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Abstract. Norway has a field recording system for dairy cattle Table 1. Families of the Norwegian cattle breed used in the QTL study. Number of
that includes recording of all veterinary treatments on an indi-sons and number of granddaughters with clinical mastitis and SCC records per sire
vidual animal basis from 1978 onwards Application of these dat amily are given. All sons were progeny tested based on at least 200 daughters
. o S . o average number of daughters are in brackets).

in a genome search for quantitative trait loci (QTL) verified ge-

nome-wise significant QTL affecting clinical mastitis on Chromo- Sons Granddaughters  Sons Granddaughters
some (Chr) 6. Additional putative QTL for clinical mastitis were ) — -

localized to Chrs. 3, 4, 14, and 27. The comprehensive field reBull sire Clinical mastitis scc

cording system includes information on somatic cell count as well 2005 smidesang 71 62,534 (881) 71 65,437 (922)
This trait is often used in selection against mastitis when direc052 Mauland 32 40,302 (1259) 32 42,052 (1314)
information on clinical mastitis is not available. The absence ofg“gg Thorset g 5349 51105389(94662 5349 483;753 (9042)
common QTL positions for the two traits in our study indicates Saos Jrgenvedt 147?:,:;7 (5‘1119)5) e 12'7727(‘%17%)4)
that the use of somatic cell count data in QTL studies aimed foB131 okkelberg 47 19,957 (425) 46 13,220 (287)
reducing the incidence of mastitis should be carefully evaluated.Total 285 236,887 (831) 284 232,107 (817)
Introduction In Norway, the heritability of SCC has been estimated at 0.11

(@degérd et al. 2001), and the genetic correlation between SCC

Mastitis is the most frequent and costly disease in dairy produc&nd clinical mastitis has been reported to range from 0.30 to 0.97
tion. In Norwegian cattle (NRF), several functional traits have (Emanuelson et al. 1988; Lund et al. 1999sBand Mantysaari
been included in the breeding goal, including disease resistance?96; Rupp and Boichard 1999; Shook and Schutz 1994; Weller et
and fertility traits (Heringstad et al. 2001; Karlsen et al. 2000; Lien@ 1992). Although some of these findings indicate a relatively
et al. 2000). Norway was the first country to establish a nation-S{rong genetic correlation between SCC and mastitis, the low ge-
wide health recording system for dairy cattle, and it and DenmarkM€tic correlation in first lactation reported by $émnd Mantysaari
Sweden, and Finland are the only countries with a health recordingt996) indicates that clinical mastitis and SCC monitor different
system (Heringstad et al. 2000). Therefore, exceptional data forharacteristics of udder health. Therefore, a comparison of QTL
genetic studies on disease resistance, among them clinical mastit&fecting clinical mastitis versus SCC should be of great interest.
are available for NRF. Furthermore, QTL affecting mastitis in NRF have the potential of
Clinical mastitis is inherited with an unfavorable genetic cor- P€ing used also in populations lacking this information, through

relation to milk production, and has to be included in the breedingnarker-assisted selection. _

program in addition to milk production for avoiding an increased _On the basis of the design studies by Gomez-Raya et al.
frequency of mastitis (Heringstad et al. 1999; 2001). Clinical mas{1998), it was shown that the power of detecting a QTL of a given
titis has been included in the Norwegian breeding program sinc&ffect is higher for low heritable traits than for those with high
1978 (Solbu 1983). Since information on clinical mastitis is not Neritability, amounting to 0.92 for a trait with heritability of 0.10
generally available, several breeding programs use indirect sele@d @ QTL-effect of 0.3 phenotypic standard deviation. The main
tion based on somatic cell count (SCC). Distinct from clinical OPiective of this study was to use the unique data for clinical
mastitis, the basic SCC level does not depend upon any inflammastitis and SCC in the NRF population in a whole-genome search
mation. Consequently, there is no direct connection between loer QTL.

SCC levels and the probability for getting mastitis. In Norwegian
dairy herds, both mastitis and SCC are recorded. With thes
unique data, this breed is a resource for comparing these two trai
in QTL studies, as well as in other genetic studies.

félaterials and methods

Animals. All animals were NRF, which is a heterogeneous population of
_— cattle based on local breeds and Ayrshire, Swedish Red-and-White, Frie-
Correspondence ta4. Klungland, E-mail: helge.klungland@ihf.nlh.no sian/Holstein (Felius 1995). Animals from six half-sib families with a total

*Present addressCentre UdL-IRTA, Area de Produccio Animal, Av. ©f 285 sons were used in the study (Table 1).
Alcalde Rovira Roure, 177, 25198 Lleida, Spain.

