 8% F 02/1/17 250 102 b & H
23| 87 F 02/1/17 26.0 768 & H
24| 828 F 02/1/19 26.0 739 H &

251 89 F 02/1/19 5.0 83 o &

2 | 80 F 02/1/24 320 72 o &

27| 8% F 02/2/4 205 74 &

28| 839 F 02/2/19 305 uy & H
29| 840 F 02/2/22 265 53 v &

30| 844 F 02/3/10 280 650 H &

31 846 T 02/3/21 385 45 il

32| 850 F 02/4/18 450 791 )&

33| &l F 02/5/9 35.0 7% LK H
M| 82 F 02/5/19 365 718 b & H
35| 83 T 02/5/21 340 767 o &

e 28.2
oEmx 4.9

Table 5. &% R w35-9] 7HA 2] daH(xd)
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W3 wurd AN A Eus q3%
1] 805 o 00/9/28 24.0 732 02/09/12 %3}
2 | 806 o 00/10/5 210 744 02/09/12 &3
3| 87 o 00/10/5 22.0 () 02/09/12 %3}
4 | 808 o 001012 | 230 5 02/09/12 %3}
5| 812 %4 00/10/17 | 250 721 H H
6 | 816 o 00/11/14 | 190 731 HA H
7| 817 o 00/11/23 | 220 4 01/01/25 At
8 | 83 o /12/28 | 170 7% o & 02/09/12 %3}
9 | 8% o 01/1/6 22,0 733 oA H
10 | 831 % 01/6/25 210 743 HALS H
11| 832 o 01/8/5 25.0 636 HA S H
12 | 833 o 01/8/11 230 62 HA S H
13 | 834 o 01/8/14 24.0 716 HA e
14 | 837 o 01/8/26 24.0 703 HA A H
15| 839 o 01/9/19 250 766 HA ¢ H
16 | 840 o 01/10/21 | 270 751 HA H
17 | 843 o 01/12/11 | 320 699 HA e
18 | 848 o 01/12/19 | 280 765 HA
19 | 82 o 02/1/20 280 86 HAS
20| 84 o 02/1/26 29.0 769 HA S
21 | 8% 4 02/1/30 280 774 HA L
21 8% o 02/1/30 270 634 HA S
23| &7 o 02/2/6 320 | 2385 | ¥WAS
24 | 84 o 02/2/16 285 698 "¢
51 86 o 02/2/25 255 77 HA S
26 | 88 & 02/3/28 290 75 HA S
27| 871 o 02/4/23 3L5 780 HAS
R 25.3
HE=px 3.9
Table 6. AL oFxol MAHe A3




D AT 58

754 4 CPP Hel o244 Aldtel, H #3948 258 8% 239 A9 &
zEkel Batoldl A A4ad Flol A4 B 2 & AL bsAe wusel,
CPP HE ##3 $#% UF 4457 98 A% AAE Agssd o 250 g

A7 o) 9 2 AEEZANA AL 29 T2EQ 4492 daow CPP-H 3

)= =
A Bael g SRS 259 Ad wulE Fshe] 2000 9¥ 5 2002 59 7

) A @I
AR FL FelAs AFRE ASHelE A, 2 Q79 vhgd A8 20039 79 2
HA A2 £3e AYsac

AR Fl $obre B8 |88 LH(Y F 6-85F 9 72D, 9 448 g A
IR FobA AR 8 3 Sobd AR A Fo (A2 F K% 2R G
3 of & HEA ) A% FoIT el 4 F 64 3

S
x
rlr
12
=2
)
3
1o

¥3te) CPP-H B# o578 #d & &, A wet o
Mg BAE AA, 670Y B ol FRE, Zzhe] S HAHC fkF AMS HYlow, o
B8 ART 4 7hE AFE A we AdE AR (§4/24 9S AR 2
T FokAl AR)ek AR (o]”E]E FHeladts A)E Fol vk Aol ol8E A
g (PR R 2AR)] dda FFL (Table )l L}EM St
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o] 229 | 244 | 28| A% 91 | TDN

A Folx | 16 2 10 9 05 0.3 69

) 5ok 15 15 10 9 05 0.3 69
A Z5 oA 13 15 10 10 0.6 0.4 68
S8 & 14 15 15 10 0.6 0.4 69

A48 12 15 15 10 0.6 0.3 70
da M| 2027 | 038 20.1 14.1
EJZAl A= | 425 | 061 3327 | 668

Table 7. o) &A 5 o] A 235k

*BHA. 2 PG FEANEDSY. =A% Zdyr ) TDN: o4, 2 f. 23 & o8h)

w717 k2 JRAE A BolA AMS EHALoW, olf F 375Y

Boll ol27] 7tAe FobAl fAbNA A4 -2 (2:3M) F 2F A A% HAh 3
= olFHe], 2t $G+I0M) T 6-8F H Ats HAUAG.

