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Regulatory sequences of the bovine casein genes are important for getting molecular markers of
milk production traits and creation of high-effective vectors for transgenesis. Comparative analysis
of these sequences requires continuous bovine DNA sequences covering the 5’-flanking region and
coding part of the bovine casein gene cluster. Large insert clones containing CSN1S1 (aS1-casein)
and CS/V3 (k-casein) genes with average insert size 180 kb were detected by screening of the bovine
genomic BAC library CHORI-240 (6.1-fold genome coverage) with radioactively labelled DNA-
probes specific for those genes. Six and thirteen BAC clones were identified by hybridization with
CSN1S1- and CSN3-specific probes, respectively. The CH240-130F23 clone was confirmed to contain
CSNIS1 gene by PCR amplification with specific primers; the CH240-046B08, CH240-115019,
CH240-258E02, and CH240-200N21 clones were shown to be specific for CS/V3. The BAC clone
CH240-035012 was found to contain both casein genes as determined with PCR. These results
show that the BAC contig (number of overlapping clones) was established for the whole casein
cluster, including CSN1S1, CSN2, CSN1S2, and CSN3 genes. Based on the known insert sizes of
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BAC clones in the CHORI-240 library, we conclude that this contig contains up to 270 kb of the 5’
flanking region and up to 270 kb of the 3’ flanking region. A maximum 5-fold coverage of the contig is
assumed in the 3’ region of the cluster nearby the CS/V3 gene.
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Gene expression is regulated mostly at a transcriptional level. Regulation has
complex character involving several elements: promoters, enhancers, matrix/scaffold
attachment regions (MAR/SAR) and locus control regions (LCRs). The mammalian
milk protein genes are very attractive models to investigate tissue- and stage-specific
expression due to their biological features. Epithelium cells of a mammary gland are
strongly specialized to synthesize a number of milk proteins during late pregnancy,
lactation and early involution. Transcription level of these protein genes is extremely
high [Hobbs et al. 1982]. Sequences responsible for such transcriptional expression
could be used as components of vectors for transgenesis allowing to increase transgene
expression sufficiently. Besides that, data on regulatory elements of the bovine casein
gene cluster, especially their polymorphic variants with highest influence on milk
composition, could be applied for marker-assisted selection (MAS) in cattle [ Tanskley
1993, Georges et al. 1995, Phillips 1999].

In most cases the levels of expression of transgenes are different, even when the
same gene constructs are used [Houdebine 2002]. Beside this, transgene expression
(TE) could also be observed in unexpected tissues [Wen et al. 1995]. It means that
TE depends on the gene integration site and is thought to be affected by the surround-
ing chromosome environment, what is referred to as the “position effect”. LCRs are
supposed to be necessary for position-independent and copy number-dependent ex-
pression of transgenes [Li ef al. 1999]. Recent research of upstream and downstream
regions of milk protein genes suggested that their expression could also be regulated
by LCR. Transgenic rats with both 50-kb upstream and downstream regions of human
a-lactalbumin gene showed a position-independent expression [Fujiwara et al. 1999].
High expression of bovine aS1 casein gene flanked by 50 kb upstream and downstream
regions in transgenic rats also suggests that presence of LCRs skips the position effect
[Zuelke et al. 1999].

The gridded genomic bacterial artificial chromosome (BAC) libraries allow to get
large-insert genomic clones that contain the sequence of interest. Such libraries are
known to be applicable for genome analysis using different approaches and being ap-
plied for whole genome sequences assembling (http://www.ncbi.nlm.nih.gov). Now,
some of them are widely available (www.chori.org) that makes possible both iden-
tification and study of the casein cluster regulatory elements. Also, some data on the
bovine whole genome shotgun (WGS) sequence (http://www.ncbi.nlm.nih.gov/genomes)
could be applied to reveal regulatory elements in casein gene cluster. Unfortunately,
the whole bovine genome sequence is still not assembled, that does not allow making
comparative analysis based on it.

Here we report an obtaining of continuous bovine DNA-sequences covering the
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5’-flanking region and coding part of bovine casein gene cluster via hybridization of
the CHORI-240 bovine library with CSN1S1 and CSN3 specific DNA-probes.

