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In tabulated form the localization is presented of all QTLs for milk production traits in cattle known 
from publications till April 2006 with special reference to those  responsible for mastitis, fertility 
and other traits important in marker-assisted selection. The distribution is analysed of QTLs in Bos 
taurus autosomes, as well as most probable localization of QTLs for milk production traits. Special 
attention is paid to autosomes 1, 2, 3, 5, 6, 7, 9, 14, 19, 20, 23, 26, 27 and sex chromosome X. An 
evidence is provided for the pleiotropy of QTLs as a widely extended phenomenon in dairy cattle.
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                                   quantitative trait loci

Over the last decade, after appearing of the pioneer paper by Georges et al. [1995], 
numerous data on QTLs mapping have been published. In the reviews published so 
far the data up to 2004 were considered only. With each year the number of papers 
considerably increases. The main purpose of this review was to collect together all 
data on QTLs responsible for milk production traits in cattle, to identify the locations 
of QTLs, and to withdraw the appropriate conclusions.
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Material and methods

Mapping QTLs in cattle

Up to date, numerous articles have been published concerning search of QTLs 
for milk yield (M), milk protein yield (P), milk fat yield (F), protein content (%P), fat 
content (%F), somatic cell score (SCS) and mastitis (MST)*

In Table 1 positions of all the QTLs published up to March 2006 are quoted. All 
positions were rescaled to the MARC 97 map, provided the marker positions were 
available. Earlier the QTLmaps for dairy cattle have been published by Bovenhuis 
and Schrooten [2002], Mosig et al. [2003] and Kathar et al. [2004]. 

Genetic evaluation of livestock has traditionally been carried out using an 
infinitesimal model, were the trait is assumed to be influenced by an infinite number of 
genes, each with an infinitesimally small effect. The arguments justifying the use of the 
infinitesimal model are, however, being weakened by the increasing knowledge about 
the genetic architecture of quantitative traits. Therefore, also the finite locus model 
has been used to estimate additive and breeding values for different distributions for 
the gene effects across the loci: (i) uniform with loci of different effects, (ii) uniform 
with all loci having equal effects, (iii) exponential, and (iv) normal [Pong-Wong et 
al. 2002]. Orr [1998] using own calculations, has made the theoretical predictions 
about distribution of phenotypic effects among factors fixed during adaptation. The 
calculated correlation curve has a pleasingly simple, exponential form. 

Calculations made for cattle have shown that 90% of the phenotypic variance for 
each milk production trait are determined by 50 to 100 segregating QTLs (17% of 
them being major QTLs), and the phenotyping distribution of QTLs has the gamma 
form [Hayes and Goddard 2001]. It becomes clear, that due to such distribution 
of QTLs, a population has an opportunity to quickly and adequately answer to the 
selection pressure, and in case of removal of the pressure, quickly return to an initial 
state. Going through the data presented in Table 1 may give a rough estimation of a 
number of QTLs on each bovine autosome (Tab. 2). No more than three QTLs have 
been localized in each autosome. So, it may be possible to calculate a maximum 
number of QTLs for each production trait, which is equal to 29 × 3 = 87, provided that 
QTLs are distributed uniformly in chromosomes. This number would be a limit if no 
more sensible methods for QTLs detection arise. How many QTLs may affect a trait? 
Taking into account that now a large granddaughter design may reveal no more than 
7% QTLs [Bovenhuis and Schrooten 2002] the expected number will be 500-800. A 
theoretical approximation of QTL distribution based on the assumption that ∆σphenotype 
→ 0 is rather  problematic and open to criticism. In other words, the problem is the 
behaviour of a curved line of distribution in range less than 0.2 phenotype standard 
deviation.  Solution of this problem depends on empirical data for each trait. This 
becomes evidently clear when  the data contained in the paper of Hayes and Goddard 

M.G. Smaragdov et al.

*These abbreviations apply to the further text of this article.
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[2001] are compared with those of Weller et al. [2005]. 
According to the data shown in Table 2, all major QTLs (which determine 7-50% 

of the phenotype variance) have already been discovered. The high number (67) of 
QTLs for %P is likely to be a result of interference of weak magnitude of QTLs M 
and P that could not overcome a threshold level, or weak-magnitude pleiotropic QTLs 
M and P (see analysis of BTA3). The least number of reports (38) for %F QTLs 
is probably a combined result of many factors: tendency towards to couple phase 
between M QTLs and F QTLs, negligible pressure of selection, high heritability (0.45-
0.6), fixation of few major %F QTLs in populations and/or difficulties of the milk fat 
recording in cattle (peculiarities of genetic control of triglyceride synthesis in milk). 
For example, the DGAT1 gene determined in different Holstein cattle populations 
is responsible for 8% [Weller et al. 2003] up to 50% [Grisart et al. 2004] of the 
%F phenotypic variation. The high number (57) of SCS QTLs  testifies the complex 
genetic control of this trait. Compared to SCS, the number of MST QTLs is fairly low 
(14), which may be only a result of few studies, but also emphasises the difficulty in 
recording this trait.  