CPP-H 37 Hl B9 ¢, sdobAls ul& Bxoz widats Af oAl AEAE A

T FE AR, i F8 How, CPP-H #3dat 249 o, & Solxle H2e 23

S 2 PR A FAAA(EAR A g2 AFSFEAT CPP-H #34 i o F

olxle 18704 el ol22], MAd CPP-H #aak ®fo) Fdopxige] A8 mujs Fato

& Arslglon, Bt ¥ aF FRAEEYe 455 we Tade od B R,

B Fa 2ARE

CAF G AN AFE A A o 3 @ o $RE o) 4F v, WRAE 3o

A 24 1049 &4 sk

. Als

W, B A AFL HAste], v 2F @HE T @ 9Q AE 4ALL FAA
WOMA 4F ;o2 A 49 w4 32§ A BRd o9 /1%, da A

FoAL ABe oo, BelaR

=
CHF G RT AU NS guehl 35 298 Fsed, 0d oF Aol
=
=1

DA A Hg 2Ho A48 AAE v

HHog #AYHe 2 SHEF R $d)e
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3) 47 9 33

7h F1 B4 @3

A7 o 953 FFA5EA g dde®, CPP-H #47 H&of ¢
FTES 27 AFuwd A, F 6259 FokAst MaEHAow, o] F FHopAT
3BT, & FobA7t 27FE ERRTE & Fobx 9 Ho AFL 282:49%g oM, & F
olx] o] HFAFL 253139%kg o E FHoIA KTt oF 3kg AL AL Ao g eyt
ol Fola] F 3% AlgVt F 2o € HA gdeH, 1 oolfE geElRdse
2 QA7 ARSLAL ojlom, HALS ZIEF AW og AL ol

,d
lo,
Dy
Jo
o
0
O
<t

WY FobxE CPP-H f48] wh o% 2 4ol neh, 4744

%
(-9 %, g-v1 %, -84, g-04 %)oz BF, AgHUen Bg F4e o

y

g FolA F F 31T/ HK Ao ALS HIow, o] F 9F= AYA ¥
o] gkuHo] 2xto] A ZatH oM, FA A HEL (Table 8)o v vt
0-370¥ 9 31FE& ez od Folx A7]9 ASAEA L dd FHE 064kg/d
o2 vepgr
SAA7 (3-67443)e dd FAE= 096kg oln, ojml wWigARY Hd dd HHY
< 28%kg, A8 Hi dd M FES 118kge &2, F AR A FS 407kg el
L% 31FY Hit AT 13%ego®, F AR AL HIFE AF 28% (F A ®
FETF 10% 718 Al, = (4.07%0.9/132)) AEQ 22 FAHEH, o] 7|zh FA|
2 9% Al B8 AE J1E o= 382%kg(=(4.07x09)/096) 22 TiA
S 235 JeiAdrh 0-671¥ o dd FAE 0.80kg/dEHN, T~
A3 g FEobx o] dd FAQ 0.75kg/Hel v thA & o=
o] T 6-1271€¥ He AFE dd FA 097kg/doz, HuE & Ao Yy
o F AR W dd A FES 721kg/¥ (BIFALE 4.88kg/Y, FAFE 2.33kg/H) e
g, o 7|8 HE AF @26lkg)S ¥ A, F ARY AE AHAZFLE AT

o}
9
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2.5%(=(7.21%0.9)/261), THE A3 AlgE F&L UE 7|F2F 6.69ke(=(7.21%0.9)/0.97)
o7 et

