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Summary

Biochemical polymorphisins of sow's milk proteins, A-casein (8-CN), A-lactoglobulin (#-LG),
post-lacloglobulin (post-LG), a-lactalbumin {a-LA) and X-protein, as genetic mackers for major pig
breeds (Landrace, Yorksh:ze, Duroc. Hampshire and crossbred) in Korea were determined by starch
gel clectrophoresis. Phenotyps and gene frequencies at all marker loci were estimated and genetic
differences among breed populations were analyzed. Three 2-CN phenotypes (AA, AB and RB)
controlled by wo codominant aileles (#-CNA and A-CNP), four £-LG phenotypes (AA, AC, ACH
and CC) controlled by two codominant zlleles (8-LG4 and A-LGC) and ten X-protein phenctypes
(AA, BB, CC, DD, AB, AC, AD, BC, BD and CD) controlled by four codominant alleles (X*, XE,
X® .and XP) were identified. In addition, a genetically controlled polymorphism of post-LG was
found fcr the frst time in sow's milk protein. Three differcnt phenotypes (AA, AR and BB) werc
found in rhis system. Thesc types were assumed to be under genetic contral by two codominant aileles
designated post LG# and post-LGE. Of the five marker loci examined, «-LA lacus was obscrved to
lack any Individual variation in all Breeds studied. All populations were in Hardy-Weinberg equilib-
rium for all leei. There were maurked breed differcnces for phenotype and genc frequencies in the
post-LG and X-protein marker loci. However, there were litite Qifferences between breeds in the gene
frequencies at the 8-CN and A-LG marker loci.
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Introduction

The six lactation specific proteins in bovine
milk are the four caseins (28,-, S,-, A- and «-
casein) which make up approximately 809, of
the protein, and the whey proteins, S-lactoglobulin
(5-LG) and a-lactaibumin  (@-LA). Since the
discovery of genelic polymorphism in  A-LG
(Aschaffenburg and Drewry, 1955), genetically
controlled variation of all six major milk proteins
has been demonstrated (Eigel et al., [984), Milk
protein  genetic  polymorphisms  have  received
constderable attention in recent years because of
possible associations between milk protein geno-
tvpes and economically important traits in dairy
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cattle. A number of workers have reported that
milk protein variants are associated with milk
yield (Bech and Kristiansen, 1990; Brum et al,
1968; Gonyon et al, 1987; Haenlein et al., 1987;
Lin et al, 1989; Ng-Kwai-lang ¢t al, 1984),
milk  composition (Aleandri et al., 1990; Lin
ct al., 1986; McLean, 1987 McLean et al, 1984;
Ng-Kwai-1lang et al., 1986) and cheese produc-
tion (Aleandri et al, 1990; Marziali and Ng-
Kwai-Hang, 1986; Mcl.ean, 1987, Pagnacco and
Caroli, 1987, Schaar et al, 1985). Therefore,
piochemical markers such as milk protein genetic
variants highly related to preduction characteristics
could be used to predict future animal perfor-
mance and could thus serve as additional selection
criteria for genetic improvement (Gonyon ct al.,
1987).

