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Abstract

In this study, the genetic diversity of three milk protein genes namely beta-casein, kappa-
casein and beta-lactoglobulin was estimated in Turkish cattle breeds. Based on these
genes, breeds in Turkey have been grouped as: 1) Eastern Anatolian Red, Anatolian Black
and Southern Anatolian Red and 2) Turkish Grey, Turkish Holstein and Holstein Candidate
Bulls. B alleles of the three studied genes, which were reported to be positively related with
cheese yield and quality, seemed to be low-intermediate for beta-casein and kappa-casein
but relatively high for beta-lactoglobulin in the first group of Turkish breeds compared to
other breeds of the world. The kappa-casein E allele, which has a negative effect on cheese
quality, is absent in Turkish cattle breeds, except in Holstein Candidate Bulls. Therefore,
the results suggest that milk of Turkish native breeds is suitable for cheese making. Based
on observations of the Turkish breeds, some suggestions were made regarding breeding
practices in Turkey.
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Introduction

Bovine milk proteins are divided into two main groups; caseins (alpha_-casein, alpha_-casein,
beta-casein and kappa-casein) and whey proteins that are composed of several different
proteins, of which beta-lactoglobulin (BLG) is one (Eigel et al. 1984). DNA-based methods have
beenusedtoscreenbothsexeswithrespecttomilkproteinpolymorphismsincattle (forinstance:
Daniela & Vintila 2005, Jann et al. 2004, Rachagani et al. 2006, Strzalkowska et al. 2002). Some
studies were carried out to confirm genetic relationships between different breeds (Ceriotti
et al. 2004, Ibeagha-Awemu & Erhardt 2005) and many studies were carried out to clarify the
biological significance of genetic variants (Formaggioni et al. 1999, Kucerova et al. 2006). In
this line of studies, for instance, B variants of beta-casein (Heck et al. 2009, Marziali & Ng-Kwai-
Hang 1986), kappa-casein (Caroli et al. 2004, Hallén et al. 2008, Heck et al. 2009, Strzalkowska et
al.2002) and BLG (Daniela & Vintila 2005, Hallén et al. 2008) were associated with an increase,
whereas the E variant of kappa-casein (Hallén et al. 2008, Ikonen et al. 1997) was associated
with a decrease in milk casein content and cheese yield/quality in various cattle breeds.

The purpose of the present study was to investigate the genetic diversity of beta-casein,
kappa-casein and BLG proteins in four native Turkish cattle breeds (Turkish Grey, Eastern
Anatolian Red, Anatolian Black and Southern Anatolian Red) and a non-native breed (Turk-
ish Holstein) together with an independent sub-sample of the Holstein breed (Holstein
Candidate Bulls). There is one previous DNA-based casein diversity study (Jann et al. 2004)
covering only two of the native Turkish cattle breeds (Turkish Grey and Anatolian Black) and
two milk-sample based studies on alpha_-casein, beta-casein, kappa-casein and BLG (Gurcan
2011, Oner & Elmaci 2006) covering only Holstein cattle in Turkey. Results were expected to
yield some realisations and proposals in relation to the milk properties of native cattle and
breeding practices applied to native Turkish cattle breeds.

Material and methods
Cattle breeds, sampling

There were four native Turkish cattle breeds: Turkish Grey (TG), Eastern Anatolian Red (EAR),
Anatolian Black (AB) and Southern Anatolian Red (SAR). For further information about the
breeds see DAD-IS (Domestic Animal Diversity Information System, http://dad.fac.org/).
Their collection sites coinciding with their native distributions of the samples employed in
the present study are given in Figure 1.

The samples of Holstein cattle, which were first introduced to Turkey in 1958, were
sampled from Thrace and are called Turkish Holstein (TH) in the present study. The Holstein
Candidate Bull (HCB) population was composed out of the first male offsprings born to the
Turkish Holstein females distributed partly in Thrace and partly in the Northern Aegean
region. These females were artificially inseminated by semen bought from Holland, the USA,
Germany, Canada, ltaly, Israel by the Cattle Breeders Association of Turkey in 1999 (Ozkan et
al. 2009). Candidate Bulls were referred as population hereafter.