If a QTL affects several traits, a dilemma emerges: is there one pleiotropic QTL or 
several QTLs? In cattle, the pleiotropy of M, P and %P QTLs has to be clearly defined. 
Those QTLs that increase (decrease) milk yield and decrease (increase) %P and %F 
may be a consequence of the pleiotropy. Their influence on “osmo factors” – lactose, 
calcium ions etc., or membrane permeability factors might modify the osmotic pressure 
of milk and thus affect its composition. As shown by Viitala et al. [2003], such QTLs 
have been revealed in the Ayrshire breed. All subsequent data presented in this review 
testify for prevalence of pleiotropic QTLs for milk production traits. 

It is also known that genes which are functionally related to each other may be 
located in close proximity to one another [Hurst et al. 2004]. These genes may create 
QTLs. Two and more such QTLs may mutually increase or decrease their effects on 
a trait. The extent of such effects may be enough to mask the effects of individual 
QTLs. Such regions of chromosomes may be named “QTL black holes”, by analogy 
with astronomical “black holes”. Key condition for their existence is little DNA 
recombination in these regions. So, QTL black holes may be of different size. The 
largest one might be of up to 1 cM if a haplotype fixation takes place. Candidates 
for such regions may be genes in repulsion1, especially weak-magnitude QTLs with 
phenotypic standard deviation less than 0.3. Occurrence of QTLs black holes of 
intermediate size is possible, which might occupy some area of the active chromatin 
with a great number of different regulatory sequences. Tiny QTL black holes may also 
occur which are restricted to one gene only. Such QTL black holes may appear as result 
of the interference between intragenic nucleotide substitutions, which means intragenic 

1For example, the QTL alleles for milk yield and fat yield appear to be in repulsion, i.e. the high milk yield 
QTL allele is in the same haplotype with allele determining the low fat yield QTL and vice versa. This 
produces a marked effect on fat content. Alleles may be from one gene or from two different genes.

OTL mapping in cattle: theoretical and empirical approach
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suppression. As an example of the realisation of such possibility the DGAT1 gene on 
BTA14 can be used (see BTA14). As to black hole-like QTLs, only the precise mapping 
within the region or combining tagSNP–microarray analyses may allow their further 
identification. Owing to epistasis, a part of weak magnitude QTLs cannot be detected. 
Therefore, there is a strong need for special statistical methods [Carlborg and Haley 
2004]. Evaluation of such hidden QTLs is a task for further investigations.

Analysis of location of QTLs on some autosomes of cattle

All calculations have been done assuming a normal distribution of QTLs along 
the autosomes. Standard deviation can be calculated for F-criteria as SD = 0.5 (Fmax) 
-1/2

 
x L; where L = length of autosome.  

SD = CI/3.9, if P≤ 0.05 (CI=confidence interval). In cases where other statistical 
criteria are applied, use of the mean SD for that trait is best. In all cases, the arithmetic 
mean is then calculated. Outlier QTLs can be calculated using the formula

              
and then calculated T mean has to be compared with table mean values for different P 
values. As far as possible, we take data from a within-family analysis. Sometimes we 
take QTL data that do not exceed threshold levels in each individual investigation, but 
were found to exceed threshold level in other works. Table 3 summarizes the results 
of our calculations. Individual chromosomes are discussed separately. 

BTA 1. In this autosome clear evidence was found for three QTLs: M, P and %P 
(Tab. 3). Probably, they are pleiotropic QTLs. Nadesalingam et al. [2001] pointed to 
a strong P, F and %F QTLs in BTA1. 

BTA 2. In BTA2 there are three regions where QTLs are concentrated: 30-40 cM, 
60-70 cM and 100-110 cM (Tab. 1 and 3).

BTA 3. For this autosome a phenomenon can be observed, which is also found in 
other autosomes, namely, that a probability of registration of the %P QTLs is higher 
than that of QTLs M and P. This results either from an interference of weak magnitude 
QTLs M and P, which do not overcome the threshold levels (now and further we 
shall understand interference as a result of the physical interference between QTLs 
in genome) or from the pleiotropic M, P and %P QTLs with weak magnitude of M 
and P and strong magnitude of %P trait. This is outlined in the following example. 
Weak magnitude of M QTL at 30 cM (revealed in one case by Heyen et al. [1999]) 
and weak magnitude of P QTL at 29.0 cM (revealed by Heyen et al. [1999] and 
Rodriguez-Zas et al. [2002a]) give rise to a heavy magnitude %P QTL at 28.4 cM 
(revealed in seven different studies [Heyen et al. 1999, Ashwell et al. 2001, 2004, 
Plante et al. 2001, Boichard et al. 2003, Vitala et al. 2003, Liu et al. 2004] - Table 1 
and 2. As a matter of fact we are dealing with the interaction between two QTLs, one 
M QTL and one P QTL, virtually leading to a third one – the %P QTL. Such inter-
trait interference leads to increasing or decreasing values for the trait %P. Without 

