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Abstract Inorder to identify DNA variants within the 5’
flanking region of the bovine x-casein (¥Cn)-encoding
gene, this area of the gene from 13 cows belonging to seven
breeds (Holstein Friesian, Brown Swiss, German Simmen-
tal, Jersey, Galloway, Scottish Highland and Ceylon Dwarf
Zebu) was analysed. For each individual, about 1 kb of the
5’-flanking region including exon I was amplified by poly-
merase chain reaction (PCR). The biotinylated PCR prod-
uct was immobilized on magnetic beads followed by di-
rect bidirectional sequencing using an automated DNA se-
quencer. Fifteen DNA variants were identified, some of
which are located within potential regulatory sites and pos-
sibly involved in the expression of the x-casein encoding
gene.
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Abbreviations AP2 activator protein 2 - bp base pair(s)
GRE/RC glucocorticoid response element/reverse
complement - HNF3 hepatocyte nuclear factor 3

kCn x-casein - MGF mammary gland-specific nuclear
factor - nf nucleotid(s) - OCT! octamer-binding site 1

PA polyacrylamide - PCR polymerase chain reaction
PMF pregnancy-specific mammary nuclear factor

kb kilobase(s) or 1000 bp

Introduction

Caseins are one of the best developed models in biochem-
ical and genetic research, yet questions connected with the
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regulation and expression of these genes still remain open.
In vitro studies have revealed that casein gene expression
is regulated at both the transcriptional and the posttran-
scriptional levels by a complex interplay of different hor-
mones (Rosen et al. 1989). All four casein genes are clus-
tered within less than 200 kb of bovine chromosome 6
(Threadgill and Womack 1990; Ferretti et al. 1990). It is
assumed that the three genes coding for the calcium-sen-
sitive 0gq-, O~ and B-caseins have evolved from one an-
cestral gene that resulted from exon shuffling (Jones et al.
1985) by intergenic duplication (Yu-Lee et al. 1986; Bons-
ing and Mackinlay 1987). In contrast, the k-casein en-
coding gene (kCr) evolved differently and consists of five
exons distributed over a total length of approximately 13
kb (Alexander et al. 1988). Amino acid sequence similar-
ities suggest that kCn is related to the fibrinogens (Jolles
et al. 1986).

Four variants have been described for the coding region
of ¥Cn gene (Eigel et al. 1984; Miranda et al. 1993); their
pylogeny is E<A>B>C. The variants are known to be as-
sociated with both the physico-chemical properties and the
relative amount of milk proteins (Oloffs et al. 1992; Mao
et al. 1992). Several studies have reported that cows car-
rying the kCn BB genotype produced milk with a signifi-
cantly higher protein content (Gonyon et al. 1987; Alean-
dri et al. 1990; Bovenhuis et al. 1992). Other data have
shown that differences in allelic protein expression in the
milk of heterozygous xCn cows exist (Van Eenennaam and
Medrano et al. 1991). The results indicate that the B allele
is associated with the greater amount of total kCn present
in the milk of AB cows.

The cause of this greater expression is not understood
but may be due to differences in cis-acting sequences in-
volved in the quantitative expression of xCn gene. Since
DNA variants which alter gene expression might be lo-
cated upstream from the 5’-flanking region, as a first step
in an extended investigation we have sequenced, analysed
and compared the 5’-flanking region of this milk protein
encoding gene within highly divergent cows in order to an-
alyse the DNA variants.
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tations are displayed by shaded
lett i hared by t
fetters (region ! o undurlined); ~ 873 AGTCAGAATA AGCCGTCTTT GAAACAGAAC AATTATTCTG AATTTAGTTA
PCR-primers are hatched
(KCN-5b: 5"-biotin-CAGTCC- ~ 823 TTTAATTTTG TACATCCAGA ATGATTCACC TATATTATTG AAATTTACAA
TACATCAATTCCTGT-3;
KCN-3: 5-CAGTCTGCTGT-  _ 753 ATCTAAGTGA AAGCAATAAA TGCTGAAGAA GATGTGAAGA AAGGGGAATC
GAATAAGAAT). The 1.2 kb ' .
fragment of the promoterre- 953 ~pOEPACACT GTTGETGGCA ATGTAAACTG GCAGAGCCAC TRTGGAGAAC
gion including exon I was am- ) -
plified by polymerase chain re- GRE/RC
action (PCR) in 100 ml of aso- — 673 ATTWIGGAGA TTCCTTCAGA AATTAAAAAA AAAAAatCTA TGTGCAACTT
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each of the dNTPs, 10 mM - 623 GATTCATAAG AARCTAATCA ATCAACAAAC AGGTGTTTAT ATGATGAATT
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KCI, 1.5 mM MgCl,, 10 pmol  _ 573 TACTGAAGAA CAAAATGAAA ATGGATCCCT ACTTTATATT GATTAATATT
of each primer, 1 ug of genom- *OCT1 PMF
ic DNA and 2.5 units of Tag- —_
Polymerase (Pharmacia Bio- - 523 TCATATTTEG ATTTAACATA AATTATTCTT GGGCATATAA AAGATGGTCA
tech, Freiburg, FRG) in a Bio- pME ¥
metra TRIO-Thermoblock (Bi- - 473 GTTTTCTAAT TGTTAAATAC TGATGGCTGT AATTCTAGAA AGAGGAYGAT
ometra, Gottingen, FRG). Each PME * AP2
cycle consisted of 1.5 min at - 423 CAACCACAGC CCATAATATA TGTAGAATTA CTTCATACYC AGGTTCTTGA
95°C, 2 min at 54°C anq 4 min
at 72°C with the exceptionof 3 _ 373 AAPAATAAGA AACATTTGAA ATGTAAAAGT GCTATGGCTA GATACTTTTC
min denaturation in the first cy-
cle and 7 min DNA chain ex-
tension in the last cycle -~ 323 ATTTAATAAT AGCTTTAAAT TC:AAATAGGT GGAATTAGTT GATTAAAATG
- 273 CAATTAATAT TCTTAAAAAT CCYCTATATC TTTTCATAAA CATAAAAGTT
- 223 CAGTCTTACA AAAGTGTGAA TAATCTGTTT TCAAATCTTA TGAATGACAA
- 173 CTCTATTTCC TCCTCTGCAT TCCATTAACC GAGACTGATC TAAAGATCGC
CAAT-BoOX
- 123 CCTGCTATCG TCAGATCTTT CCTTTCTGTC ATCTTCCTAT TGGTGCAATG
* TATA-BOX
- 73 TAAAAGGAAG ATAWATCTCA TGACGCAAGA CACTAACACC CTTTAATTAG
-1
- 23 TCTCTGGTTA TTTACCTTGG GTGTTCCTTA CAGTCGAAAG GCCAACTGAA
28 CCTACTGCCA AGCAAGAGCT GACGGTCACA AGGAAAGGTA ATCACATTAA
78 AACATTCAAA GAGAATAR