12-18704 #ol dd FAE 1.08kglEM, ol FZ wWHAIEY HAZF =7}
(983kg/d)el 7190 & Aoz HAvgu. o A7 FAE AHE dFHo dd
16lkge s e, JA AR A3 1144kg (=9.83+161)0.2, o] A7) HT #F
448kg e Al AEVIFOZ A F9 23%(=(11.44%0.9)/448)2 UElytth o] A7) =
< FAFE ol &HE WHFAIEY o) &F Fol 7] 3} Aoz JEhdr o] VI B
b} ALE E &L 9.53(=(11.44%0.9)/1.08) 0.2 bkt (Fig 44.)

of ¥ 18-2470€¥ #He| Yol 4dY FAJ 1.03kgE HERow Az AHB
12.65kg (WHALE 11.66kg, ZALE 099%kg)e 2, FAE T Alg 28 48 7%
= 11.05(=(12.65+0.9)/1.03)2 yepdrt o] 7]zhe] HF #F & 506kgo 2 Atz A
HAFL AF 19%(=(1265+09)/59%) 0.2 et} v o] g & 4 2 F yu
AtR AHEE ZA3EY, FAE 9T A8 58 9 AsgE Aoz Jehdt o
AZ1el 248 dY FA4 1.03%ke)E ik =L Aoz =AH

o
T

o

=]
=

—_—
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Fig 44. 473 A5%<¢ Fl
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MEEY
e _
e 0-3 3-6 6-12 12-18 18-24 | 24 o] %
4 7 (F) 3 31 31 20 14
o % WAz 02l S0IK| % Sobx | $Au % | 2204 | 22H
H 29 87 175 3l 538
WA A F* (kg) 34 21 65 142 289 476
ety 45 117 222 436 615
ki 54 132 261 48 5%
HZ HE A 43 9 212 399 516
20 73 163 328 510 670
K 064 0% 0.97 1.08 103
oY E (ka/L) ESEN 0.44 0.65 054 0.36 0.71
20 0.83 1.38 118 1.34 131
ki 289 433 933 11.66
RN 85T ko/Q/F) ) HA 200 3.38 780 10.74
S0 400 954 12.39 1250
kis 118 2.33 161 0.99
INZ HHY ka/2/F) | E2 0.89 167 1.00 0.48
30 1.69 2.79 2.64 143
AE AFE REIE AT %) 2.80 250 2.30 1.9
e Es (M8 TE kyke FA) 3.82 6.69 953 11.05

Table 8 -0 &9 7|Zbd A

(2) &-u &

A FokA F F 557 HIS B R ALK Hol, AP T8 o)W EF SFHUL
®. 1 A& A (Table 9)0 EA] Ho ot

0-37/1d# 9 ASAEHL 99 FAE 056kg/d 2L AFAAMY FFobA] (MK
0.64kg/¥, W2 061kg/A)ol HlFt] & Aoz el

FAATI3-60Y3H) dd FAE 0A92kg olvf, oluf wiFAtZ S HFE dd MHHZF
< 357kg/d, ZAIEY BF 49U AF LS 1.20kge 2, F AR AHFHE 486kg/Y=E
Uelstth & 559 H# AF S 117kgl &, F Alg AE AAZE AF9 37% (&
Atg el FRIF 10% MR A, = 486x0.9)/11TNAE] Aoz FAHM, o 7|39
FAE A% AR 28L AE VFLE 475kg(=(4.86%0.9)/092) 2.2 VeI, 22 A
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o] FHobA -0 % (3.82%ke)F HA A, AFR F&o] "WolAE Aoz vehyich
0-6714 3o dd TAEL 0.7dkg/LEXA, T2Eke) F401A(0.6%e/d) B B 7$
FobA(0.71kg/)ell ¥lE thak ¥ oz Yehu, o] A7) AlE MHAFY AR
Az AHFHQ dAdstete BErbsatn, Mg HH T Aol T2 o xAEY
A Zpololl o HHEF Aol Fol wE Fda ALY Aojrt YAY Ao FX
t}.