** Present addressEAO, Animal Production and Health Division, Viale Marker map.The Norwegian Cattle Map (NCM), available at http://
delle Terme di Caracalla, 00100 Rome, ltaly. www.nlh.no/Institutt/IHF/Genkartstorfe/, was utilized in the study (Vage et
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Fig. 1. Across-family QTL results for clinical
04 . — . E— , mastitis in Norwegian cattle were localized to
2 o] TITT T DT T oD @ E4 bovine Chrs 3, 4, 6, 14, and 27. Results obtained
E4 = 222 33 £ 2 ®= ) S22 T S ;
Q o oo Ta @ o 0 § g for somatic cell count (SCC) are also included.
2 8 REBE°° 8 S & & Genome-wise (BTAB) and chromosome-wise
) significance levels for clinical mastitis are noted,
z while results for SCC were not significant for any
3 chromosomes.

al. 2000). This male genetic linkage map was constructed by using the siknterval mapping.Statistical analysis for both traits followed the mul-
half-sib families (Table 1) and covers all 29 autosomes. The NCM sum-+iple marker regression method of Vilkki et al. (1997), according to the
marizes to a total length of 2682 cM, with an average interval of 12.5 cMfollowing model:

from 288 analyzed markers, of which 261 were anonymous microsatellites

and 27 were coding genes. To achieve higher marker density in specific Yik, = B+ & + bXj + ey 1)
chromosome regions (see Fig. 1, 2), 12 additional markers were genotyped

using primers and PCR conditions described at USMARC Genome Datawhere y, = mean daughter yield deviation for clinical mastitis or LSCC
base (http://sol.marc.usda.gov/; Kappes et al. 1997). These markers we@é bull K, inheriting marker allele j from sire ix = overall mean, a=

positioned by using the CRIMAP package (Green et al. 1990) and theffect of the ith bull sire (i= 1 to 6), b = regression coefficient within
Haldane map function. bull sire i, ;. = probability of the QTL allele being transmitted from bull

sire i, given the pair of flanking markers j of bull kye = residual effect
Chromosome-wise significance threshold values were determined empiri-
Performance dataClinical mastitis records of 236,887 first lactation cally by using 10,000 permutations at each cM (Churchill and Doerge
NRF cows, which is a subset of the data presented in Heringstad et al994). Genome-wise significance levels, taking into account testing of the
(1999, 2001), were used in the study (Table 1). Clinical mastitis waswhole genome, were calculated ageRme = 1-(1-Promosomtt”, Where
defined as a binary trait, based on whether or not the cow had at least ong) was obtained by dividing the length of a specific chromosome by the
veterinary treatment of clinical mastitis in the period from 15 days beforetota| length of the autosomal genome (de Koning et al. 1999). Confidence
to 120 days after first calving. The mean frequency of clinical mastitis ininterval was calculated by bootstrapping according to Visscher et al.
the data was 17%. Corresponding records of lactational means of somat{g 996).

cell count (LSCC) for 232,107 first lactating cows (Table 1) were extracted

from the data set analyzed by @degérd et al. (2001). Clinical mastitis

and LSCC records for each cow were pre-corrected for fixed effects of agResults

at calving, month of calving, and herd x year, according to results of

Heringstad et al. (2001) and @degard et al. (2001), respectively. Daughtevrvith an average of more than 130 informative offspring per

yield deviation (DYD) for each cow was defined as response (clinical
mastitis of LSCC) corrected for all fixed effects in the model, and meanmarker, and 300 markers, close to 40,000 genotypes were ana-

DYD for each sire was calculated and used in a granddaughter desiglyzed. In total, five suggestive QTL affecting clinical mastitis were
(Weller et al. 1990). detected that were chromosome-wise significant (Chrs 3, 4, 6, 14
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and 27; Fig. 1), of which one was genome-wise significant (Chr 6,was caused by small effects in several families. As an example, the
Fig. 2). BTA14 QTL in position 93 (F-value 4.2) was composed of effects
The highest F-value (5.1) was observed for Chr 6 in positiondue to bull sires 2402 (F-value 14.5) and 3131 (F-value 8.9).

