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SUMMARY
Evidence of a large sex linked additive effect accounting for 25% (between 4g and 5g) of the divergence 
between mouse lines selected on body weight has been described previously (Hastings and Veerkamp,
1993). This paper presents results of preliminary mapping of putative QTL on the X chromosome in 
these lines. An F 2 population was genotyped using microsatellite markers, and analysis was carried out to 
test the association between marker loci and body weight. Results indicate linkage between quantitative 
trait loci and molecular markers at the proximal end of the X chromosome. The additive genotypic effect 
(half the difference between homozygotes) on 10 week weight in females associated with the with a marker 
positioned at 31cM was 0.43g, and the dominance deviation was -1.54g. In males the genotypic effect 
(difference between hemizygotes) was 3.62g at 10 weeks. The genotypic effect in females associated with 
a marker at 17cM was 1.49g with dominance deviation -0.23g, the genotypic effect in the males was 3.78g 
on 10 week weight.

INTRODUCTION
Routine mapping of quantitative trait loci (QTL) is now possible by the use of restriction fragment 
length polymorphisms and microsatellites. These techniques axe seeing increased application in many 
animal species (Jacob et ai., 1991; Todd et al., 1991). Detection and mapping of QTL will provide 
information on individual gene actions and interactions, allowing the formulation of more realistic models 
of genetic variation, and will help our understanding of the nature of quantitative genetic variation and 
have practical applications in animal breeding.

Mouse lines investigated in this study were divergently selected for body weight. Three replicates of an 
outbred base population were selected in each direction on an index of lean mass at 10 weeks. After 20 
generations the replicates within each direction were crossed together, and these lines (P6 lines) were 
selected on 10 week body weight, which was found to be highly correlated with lean mass (Beniwal et al.,
1991). The P6 lines at generation 38 showed divergences of 22g and 24g in 10 week body weight between 
the high and low selected lines in females and males respectively.

Hastings and Veerkamp (1993) and Veerkamp et al. (1993) investigated gene action in the P6 lines 
using data from reciprocally crossed F j’s which were backcrossed to  High and Low lines to form all 
possible reciprocal backcrosses. A large additive sex-linked effect accounted for approximately 25% of the 
divergence (Hastings and Veerkamp, 1993). A gene of major effect on the X chromosome was suggested 
by maximum likelihood based segregation analysis (Veerkamp et al., 1993). However, the authors stressed 
that no firm conclusions could be drawn from this result, as only one round of recombination occurred 
between the X chromosomes in the formation of the backcrosses. As a  result linked polygenes may act 
together to  give the appearance of a single major gene.

This paper presents preliminary results on the molecular mapping of the putative QTL for body weight 
on the X chromosome in the mouse P6 lines using microsatellite markers.
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MATERIALS AND METHODS
Animals. Thirteen Fx reciprocal crossed families of High and Low P6 lines were bred from individuals 
from generation 45 of selection. From this Fi generation, a reciprocal F2 comprising 195 individuals from 
20 families was generated. All individuals were weighed at 6 and 10 weeks of age. To detect informative 
microsatellite markers on the X chromosome, females from the P6 High and Low lines at generation 51 
of selection were genotyped. Purebred of generation 51 were used to take tissue samples, as these were 
unavailable from generation 45 of selection.

Molecular Markers. Genomic DNA was extracted from spleen or tail tissue by standard procedures. 
Individuals were genotyped at microsatellite markers by PCR (Dietrich et aI., 1992). PCR reactions 
were set up with conditions such that products could be visualized by ethidium bromide staining after 
separation on vertical polyacrylamide gels. Females from the P6 lines were genotyped at a total of 
23 simple sequence length polymorphisms (SSLP) markers (Research Genetics Inc.). After different 
alleles were identified between the High and Low lines at marker loci, and the three genotypes could be 
distinguished unambiguously, all 195 F2 individuals were genotyped for the microsatellite marker.

Analysis of Data. Analysis of body weight of Fi individuals at 10 weeks was carried out to confirm the 
association between phenotype of males and dam genotype in the Fi population previously observed at 
generations 31 and 38 (Hastings and Veerkamp, 1993). Using Harvey’s (1990) LSMLMW MIXMDL AOV 
programs, 10 week weight in the Fx reciprocal cross individuals was analyzed. Fixed effects fitted were 
sex, dam line genotype, and sexxdam line genotype.

Analysis of segregation data was carried out to determine possible association between marker locus and 
measured phenotype of F2 individuals. Weights of F2 individuals at 6 and 10 weeks were fitted with fixed 
effects of sexxmarker segregation, and litter. Segregation results were found to be highly correlated, and 
were unable to be analyzed within the same model, consequently segregation data at each marker loci 
were analyzed in separate models.

RESULTS
Reciprocal Fx. The results from analysis of Fi P6 line weights at generation 45 are shown in Table 1. 
A significant (P< 0.02) sex difference within the reciprocal halves of the F! cross was detected. Females 
in the reciprocal halves did not show significantly different weights, whereas males were biased towards 
the dam genotype. If this was a maternal effect, the F: male and female weights would be expected to 
behave in a similar way. The major genotypic difference between males and females is that males inherit 
only the maternal X chromosome, the data therefore suggests the X chromosome has a major effect on 
body weight.