o] ¥ 6-1270€ He 4HL& 9 FA) 078kg/dolH, F w9 HFE dY HIAFL
741kg/d (iFALE 4.19kg/d, AR 3.22kg/Y)2 =2, o] 717k A AF (235kg)E
2y A, F ARY AE AHZFE AT 28%(=(741%0.9)/235), THAE YT+ A5 &
&2 708 V|FoZ 855kg(=(741%09)/0.78)2.2 AFE §8&°] g 5% Aoz 4
3374=1
12-18709 ¥ 2 A =A £ 059%kgo2M, ol F& wiFdALFE o A3 % (6.01kg/D)
711 & o wddth o A7l AR AT dY 3.38kgo 2 YERY, AA A
7 A FJL 9.39%kg(=6.01+3.38)2.2, o] Al7]9] HF AE 350kg e Al AEI|EOR
AT ol 24%(=(9.390.9)/350) 2 UELTE o] AZ|FEE g "olA = AIYE Holil
A
o ¥ 18-2471€¥ e 7|zl dY FAIF 078kgR dEbGon, AR HHFS
102kg (MI3ALE 9.20kg, FALR 1.00kg)o 2, ZAE & A8 588 AE 71530
11.76(=(10.20.9)/0.78) 2 Wetdt}. o] 7|zke] A AT 477kgo 2 AR e A
FE AFY 19%(=(10.209)/4771) 0.2 eyt o] Ade AR d%¥A =Y A
olo 71N Aoz FAHET

o T w2

ox

HU

i
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o5 gy
B 5
0-3 3-6 6-12 12-18 18-24 | 24 o] ¥
d4 7 (F) 5 5 5 5 5
olg thetAls 02 20HKI [ 2 4o}x) | AN S | 240§ | 2404

Pt 21 72 156 299 405

WA AF* (kg) BN 17 59 141 279 37
£ 24 81 178 310 452

RS 42 117 235 350 477

B3 S 34 3 102 217 328 455

HO 46 135 249 366 49

ok 0.56 0.92 0.78 0.59 0.78

2 =7 (kg/Y) 3HA 0.38 0.86 0.65 0.44 0.09
O 0.77 099 0.89 0.85 0.98

47 357 419 601 9.20

SENE UHY (ko/2/F) | A 337 406 536 872
i 396 455 7.84 9.3%

iy 1.29 322 3.38 1.00

INE EHE (ko/2/F) A 1.08 287 296 1.00
£y 2.00 393 377 1.00

ANz 8 (AZIIE HE %) 3.70 2.80 240 1.90
e 8 (AR UE kgkg 34 4.75 8.55 14.32 11.76

Table 9.¢4-vl 52 7]7Hd ZALE S
(3) F-¥4

AR FolbA F F 457 W BHow AMF Hglon, TAH AL (Table 10)
o Gettgich

0-37/1d= 711e] 459 HF 49 FAE 06lkg/UYL 2 Vel

3-67098o dY ZAE 096kg |, ol wlgdA R FHF dY AHFE 3.16ke,
ZAIE S W 99 HHFTL LMkgo® F ALE AHFS 43kg YEET 459 F
T AFLS 128kgO 2, F AR AE ANFS AFY 30% (& A2 FEFHF 10%
7V AL = (43x09/128) R =Rl Ao A, o] 7| FAE AT AR &S
AE 71T 22 4.03kg(=(4.3¢0.9)/096) 2.2 Yerdd |

0-6714d B dd FAE 078kg/d=EHN, S8l FFotA 2 AF§ FForAY
dd FAQ 0.75kg/del HE tha EE AoZ e