x - x  = T       
  σ
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question, this example is the simplest event of the inter-trait interference. The most 
complex events, such as fitness, expressed as health traits or longevity, depended on 
multiple single traits. The same consideration is not completely suitable for %F QTL 
(see paragraph Mapping QTLs in cattle). Close study of QTLs for all traits in BTA3 
allows to make the following hypothetical assumption of their distribution: 0-10 cM 
– %P and %F; 20-36 cM –  41-45 cM, 56-66 cM – M, P, F, %P and %F; 70-85 cM – M, 
%P and F; 100-115 cM – M, P, %P and %F.  In the area of 56-66 cM the bifurcation 
of QTLs can be expected. It is remarkable, that arrangement of QTLs in BTA3 is very 
similar to that in BTA6. Viitala et al. [2003], using their own data gave the position of 
two %F QTLs at 20 cM and 100 cM. Heyen et al. [1999] suggested, that in the region 
of 30-50 cM three strong QTLs  – M, P and F – are located. 

For F-QTL 25.3+/-6.9 (Table III) annexin 9 protein gene (ANXA9) and fatty acid 
transporter protein type 3 gene (SLC27A3) have been offered as candidate genes on 
BTA3 [Calva et al., 2006].

BTA 5. The OLR1 gene encoding the oxidised low-density lipoprotein receptor 
has been proposed as a candidate marker [Khatib et. al. 2006]. The location of the 
gene was estimated to be in the interval of 106-108 cM of BTA5, where M, P, F 
and %F QTLs were mapped (Tab. 1 and 3). In the 3’-untranslated region (UTR) the 
quantitative trait-associated nucleotide (QTAN) the substitution A/C was found, 
which had an effect on milk yield and fat content [Khatib et. al. 2006]. But the authors 
could not completely exclude the possibility that the observed effects were caused by 
linkage disequilibrium (LD) with another functional SNP in control regions of OLR1 
or by LD with other nearby genes.

BTA 6. In the pericentromeric region of BTA6 firstly the M, P and F QTL was 
reported. Moreover, in relation to the trait M it is in repulsion with the M QTL near the 
BM143 marker [Ron et al. 1998]. A complete BTA6 scan for QTLs of the American 
Holstein population has revealed the M, P, F, %P and %F QTLs in this region as well 
[Schnabel et al. 2005a]. A preliminary position of these QTLs was given of 6±5 cM 
(Tab. 3). A second milk production QTL-cluster (M, P, F, %P, %F) is supposed to be 
within the region 28-35 cM (Fig. 1). From the covariance analysis it appears that these 
QTLs may coincide as a pleiotropic %P and %F MQR (multiple trait quantitative 
trait region) – Schrooten et al. [2004]. The central region of BTA6 is very complex 
for interpretation. In this region the interference might exist between different QTLs, 
in some cases resulting from pleiotropy. Freyer at al. [2003] was able to detect two 
M QTLs, one of a strong magnitude (F=12.1) at 40 cM and another of a weaker 
magnitude (F=4.19) at 59 cM. Moreover, these data coincide with those presented by 
Ron et al. [2001] and Velmala et al. [1999], who also point out the M QTL at about 40 
cM. Olsen et al. [2004] draw attention to a very weak M QTL located at 64 cM. Near 
the BM143 marker there is a strong magnitude M QTL reported by many laboratories 
and authors, and also the %P QTL. Thus, apparently there is an evidence for three M 
QTLs in the central region of BTA6 (Fig. 1).

OTL mapping in cattle: theoretical and empirical approach
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1Empirically (from different papers) there are 5 alleles, but because of different genetic background and 
accuracy of phenotype calculation we may suppose that in fact there are only 2-3 alleles.

 The character of distribution of these M QTLs does not allow dissecting the M 
QTL at 40 cM, but this should be possible for the M QTL at 58-64 cM (Tab. 1). The 
mean  calculated is 47.7±3.7 cM and appears very similar to that got for the P QTL, 
i.e. 49.0 ± 4.5 cM (Tab. 3). 

