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Because of the antimicrobial role that defensins play in humans and animals, genes encoding these
peptides may be considered as molecular markers of a genetically determined susceptibility (or resist-
ance) of the mammary gland to mastitis. Records were gathered of daily milk yield, fat, protein, and
lactose content of milk, and milk somatic cell count (SCC) of 217 lactating Black-and-White cows. To
determine the defensin gene polymorphism, DNA was isolated from blood and the RFLP method with
enzyme Taql was used. Twenty different polymorphic systems were revealed, possibly representing
variants of genes encoding different defensins. Statistical evaluation included cows with more than
seven records, and showing the 2.5% frequency of combined defensin genotypes (CDGs). In this way
13 different CDGs of 204 cows appeared available for statistical evaluation.

CDGs significantly affected all dairy performance traits studied, as well as SCC. The important
message from these results is that the defensin(s) may probably be used as genetic marker(s) in the
breeding programmes aiming at selecting highly productive dairy cattle with increased resistance
to udder infections.
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Results from investigations conducted over the recent years point to the important
role of peptides existing in various human and animal organs including the mammary
gland [Exner et al. 2000]. Defensins is a group of antimicrobial peptides with antibiotic
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and cytotoxic activity against bacteria, viruses, and fungi [Tunzi et al. 2000]. Their
antibacterial properties refer both to the Gram-positive, and Gram-negative bacteria
[Ganz et al. 1985, Tunzi et al. 2000]. Two types of B-defensin are known [Harder et
al.1997]. In humans, B-defensins type 1 are produced in the kidney epithelium, pan-
creas, salivary glands, respiratory tract [Ryan et al. 1998], urogenital tract and placenta
[Zhao et al. 1999], while type 2 were found in the skin and tongue tissues and in female
urogenital tract [Harder et al. 1997]. The expression of 3-defensin gene was also shown
in the cow mammary gland [Exner et al. 2000]. In the human genome the -defensins
are encoded by a group of genes localized to one locus on chromosome 8 [Bevins and
Diamond 1997], while in cattle they have been mapped to chromosome 27 [Gallagher
et al. 1995]. Moreover, the amino acid and genomic sequences are known of several
cattle defensins [Zhang et al. 2000].

Due to the role played by defensins in defending humans and animals from bacte-
rial, viral, or fungal infections, the genes encoding them seem to be potential markers
of the genetically determined susceptibility (or resistance) of the mammary gland. It
was shown that tissues of an infected human mammary gland contain 3-defensin gene
transcripts [Exner et al. 2000], and that mammary epithelial cells secrete B-defensins.
Defensins are present not only in the mammary gland, but also in milk [Jia et al. 2001],
as well as in leukocyte granules [Diamond et al. 2000; Frye et al. 2000] and in macro-
phages [Zhang et al. 1998], which constitute a part of milk cell population. Both cell
types are responsible for phagocytosis of microbes [Fehlbaum et al. 2000]. Moreover,
defensins are produced on all epithelial surfaces of the mammary gland [Kaiser and
Diamond 2000]. In the light of these findings we suppose that defensins secreted into
milk during lactation may protect the udder tissue from bacterial colonization and,
consequently, affect both yield and quality of milk.

Mammary gland of a cow is highly susceptible to inflammation. During the gland
tissue infection with bacteria the number of polymorphonuclear leucocytes in milk
increases dramatically [Emanuelson et al.1988, Hogan et al. 1992, Lund et al. 1999].
The effect of bacterial infection on the yield, composition and quality of cow milk is
well documented [Kehrli and Schuster 1994]. Defensins that are recognized as one of
the innate defensive response systems against the pathogenic microorganisms can affect
the quality of cow milk. This prompted us to investigate whether the defensin genotype
affects the milk yield and quality in Black-and-White (BW) dairy cows. This hypothesis
is even more attractive, as our earlier investigation showed a significant relation between
defensin genotypes and SCC of bovine milk [Ryniewicz et al. 2002].