Material and methods
Probes for BAC library screening

Probes were generated by polymerase chain reaction (PCR) on the template of
bovine genomic DNA. The PCRs were performed in 100-pl reaction mix comprising
primers, each at 10 uM, approximately 200 ng genomic DNA template, and 50 ul of
Readymix Redtaq PCR Reaction Mix (SIGMA-ALDRICH). Probe for CSN1S! gene
was 310 bp long and covered the gene region from -274 to +36 [Koczan et al. 1993].

Primer sequences for CSNIS! probe were as follows:

forward 5’-GAAGAAGCAGCAAGCTGG-3’ and
reverse 5’-TGCATGTTCTCATAATAACC-3’.

The temperature profile for PCR amplification of the fragment of CSN/S! gene
was as follows: initial denaturation for 3 min at 94°C followed by 32 cycles of 30 s at
94°C; 30 s at 60°C; 30 s at 72°C, and the final extension for 10 min at 72°C.

Primer sequences for CSN3 probe were as follows [Figiel and Kaminski 1993]:
forward 5’-GAAATCCCTACCATCAATACC-3’
reverse 5’-CCATCTACGCTAGTTTAGATG-3’

The temperature profile for PCR amplification of fragment of CSN3 gene was as
follows: initial denaturation for 3 min at 94°C followed by 35 cycles of 30 s at 94°C;
30 s at 61°C; 30 s at 72°C, and the final extension for 10 min at 72°C. The length of
the amplified DNA was 273 bp, and covered part of intron 4 and part of exon 4 of the
CSN3 gene.

The identity of the amplified products was checked electrophoretically in 1.5%
agarose gel containing ethidium bromide in TBE buffer. The length of the PCR products
was estimated using 100-bp marker (SIGMA-ALDRICH). Amplified product was
purified using GenElute PCR DNA Purification Kit (SIGMA-ALDRICH) according
to manufacturer’s instruction.

Probe labelling

The CSN1S1 and CSN3 probes were labelled using random primer DNA labelling
kit (SiIGMA-ALDRICH) according to manufacturer’s instruction. Briefly, DNA was
denatured by heating for 10 min in boiling water bath, and then immediately cooled on
ice. To 25 ng of denatured probe added was 3 ul of dATP, dGTP and dTTP mixture, 2 pl
reaction mixture, 5 pl [a-**P]dCTP, 3000 Ci/mmol (ICN), and water to a total volume of
19 pl. After mixing the reaction components, 1 pl of Klenow enzyme (2 U) was added
and the mix was incubated at 37°C for 30 min. The labelled probes were purified from
unbound nucleotides using QIAquick nucleotide removal kit (QUIAGEN) following
the manufacturers’ prescription.
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Screening of bovine BAC library

Hybridization of six nylon filters CHORI-240 was performed in rotisserie bottles,
with two filters in each bottle. Filters were wetted in minimum volume of “Church
Buffer” (1% BSA, 1 mM EDTA, 7% SDS, 0.5 M NaHPO,, pH 7.2). Then, filters were
placed in the bottles with 25 ml additional “Church Buffer”” and pre-hybridized for one
hour at 65°C with rotation in the Bachofer hybridization oven. Next, 10-15 ng of the
labelled DNA probes were added to each bottle. Hybridization was performed at 65°C
overnight (16-18 hours). The filters were washed twice with 50 ml1 2xSSC, 0.1% SDS at
65°C for 7 min, and then washed with 50 m1 0.5xSSC, 0.1% SDS at room temperature
for 7 min. This procedure was repeated three times. After that, the filters were rinsed
in water and wrapped individually. The filters were exposed individually with Imag-
ing Screen K, 35 x 43 cm (BIO-RAD) for 1 hour and analysed with Molecular Imager
FX (BIO-RAD) using Quantity One software package. Positions of the positive clones
were interpreted following the protocol supplied with the filters using the transparent
overlay as an orientation guide according to the recommendations of the gene library
supplier (http://bacpac.chori.org).

Isolation of BAC DNA-clones and PCR-confirmation

Bacteria containing recombinant clones were grown overnight in 5 ml of standard
LB medium. BACs were isolated using PhasePrep BAC DNA Kit (SIGMA-ALDRICH)
as described by the manufacturer. Briefly, bacterial cells were harvested by centrifu-
gation at 5000 x g for 10 minutes. Supernatant was removed and cells resuspended
in 250 pl of resuspension solution. To resuspended cells 250 pl of lysis solution was
added and gently mixed. Next, aded was 250 pl of neutralization solution and mixed
again. The mix was incubated on ice for 5 minutes and then centrifuged at 16000 x g
to pellet the cell debris. Cleared lysate was transferred to new tubes and 450 pl of room-
temperature isopropanol was added to precipitate DNA. Nucleic acids were collected by
centrifugation at 16000 x g for 20 min, and the pellet was washed with 100 ul of 70%
ethanol. DNA was dissolved in 100 pl of TE buffer.