Table 1. Mean body weight at 10 weeks of reciprocal Fi P6 line crosses. Male parent is represented first 
in the crossing nomenclature.

Sex HxL s.e. LxH s.e.

9 25.4 (20) 0.55 24.9 (25) 0.49
o ' 29.6 (19) 0.56 33.7 (26) 0.49

Sample size shown in parenthesis
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F2 Segregation. Initial test mapping of individuals from high and low P6 lines showed variation between 
lines at 6 of the 23 SSLP marker sites tested. The SSLP markers DXMit25 and DXMit50 positioned at 
31cM and 17cM respectively from the proximal end of the X chromosome produced consistently scorable 
products following PCR amplification. These markers were used to genotype all F2 individuals. The 
remaining 4 informative SSLP markers could not be consistently scored.

Results of analysis of marker associated gene effects are presented in Table 2. In the analysis carried out 
to test for a possible association between marker locus and F2 generation body weights, all fixed effects 
were found to be significant (P< 0.001). The SSLP marker DXMit25 shows an associated genotype effect 
in the homozygous females of 0.58g at 6 weeks, and 0.43g at 10 weeks. Dominance deviations of -0.82g 
and -1.54g were seen at 6 and 10 weeks respectively, suggesting overdominance of the allele ‘A’ found at 
initial frequency p=0.635 in the low line sample. No firm conclusion can not be made to the degree of 
dominance due to the small sample size at the homozygous dominant allele ‘A’. The marker associated 
genotype effect found in hemizygous males was greater than that found in the homozygous females, being 
1.14g at 6 weeks, and 1.81g at 10 weeks. The additive gene effect in homozygous females was found to 
be reduced between 6 and 10 weeks, whereas in the hemizygous males the genotypic effect was increased 
between weighings. Log transformation of the data had little effect on this relationship.

Table 2. SSLP Marker associated putative QTL effects (± s.e.) in F2 on 6 week and 10 week weight.

Female Genotype Male Genotype
SSPLP Phenotype AA Aa aa A a
Marker -a d a -a a

9 t 40 45 34 67
6 week -0.58 -0.82 0.58 -1.14 1.14

DXMit25 weight(g) (0.98) (0.68) (0.68) (0.56) (0.50)
10 week -0.43 -1.54 0.43 -1.81 1.81

weight(g) (1.2) (0.84) (0.85) (0.72) (0.73)
13 t 49 32 53 48

6 week -1.47 -0.17 1.47 -1.36 1.36
DXMit50 weight (g) (0.79) (0.57) (0.64) (0.47) (0.49)

10 week -1.49 -0.23 1.49 -1.89 1.89
weight(g) (1.01) (0.73) (0.81) (0.59) (0.63)

(Individuals in sample

Marker DXMit50 displays a comparatively high additive genotype effect in the homozygous females of 
1.47g and 1.49g, at 6 and 10 weeks respectively, but lower dominance deviations than those found at 
DXMit25. The genotypic effects in the males associated with marker DXMit50 were very sim ila r  to those 
displayed at marker DXMit25.

DISCUSSION
Genotyping of females from the high and low lines showed variation at 6 marker loci of 23 tested. Previous 
experimental results from genotyping P6 females at marker loci on the autosomes showed a greater amount 
of variation between the high and low lines. Using the July 1993 Release of Mouse SSLP Map (Research 
Genetics Inc.), variation at marker locus on autosomes and X chromosomes was examined across 6 inbred
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mouse lines. Results supported the observations of less variation between mouse lines at marker locus on 
X chromosomes compared to autosomes (K.A. Ranee, unpublished results).

The results presented in Table 1 show similar body weights of females in both Fi reciprocal crosses, 
whereas the males show weights closer to those of the dam genotype. Autosomal genes are inherited by 
progeny from both male and female parents. A major genotypic difference between the Fx and
females is that Fx males inherit only a maternal X chromosome, whereas females inherit X chromosomes 
from both dam and sire. A QTL for body weight carried on the X chromosome would explain the 
difference between males and females in the F1; and the tendency of males to be phenotypically similar 
to the dam, although a series of sex-linked QTL would give the same result. The X chromosome effect 
seen in the Fx males at generation 45 of selection was 4g. In previous studies, at generation 31 and 38, 
the sex-linked effect was between 4g and 5g (Hastings and Veerkamp, 1993; Veerkamp et al., 1993). This 
difference may be attributed to lighter 10 week body weights at generation 45 of selection.

Segregation analysis results suggest a strong association between the markers DXMit50, DXMit25 and 
the putative QTL for body weight of large effect on the X chromosome. Marker associated genotypic 
effects obtained from analysis support the X chromosome effect of 4g observed in the Fx males.

From results presented in this paper no firm conclusions can be drawn concerning the number or position of 
QTL present on the X chromosome. From analysis carried out to  date we are unable to determine whether 
differences in gene effect at the two marker loci are as a consequence of: different gene frequencies in the 
base population, recombination events between the marker loci, different distances from a common QTL 
loci, or linkage of each marker to two different QTL. Future experiments aim to genotype F2 individuals 
at additional SSLP marker loci. Analysis of several markers within the same model will provide further 
information on the location of QTL on the X chromosome. Establishing further recombinants will provide 
more information to the degree of linkage between markers and putative QTL and the number of QTL 
associated with, body weight on the X chromosome.
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