Material and methods

Animals

The studies were conducted in the years 1999-2002 on 217 lactating Black-and-
White cows with a share of more than 80% of Holstein-Friesian blood. The cows were
maintained on Polish Academy of Sciences Experimental Farm, Kosow. The animals
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were randomly chosen from the herd, of which the annual mean milk yield amounted
to 8300 kg milk, containing 4.01% fat and 3.45% total protein. As only 4-5 cows were
daughters of one sire, the sire effect was not included in the statistical model. The cows
were kept in loose barn with outside run, and fed complete total mixed ration (TMR)
diet of corn silage, wilted grass silage, and concentrates, supplemented with minerals
and vitamins, according to INRA feeding standards. Water was available ad libitum.
The cows were milked twice a day. Milk samples were taken from each cow once a
month during the whole lactation.

DNA isolation

Blood for DNA genotyping was collected from jugular vein by an authorized veteri-
narian to the tubes containing K,EDTA and stored at -25°C for few weeks or at -75°C
up to several months. The isolation of DNA from whole blood was done with a rapid
method described by Kanai et al. [1994].

Identification of defensin genotypes

Basing on the sequence of the B1-defensin (enteric; GenBank, accession no.
AF016539) and using the Primer 3 software (www.genome.wi.mit.edu) the following
primers were designed for the amplification of 1638-bp -defensin genes:

BBDIS - 5’-GCCAGCATGAGGCTCCAT-3’and

BBD2A - 5’-AACAGGTGCCAATCTGT-3".

The PCR reactions were performed in a MJ RESEARCH PTC-225 thermal cycler
(DNA denaturation — 94°C; annealing — 63.5°C, elongation — 72°C; 34 cycles). The
quality of the polymerase chain reaction (PCR) product was tested electrophoretically
in 2% agarose gel (GibcoBRL) with ethidium bromide. To determine the polymorphism
of defensin genes the restriction fragment length polymorphism (RFLP) method was
used. The PCR products were digested with 7agl restrictase (FERMENTAS, Lithuania)
for 3 h, with 10 units/20 ul, at 37°C) and restriction fragments were analysed electro-
phoretically in 2% agarose gel in TBE buffer.

In order to confirm the identity of the PCR products the “nested” PCR was carried
out. Both the major PCR-amplified fragments of the defensin genes — approx. 1650 and
1300 bp — were eluted from the agarose gel. “Nested” PCR products were re-amplified
using the following primers:

DEF1A - 5’-TGCTCCCATTGCTCCATAGAT-3’ and

DEF1B - 5’-CCCCCTCCTCCTCCCTTTGT-3",
designed to amplify a 429 bp fragment of the B-defensin (enteric) gene, from nt 1441
to 1869 (GenBank AF016539). The resulting PCR products were sequenced. Then, a
sequence alignment was made with that of the B-defensin genes available in GenBank
database using BLAST programme (http://www.ncbi.nlm.nih.gov/blast).

The DNA fragments were eluted from agarose gels using NucleoSpin (MACH-
ERY-NAGEL) and then purified with Gene Elute PCR DNA Purification Kit (SIGMA)
according to manufacturer’s instruction manual.
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Restriction maps of the amplified defensin gene fragments were done using HIBIO
DNASIS, HITACHI programme, version 2.6. In the PCR-amplified 1638 bp fragment
of the bovine f1-defensin (enteric) gene one Tagl restriction site was found at position
2363, while two sites at positions 1438/2366 and 1674/2596 in 4- and B5-defensin
genes, respectively (positions of nucleotides are given according to sequences obtained
from the GenBank).

Dairy performance traits

Cows were in lactations from I to VII. The daily milk yield was recorded monthly
and fat, protein, and lactose content, and somatic cell count (SCC) were determined every
month during the whole lactation. Fat, protein and lactose content was determined in
fresh milk samples using Milko Scan 104A/B, while SCC with Fossomatic apparatus.
Both SCC and lactose levels were considered as indicators of the udder health.

