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INTRODUCTION 
We recently completed a total scan of the bovine genome for QTL affecting milk protein 
percent, using selective DNA pooling of milk samples in a half-sib daughter design (Darvasi 
and Soller, 1994 ; Mosig et al., 2001). In this procedure, determination of linkage between a 
genetic marker and a QTL is based on the distribution of sire marker alleles among pooled 
DNA samples of the extreme high and low phenotypic groups of the daughter population. In 
the case of microsatellite markers, estimating allele frequencies in pooled DNA samples 
requires correction for “shadow” bands (Lipkin et al., 1998). In the present study, the same 
procedures were used to examine pleiotropic effects on milk yield (M) and protein yield (K) 
(kg/yr), of the markers found to be associated with QTL affecting milk protein percent (P).  
 
MATERIALS AND METHODS 
Population and samples. The study included 10 bulls, each a sire of 2000 or more daughters. 
Four of the sires were sampled for P in 1996 as part of the previous genome scan (Mosig et al., 
2001). These four sires were sampled in 1998 for K and M. The remaining six sires were 
sampled for all three traits in 1998. Based on estimated breeding values (EBV), lists of the 
highest and lowest 230 daughters were prepared for each sire-trait combination. Milk sampling 
and genotyping was as described (Lipkin et al., 1998 ; Mosig et al., 2001). One pool per sire-
trait–tail was prepared, in completely independent duplicate. 
 
Microsatellites. The genome scan for QTL affecting P included seven sires and 138 
microsatellite (Mosig et al., 2001). The present scan, including numerous additional markers, 
was concentrated on the chromosome intervals found to harbor QTL affecting P. A total of 124 
markers were tested for P, K and M. 
 
Marker-QTL Linkage tests. Densitometric estimates of sire allele frequencies in the pools 
were obtained after correction for shadow bands as described (Lipkin et al., 1998). The test for 
linkage between a marker and each of the three traits tested was carried out at two levels, sire-
marker-trait and marker-trait, and included all sires heterozygous at the marker, as described 
(Mosig et al., 2001). Adjusted FDR (AFDR) was calculated as described (Mosig et al., 2001) 
for the above two levels. The calculations were based on all P-values obtained in both the 1996 
(Mosig et al., 2001) and 1998 samples. 
 
The number of QTL. The issue of multiple QTL on the same chromosome can only be 
resolved by using an appropriate interval mapping model. Methods based on data obtained by 
selective DNA pooling are under development (Dekkers et al., 1999 ; Wang et al., 2002), but 
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not yet available. As a preliminary estimate, QTLs were identified based on qualitative criteria, 
suggestive of multiple QTL on a single chromosome (Mosig et al., 2001). 
 
RESULTS AND DISCUSSION 
There were a total of 2844 and 412 sire-marker-trait and marker-trait tests, respectively, of 
which 443 and 320 were significant at AFDR < 0.05. The relatively high proportion of 
significant tests is due to the concentration on the chromosomal intervals found significant in 
the first scan. Thus, the second scan confirmed the previous results. 
Table 1 shows the distribution of sire-by-marker tests significant for one or two traits. Tests at 
the sire-marker level were considered significant if the marker was significant at AFDR < 0.05 
and the individual sire test was significant at AFDR < 0.10. Among the instances where only 
one of the three sire-marker-trait tests was significant, almost half effects were for P (46.0 %), 
followed by M (32.7 %) and K (21.3 %). Of great interest are the instances where a sire-by-
marker combination was significant for two traits, since this gives an indication of the allelic 
effects of the QTL on multiple traits. There were a total of 167 combinations of this sort. The 
overall directions of effects were in accord with the known genetic correlations. In particular, 
there were a total of 72 sire-by-marker combinations that affected both P and M ; in 82 % of 
these the effects on the two traits were in opposite direction, as expected from the overall 
phenotyhpic and genetic correlations between these two traits. In general, effects of P and K, 
and of M and K were in the same direction twice as often as in opposite direction. Thus, most 
QTL alleles with positive effects on P or M can be expected to have positive effects on K, but 
there are many exceptions, and each case will need to be investigated in detail. 
 
Table 1. Sire-marker tests significant for one or two traits (FDRsire-marker-trait < 0.10, 
provided FDRmarker-trait < 0.05). One trait significant, only one of the three sire-marker 
combinations was significant ; Two traits significant, sire-marker combinations 
significant for two or more traits ; +, the effects of the two traits were in the same 
direction (the same sire allele was more frequent at the same tail for both traits) ; -, the 
effects of two traits were in opposite directions (the sire allele that was more frequent at 
the high tail for one trait, was more frequent at the low tail for the other trait) 
 
Trait One trait significant Two traits significant 
 N %  K   M  

   +  - +  - 
P 132 46.0 28  15 13  59 
K 61 21.3       
M 94 32.7    34  18 
Sum 284 100.0      167 
 
Figure 1 shows the distribution of significant markers by trait and chromosome, showing 
significance level of the individual marker. The strongest effects in terms of significance level 
were found for P and M, while K appeared as a trailing trait. About 85 % of the identified QTL 
are adjacent to QTL reported elsewhere in the literature (detailed in Mosig et. al., 2001).  
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Figure 1. The results of all marker-trait tests. a. Protein percent (P) ; b. Protein yield 
(K) ; c. Milk yield (M). Note that the scale of the Y axis differs from a to b and c 
 
Table 2 shows distribution of marker tests, according to number of traits affected. For the 124 
markers tested for the three traits, 77 were significant for all traits. Based on qualitative 
considerations (Mosig et al., 2001), the significant markers seem to indicate the presence of 
about 40 QTL, each affecting all three traits. These results are in accord with previous 
published results, and raise the possibility that a QTL for an individual milk production trait 
(P, K, or M) is a QTL for all such traits. The algebraic relationships among P, K and M are 
such that a QTL affecting one trait must necessarily affect one of the other two. However, it is 
not necessary that all three traits be affected by the same QTL. Thus, the finding that a large 
proportion of markers affect all three traits, is not trivial, and implies that the three traits are 
related at some underlying level. Indeed, since power of the scan was less than complete, 
some, perhaps all of the instances where a QTL was found to affect only one or two traits, 
must also represent instances where the QTL is affecting all three traits, but due to sampling 
only one or two were significant. Thus, it is possible that any QTL affecting one of the three 
traits, affects all three.  
Keeping in mind that the estimated number of QTL is only preliminary, the putative QTL seem 
to account for almost all the genetic variation found in the Israeli herd for these three traits. 
Thus, the identified QTL embody the raw materials for MAS for these three milk production 
traits in the Israel Holstein dairy cattle population. 
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Table 2. Significant Marker-trait tests (FDR < 0.05). N, markers not significant for any 
trait ; P, K, M, markers significant for one trait only ; PK, PM, KM, markers significant 
for two traits ; PKM, markers significant for all traits 
 
Trait  N    % 
N    4   3.2 
P    8   6.5 
K    0   0.0 
M    5   4.0 
PK    6   4.8 
PM 22 17.7 
KM   2   1.6 
PKM 77 62.1 
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