Materials and methods

Direct sequencing of PCR amplified DNA fragments

Selection of animals

About 2000 cows, selected according to extremely high or low milk
protein yields out of eight dairy breeds, were further analysed for
their milk protein variants by the isoelectric focusing of milk sam-
ples using the method of Seibert et al. (1985). Consequently, 300 an-
imals with different and rare genotype combinations were chosen.
From these, 8 animals belonging to four breeds (Jersey, German Sim-
mental, German Friesian, German Brown Swiss) were selected ac-
cording to their casein and whey protein contents and used for DNA
analysis. In addition, five cows from three additional breeds (Gallo-
way, Scottish Highland and Ceylon Dwarf Zebu) were considered in
order to obtain a highly divergent group of animals.

After 35 cycles of PCR amplification, 90 pl of the mixture was add-
ed to 0.4 mg of Dynabeads M280 streptavidin (Dynal, Hamburg,
FRG). Both DNA strands were prepared for sequencing reactions
following the protocol.of Hultman et al. (1991) with slight modifi-
cations.

Immobilized PCR products were sequenced using the AutoRead
Sequencing Kit (Pharmacia Biotech, Freiburg, FRG) and four fluo-
rescent primers (KCN1: 5'-fluorescein-GCTGTGAATAAGAAT-
TATTC-3’, KCN2: 5’-fluorescein-TGAAAACAGATTATTCACAC-
37, KCN3: 5’-fluorescein-ATGCCCAAGAATAATTTATG-3’,
KCN4: 5'-fluorescein-TAGGTGAATCATTCTGGATG-3") on an
A.L.F. DNA sequencer (Pharmacia Biotech, Freiburg, FRG). Cycle
Sequencing reactions were performed using the Ready Reaction Dye
Deoxy Terminator Cycle Sequencing Kit (Applied Biosystems,
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Fig. 2a~d Verification of a heterozygous AT deletion at position
—639/-638 by bidirectional sequencing. Solid phase sequencing was
performed using T7 polymerase and dye primers with the A. L. F.
DNA sequencer (Pharmacia, Freiburg, FRG) on 6% PA gels, reverse
strand sequencing by dye deoxy terminator cycle sequencing using
Taq DNA polymerase on an ABI 373A DNA sequencer (Applied
Biosystems, Weiterstadt, FRG) on 7% PA gels. a Heterozygous an-
imal, solid phase, b same animal (Galloway 1) reverse strand, ¢ ho-
mozygous animal (Scottish Highland 1) without deletion, solid
phase, d homozygous animal (Galloway 2) with AT deletion, solid
phase

Weiterstadt, FRG) and two unlabeled primers (KCN35: 5-AGTCC-
TACATCAATTCCTG-3’, KCN6: 5-GCCGTCTTTGAAACA-
GAAC-3") on an ABI 373A DNA sequencer (Applied Biosystems,
Weiterstadt, FRG).