o] ¥ 6-1271¥ HY AHL Y9 A4 113kg/de= F2uE 0.75kg, TFS



0.79%kget vl A, T & o vetdrh F Alge BdE 99 AHZFLS 827keg/
d (AR 571kg/d, ZALE 256kg/d)o.2, o] 71k H AF (270kg)S 1
Al F AMRY AE AAFE AT 28%(=(827x0.9)/270), TAE A% Al &L
AE 71F 08 65%kg(=(827+09)/1.13) 0.2 E2E9¢l 2 a@$HY AR 80 ¢
3 Aoz veryt
12-18714 #o dd FAT 1.04kg, 4 Wi zae HHAZFS 1027kg/d, =4S A
Ao dY 1.785kg o2 et AA AlE A= 12.02kg (51027+1.75) 0.2, o] A]
71l BF AF 482%kg 1 Al AENFoR AT 22%(=(12.020.9)/482)Z HERRE
thoo] A7l E& FAHFL T2EQ] 1.07kg/Y, BFS Lllkg/9 A Fds3ich
o] ¥ 18-247049 Hel 7ol dd FA7E 05%g= UERen, oj#d At o
12 WA 44 ALSS 9ste, wiFAtE Y] o] &S FAaAd 7Iddrh dY H
& Ae A3 ZE 103lkg (MMEALE 567kg, AR 464kg) o2, SAS 93 A8 &
§& HE JFow 1b7kg( (10.31x0.9)/0.59) 2 epdrh. o Z|zke] Hd AFLS
604kg o2 At R AE AT AT 1.5%(=(1031%0.9)/604) 2.2 e}, 22 A7]9
T-HlFo AFo 19%] Wl @& Aoz Jeytom o= Alm el FA(x
ato] Z7hje]l A HAdo] A 71X AL JEIATH o] A7l 2ARE A
T4 (05%g)= el dd T4 083kg, AT ddFA 084kg 9 Ml A, &
Aoz yehvu, o= uidAls of&%Fe] Had oF Ao AddH
24709 ¥ o] Fo A% AL 2% weET, o A7) Y FAE 021kg, 4
FE AFE AHFS 1041kg(MFAME 5.37kg, &ALE’L 504kg)i’>‘1 FAE AT A=
EE&S 4461kg(=(1041x09)/02D) 2 vtetv, oj& ol & EE A7t A9 & AF #
Aol AbR-H A e& VERATE 259 HF A F o 744kg°t!23, of Al71¢] AxAtE ] A
e A5 1.3%(=(10.41%0.9)/744) & Jehdt}

N

A
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. FEFE
B -
0-3 3-6 6-12 12-18 18-24 | 24 0%
43 51 (F) 4 4 4 4 4 2
o4 WEAE oAd $oA| 5 FolA | 514 | 24014 | E5°H4
it 25 80 167 373 563 722
AA AF (kg) SN 24 75 144 350 526 719
N 25 85 181 3% 583 725
A 43 128 270 482 604 744
B2 HZ (ko) A 32 112 239 443 535 739
20 50 137 2% 506 655 750
A 0.61 0.9 1.13 1.04 059 0.21
U ZH (kg/L) A 055 0.75 1.05 097 0.36 0.11
20 0.66 1.14 1.18 119 0.77 031
EEs 3.16 571 10.27 567 537
SEANE MY (kg/2/F)| A 2.32 456 9.27 500 5.34
A 378 709 1165 6.90 540
7t 1.14 256 175 464 504
ANE 8 (ko/2/F) A 0.72 218 1.01 404 503
Iy 1.39 278 210 500 5.04
NE H52 (H2I1E, A %) 3.00 280 2.20 150 1.30
g &8 (Mg A% kgke 34) 4.03 659 1040 15.70 4461

Table 10. -2 2] 7|7hd Z AL 5

(4) &-w4

AR FobA] F F 215 MARHOR ALK F oM, o] F 3T AEVIN F B
2 2R A AT ARSTIZE Fel A A AL (Table 1100 Ykt Qo
0-371€3 o AF4H449LE dd FAE 057kg/¥ 2L APM FHolx] (v&
0.64kg/¥, W2 061kg/d)oll vl8te] @¥e& Rod ey

SAANG-671ER)e dY FAE 077kg )7, oldl wiFAIRY] HTE Y HHTZ
< 2T7kg/Y, AR I dY AFFL 1.34kgo 2, F A8 HFAFL 411kgo =
etttk F 21F9 37 HF L 116kgo 2, & Alg AR AFHFE AF9 32% (&
ALR Y FEFHF 10% M Al = (411x09)/116)A =0 Rog FAHEHY, o 7|z3te]
FTAE AT AE 58S UE VFOE 480kg(=(411¥0.9)/0.77) 2.2 YEY, L A
o] FFobA-n£(382%ke) H FEorA-wA (4.03kg)H HlEL A, AR E&o] W
Aoz ey
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0-671€ &9 dd FAE 068kg/Uolth

o] ¥ 6-1270Y Hdd FA 0.70kg/delH, F Alay Hit dY HAF L 6.62kg/
d (AR 347kg/Y, ZALE 3.15kg/H)oZ, o] 77t HTF AF (218kg)E ¥
Al F AR Y HE AFAFE AT 27%(=(662+09)/218), TAE A Al &L
A& 71Eo2 851kg(=(6.620.9)/0.70) 2.2 Web}, Ud-u] £ H$(2.8%, 855kg)9t
AbstA WrERSE)