37. This QTL was mainly caused by the contrast found within ~ When SCC were analyzed, the results obtained for clinical
three families—2005, 2052, and 2463—which had individual F-mastitis could not, in any way, be reproduced. There were no
values of 7.3, 12.8, and 9.0, respectively (Fig. 2). Confidenceobvious overlaps between the SCC QTL and the most promising
interval was calculated to 1-49 cM. Among the remaining putativeQTL found for clinical mastitis (Fig. 1). A single QTL affecting
QTL, all except one were mainly caused by the contrast foundSCC, which was chromosome-wise significant, was localized to
within a single family, or within two families. Family 3131 was Chr 8 (position 54, F-value 3.5). Although a maximum exists for
involved in all these QTL findings, with additional effects from clinical mastitis at the same location (Fig. 3), the effects were
bullsires 2052 (BTA4) and 2402 (BTA14). The QTL on Chr 27 caused by different families. Whereas the SCC QTL was caused by
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a single family (Family 2946, F-value 18.6), the effect on mastitisdaughter design, a QTL was localised to Chr 4, close térii488
was produced by families 2402 (F-value 7.0) and 3131 (F-valuemarker (Zhang et al. 1998). Although this QTL is not genome-wise

11.3). significant, similar observations in two different studies, using
different breeds, normally strengthen that location as a putative
Discussion QTL. One should, however, be aware of the fact that clinical

mastitis and SCC obviously monitor different aspects of udder

Control of mastitis is of great importance to obtain cost-effectivehealth, as overlaps between these two traits did not exist in our
dairy production, for reducing the use of antibiotics, and for im- study (see Figs. 1 and 3). Since the number of potential QTL is
proving animal welfare. Hence, national recording, including all very high when single families are analyzed, and probably include
veterinary treatments on an individual animal basis, has been eseveral false positives, supplementary data are needed to verify
tablished in Norway. Since antibiotics can be prescribed only byQTL results.
veterinarians, these unique recordings are also very reliable. Fur- Because detection of QTL is an inexact science, suggestive
thermore, a high number of daughters per sire makes it possible tQTL should be verified in different populations. In the Finnish
calculate breeding values with high accuracy also for low heritableAyrshire, a putative QTL for veterinary treatments has been local-
traits like clinical mastitis. From this unique source, we have un-ized to Chr 23 (Elo et al. 1999; see Table 2). However, the ana-
veiled definite QTL for the most important health trait in dairy lyzed trait did not include treatments related to fertility or mastitis,
cattle. These results have a potential of being particularly usefuand we did not observe similar results for mastitis in our study.
through marker-assisted selection, especially in breeds or popul&ince the Finnish study included only Chr 23, comparisons with
tions that are lacking historical registrations on mastitis. QTL found at other Chrs are not possible. QTL affecting health

As a result of the shortage of data on clinical mastitis, no QTLtraits have also been found in US Holstein cattle (Ashwell et al.
have so far been published for this trait. There are, however, quit¢996, 1997, 1998a). Although 10 different chromosomes were
a few recent papers that are focusing on SCC, of which the maiimcluded in these studies, the number of markers were limited to
part is from the Holstein population (Ashwell et al. 1996, 1997, 16, of which 6 were positioned at Chr 23. The US Holstein cattle
1998a; Reinsch et al. 1998; Schrooten et al. 2000; Zhang et aéxhibit a potential SCC QTL at BTA 18, and within-family sig-
1998). Common for these studies are a relatively low number ohificant marker allele differences were also found at Chr 23
QTL findings and mainly nonsignificant results. In one of these (Ashwell et al. 1996, 1997, 1998a). In several of these studies a
studies (Zhang et al. 1998), carried out in a large Holstein grandlimited selection of “candidate-chromosomes” have been ana-
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lyzed, as Chr 23 that contains the BoLA complex. In a whole-genes for obesity have been found, and some cases of obesity can

genome scan of the North American Holstein-Friesian populationnow be explained by variation in specific genes. Although mastitis

a suggestive SCC QTL was localized to Chr 21 (Heyen et alis of special interest for milk-producing animals, there is a poten-

1999). This finding has no counterpart in our study. tial to use this information in future studies on human mastitis,
Unfavorable genetic correlation between high milk productionwhich is a serious and widespread problem that is difficult to

and increased frequency of mastitis is well known. It was, there-address in humans.

fore, an expected result that some QTL affecting mastitis would be
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