The exact position of the %P QTLs in the middle of BTA6 might been the effect 
of interference between as much as three M QTLs and two P QTLs (Fig. 1). There 
are three precisely localized positions for %P QTLs in the vicinity of BM143: one by 
Ron et al. [1998] at 50±4 cM, second by Olsen et al. [2004] at 46±4 cM, and third 
by Schnabel et al. [2005a] at 48±4 cM.  We computed the mean position for this %P 
QTL to reach 47.8±2.8 cM (Tab. 3). This is a very remarkable result, mostly because 
the mean position of the QTL from twelve independent investigations coincides with 
three individual reports. Moreover, the results testify the normal distribution of these 
QTLs (Tab.1). Apparently, in the 40-53 cM region (Tab. 1) there are no other strong-
magnitude QTLs that could affect distribution of %P QTLs, or they may be located 
nearby and thus could not be resolved. 

How many QTLs of %P in the central 48-65 cM region of BTA6 exist? There is 
one triple QTL of relatively weak-magnitude (M, P and %P) at 58-64 cM. The strong-
magnitude QTL located near the BM143 marker has five alleles: (+M, -%P), (+M, --
%P), (weak M, --%P), (+M, -P, -%P), and (-M, -P, +%P), where + or - means increase 
or decrease in a given trait, respectively [Georges et al. 1995, Spelman et al. 1996, 
Zhang et al. 1998, Kuhn et al. 1999, Velmala et al. 1999, Wiener et al. 2000, Ron et 
al. 2001, Olsen et al. 2002, Schnabel et al. 2005a].  Out of the five alleles mentioned 
there are apparently two or three which display a different phenotype in relation to 
genetic background and accuracy of phenotype calculation1. Therefore, the question 
arises, whether these five alleles belong to one QTL? The possibility exists that the 
region around BM143 is apt to bifurcation (Fig. 1). In support to this hypothesis are 
facts given below: (i) another candidate genes have recently been found, which are 

Fig. 1. Presumable QTL map of BTA6. *Region of a hypothetical bifurcation.

M.G. Smaragdov et al.
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located proximally to BM143, namely osteopontin (OPN) – Schnabel et al. [2005a], 
polycystin 2 (PKD2) – Olsen et al. [2005], and ABCG2 – Cohen-Zinder et al. [2005]; 
(ii) one of the most probable causative genes for region 46-48 cM is ABCG2 and (iii) 
the OPN gene is expressed in mammary gland, and area OPN-PKD2-ABCG2 exhibits 
a very strong linkage disequilibrium. So, in different populations of cattle some of the 
these genes may serve as causative for %P QTL, and epistatic interaction can not be 
excluded between genes of that region. Cohen-Zinder et al. [2005] consider another 
QTL proximate to centromere from the HERC6 marker that is responsible for milk, 
fat, and protein production, but QTL which located distally to LAP3 mainly affects 
milk, fat yield and protein concentration.

The following question remains unanswered: are the QTLs of F at position 50.7±4.2 
cM and of %F at  48.4±2.9 cM the same as of %P at 47.8±2.8 cM?  In other words, 
is it a pleiotropic QTL? Formally, three of five alleles mentioned above also included 
the F and/or %F phenotype and the presence of pleiotropic QTL coincides with the 
data of Ron et al. [2001] and Cohen-Zinder et al. [2005]. Distally to the BM143, 
peroxysome proliferator-activated receptor-gamma coactivator-1 alpha (PPARGC1A) 
at 51 cM have been offered as causative gene for F QTL [Weikard et al. 2005].  The 
quantitative trait-associated nucleotide (QTAN) of  PPARGC1A gene lays in intron 9, 
so it might be questioned if it really is a QTN (quantitative trait nucleotide – i.e. the 
one that gives a mutation).  In cattle, the mean LD (linkage disequilibrium) reaches 
the value of 30 cM [Farnir et al. 2000], what may be the consequence of haplotypes 
long up to several megabases, as compared to human LD that is only 1-2 cM, with its 
maximum haplotype length of 0.8Mb [Wall and Pritchard 2003]. If it is true the QTL 
linked with QTAN of PPARGC1A may belong  to F QTL 50.7±4.2 cM or to F QTL 
61.6±5.4 cM (Tab.3). Ongoing research will further elucidate this supposition.

Apparently, there are M, P, F, %P and %F QTLs at 59-64 cM in BTA6 (Tab. 3). 
In favour of that hypothesis is the evidence of pleiotropy of P and  F QTLs at 58 cM 
[Freyer et. al. 2003] and data presented by Szyda et al. [2005] and Schnabel et al. 
[2005a] reporting QTLs of M, P, F, %P and %F in the same region. 