However, in contrast to the large nomber of
cow's milk protcin polymorphisms, there are only
few and conflicting data on genetic polymorphisms
of scw's milk protein. Genetic polymorphism jn
the B-casein (A-CN) of sow's milk was fIrst
described by Glasnak (1966). Three variants were
labelled as alleles A, B and C. Gerrits and
Kraeling (1967) also noled the polymorphism
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in the A-CN fraction of sow’s milk: however,
only two codominant autosomal alleles designated
as A and B were reporied. These two afieles
correspond to the B and C alleles reported by
Gilasnak (1968). Using polyacrylamide gel eiectro-
phoresis and isoelectric focusing, Erhardt and
Senft (1987) determined that #-CN polymorphism
was controlled by two aulosomal codominant
alleles A-CN4 and S-CN® in German Lundrace,
Edelschwein and  Pietrain  breeds. Recently,
Erhardt (1989%) using SDS-gradient and polyac-
rylamide gel electrophoresis observed two genetic
vanants, A-CN A and A-CN B, in 8-CN locus.
On the other hand, genetically controlied - poly-
morphism of whey protein in pigs was reparted
by Kracling and Gerrits (1967, 1969). They pro-
poscd that the sow whey protein polymorphism
was controlled by two codominant alleles desig-
nated WhA and WhE In the course of an elec-
trophoretic  examination of a large number of
sow milk samples, Bell et al. (1981%) observed
two homozygous genetic variants in A-LG locus,
designated porcine A-LG A and A-L.G C. Erhardt
and Senft (1987) observed genelic polymorphism
of 8-LG which seemed to be controlled by three
codominaat autosomal allcles, which they desig-
nated A-1.G* B-LG? and B-LGS. Data of
Erhardt (1989%) by means of various Separation
techniques confinned the cxistence of this genetic
polymorphism. In the a-LA system, many warkers
(Schmidt and Ebner, 1972; Quarforth and Jenness,
1975; Kessler and Brew, 1970) did not find
polymorphism for this protein in the samples of
sow’s milk they examined. Erbardt and Senft
(1987) was also unable to find genetic polymor-
phism in a-LA ol sow's milk using polyarcylamide
gel electrophoresis and isoelectric focusing. How-
ever, Bell et al. {1981%) demonstrated the presence
of two genetic variants of porcine «-LA and
designated them A and B. The occurrence of
additional whey protein polymorphism, disignated
whey, protein, in sow's milk was reported by
Althen and Gerrits (1971), and this sow whey,
pratein palymorphism was controlled by three
codominant alleles Wh,*, WhpB and WhC
The cxistence of post  2-lactoglobulin {post-1.G)
in sow's whey protien has been identified (Be)l
et al, 1981%) but, until now, gepetic polymor-
phism of this whey protcin has not been reported,
Genetic markers in milk and blood proteins
provide a unique opportunity 1o study the difi-
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erence in the phenotypes and gene frequencies
among breed populations. This study was under-
taken to determine hiochemical polymorphisms
of sow's milk protein as new additional genetic
markers, to investigate genetic difference amang
breed populations using marker gene of milk
protcin and to get fundamental data on the
refationships between genetic markers of milk
protein polymorphism and economic trails of pigs
in future. In addition, evidence of genetic poly-
morphism for post-L.G locus in sow's milk protein
was first dacumented in this report.

Materials and Meathods

Milk Samples

Milk samples from a total of 416 sows of
varjious breeds (I.andrace, Yorkshire, Duroc,
Hampshire and crossbred) were collected in the
second to sixth weck of lactation at piggeries in
Kyung (ii Do and Kang Won Do districts.

Milk ejection was stimulated by t0 USP units
of oxytocin injected into the ear vein. Milk was
taken from each lactating gland for 2 rcpresen-
tative sample from each sow. The milk fat was
removed by centrifugation at 3.000 rpm for 30
min and the skimmilk stored at —207C until
electrophoresis.

Flectrophoretic Analysis

In order to analysis the genctic polymorphisms
of sow’s milk protein, horizontal starch gel elec-
trophoretic technique was applied in this study.

The genetic variants of the A-CN locus were
determined by urea starch pel electrophoresis,
using both alkali and acid gels, according to
Aschaffenburg and Thymann (1965) and Ascha-
fienburg (1966). Electrophoresis for typing of £-
LG logus was carried out with' phosphate buffer
system  originally designated by Bell et al.
(1981%). Phenotyping of post-LG and a-LA was
determined by a modification of the method
recommended by McKenzie (1971) and Bell et
al. (1981%). The X-protein typing performed using
the buffer system described by Arave (1967) with
a shight modificalion.

Statistical Analysis

Gene frequencies at the four milk protein loci
were determined by simple gene counting method
{Pirchner, 1983). Chi-square tests for poodness



MILK PROTEIN POLYMORPHISMS OF PI1GS

of fit by the Hardy-Weinberg equilibrium were
according Lo Pasteur et al. (1988).