BAC clones were checked for the presence of the CSN/S7 and CSN3 gene inserts
by PCR reaction using the same primers and amplification conditions as for probe
preparation.

Results and discussion

Large insert clones containing CSN/SI and CSN3 with average insert size of 200 kb
were detected by screening of the bovine genomic CH240 BAC library (6.1-fold genome
coverage) with radioactively labelled DNA-probes specific for the casein genes. Six and
thirteen BAC clones were identified by hybridization with CSN1S1- and CSN3-specific
probes, respectively (Tab. 1). Photo 1 presents an example of CHORI-240 screening.
The positive clones were ordered from Children’s Hospital Oakland Research Institute,
Oakland, CA, USA. Using PCR amplification the clone CH240-130F23 was confirmed
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Tabke 1. The linrr aaeaiirg ad BAC PCE-codimmati e ailte

Ho Clre idertified DM PCR-comfmatimiar PCRcaximmationdar

CHAGMOERE  Copgar - +
CHMOES0L2 CEnTAT + +
CHMO-115019 CERETAT - +
CHM (- EFS CEMTAT + -
CHM O LHFIT CENEET - -
CHMO- MO0 CERTAT - -
CHM(-EENY i - +
CHMOXOM21 o2 - +

CHM0- 24P s
CHMOX¥IINE  CEhE
CHMO- TP s
CHM#O-IMOHS S
CHMOOMM  Cope
CHMOXMIEIY  CEE
CHMOXOLIY  CE0E
CHMO-IEMIO 52
CHMO-LELI0  CEE
CHM2LMI  CEhE
CHMO0-XSELT

ERoERREREREE oo =k —

:

CSN1S1 positive clone

Photo 1. Autoradiogramme of the bovine genomic library CHORI-240 filter fragment after hybridization
with radioactively labelled CSN1S! DNA-probe.
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to contain CSNIS1 gene, while the CH240-046B08, CH240-115019, CH240-258E02,
and CH240-200N21 clones were shown to be specific for CSN3 (Photo 2). The BAC
clone CH240-035012, according to PCR-amplification results (Tab. 1), contained
genes of both caseins.

Mean insert size of BAC clones from bovine genomic library CHORI-240, seg-
ment [ is 180 kb, ranging from <100 to 270 kb (http://bacpac.chori.org). In the casein

A

1 2 3 4 5 6 7 8 9 10 11

1 2 3 45 6 78 9 1011 12 13

Photo 2. Confirmation with PCR of the identity of BAC clones with CSN1S/-specific primers (A) or
CSN3-specific primers (B).

(A) lane 1 — molecular weight marker (100 bp); 2 — clone CH240-124J17; 3 — CH240-126F23; 4 — CH240-
130F23, 5 — CH240-138C05; 6 — CH240-174B06; 7 — CH240-200L09; 8 — CH240-205K17; 9 — CH240-
215M02; 10 — CH240-233L10; 11 — CH240-250M04.

(B) lane 1 — molecular weight marker (100 bp); lanes 2 and 9 — clone CH046B08; lanes 3 and 10 — CH240-
035012; lanes 4 and 11 — CH240-115019; lanes 5 and 12 — CH240-258E02; lanes 6 and 13 — CH240-200N21;
lanes 7 and 8 — H,O (control).

gene cluster the distance between bovine CSN/SI and CSN3 is about 250 kb [Rijnkels
et al. 1997]. The CSN1S1 is situated at the 5’end of the cluster [Rijnkels et al. 1997].
Getting the CH240-130F23 clone, which contains CSNIS/ gene and does not include
CSN3, means that up to 270 kb of 5’ flanking sequence of bovine casein gene cluster
was cloned. Search for putative LCRs within the clone CH240-130F23 seems very
promising, as such elements are usually located in 5° flanking regions up to -35 kb
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upstream of coding genes [Li et al. 1999].