In linkage maps the casein genes were mapped to BTA6 83±5 cM (Prinzenberg et 
al. 2003). It is therefore highly probable that casein genes are candidates for P QTLs 
at 80.8±5.1 cM and %P QTLs at 79.8±3.9 cM. In the same region located is the F QTL 
at 78.0±6.1 cM (Tab. 3). Apparently,  F QTL is a pleiotropic one as in this region, at 
81.5-83.0 cM, another QTL was found affecting the fat thickness on the back [Li et 
al. 2004]. Regarding the 94-100 cM region, it is still not clear how many QTLs it 
contains (Fig. 1). Schrooten et al. [2004] have found there two MQR (%F and %P 
– 12 cM, and P and %P – 121 cM). Thus, in our opinion in BTA6 there are minimum 
six regions where QTLs for milk production traits are concentrated: 5-10 cM, 15-35 
cM, 47-50 cM, 59-66 cM, 74-80 cM, and 92-103 cM. In each region there may be one 
or two pleiotropic QTLs (Fig. 1).  

OTL mapping in cattle: theoretical and empirical approach
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The positions we found there for QTLs partly coincide with the data based on 
meta-analysis [Kathar et al. 2004] – M QTL 49.5±5.0 cM, 86.7±7.9 cM;  P QTL 
51.6±7.2 cM;  %P QTL 49.4±1.8 cM, 91.1±7.6 cM;  F QTL 50.8±6.0 cM, and %F 
QTL 48.1±2.8 cM, 113±15 cM except the pericentromeric region 7-30 cM (Tab. 3), 
for which no data are available from the cited paper of Kathar et al. [2004]. 

BTA7 and BTA 9. Despite the fact that BTA7 is longer than BTA6, its QTLs 
are distributed sparcely. Only in the 15-30 cM, 60-80 cM, and 115-125 cM regions 
the QTLs are concentrated (Tab. 1 and 3). In BTA9 (110 cM) there is a gap in QTLs 
close to the middle of the chromosome (Tab. 1), the phenomenon that represents a 
non-uniform distribution of the QTLs in bovine chromosomes. The BTA6, being 
saturated with the milk production trait QTLs as compared to other chromosomes, is 
an exception in this respect.

BTA 14. The gene DGAT1 was the first candidate gene discovered in dairy cattle 
[Grisart et al. 2002, 2004]. It seemed that the diallelic state of DGAT1 was in accordance 
with the animal’s phenotype. Later on, supplementary alleles with VNTR repeats were 
discovered in the promoter region of DGAT1  [Kuhn et al. 2004]. There is a discussion 
ongoing whether the existence of additional alleles in the promoter region of DGAT1 
(forming intragenic haplotypes with the diallelic polymorphism of DGATI coding 
region) or another F, P, %P or %F QTL occurring near the gene [Bennewitz et al. 2004b, 
Furbass et al. 2006] best explain the total phenotypic variation. From our analysis it 
appears that there are M, P, F, %P and %F QTLs in the region of  20-30 cM (Tab. 3). 

  The nature cares for a reliable lipid metabolism. There is a family of several 
DGAT genes, active in different parts of the body [Cases et al. 2001]. No relationship 
has been found  between DGAT1 and fat thickness on the back in cattle Moore et al. 
[2003]. The same authors suppose the presence of another QTL in the region of 5-15 
cM, responsible for the back fat trait. This shall be clarified in nearest future. A DNA 
segment spanning 576 kb, including DGAT1 gene [Winter et al. 2004], was isolated 
and cloned. Attention should be drawn to the fact, that in the region of 7-13 cM there 
is a MQR between M, P, %P, F, %F and the udder conformation [Schrooten et al. 
2004] as also pregnancy rate QTLs found [Ashwell et al. 2004]. It is questionable, 
whether all these traits are determined (or at least significantly affected) by DGAT1. 
In this study a QTL, which was not mapped exactly, has roughly been located in the 
0.1 cM region, and was not considered in calculations (Tab. 1). In the 60-70 cM region 
of BTA14 a pleiotropic M, P and %P QTL (or few QTLs) is located (Tab. 3). On the 
contrary, in the 80-90 cM region located are the P, %P and F QTLs (Tab.3).

BTA 19. The growth hormone gene (GH) is located at 66 cM in BTA19. Our 
statistical analysis shows that only the reported %F QTL at 69±6 cM may have some 
relation to the GH gene. Therefore, as a %F QTL candidate gene, the one coding 
for fatty acid synthase (FASN) has been proposed [Roy et al. 2005], located nearby 
the  SCS QTL at 51±8 cM and fore udder attachment QTL at 52±15 cM (Tab. 3). 
The expectation of geneticists that genes coding for hormones could be candidates 
for moderate or major QTLs of milk production traits has not been confirmed. The 
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unsolved problem is which genes determining significant variation in milk traits (milk 
variation-keeping genes) allow a population of dairy cattle to response accordingly to 
the pressure of selection. Are these transcription factors, genes encoding hormones 
and other regulatory genes, or they belong to genes of metabolic pathways. There are 
not enough causative genes discovered until now to answer this question. 