Statistical

A total of 4632 records of daily milk yield and milk fat content, 4583 and 3907
of protein and lactose content, respectively, and 3787 of SCC (Tab. 1) were included
in the statistical evaluation of results. The SCC values (expressed in thousands) were
transformed to the natural logarithm scale (log SCC).

In order to evaluate the significance of relationship between the polymorphism of
defensin genes and investigated traits an analysis of variance was performed according
to the GLM method [SAS, 1999-2001]. The following model was used:

Yijklm ol C(CDG)i + CDGj+ Pk + YSI + Bz(x1 7E)ijklm + Bz(x2 7;)[jk1m + e[jklm
where:

ijkim — observed mean value of the trait;

M~ overall mean;
¢(CDG), - random effect of cow nested in combined defensin genotype — CDG
(i=1...204);
CDG,~ fixed effect of CDG (j = 1...13);
Pi= fixed effect of parity (k=1...>V);
AT

fixed effect of year-season of calving (/= 1....48);

Bx,—=) iiim — regression of number of days passed from calving to sampling on
all traits investigated;

B, =)y, — regression of milk yield on fat, protein and lactose content, and
SCC;

e —
jgkim — random error.

The interaction year-season of calving (each month considered as a separate class)
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was evaluated by dividing the animals into 48 interaction classes. For subsequent
lactations five classes were established, with the fifth class including lactation V, VI
and VII. The number of records classified by month and year of calving, and parity
are given in Table 1.
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Results and discussion

The primers BBD-1S and BBD-2A were used for amplification of -defensin
gene fragment. Theoretically, with these primers the 1638 bp B1-defensin (enteric)
gene fragment, encompassing parts of exons 1 and 2 and the interweaving intron, was
to be amplified. However, in addition to the bovine 1-defensin, these primers match
by 100% the sequence of B4-defensin gene (AF008307; 1651 bp PCR product) and
B12-defensin cDNA (AH007938), and the forward primer differs by only one nucle-
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otide from the sequence of B5-defensin (AJ278799; 1646 bp PCR product). Actually
two major —approx. 1650 and 1300 bp — and several less abundant PCR amplification
products appeared (Fig. 1). This indicates that in addition to B1-defensin (enteric) the
genes coding for other defensins were amplified.

The identity of the PCR-amplified B-defensin gene fragments was confirmed using
re-amplification and sequencing of a shorter fragment located within the 1650 bp and
1300 bp PCR products. The “nested” PCR of the 1650 bp-band DNA with primers
DEF1A and DEF1B resulted in a 429 bp PCR product that was identical with the frag-
ment of the B1-defensin (enteric) gene (position 1441-1869; GenBank AF016539)
except for a G/A transition at position 1615, the nucleotide substitution indicating the
new defensin gene polymorphism. The sequence similarity of the “nested” PCR product
to B4-defensin (AF008307) was 93.4% with 19 single nucleotide substitutions or dele-
tions, and to 35-defensin (AJ278799) — 90.8% — with 23 single nucleotide substitutions
or deletions. The sequence similarity of the “nested” 429 bp PCR DNA product of the
1300 bp band to the B1-defensin (enteric), f4-defensin, and 5-defensin was 100, 92,
and 90%, respectively.

As a result of PCR-RFLP analysis with Tagl restrictase a total of 20 polymorphic
patterns (genotypes) were obtained of which 13 (Fig. 1) were used for statistical evalu-
ations. Considered were only the CDGs with frequency of >0.025, as well as cows with
more than seven records (Tab. 2). Each pattern was characterized by bands arranged
specifically in pairs, arbitrarily marked A A, B B,, and C C,. Basing on these results
we cannot specify whether we were dealing with polymorphism at one or several gene
loci of various defensins, or which particular combined defensin genotypes (CDGs)
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represented homozygotes or heterozygotes. Nevertheless, the results show clear differ-
ences in the frequency of individual band patterns (genotypes). Frequency of RFLP
patterns of CDG and number of cows and performance data sets collected for each CDG
are shown in Table 2. The most frequent were CDGs No. 13 (A A, BB, C C)) and No.
12 (A|A,B B, C ) with the frequency of 0.358 and 0.137, respectively.