In order to test the ability to identify nucleotide substitutions in
the heterozygous state by solid phase sequencing, three independent
sequencing reactions in both directions were performed for three in-
dividuals on an A. L. F. DNA Sequencer. T7 polymerase sequenc-
ing in conjunction with dye primers produced a very even signal
height. Thus, heterozygous substitutions were identified as two half-
height peaks coinciding at the same position. Identification of the
heterozygous mutations was reproducable in all three control reac-
tions.

Results and discussion
Identification of polymorphic sites

After sequencing of the 5'-flanking region of the ¥Cn gene
of 13 cows, a total of 15 DNA-variants was identified by

the alignment of sequencing results. The locations of these
variants within the promoter region (+115/-1073) is shown
in Fig. 1. Furthermore, in comparison to the 5’-flanking re-
gion of the bovine xCn gene, as determined by Groenen et
al. (EMBL data base, accession no. M75887) there were
12 additional bases (Fig. 1, positions —1052: A; ~1048: A;
—-1043: A; -1022/-1021: AA; -1014: A; -999/998: TT;
—867: A; —744: A; —694: G; -588: T) and four differences
in DNA primary structure (Fig. 1: positions —-978/-977,
-972/-971; -929/-928: GC instead of CG; —559/-558: AT
instead of TC) in all of the animals analysed. The high num-
ber of variants identified does not necessarily represent all
mutations that exist for cattle within the analysed region,
although cows from a very heterogenous group of animals
were considered. The confirmation of evidence for breed
specific variants, their breed distribution and the detection
of further variants requires the analysis of a larger group
of animals.

Identification of heterozygous substitutions or deletions

Within the amplified region of thexCn gene, two hetero-
zygous deletions were identified. As Fig. 2 shows, the var-
iant at position —-638/—639 is due to an AT deletion. Thus,
in the heterozygous state the sequences following the poly
(A) stretch are unreadable because the signals from both
alleles no longer coincide in most positions. By bidirec-
tional solid phase sequencing the reverse picture was ob-
served when sequencing both strands, thus verifying the
heterozygous state. Out of the 13 animals analysed 6 were
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Table 1 Binding sites of po-

: . - Factor® Consensus Sequence within Position Homology
}inttﬁzlsrs %llgr?lt(?rrl}é Ir);;gﬁlif“&tg sequence® the k-casein encoding gene [%]
gr(zI&Zif_fgsgzﬁ)ﬁgcg%ﬁ%ffge MGF ANTTCTTGGNA (1) ACYTCATAGAA ~1031 82
analysis was performed using HNF3 TATTGAYTTWG (2) TAYATATTTTG -886 82
the I¥IUS AR pro ramme pack- GR/RC AGRACANNNTGTACC (3) AGAACATTWTGGAGA —683 87
age Supplied%y %he German OCT1 ATTTGCAT (4) ATTTKGAT -519 88
Cancer Research Center, Hei- PMF TGAT(N), ,ATCA (5) KGATTTAACA —Z 15 90
delberg, FRG. The recognition ggﬁ%CGAA:{géA :4%9 gg
sites listed below only enclose AP2 CCCCAGGC (6) ACYCAGGT 337 e

those that are hit by variants

# See abbreviations for explanations
® (1) Schmitt-Ney et al. 1991; (2) Raymondjean et al. 1991; (3) Beato 1989; (4) Groenen et al. 1992;
(5) Lee and Oka 1992; (6) Mitchell et al. 1987

heterozygous at this position. Furthermore, in the zebu in-
dividual sequenced only one A within the poly(A) stretch
was found to be deleted, perhaps indicating a breed-spe-
cific variant (data not shown).

Further steps in analysing different rates in gene expres-
sion associated with allelic variation

The association of protein expression with xCn genotypes
may be explained by the existence of polymorphisms in
the regulatory regions of genes. Investigations on the in-
fluences of genetic polymorphisms in the 5’-flanking re-
gion of the human cytochrome P450IIE1 gene have dem-
onstrated that mutations can alter the binding of trans-act-
ing factors and change a gene’s transcriptional regulation
(Hayashi et al. 1991). Figure 1 shows that some of the var-
iants identified for the 5’-flanking region of kCn gene are
located within potential recognition sites of DNA binding
proteins. Quantitative differences in gene expression may
be the result. In vitro studies have demonstrated that mu-
tations within the binding site of the mammary gland-spe-
cific nuclear factor (MGF) strongly affect transcriptional
activity in vitro (Schmitt-Ney et al. 1991). The C/T tran-
sition at position —1029 is located within a potential
MGF binding site of 82% homology to the sequence
ANTTCTTGGNA, which might represent part of a MGF
recognition site (see Table 1). Further investigation is re-
quired to verify the influence of these allelic variants in
kCn gene regulation. Therefore, we are currently carrying
out gene expression studies with various constructs of a lu-
ciferase vector, including the promoter region, with differ-
ent sets of variants in order to identify those variants within
the 5’-flanking region that influence gene expression.
Moreover, the relationship between the mutations altering
a potential cis-acting motif and the milk protein expres-
sion of the relevant cows is being analysed in a larger num-
ber of animals (Ehrmann et al., in preparation).
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