BTA 20. In the central region of the BTA20, at 40 cM, the growth hormone 
receptor (GHR) gene (GHR)  has been mapped, probably responsible for effects on 
traits M, %P and %F. Blott et al. [2003] demonstrated that the F279Y substitution in 
the transmembrane domain of GHR contributes to the phenotype variation – M (0.7-
2.9%), %P (5.3-9.4%) and %F (2.3-5.5%) – in Holstein-Friesian cattle. Statistical 
analysis of the distribution of QTLs led to determination an outlier M QTL at 54 cM 
(P<0.05) (Tab. 1). We calculated a mean value for the M QTL position at 39±5 cM. 
Altogether, in BTA20 there are four M QTLs (22±5 cM, 39±5 cM, 54±7 cM) – Cohen 
et al. [2002], four P QTLs (5±5 cM, 22±5 cM, 38±5, 66 cM) – Olsen et al. [2002], 
and three %P QTLs (5±5 cM, 36.5±3.8 cM, 61±5 cM) – Table 3). There is a possible 
bifurcation of  %P QTL at 36.5 ± 3.8 cM on two other QTLs – 31 cM and at 40 cM 
(Tab.1). As far as M, P and %P traits are concerned, BTA20 could be referred to as an 
autosome saturated with QTLs. Liu et al. [2004] claim that QTLs M and P at 20 cM are 
probably pleiotropic. Blott et al. [2003] reported a %P and %F QTLs at 75 cM. Most 
likely on BTA20 there are following regions where QTL concentrate: 0-10 cM – M, P, 
F and %P; 20- 25 cM – M and P; 39-41 cM – M, P, %P, F and %F; 55-75 cM – M, P, 
%P and  %F.  There are also data available from a meta-analysis of BTA20 showing 
M QTL at 37.7±8.2 cM and %P QTL at 38.5±1.9 cM and 49.6±5.0 cM) – Kathar et 
al. [2004]. Blott et al. [2003] have not found a relationship between haplotypes under 
investigation and the trait F, nevertheless they noted a weak magnitude F QTL at 42 
cM. Earlier Arranz et al. [1998] found a weak magnitude of  F QTL at 53 cM (P<0.07) 
while Ashwell et al. [2005] pointed out on strong magnitude of QTLs affecting thurl 
width, body depth, and strength in region where gene GHR occurs.

BTA 23. This autosome is remarkable as it harbours the complex major 
histocompatibility locus (BoLA) at 35 cM and the gene coding for prolactin (PRL) at 
43 cM. No somatic cell score (SCS) QTLs were located near BoLA locus (Tab. 3). This 
is the evidence that SCS QTLs are not of immunological nature. In the region 15-25 
cM, where only one SCS QTL has been identified, QTLs for structural parametres of 
the udder are concentrated. Referring to gene PRL, there is some hope in considering 
it as a candidate gene for F QTL at 41-42 cM (Tab. 1). It should be taken into account 
that these QTLs segregate only in American and Canadian populations of dairy cattle. 
It is interesting to note that also QTL of thickness of back fat in cattle  (45.1-50.9 cM) 
– Li et al. [2004] – may be related to PRL. From Table 1 the following arrangement of 
QTLs in BTA23 can be assumed:  10-20 cM for M and %P; 30-35 cM for M, P, %P, F 
and %F and 64-67 cM for P, %P and %F.

    BTA 26. In BTA26 several M, P, F and %P QTLs were identified (Tab.1). The 
QTLs in this chromosome might be used for MAS (marker-assisted selection). For 
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the F QTL (43±6 cM, Tab. 3) two candidate genes have been proposed: mitochondrial 
glycerol-3-phospate acyltransferase (GPAM) – Roy et al. [2005] – or insulin 1 
precursor (INS1) – Gautier et al. [2005]. For F QTL (17±6 cM) the candidate is the 
gastric lipase (LIPF) gene [Gautier et al. 2005]. Related study shows the linkage 
between QTAN – a C/T substitution in the bovine TCF7L2 gene (40cM) in BTA26 
and M, P, F, %P QTL [Jiang et al. 2005]. It means that in the 35-50 cM region one F 
QTL and one pleiotropic M, P, F, %P QTL are located (Tab. 3). The presence of %P 
trait in the pleiotropic QTL reported by Jiang et al. [2005] and absence of the %P QTL 
from Table I results from different methods used for identification of these QTLs. It is 
to be noted, that at nearly the same position (47±10 cM) QTL of SCS and udder type 
are located (Tab. 3).