Means and standard deviations for all traits investigated are shown in Table 3.
Standard deviations except for protein and lactose contents, appeared rather high, and
that for SCC even very high. The mean daily milk yield and fat, protein and lactose
content of milk in investigated group of cows amounted to 25.4 kg, 4,13%, 3,54%
and 4,83%, respectively. Relatively high was mean SCC, exceeding 713 thousand.
However, very high lactose content indicated that the cows suffered neither from sub-,
nor clinical mastitis.

Table 4 summarizes the results of variance analysis of effects on traits investigated.
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Almost all effects were found significant except for that of parity on milk fat content
and SCC, the day after calving on lactose content, and milk yield on fat content.

The CDGs most favourable for daily milk yield were No. 4 (A _ B _ C,C)) and
No. 9 (A A, B _ C); both yields differed significantly from almost all others (Tab. 5).
However, in the investigated group of cattle their frequency was low — 0.034 and 0.039,
respectively (Tab. 3). The most frequent CDGs — No. 12 (A /A, B B, C,_) and No. 13
(A,A,B B, C C) — were associated with mean daily milk yield. On the other hand,
CDGs No. 12 and 13 contributed to the quite high fat, protein, and lactose content of
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milk, well above the mean values for all the cows considered (Tab. 6, 7, 8). The ani-
mals carrying the A _B B, C,_ combination (No. 5, frequency of 0.030) had highest
milk fat and protein content (Tab. 6 and 7). The CDG best for lactose content (No.

11) appeared at low frequency of 0.034 (Tab. 8). As expected, the CDG No. 4 — A

-

B B, C,C,— appearing most favourable for milk yield (Tab. 5) was related to low or
very low fat (Tab. 6) and lactose (Tab. 8) content of milk due to the well known nega-
tive genetic correlation between milk yield and milk components content. Interestingly,
however, CDG No. 4 was associated both with the highest milk yield (Tab. 5) and very
high protein content (Tab. 7). The two CDGs associated with high milk yield (Nos. 4
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and 9), were simultaneously related to quite low SCC (Tab. 9). The cows carrying the
two most frequent CDGs, i.e. Nos. 12 and 13 showed rather high SCC (Tab. 9), while
those with CDG No. 6, having the lowest SCC, appeared moderately high in milk yield,
milk fat, lactose and protein content. Unfortunately, the frequency of favourable CDG
No. 6 was quite low (0.059).

The SCC of milk seems to have an important impact on cattle breeding and pro-
duction traits, as it reflects the health status of the udder [Philipson az al. 1995]. In the
present report traits reflecting the dairy performance, such as daily milk yield, were
found highly correlated with the health status of the mammary gland (Tab. 4). In this
context, defensin genotypes associated with low SCC of milk, may be considered as
indicators of a healthy udder.