Four bovine casein genes are located within a single, multi-gene locus of approxi-
mately 250 kb in length [Rijnkels ef al. 1997]. Our data allow to conclude, that clones
CH240-130F23, CH240-035012, CH240-046B08, CH240-115019, CH240-258E02,
and CH240-200N21 are overlapped consequently — 5’-CH240-130F23 — CH240-
035012 — (CH240-046B08, CH240-115019, CH240-258E02, CH240-200N21) — 3°
and form the contig spanning the whole cluster of four bovine casein genes (270 kb
upstream from the start codon of CSN141 gene, and up to 270 kb downstream from the
terminal codon of CSN3) with 5-fold maximum coverage in the 3’ region surrounding
the CSN3 gene.

Dairy cattle are the major milk producers for human consumption. Despite the
unquestioned economical value of milk, molecular mechanisms regulating expression
of its proteins’ genes in cattle are still poorly understood. Indeed, only expression and
structure of 5’-upstream region of B-casein gene have been systematically studied
[Schmidhauser ef al. 1990,1992, Myers et al. 1998]. Some flanking sequences of the
aS1- [Platenburg et al. 1996], aS2- [Groenen et al. [1992] and k-kasein [Adachi et
al. 1996] were ascertained, but their importance for the gene expression has not been
studied so far.

Moreover, the most investigated regulatory elements of casein genes, such as pro-
moters and enhancers, were shown to be not sufficient for proper expression of genes in
transgenic animals [Fujiwara et al. 1999]. Polymorphism within coding and 5’ flanking
(about 1000 bp) regions of the bovine casein /oci described earlier by Kaminski [2000]
and Kaminski and Zabolewicz [2000] does not explain the observed variation in the
milk casein biosynthesis satisfactorily.

Isolation of six BAC clones containing CSNIS/ and CSN3 genes and establish-
ing of the BAC contig covering the bovine casein gene cluster could provide a new
assembled sequence information on its structural organization. These data could also
be considered as a tool for comparative analysis of regulatory elements of mammalian
casein genes.
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Identyfikacja szesciu klonow BAC z genami CSN1A41 i CSN3 bydla:
konstrukcja ciaglej sekwencji, obejmujacej rejon genow kazein

Streszczenie

Sekwencje regulacyjne genow kazein mozna wykorzystywac jako markery genetyczne uzytkowosci
mlecznej bydta oraz stosowac w konstruowaniu wydajnych wektorow dla uzyskiwania zwierzat transgenic-
znych. Do analizy poréwnawczej genow kazein (np. roznych gatunkow ssakow) potrzebna jest znajomo$é
ciaglej sekwencji rejonu 5’-flankujacego oraz czesci kodujacej tych genow. Bibliotekg klonow BAC
CHORI-240 (6,1-krotne pokrycie genomu) hybrydyzowano z radioaktywnie znakowanymi sondami do
gendw CSNISI 1 CSN3, co pozwolito zidentyfikowa¢ klony zawierajace geny CSNIS! i CSN3 o $redniej
dhugosci wklonowanego fragmentu wynoszacej 180000 par zasad (pz). Zidentyfikowano sze$¢ klonow
BAC z genem CSN1S]1 i trzynascie z genem CSN3. Obecnos¢ sekwencji genu CSN/S! w klonie CH240-
130F23 oraz genu CSN3 w klonach CH240-046B08, CH240-115019, CH240-258E02 i CH240-200N21
potwierdzono analiza PCR, wykorzystujac primery specyficzne dla tych genéw. Analiza PCR wykazatla
obecnos¢ sekwencji obu gendéw kazein w klonie BAC CH240-035012. Uzyskane wyniki wskazuja, ze
znaleziono klony, ktorych sekwencje pokrywaja caty locus kazeinowy z genami CSNI1S1, CSN2, CSN1S2
1 CSN3. Na podstawie dlugosci fragmentéw DNA, znajdujacych si¢ w bibliotece klonow BAC CHORI-
240, mozna wnioskowac, ze znalezione klony reprezentuja do 270 tysigey pz flankujacego rejonu 5’ oraz
do 270 tysigcy pz rejonu flankujacego 3°. Maksymalne — pigciokrotne — pokrycie sekwencji wystgpuje
prawdopodobnie w 3’°-flankujacym rejonie grupy genow kazein.
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