BTA 27. It was shown that in chromosome BTA27 a strong-magnitude QTL 
of dairy conformation (DF) is located, next to the BMS689 marker at 34 cM [van 
Tassel et al. 2004]. Selection for improved DF may lead to selecting cows that are 
more prone to reproductive and metabolic diseases [Van Tassel et al. 2004]. In the 
same region the F and %F QTLs are located (Tab. 3). So, identification of genes that 
determine DF QTL would help to elucidate the genetic and physiological mechanisms 
of fat metabolism in dairy cattle.  On the other hand, however, the DF QTL may be 
useful in selecting animals which are more resistant to metabolic disorders without 
forfeiting substantial genetic improvement in production traits [van Tassel et al. 2004]. 
According to Table 1 and 3 there are three regions in BTA27 where milk production 
traits QTLs are concentrated: (i) in pericentromeric region at 0-17 cM  – M, P, F, %P 
and %F QTLs, (ii) in central region at 34-40 cM – P and F QTLs, and  (iii) next to 
telomere – at 64 cM – M, P, F, %P and %F QTLs. It should be noted that at 45 cM the 
M and P QTLs (Tab. 1) are located  even more “telomerical” than at 64 cM because 
only two markers have been used for its mapping [Viitala et al. 2003]. Van Tassel et al. 
[2004] have mentioned BTA27 as a promising object for MAS, especially for F QTLs 
at 36 cM, %F QTLs at 41 cM  and DF QTL at 34 cM  (Tab. 3). 

X-chromosome. It seems strange, that there are very few investigations on QTLs 
in relation to the X-chromosome. This is apparently due to technical difficulties in 
simultaneous mapping QTLs in autosomes and X-chromosome using daughter and 
granddaughter designs. Two QTLs for lactation persistency and QTLs for dystocia, 
stillbirths and non-return rate were found on BTAX/Y [Kuhn et al. 2003, Harder et al. 
2006]. The haplotype analysis revealed that the lactation persistency QTLs and QTLs 
for the three fertility traits were segregating together in one family. This indicates that 
both traits may be affected by a single locus in the pseudoautosomal region of BTAX/
Y, and suggests that X-chromosome is a very interesting object for searching QTLs 
for all milk production traits. 

Arrangement of QTLs  in  cattle  autosomes

Modern dairy cattle breeds have been obtained as a result of domestication 
and selection for dairy  traits. Selection was carried out using natural alleles of 
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genes responsible for milk production traits. Studying phenotype contribution and 
arrangement of QTLs it is possible to define which QTLs are fixed in a given population. 
If some candidate genes of these QTLs belong to one metabolic pathway, the cluster 
arrangement of QTLs on chromosome(s) is possible. To check this assumption with 
the help of a chi-square and Kolmogorow-Smirnov criterions the distribution of QTLs 
in chromosomes has been estimated. H0 hypothesis assumes the uniform (normal?) 
distribution of QTLs in bovine chromosomes. On the basis of the results obtained the 
following basic conclusions can be made: 

(1)	 In most cases M, P, F, %P, %F QTLs settle down in clusters that testify 
the display of one or two pleiotropic QTLs. This feature of QTLs of milk 
production traits in cattle may be used for reduction the standard error (SE). 
For example, the %P QTL at 47.8±2.8 cM located next to BM143 in the BTA6 
(Tab. 3) has the SE of 2.8 cM, but hypothetically pleiotropic M, P, F, %P and 
%F QTL 48.7±1.6 cM localized in the same position has SE 1.8 cM. That 
results in SE nearly two times less than well-defined SE for %P QTL, which 
has been identified with LA/LD mapping [Olsen et al. 2005].

(2)	 For each separate trait the cluster arrangement of QTLs has not been revealed. 
As it follows from Table 3, the resolving power of applicable statistic analysis 
used could dissect two QTLs on distance not less than 12 cM. It means that 
each QTL from  Table 3 may be potentially complex. In other words it might 
consist of several QTLs. But in cattle no QTLs have been found so far at the 
distance less than 12 cM. 

Mastitis  (MST)

Mastitis, and also subclinical mastitis, causes tremendous economical losses (in 
USA two billion dollars each year – van Tassel et al. [2004]) due to direct treatment 
costs, culling of cows, or indirect losses in milk production as well as changes in 
milk quality. SCS (somatic cell score) is a suitable parameter for evaluation of udder 
health. Its correlation with mastitis is 0.7±0.1 [Shook et al. 2006]. Moreover, a 
positive relationship exists between mastitis incidence and high milk yield of cows. 
That fact may point out on combined selection for MST QTLs and QTLs of milk 
production traits. Consequently for MAS, the positions of MST-QTLs need to be taken 
into account. Using the data from Table 3 it is possible to reveal favourable and(or) 
unfavourable positions of MST QTLs. For example, in the central region of BTA6 
there is the MST QTL at 50±10 cM, while the SCS QTL occurs at 85±9 cM (Tab. 3). 
Moreover, in Table 3 QTLs for veterinary treatment, fertility, calving ease etc. are 
shown. Taken into account the imprecise location of QTLs at 10-20 cM, their positions 
must be considered as  preliminary. But in some cases undesirable QTLs located close 
to each other can lead to consequences unfavourable for selection. Nevertheless, some 
facts are obvious: for BTAs 3, 6, 8, 9, 14, 18, 21 and 27 the SCS QTLs and MST QTLs 
occupy the same region (Tab. 4). In BTA 14, the candidate gene for SCS QTL at 34±8 
cM (Tab. 3) might be the DNA-dependent protein kinase gene (PRKDC) – Schwerin 
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et al. [2003]. The nearest future should clarify what candidate genes determine SCS/
MST QTLs. Table 4 summarizes the co-location regions between MST-QTLs and 
QTLs for milk production traits. 