12-18709 ol Y FAE 053kg2H, ole WA 239 ALSS Y5te] wFHAIR
of AAZE WA FA@AI3kg/A)F Roll 71 & Aoz dAdd) o AVl AR
AT 99 42%go2 Yeh, Ax Als AHFE 842kg(=4.13+4.29) 2.2, o] A719
B HF 33kg 2E A, AEVFo2 AF9 2.3%(=(842%09)/335)F el

o] ¥ 18-2474€ B9 V|ztele Y FAS 054kg2 UElgod, Aty HFFL
9.82%kg (MlFALE 4.92kg, TALE 490kg)o ., A E Y3 Aty 58S AR 7Fo=
16.37(=(9.82+0.9)/0.54) 2 et o 7|zke] HaF AF S 452%kgo 2 AR AE A3
FE AT 2.0%(=(9.82¢0.9)/452) 0. 2 UEbytT),

ANME H o] o AL 25E ddexm FHebHRlon, o] A7le dd FAE
0.4kg, A AME HAFEL 10kgChFAE Skg, AR Skg)eE, ALE &8
22.5kg(=(10+0.9)/0.4) = eptt. of Al719] AT A Fo] 565kgde e A, Azl A

2HAZFS AT 1.6%(=(10«0.9)/565) 2 EpyETh
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. ME Y
I35 3
0-3 3-6 6-12 12-18 | 18-24 | M4 o|%
g £ () 21 21 21 17 7 2
o| & HH?}*}E A FolA | F FopA | E401 | Z4okA | EoMA | 25014
vk 2% 78 149 277 386 536
AN AF (k) e 19 62 126 214 319 491
Eo] 32 94 181 339 455 582
3t 49 116 218 3% 452 565
B2 HZ (ko) EPEN 39 101 175 286 3% 558
ES[] 59 142 262 383 520 572
g 057 0.77 0.70 053 054 0.40
22 FH (ko/¥) FHA 047 041 043 0.26 0.28 021
ES] 0.75 1.08 089 0.80 0.79 060
ya 277 347 413 492 500
SENE BHY (ko/2/S A 2.07 2% 3.66 469 5.00
E<h] 376 458 5.00 5.00 5.00
ki 1.34 3.15 429 490 500
TN 832 (kg/2/F) ESPN 093 219 402 474 500
20 2.26 3.9 468 500 500
MNB HHE (A2IIZ, HE %) 3.20 2.70 2.30 200 1.60
AE EE (MR AT kgkg FA) 480 851 14.30 16.37 22.50

Table 11. ¢-HA ¢ 7)7bd A EHE

AA AS F 5 T F 1457 33 24 Zsddew, 1 =4 44 (Table
12‘)011 e
Fowel datde F27 did HlE da B4 Uehged, ol Favt i

HI‘H A FACE g3, SAGEA) Wed Yddtn By oj9d A z23
# AsE 5 Ao ARAor Yed v 1A 5FL AL FAS
ZIE A, g5 BF o) ofx a4 ER] ge HHy] ez AU B3 &
A, AAFE v 53 Holn ©X AAHeR Aol HohE Aol dPoR
B gloh ey, 48 2% vAASYeR, 4550t 49X B3 AN 9
ol A RHE oz wKA7] 2 FIAEE 2HTORN XY Rolga )
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030428 | 030426 | 111} 620 F|l 2 81 | 340 |6945) A 1 51 2 2 2 31 A3
03.0428 | 030426 { 112] 630 F| 2 78 | M 6916 A 1 50 2 2 2 |31 A3
030428 | 030426 { 113} 610 Fl 2 80 | 347 (6931 A 1 51 2 2 2 03 A3
03.0428 | 030426 | 114] 570 Fl o2 81 | 323 |6939) A 1 5] 2 2 2 13| A3