Inthe present study, the number of individuals studied per breed was composed as follows:
47 of TG, 41 of EAR, 42 of AB, 48 of SAR, 49 of TH and 27 of HCBs. In total, 254 individuals were
studied.
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AB: Anatolian Black, EAR: Eastern Anatolian Red, HCB: Holstein Candidate Bulls, SAR: Southern Anatolian
Red, TG: Turkish Grey, TH: Turkish Holstein

Figure 1
Native distribution and sampling sites of the breeds and population employed in the present study

DNA extraction, genes and variants

Total genomic DNA from the blood samples was isolated using the phenol-chloroform-
isoamylalcohol method (Sambrook et al. 1989). DNA samples were screened for beta-casein,
kappa-casein and BLG milk protein gene variants. Employed beta-casein allelic variants were
determined by single strand conformation polymorphisms (SSCP), amplification created
restriction sites (ACRS) and sequencing methods according to Barroso et al. (1999a, b)
and Lien et al. (1992). Sequencing of beta-casein gene was carried out by automatic DNA
sequencing machine (ABI 310). Both kappa-casein and BLG allelic variants were investigated
by the restriction fragment length polymorphism (RFLP) method according to Soria et al.
(2003) and Medrano & Aguilar-Cordova 1990, respectively.
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Statistical analysis of data

The calculation of the allele frequencies, observed heterozygosities and the presence of
the Hardy-Weinberg equilibrium (by Fisher's exact test) were performed by the Arlequin
ver 3.11 package program (Excoffier et al. 2006). The screening for the presence of within-
population inbreeding (F,) based on the three loci (beta-casein, kappa-casein, BLG) and
assessment of between breed/population diversity by pairwise F_ values, according to the
Weir & Cockerham's (1984) approach, were done using the FSTAT v. 2.9.3.2 package program
(Goudet 2002). The data were permutated for 1000 times in order to test the significance of
the F_and F_ values. For the multiple tests in relation to the Hardy-Weinberg equilibrium, F_
and F_, the level of significance (P<0.05) was adjusted with the Bonferroni correction.

st/

Results and discussion

Observed allele frequencies, observed heterozygosities and the number of animals are
presented in Table 1.

Table 1
The studied cattle breeds and population
Milk Breeds and
Protein Population TG EAR AB SAR ™ HCB
Loci Alleles
Al 0.426 0.118 0132 0117 0.485 0.278
A2 0.544 0.824 0.765 0.766 0.456 0722
A3 0.000 0.000 0.000 0.000 0.029 0.000
Eae::m B 0.029 0.059 0.103 0117 0.029 0.000
Al-like (A1+B)  0.455 0177 0.235 0.234 0.514 0.278
H, 0.441 0.294 0.382 0.467 0.765 0.556
n 34 34 34 30 34 18
A 0.7021 0.6585 0.6548 0.6563 0.8061 0.7963
B 0.2979 0.3415 0.3452 0.3437 0.1939 0.1481
f:fe‘l’s E 0.0000 0.0000 0.0000 0.0000 0.0000 0.0556
H, 0.383 0.293 0.452 0438 0.306 0.296
n 47 M ) 48 49 27
A 0.5213 0.2195 0.3929 0.1875 0.4694 0.5455
B 0.4787 0.7805 0.6071 0.8125 0.5306 0.4545
BLG H, 0.489 0.390 0.310 0.292 0.449 0.546
n 47 M ) 48 49 22

TG: Turkish Grey, EAR:Eastern AnatolianRed, AB:AnatolianBlack, SAR:Southern AnatolianRed, TH:Turkish Holstein,
HCB: Holstein Candidate Bulls), n:the number of animals, beta-casein, kappa-casein and BLG allele frequencies and
observed heterozygosities.
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The probability of deviations from the Hardy-Weinberg expectations for beta-casein, kappa-
casein and BLG were calculated and no deviation from the Hardy-Weinberg equilibrium was
observed in a total of 18 tests carried out for each gene and breed/population separately.
In addition, the within-population inbreeding (F,) values calculated on overall loci were
not significant. These observations indicated that there is no significant substructuring or
inbreeding within the breeds or population.

Unfortunately, for the Turkish native breeds data for phenotypes were not available.
Therefore previously obtained general observations will be assumed to be the rule and some
conclusions about the milk protein related properties of native breeds will be drawn.

The beta-casein B allele was found to be related with good cheese making property
(Heck et al. 2009, Marziali & Ng-Kwai-Hang 1986). The frequency of beta-casein B allele was
generally high in Turkish native cattle breeds compared to TH and HCB, except in TG, whose
value was identical to that of TH. The highest beta-casein B allele frequency observed in
Turkey in SAR (0.117) is comparable with those of the Guernsey breed (0.186) and the Brown
Swedish breed in Germany (0.170) (Ehrmann et al. 1997).

The kappa-casein B allele was also found to be one of the most well-known alleles related
to cheese quality (Ikonen et al. 1997, Medrano & Aguilar-Cordova 1990, Strzalkowska et al.
2002). Indeed, breeds of countries famous for their cheeses (ltaly, France, Germany, United
Kingdom) seemed to exhibit relatively high frequencies of this allele (0.400-0.840) (Jann et
al. 2004). The moderate kappa-casein B allele frequencies of Turkish native breeds (0.2979-
0.3452) are close to those of Croatian (0.130-0.460), Polish (0.330) and Belgian (0.190-0.280)
(Jann et al. 2004) breeds in Europe. Another point which is noteworthy is that the E (»bad for
cheese«) allele of this locus is completely absent among the native Turkish breeds (except
in HCB) and it is also absent in the Polish (Jann et al. 2004, Strzalkowska et al. 2002), Italian
(Caroli et al. 2004, Jann et al. 2004), Belgian (Jann et al. 2004), French (Jann et al. 2004) and
Croatian (Jann et al. 2004) breeds.