Results and Discussion

A-Casein Types

Fignre | illustrate a representative  electropho-
regram of starch gel electrophoretic separation
of B-CN locus., The two different zones were
clearly resolved and these werc named 4-CN A
and A-CN B in order of increasing electrophotetic
mobility. The homozygotes possess only one band
and the hetrozygoles possess @ combination of
two bands lo give a lotal of three possible
phcnotypes, AA, BB and AB. Based on genelic
polymorphisims  already found in sow's - milk
(Gerrits and Kraeling, 1967), the hypothesis was
formulated that B-LG palymorphism is controlled
by two codominant alleles, B-CN* and B-CNE,
at a single locns. The clectrophoretic pattern
obtained in the present stndy was similar to the
data reported by Gerrits and Kraeling (1967} and
Erhardt (19899).

The distribution of the ohscrved phenotypes
of A-CN and gene frequencies in population of
five pig breeds is shown in table 1. Among three

B-CN p

J@,CN & N 5 e e 639 n N
typc AA AA BB BB ABBB AA BB BB

Figure 1. Electroproregram of #-CN phenotypes

in sow's mik (acid gel),

phenotype BB was the most common Llype in
all breeds. Average frequency of appearance of
A-CN BB type for the breeds was about 77.9%,.
in pig breeds examined, the hightest frequency
of the 8-CN BB type was observed in Landrace
breed. The frequency of the heterozygous B-CN
phenotype AB in Landrace and PDuroc breeds
was somewhat Jower than that of the other
breeds. It is noteworthy that the homozygous
B-CN phenotype AA was found in Durac and

different phenotypes, the homozygous A-CN crossbred only. However, the frequency of this
TABLE *. PHENOTYPE DISTRIBUTICN ANC GENE FREQUENCIES OF 4-CN LOCUS
] No. of Phenotypes Gene_ frequencies . .

Brecd sows AA AR BB B-CNA  B.CNP B P

[.andrace 8l 0 9 72 056 944 282 75>p> .50
(.24 (8.49) (72.27)

Y orkshire ) 0 15 54 109 891 225 I5>p> 50
(81)  (13.38)  (54.81)

Duroc 72 3 12 57 125 875 2328 10>p> .05
(1.14) (15.75) (35.11N)

Hampshire 12 0 3 9 125 875 .S87 S0>p> .25
{.18) (2.64) {9.18)

Crossbred 182 2 48 132 143 857 475 S0>p> .25
(3.72) (44.56)  {133.72)

Total 418 5 87 324 117 883 {098 90>p>.758
(5.66) (85.70)  (324.64)

" One degree of [reedom.

* Figures within parchthese are the expected numbers according to the Hardy-Weinberg cquilibrium.
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phenotype was very low (4.2 and [.19, respecti-
vely). The observed numbers of the phenotypes
werc n good agreement with expected numbers
on the basis of Hardy Weinberg equilibrium in
all breeds studied (lable 1). Gerrits and Kracling
(1967) reported that in Duroc, Yorkshire and
crossbred, the frequency of A-CN variant was
7.4%, for AA types, 359% Jfor AB type and
36.7%, for BB type. By Rogdanov et ai. (1973),
the distribution of A4-CN phenotype in Large
White and Belorussian Black Pied breeds was
estimated to be 26% for AA (ype, 467, for AB
type and 28% for BB type. The results of the
present study were quite different from the data
given by these workers. This phcnomenon may
be due to the different genetic constitition within
and between hreeds.

As shown in table 1, m a)l breeds the fre-
quency of the B-CNF ullele ranging from K57
to .891 was considerably higher than that of the
B-CN#* allele ranging from .109 to .143. Espcci-
ally, the B-CN® allele has a high frequency in
Landrace breed with a frequency of 944 com-
pated to those in other breeds. The average gene
[requency of A-CN* for the five hreeds was
117 and that of B-CN® 883, Gerrits and Kra-
eling (1967) reported the gene frequencies of /-
CN on 217 sow's milk smaples. According to
this report, allele frequencies tor 8 CN# and -
CNB were 28 and .72 for Duroc, .22 and .78
{or Yorkshire and .27 and .73 for crossbred,
respectively. As a whole, these S-CN# gene fre-
quencies were higher than those of present study,
whereas A-CNP genc frequencies tended to be
lower. By the study of Erhardt and Senft (1987)
in  Qerman Landrace breed, the frequency of
the 5-CN allele was known to be .015 for A8-CN#4
and 985 for A-CN®. This valne is similar 1o the
value obfained in this study. They also reported
that the frequencies of A-CNA and A-CNB alleles
were (235 and 765 in German Edelchwein breed
and 031 and 969 in Pietrain breed, respectively.
Therefore, the predominant gene af S-CN in most
pig breeds was S-CNE in over 707%.