020702 | 020629 { 115] 620 6909 A 1 31 5] 2 2 213 A3

»
Lo
£
g

020702 | 020629 {1 116 530 F 2 331 16944 A { 31 4] 2 2 213 A3
020702 | 020629 { 117| 620 T 4 33 (6757 B ! 341 2 2 2|3 B3
020702 | 020629 | 118} 650 Fl 4 33 16849 B { 31 4] 2 2 2131 A3
020702 | 020629 1 119] 540 T 2 9 | 297 6962 ‘ A i 315 2 2 2 |31 A3
0200.14 | 020913 | 233} 520 a8 82 | 286 (6761 B 2 20 41 2 2 202 B2

020914 | 020013 1 234} 540 a4 4 71| 28 (6824] B 1 31 4| 2 2 3 | 3]B3

020014 | 020013 | 235, 520 &7 81 | 289 (6789 B 1 31 41 2 2 2 |3 B3

020014 | 020013 1 236| 540 4 A & | 29 |69H] A 1 34 2 2 2|3 B3

020914 | 020013 | 237| 450 4 8 01239 |69 B 1 3l 5] 3 2 2 | 383

) i 33
¥ AFE F3e] ANE F1 079 29 ¥ @3 % A4f S (Table 1309 vet

2 799l AL Hd dY 166kg 11.4kg, 13.6kg, 13.7kg,13.4kg, 11.7kg T °]
% 8 = Azolt g A BdaA ulRAk AaE o
5 2 B Bl ve smase A ol FAA g2
Atk S8 8260 AAET LRAZNE skgol MK FS YRR H(HE AAE B
welo] BE 23 - Skgo) MHH) 1L o) F zEds A o Fase 242 Yo
w4 ol e ol Ak ey o AAE 246l 1 Fo] JgiATh 2 BT

HlF% Ao o A vie] AAE AAT 659 FAdFRE v, A= Ak
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o] INAE AAE 659 19 BT FALFE 101kg2 A ol T+ FALFS
3 | o 1~15kge.2 & w of 5~10u¢] 7h7he FAE Yehln ok
°of A olF vt AT Fl ofrlg2 24t Aotk o5 AL 24lA

RE FANFE 9% 34 AoE Jgde RANFIE 4FHA Aren 2
fch A S5 G CPP HE 378 S#es 34 CPP HE o3 43

s

Atk Aoz wo A aHs 2.

HAHZ 812 826 9 800 809 810 813 815 816

£ 03.03.19 | 03.02.16 | 03.03.12 | 03.03.22 | 03.03.16 | 03.03.20 | 03.0308 | 03.03.30 | 03.04.14

Hojul 33 79 166 8.2 138 136 138 134 117

e | - - 129 - 889 | 962 14 | a1l 817
Table 13. &rbo gk d 2 {3 A

vh) A A AL

= N"e 7)1 Feh F 37 HAL 2o, old dE dleze g ¥

oz A% ZEsl 2%, FobAl Al7le 99 BE olf2 T HAF 1F HAE R

= Afstie, 5ol due ¥l AR ¥dth 5 A Tt 627U #

AR, 28 A7< o su, & A8S Bt Ad F1e el d@d Aol =
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Wrke AW L HE

T w =
3o A g
B+)
O Beta casein gene typing (DNA) 20
LAAE( 2000 ) 6] B.etjl cas;ain gene ty‘ping (Protein)~ 20
O 8h9-(225)X Holstein(505F) v} & 4o}~ (F1) 50
(CPP H)&<l
O FAAYY 714 EF 2 FIXFIAE ww) 40
0 ARFAAA Bx 10
s o) | “oq_ 17
O 49 A% 2 ARE x4 30
O Alsgoe 9 Alg 384 24} 20
O F2 Al 40
O Fl ¢&dAM &5 (CPP H 89 30
33 E( 2002 ) 14 2% (CPP H :
O FAA SEAA- dg Ayt 24 20
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A2 AT EREE

712
1A3d =
3 - O CPP H #3AE 7hd #4-(2%) X Holstein(30%) % L
9 - beta casein gene typing(DNA, protein)
10 - blood typing, DNA typing, protein typing
1
12
O oln] ¢ Holstein 2% H LA 1049
1 « F1 20% A4
|
g O FI oM #3HE 625%)
- beta casein gene typing(DNA)
g - DNAY 2 dolg Bad o3 e 2 AawA
- CPP H 2 ¢4oA(145), CPP H Bf F4otX(13F) A
i - AR FL olAe A £R
A x Agg=z
100% 24
27 = kg g%
8
] 0 % 6259 FI $o14¢ 5424
- -9 303 9 43E 24
QJ [+ [+ [a e
; v e E REFAS © AR 184 24
1 - 23 % 99 RE 20039 TE31Y97HA ZAb
2
3
4 O F1 X FL )
5 - 249 4ARYg sz
0 =) 3] }
7 - 0]'01 ﬁ]ﬂﬂuﬂ 27‘(],1&5 ;ﬂgtﬂi