With the global overproduction of milk and dairy products the consumer’s interest
is shifting now to healthy and good quality foods. Investigations are carried out aiming
at identifying genetic markers related to the health status of the udder, and particularly
to the resistance to mastitis [Ashwell et al. 1996, Kelm et al. 1997, Ashwell and Van
Tassell 1999, Tunzi et al. 2000, Zhang et al. 2000]. Klungland et al. [2001] using vet-
erinary records and SCC of Norwegian dairy cattle localized putative quantitative trait
loci (QTLs) for clinical mastitis to chromosomes 3, 4, 14, and 27. They concluded that
comparison of SCC with QTLs affecting clinical mastitis should be of great interest since
SCC is often used in selection against the udder inflammation when direct information
on clinical mastitis is not available. QTLs affecting milk production and health of dairy
cattle were mapped in a very large Holstein granddaughter design [Zhang ef al. 1998].
It was shown that chromosome 17 likely harbours two QTLs affecting milk yield; other
chromosomes showed some evidence for two linked QTLs affecting the same trait.
Ashwell et al. [1996] searched for a QTL for somatic cell score in a Holstein population
using the granddaughter design and 20 autosomal microsatellites from chromosomes
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4, 8,13, 17 and 23. Based on these results the most likely position of a somatic cell
score QTL was shown to be near marker 513, on chromosome 23. Ashwell ez al. [1998,
1999] have identified several QTLs affecting body conformation and milk yield traits of
US Holsteins using the granddaughter design and 16 microsatellite markers. The most
significant effect had marker BM203 (chromosome 27) for dairy form. A multivariate
analysis for dairy form and milk yield was also conducted, indicating that segregat-
ing QTL (or QTLs) affecting dairy form and milk yield could exist near BM203 on
chromosome 27. Thus, several QTLs have been found, some of them located to the
bovine chromosome 27, the same on which the group o genes coding for defensins has
been localized. This makes B-defensin genes attractive candidates for genetic markers
of the udder health traits and perhaps its suscectibility to inflammations. Nevertheless,
despite many investigations, such markers had not been found yet.

This report describes the first ever polymorphism in the bovine defensin genes.
The significant effect of the polymorphism of defensin genes on SCC and on dairy
performance traits found in this study may lead to the use of defensins as genetic
marker(s) in the breeding programmes aiming at selecting highly productive dairy
cattle with increased resistance to udder infections. However, to prove this, needed are
further investigations including bigger cattle populations of different breeds as well as
the studies aiming at demonstrating a polymorphism at individual defensin loci and its
association with production traits and health status of the mammary gland.
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Zwiazek polimorfizmu w /oci genéw defenzyn z cechami
produkcji mlecznej i liczba komoérek somatycznych
w mleku krow rasy cb

Streszczenie

Ze wzgledu na fakt, ze defensyny pelnia istotna rolg¢ w obronie organizmow przed zakazeniami
bakteryjnymi, geny kodujace te peptydy mogtyby sta¢ si¢ dobrymi markerami genetycznej wrazliwosSci
lub odpornosci gruczotu mlekowego na stany zapalne wywotywane przez drobnoustroje (mastitis). Wyko-
rzystano dane o dziennej wydajnosci, procencie thuszczu, biatka i laktozy w mleku oraz o liczbie komorek
somatycznych mleka 217 krow dojnych. Z krwi krow izolowano DNA, a nastegpnie metoda RFLP, uzywajac
enzymu Tagql, okreslono polimorfizm gendéw defensyn. Uzyskano 20 polimorficznych uktadow (combined
defensin genotypes — CDG), reprezentujacych warianty genoéw roéznych defenzyn. Do analizy statystyc-
znej uzyto danych, pochodzacych od krow, ktorych mleko badano co najmniej osiem razy i o uktadach
genotypow o czgstosci wigkszej niz 2,5%. W rezultacie analizg przeprowadzono dla 13 r6znych uktadow
genotypow, stwierdzonych u 204 krow. Wykazano wysoce istotny wptyw uktadow genow defensyn (CDG)
na wszystkie badane cechy produkcyjne i liczbg komodrek somatycznych (SCC) w mleku. Wnioskuje sig,
ze uzyskane wyniki daja nadziejg¢ na wykorzystanie w selekcji bydta mlecznego polimorfizmu genéw
defensyn jako markera wysokiej produkcyjnosci i zwigkszonej odpornosci kréw na bakteryjne zakazenia
wymienia. Konieczne sa jednak dalsze badania.
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