A-Lactoglobulin Types

Two bands with ditferent mobility were de-
lected in the A-LG locus as shown in figure
2. Four very distinct phenotypes were observed.
These are designaled 8-LG A, B-LG C, 6-LG
AC and B-LG AC* in accordance with nomcn-

A-LG p

<A
P -

a-LA p e

B-LG
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ype  AC AA AA AC*: CC AA AC CC
Figure 2. Electrophoregram of 4-LG phenotypes in
sow's miik.

clature supggested by Bell et al. (1981%). The A
type was characterized by one major band. The
C type had a similar pattern of one major band
but with corresponding slower mobility. The AC
type had hoth the major bands of A and C
types. However, the AC* type was characterized
by a reduced amount of band A compared with
type A and a very much reduced amount of C
compared with type AC. This electrophoretic
patterns are in good agrecment with the those
reported by Bell et al. (1981%). Therelore, the
synthesis of these & LG phenotypes was assumed
to be contralled by two codominant alleles de-
signated as A-LG* and 8-LGC al a single auto-
somal locus.

The phenotype distribution and gene f{requen-
cies of B-1.G in samples from various breeds are
shown in table 2. The A-LG AA type in alf
breeds studied was found (o have the highest
frequency. The distribution of A-LG AA (ypes
was 100 and 958% for Hampshire and Duroc
breeds, respectively, while the (requency in other
breeds ranged {rom 80.2 1o 85.2%. The frequen-
cies of A-LG AC type were 5.57, for crosshred,
2.9% for Yorkshire, 9.9% for Landrace, 4.2%
for Duroc and 0% for Hampshire. The frequencies
for 4-1.G AC* type in Yorkshire, crossbred and
Landrace breeds were 13.0, 12.1 and 49%, res-
peclively, but this phenolype was not found in
Duroc and Hampshire breeds. The A-LG CC type
was found in only a few crossbred sows. Thus,
there were significant diflerences between the five
breeds of pig with respect to the frequencies of
2-LG phenatypes. As shown in table 2, there
was gond apreement between the observed and



MILLK PROTEIN POLYMORPHISMS OF PIGS

TABLE 2. PHENQOTYPE DISTRIBUTION AND GENF FRFQUENCIES OF £-1G LOCUS

No. of Phenotypes

Gene irequencies

2 1
- sows  AA  ACACYH)  CC  ALGA  ALGE X o
Landrace 81 69 12(4) 0 926 074 015 95>p> 90
©9.44 (11 (44)
Yorkshire 69 58 1) 0 920 080 023 90>p>.7s
(53.44)  (10.12)  (44)
Duroc 72 69 3(0) 0 979 02) 009 95>p>.90
69.08)  (293)  (.03)
Hampshire 12 12 0(0) 0 1.000 .000 -
(12) © (©)
Crossbred 182 146 32(22) 4 890 BEll] 1.050 S0>p> 25
(144.20)  (3560)  (2.20)
Total 416 34 5835 4 921 079 856 .S0>p>.25
(35264)  (60.74) (267

' One degree of freedom.