100% ¢4
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2. CPP-HY| 4&3}

O Ed7dA 7154 £4 CPP-HEEEFT 3 23)9 dixAd AA7 F9HA
7} el CPP-HO AF3E dAd ol 28 § Yt

O CPP-H9 #E« Zs F5 FAAZAN 2d¥3F9 As 9 o, A234F 2
2o HA7MHAL 2 o 9Rg 3GF, FAAAA L AR AMAR s Eopd
A dgsg & 5 AUk

O 53 vlAEelY 33tE wyjo] obd FatelA FF wwfel ojstel diFAYE

AEEd 54 9 F2go) gl el Ea, Azt vl go] HEI wFd
o] &AW 4837t Zhe et

O 53| Ft¥ #E ARH A B

- Ca 2oz st @z dzhe] oA A (AR Ad)e] LAEE HlFol
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vego] Folgo] ¥AFE BAA o)do] FrE F Atk

- o] CPP-H¥ Alg9 #A7tA £522 E3Z =39 oF
phep 2 55 S50 Alm F oA g AR ZEESFE FANA Fe

e AU

e % 9l W ARAGE FEY & gk

L

o JI
g o

3. AEF N

311132}, ALSA A g Abd o] S F F9) 2zvlo] dig oA yetow
FrE FARE o]8T FF/IEME 2 HE3 Yo B A RBAE

AdE Flo £48 o] &3 v {99 Aee 7dgd £ e 4L 430
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2 frha A o %de}f%% W= A 37 9% PCR-RFLP 7|< 9 wae oy
M EF FARE S 288 5 dA A Pinders
2 PCRE ol&3td /\-4 casein fFHAES thPEFS B3I beta casein B}
kapa casein B Alolo] A@/ABA7E vk ASATH Liens< created restrition site
o} TFol o3 thF beta casein HHFHA (Al, A2, A3, B)9 #&4He Rudy
. Lien® Rogne(1993)E casein haplotypeS 9 429} W= & B 1135127 PCR-RFLP
€ °| 83 M2 beta casein WA FAAY FA4E] FAg Yl veaty we
He st
& DTN E MEL beta casein HF A A%< Hsto] 471e A5 2y
183t primer® A& A AE primero] 93 A4 PCR product Nis I &4
of osf 7hRastdt. 2 A3 beta casein H £ 373 DNA ¢H2 1829}
458bpe] AW o2 R} o) stsEaE AASL 2% agarose gelS A A Az 3
= A7 Ee s HEHATYG. £=§ o] CPP H fdAe SA%AL 394 dys
Azl o] &A= QA cH(Han et al., 2000).
ol¢} ol CPP H ¢ tizA4kS 93tel CPP H #4449 typingE 93 primer, A
Zlg sl 23 WY typing 2 CPP H frAate] §1 %A, CPP He 3& 2 7
T, BAY T EE VI2H vEe] IAY sEore Hersd gig sz An

to

r>~l

A CPPe 4438 93 &% 2 Az

o

g4

i

3o dFE Table 14.9
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A &

2Usb5d WAA casein CPP EFEAZY, 1 TFES FRste A3 E Az
(709 5-336804, 1993)

2 o) & Phosphopeptide A% (W087107615, 1987'd)
24 2 2] 4 Phosphopeptide (W033103707, 1993)

dE A& CPPE Fiste AF (5% 5-176712, 19934)

o o] 4] & 2 CPPY AAY (& 59-159793, 1984\3)

ks Casein peptide®] A &8 53] (% 1-269499, 1989'3)

AT CPP H Ae 7hA 222 felols, IR S Iste 7L 2 AXY
(8= 53 0140242, 1998)
Caseinphosphopeptide, casein containg same and process for the
preparation thereof (US patent 5,334,427, 1998d)

Tabel 14. CPPe} ##HE E3 9 dF
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