About the association between good cheese quality and high B allele frequency of BLG
has previously been reported (Daniela & Vintila 2005). In a recent study it was observed
that yoghurt quality is also associated with the B allele of BLG (Hallén et al. 2009). The beta-
lactoglobulin B allele frequency ranges between 0.6071-0.8125 in EAR, AB and SAR breeds
(see Table 1). These values are higher than most of the BLG B allele frequencies in European
cattle populations; which range from 0.417 in Dutch Holstein-Friesian (Heck et al. 2009) to
0.720 in Finnish Ayrshire (Ikonen 2000).

Both the B allele frequencies of kappa-casein and the BLG loci were higher than those of
TH and HCB. Yet, the TG frequency values were in between the three other Turkish native
breeds (EAR, AB, SAR) and TH-HCB. The kappa-casein E allele was observed only in HCB.

Estimates of pairwise F_ values between each population pair and their significances,
based on beta-casein, kappa-casein and BLG genes are presented in Table 2.

For the native Turkish cattle breeds, the dissimilarity of allele frequencies of milk protein
genes (Table 2) is in accordance with their native distribution of east-west direction in
Anatolia. Easternmost breeds, EAR and SAR, were genetically the most similar with respect to
beta-casein, kappa-casein and BLG genes, AB joined to this pair and TG was the most distinct
one among the native breeds (Table 2). Turkish Holstein and HCB are observed to be quite
similar to each other as well as to TG (Table 2), which has been suggested to have a common
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origin with Balkan breeds (Pariset et al. 2010). Its difference from AB, EAR and SAR confirms
this proposition (Table 2).

Table 2
Pairwise estimates of Fst values calculated by beta-casein, kappa-casein and BLG genes of the studied cattle
breeds and population by using FSTAT software program.

E;epeudl:t“i‘g‘: TG EAR AB SAR TH HCB
TG 0.0000

EAR 0.1306™ 0.0000

AB 0.0468"S 0.0149'S 0.0000

SAR 0.1168™  -0.0032' 0.0186' 0.0000

TH 0.0021"s 0.1793" 0.0961" 0.1521" 0.0000

HCB 0.0144' 0.1182' 0.0338" 0.1196™ 0.0396" 0.0000

NS: Not significant, "P<0.05, ““P<0.001, TG: Turkish Grey, EAR:Eastern Anatolian Red, AB:Anatolian Black, SAR:
Southern Anatolian Red, TH: Turkish Holstein, HCB: Holstein Candidate Bulls

Allele frequencies observed previously by Oner & Elmaci (2006) for Holstein and by Jann et al.
(2004) for AB and TG are quite similar with those of the present study indicating the reliability
of the results.

Most (90%) of the produced milk is bovine milk and it is consumed mostly as cheese
(55.6%) and yoghurt (19.6 %) in Turkey (Tasdan et al. 2008). Perhaps, especially due to the
high frequency of the B allele of BLG and the absence of the E allele of kappa-casein, good
quality cheese and yoghurt have been enjoyed over the ages in Anatolia.

The milk yield of Turkish native cattle is low (Tasdan et al. 2008). Therefore, in the 1970s
in Turkey, an effort was made to modify the genetic make-up of the native breeds so that a
higher milk yield would be obtained. For this purpose, native breeds started to be hybridised
by economically important breeds: Holstein, Jersey, Brown Swiss and Simmental (Kumlu
2000) in Turkey. Yet, the danger of losing native breeds was realised (Kumlu 2000) and the
practice of hybridisation between economically important and native Turkish breeds seems
to have been stopped in the late 1980s (Kumlu 2000). Imported pure breeds with their high
milk yield (for instance, Holstein) were established and without being recorded native breeds
continued to be fertilised occasionally by Holstein Bulls in Turkey. Therefore, in the present
study, samples of HCB were also examined to detect the possible impact of hybridisation with
Holstein bulls, such as an introduction of »foreign« alleles to Turkish breeds. For instance, the
E allele of the kappa-casein gene, which is present in HCB, could be introduced into Turkish
native and Turkish Holstein breeds in the future.

As a conclusion, in this study, it is emphasized that while trying to increase the milk yield
of native Turkish cattle breeds by fertilising them with Holstein bulls, it must be realised that
we might change the quality of locally desired milk and dairy products.
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