' Figures within parenthese aie the expected numbers according (o the Hardy-Weinberg equilibrium.

expected distribution of A-LG phenotypes in cach
of the five breeds and in the total breeds. Bell
ct al. (19819) reported that the frequency of each
phenotype in Yorkshire and Duroc breeds was
83.0 and 87.0% for A type, 14 and 6.3% for
AC type, 150 and 5.7% for AC! type and .5
and 1.09% for C type, respectively. These resulls
are similar to those of the present study. How-
ever, the frequencies of Yorkshire breed in this
study diflered markedly from those obtained by
Kraeling and Gerrits (1969), who reported that
phenotypic frequency in Yorkshire was AA type
12, AB wype 26 and BB lype 62%.
As can be seen in table 2, the highest frequen-
for all breeds are of allele B LG*» ranging
from .891 to 1.000. In all breeds except Hamp-
shire gene frequencies of A-LG* allele ranged
from 890 to .979, whereas those of A-LGE allele
were very low. Only the 8-LGA allele was recog-
nized in the Hampshire breed, but this result
may be due to the small number of samples.
Therfore, [urther tests are needed to obtain a
firm conciusion. The frequencies of A-LG* and
A-LGE alleles calculated in the present study were
similar to those reported hy Bell et al. (1981%)
in Yorkshire and crossbred and by Erbardt and
Senft (1987) in German Landrace. However,
Kemmer (1969) reported that the frequencies of

cies
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A-LG* and A-LGP in German Landrace were
.67 and .33, respectively. Kraeling and Gernts
(1969) also reported that thc gene frequencies
of AB-1.G* and  B-1.GF were: Duroc, 95 and
05; Yorkshire, 25 and .75; and crosshred, .71
and .29.

Post Lactoglohulin Types

The presence of genetic polymorphism of
post-LG  protein has not yet been reporled.
However, in the present study, a genetically
controlled hetcrogenity of post-LG was found
for the first time in sow's milk protein. l‘rom
the results shown in figure 3, it is clear that the
post-LG locus shows the cxistence of two distinct
bands on electrophoresis. This protein zone shows
a slightly slower electrophoretic mobility than 8-
LG in alkaline gel electrophoresis and it is clearly
visible by using a general proteip stain. Two
post-1.(; bands were detected in the post-LG
region. These bands were lentatively designated
as A and B in order of decreasing mobility.
Types A and B showed a single band and type
AB consisted of the bands of both types. Thus,
three different post-LG phenotypes were establi-
shed in this system. The thrce possible pheno-
types and their corresponding genotypes are A
(AfA), B(B/B) and AB(A/B). Although family
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data were not available, it was assumed that the
post-LG  phenotypes are geneticaily controiled
from a single locus by two codominant alleles.
post-LG# and post-LG®,

The frequencies of the different phenotypes
as well as the gene frequencies found in the (ive
breeds studied are sumimarized in table 3. Among
the three different phenotypes, the homozygous

AA type was most cammon in all breeds except
Hampsire. In Hamphshire breed the AB pheno-
type was much more frequent that the AA
phenotype. Fowever, because of the small num
bers of individuals tested changes in the distri-
bution of the post-LG phenotypes may be expe-
cted. Therefore, to achicve a phenotypic frequency
comparable to that described in the other pig

TABLE 3. PHENOTYPE DISTRIBUTION AND GENE FREQUENCIES OF POST-LG [OCUS

No. of ~ Phenotypes _ Gene frequencies ) ,
Breed sows  AA AB BB PLG* PLGE X B

Landrace 81 64 17 0 K95 105 292 I5>p>.50
(64.887  (15.22) (89)

Yorkshite 69 3! 29 9 659 34) 048 S0>p>75
(29.97)  (31.01)  (8.02)

Duroc 72 33 32 7 81 319 033 D0>p>> .75
(32.39)  (31.28) (7.33)

Hampshire 12 3 7 2 542 458 339 A52p> .50
(3.53) (596 (252

Crosshred 182 102 70 10 75K, .247 079 0>p> 75
(103.20)  (67.70)  (11.10)

Total 416 223 185 28 14¢ 254 08 I35p>.50
(231.51)  (157.65)  (26.84)

' One degree of freedoni.

' Figures within parenthese ase the expested numbers according to the Hardy-Weinberg equilibrivm.

breeds further tests by larger sample would be
necessary. The BB phenotype was not found in
the Landrace breed. Observed values for the
phenatype distribution show good agreement with
those calculated under Hardy-Weinberg cxpecta-
tions on all breeds.