According to calculations by Pong-Wong et al. [2002] the MAS may effectively 
spread up to 10 cM with decreasing significancy, depending on a trait.  So, if two 
QTLs are located at a distance of up to 10 cM, then they shall be subjected to effective 
co-selection. Thus, MAS programmes need to draw attention to unfavourable QTLs 
within ±10 cM from a marker selected.

Results and discussion

It follows from the analysis presented here that QTLs are still localized imprecisely 
and it would be difficult to search for, or to define candidate genes in these regions. 
The only solution to this situation is to map the QTLs precisely. Microsatellite 
markers reach limitations for that purpose. Presently, other type of genetic markers 
– SNPs (single nucleotide polymorphisms) – gain increasing popularity in gene 
mapping studies, due to their high accuracy and reproducibility. Moreover, they are 
indispensable for identification of positional candidate genes [Vignal et al. 2002]. 
First results of such approach are now available. For example Blott et al. [2003], 
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 Table 4. Locations of mastitis and other milk production traits QTLs (cM) on selected 
Bos taurus autosomes (BTA) 

 
BTA  MST QTL  M QTL  P QTL  %P QTL  F QTL  %F QTL  SCS QTL 

               
3  104±15  84-125  84-120  84-116  -  -  83-120 
4  71±20  44-96  -  50-100  54-100  46-98  - 
6  50±10  37-57  40-61  39-59  39-63  39-61  43-63 
8  31±15  -  -  17-53  -  -  17-59 
9  72±15  58-92  58-92        68-100 

10  7±5  0-22  -  -  -  -  - 
14  28±15 

86±15 
 7-47 

52-86 
 3-43 

51-86 
 8-42 

62-86 
 9-41 

- 
 8-40 

- 
 13-47 

65-86 
18  82±11  54-82  63-82  63-82  64-82  64-82  64-82 
21  25±15  1-37  0-40  0-40  0-40  -  11-47 
27 

 
 48±13  35-67  35-67  49-71  30-62  34-66  25-65 

 
Mean MST QTLs - mean±SD. 
Regions within each cell are shown of co-location of a given QTL (P<0.05). 
MST - mastitis, M - milk yield, P - protein yield, %P - protein content, F - fat yield, 
%F - fat content, SCS somatic cell score. 
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Olsen et al. [2004], Schnabel et al. [2005a] and Cohen-Zinder et al. [2005] used SNP 
for mapping candidate genes. 

In light of this, identification of candidate genes in moderate and major QTL 
regions will  involve the following steps: (i) rough mapping by segregation analysis of 
QTLs; (ii) more precisely mapping using combined LA/LD analysis; (iii) fine mapping 
at 1-100 kb using SNP (method of overlapping haplotypes). Such approach promoted 
creation of a more dense microsatellite map [Ihara et al. 2004], SNP maps [Werner et 
al. 2004], BAC-maps [Schibler et al. 2004], EST maps [Everts-Van der Wind et al. 
2004], and finally the sequence of whole cattle genome [Andersson et al. 2004].

There is an intensive search going on for candidate genes in target regions, 
combining comparative mapping across human and laboratory animal maps, cattle 
maps and whole genome sequencing projects. Projects like HapMap on human 
genome (http://www. hapmap.org), which now might be applied also for cattle, will 
speed up ongoing research. First results can be expected in near future.
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Michail G. Smaragdov,  Eva-Maria Prinzenberg , Lech Zwierzchowski

Mapowanie QTLs u bydła - aspekt teoretyczny i praktyczny
S t r e s z c z e n i e

Opierając się na piśmiennictwie zebranym do kwietnia 2006 roku przedstawiono położenie QTLs cech 
produkcji mleka dla gatunku Bos taurus ze szczególnym uwzględnieniem loci warunkujących mastitis, 
płodność i inne cechy ważne w selekcji wspomaganej markerami (MAS). Przeanalizowano rozkład QTLs 
w autosomach, jak również wskazano najbardziej prawdopodobne ich położenie. Szczególną uwagę 
poświęcono autosomom 1, 2, 3, 5, 6, 7, 9, 14, 19, 20, 23, 26 i 27 oraz chromosomowi X. Przedstawiono 
dowody istnienia plejotropii QTLs jako zjawiska powszechnie występującego u bydła.
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