Among the two alleles for post-LG, the [re-
quency of the post-LG2 allcle was considerable
higher than that of the post-LG" in all breeds
examined. The frequencies of the post-LG* allele
ranged from .542 to .895. The Landrace breed
has rclatively bigh frequencics of post-LG* and
a lower frequency of post-LGF comparcd with
the other hreeds. The average gene frequency of
past-LG* for the five breeds was 75% and that
of post-LGP 259, This new post-LG protein, by
virture of its high depree of polymorphism, should
be a useful genetic marker for studying breed
relationships and population studies in pigs.
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On the other hand, Bell et al. (1981P) have
been ahle to demonstrate the presence of (wo
genetic variants of porcine a-LA and designated
a-LA A and B. However, as shown in figure
3, all individuals bad the same a-LA type in this
study. This type has been assumed to be all
homozygous for the a-LAF allefe. Variation similar
to that described previously (Bell et al., [981%)
was seen in only a few milk samples but the
types were not differentiated clearly enough to
allow genetic interpretation. Therefore, no genetic
polymorphism for a-LA was recognized in fhe
present study. However, to obtain a firm con-
culsion further tests on more samples using other
kind of electrophaoreiic method would be nece-
ssary. For thc phenotyping of a-LA protein, Lhe
modified electrophoretic methods using different
conditions and bulfer systems are also needed.
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B-LG
Post-LG

)

1
w>

a-LA

Posi-LG .

type AB BBAAAB AR BB BR AA AA

Figure 3. Flectropharegran of Post-LG phenotypes
in sow's milk.

X-protein Types

During the investigation of the occurrence of
genetic variants in milk proteins by various elec-
trophoretic  conditions, we have obscrved a
vatiely of genetic variants in a new protein zone.
As shown in figure 4, this polymorphic protein
zone was slower electraphoretic mobility than (he
A-CN zone in starch gel wsing a modification
of the acid buffer system. Because of an uniden-
tified  milk  protein component in pigs, this
protein zone was tentatively called as X-protein.
A similar polymorphism in whey, protcin has

X-protein
type AA BB CC DD AB AC AD BC BD CD

Figure 4. E.ectrophoregram of X-pratein phenotypes
in sow's milk.

also been demonstrated by Althen and Gerrits
(1969), On the basis of its electrophoretic palterns,
the whey, proteins are likely to correspond with
the X-protein observed in the present study.
However, funther studies are needed lo identify
the homogeneity between the X-protein und whey,
protein. Each of the homozygous types showed
one band, while the heterozygous types showed
two bands as shown in figare 4. They were
designated as A, B, C and D in order of dec-
reasing mobility. Four homozygous types AA, BB,
CC and DD and six heterozypous types AR, AC,
AD, BC, BD and CD were observed in milk
samples from the different pig breeds. Allhough
the hreeding dala were not completed, it was
assumed that the X-prolein system js controlled
by one autosomal locus with four codominant
alleles XA, XB X¢ and XP.

The distribution of phenatypes and gene [re-
quencies of the four alleles in X-protein based
on the analysis of random samples [rom the
different breeds studies are shown in table 4. The
highest frequencies for Yorkshire, Duroc and
crossbred were of heterozygote AB. The highest
frequencies of BC and BB 1ypes were found in
Landrace and Hampshire, respectively. The occu-
rrenee of the homogzygous DD was observed
in landrace breed. This lype was absent from
the other breeds studied. However, the DD type
had a very low frequency (1.2%) compared with
the other types. The observed phenotype distribu-
tions were in good agreement with those expec-
ted according to the Hardy Weinberg equilibrium
in all breeds.

Among the four alleles, the X® gene was most
comman in all breeds ranging from 340 to
79.29,. However, the frequencies of XP allele were
the lowest. Therc was a somewhat diffcrence in
the frequency of the X-protein allele between the
breeds. The Landrace breed has lower frequencies
of X* and X® and higher freguencics of X© and
X® compared with the other breeds. The York-
shire  breed bas relatively high f{requencies
of X* From the above results, the genetic diffe-
rences were recognized to exist between brecds.
The X-protein locus thus appeared to be a useful
marker for the study of relationship betweeen
the different breeds of pig. Extensive studies are
in progress to obtain more information on the
genetic polymorphism of milk proteins in the pig
breeds.
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