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Abstract. A genome-wide scan was performed in order to iden-  One of the potential limitations to the extension to other spe-
tify Quantitative Trait Loci (QTL) associated with growth in a cies of discoveries from major gene mutations in the mouse is the
population segregatingigh growth(hg), a partially recessive mu- confounding effect of other genetic and nongenetic factors on the
tation that enhances growth rate and body size in the mouse. Ahenotype under study, amd is not an exception to that limita-
sample of 262hg/hg mice was selected from a C57BL/Bdthg x tion. We have demonstrated that the nutritional environment has a
CASTI/EIJ E;, cross and typed with 79 SSLP markers distributed profound effect on the HG phenotype (Corva and Medrano 2000).
across the genome. Eight significant loci were identified throughAlso, other lines of evidence suggest that the genetic background
interval mapping. Loci on Chromosomes (Chrs) 2 and 8 affecteccould modulate the effects dfg on growth. Thehg locus was
the growth rate of Fmice. Loci on Chr 2 and 11 affected growth found in a strain of mice selected for high 3- to 6-week weight gain
rate and carcass lean mass (protein and ash). A locus on Chr(8radford and Famula 1984). In that genetic background, weight
modified femur length and another one in Chr 17 affected bothgain data followed a bimodal distribution, and it was possible to
carcass lean mass and femur length, but none of these had signifdentify mosthg/hg mice based on their phenotype. A C57BL/6J—
cant effects on growth rate. Loci on Chrs 5 and 9 modified carcastig/lhg x CAST/EiJ F cross (Horvat and Medrano 1995) was used
fat content. Additive effects were positive for C57BL/6J alleles,to map hg to Chr 10, and in this population weight gain data
except for the two loci affecting carcass fatness. Typing of selectedollowed a normal distribution, and it was no longer possible to
markers in 274 +/+ Fmice revealed significant interactions be- identify hg/hg individuals without knowledge of their genotypes.
tweenhg and other growth QTL, which were detected as changesThis information, together with the fact thag was discovered in
in gene action (additive or dominant) and in allele substitutiona line selected for high weight gain, led us to hypothesize that the
effects. Knowledge about interactions between loci, especiallyexpressivity ofhg was modulated by other genes associated with
when major genes are involved, will help in the identification of growth regulation.
positional candidate genes and in the understanding of the complex In this paper we present the results of a genome-wide scan on
genetic regulation of growth rate and body size in mammals.  thehg/hgindividuals of a C57BL/6hg/hgx CAST/EiJ F; cross to
identify QTL affecting growth rate, body size, and carcass com-
position. After identifying QTL in thehg/hg individuals, we ex-
. amined the effects of these QTL also in +/3 fice, for identi-
Introduction fying genetic modifier loci ohg. We considered as unique modi-
] ) ) . fiers ofhgall the QTL that were detected in the/hg background,
The high growth locush(g) is an autosomal, partially recessive pt not in the +/+ background and those that had effects in both

mutation that enhances weight gain and body size by 30-50% iBackgrounds but displayed significant differences in gene action.
the mouse (Bradford and Famula 1984; Horvat and Medrano

1995). Despite the drastic change in growth raighg mice are
proportionate in the size of tissues and organs (Famula et al. 1988).
This unique phenotype distinguishkeg from other known spon-
taneous mutations that affect body weight by causing either obeMouse crossesThe hg locus has been introgressed into the C57BL/6J
sity (Lep, Lepr®®, Cpé®, A, tub) or dwarfism Pit1®", Prop1™", (C57) background by nine backcrosses to create the congenic line C57BL/
Ghrhr', Hmgic®®, mn, dm Lyon et al. 1996). Genetic and physical 6Jghg (HG). In this experiment, congenic mice from the seventh gen-
mapping have determined that a deletion in Chr 10 causes the hi@’a“?n °f|'”breeo"”g WeLe used. CAST/EIJ (CAST) ma('jes Wgre mated to
growth (HG) phenotype (Horvat and Medrano 1996, 1998). Re_CSS{?mQ es to create the mapping cross (Horvat an Medrano 1995).
. o : mice are smaller and much leaner than C57 mice, even when the
cently, thehg p_henotype has been |dent|f|ed_ as _resul_tlng from @mice are on a high-fat diet (York et al. 1996). Therefore, the cross is
lack of expression of the suppressor of cytokine signalin§d62  gyjtable to detect specific alleles interacting witnthat modify body size
or Cish2 Horvat and Medrano 2001). and composition.
A spontaneous mutation enhancing growth rate and body size A total of 75 F, and 1132 k mice were produced. The,Eross was
is a valuable model for studying the genetics of growth in mam-genotyped foihg by using the linked markeD10Mit41and a marker that
mals. Changes in body size are usually achieved through an altereégaps to thehg deletion, D10Mit69 (Horvat and Medrano 1996). Mice
pattern of cell proliferation (Raff 1996). It has been demonstrated’omozygous for HG alleles &10Mit41and without a PCR amplification
that at least in the muscle, HG mice have a larger number of fibergroduct forD10Mit69 (indicating homozygosity for thag deletion) were
owing to enhanced cell proliferation and delayed fusion of myo-c0nsidered to be ohghg genotype, and mice homozygous for CAST
7~ alleles atb10Mit41 and amplifying forD10Mit69 were regarded as being
bl"’_ISts (Summers and Med_rfr’mo_ 19_94' 1997). However, there is n +/+ genotype. Using such a screen, we determined that the cross was
gwdence of any abnormalities in tissue development as observ mposed of 274 +/+ mice, 596hg mice, and 26g/hg mice, which is
in other mouse models of enhanced growth, such as th&"27 in agreement with Mendelian segregation ratios in thg@pulation.
gene knockout (Nakayama et al. 1996). A second experimental cross was created by mating C57 and CAST
mice. Sixty K mice and 330 Fmice were produced. This,Feross was
— used to confirm the significance of linkage of markers identified on Chr 2
Correspondence taJuan F. Medrano; E-mail: jfmedrano@ucdavis.edu of the F, cross segregatingg, by means of selective genotyping.
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Fig. 1. Map of markers typed in the C37g/hg x CAST F, cross. Underlined markers were added in significant chromosomal regions identified through
ANOVA. Markers in bold italics were also typed in the +/+ mice of thedFoss.

Husbandry and phenotype determinatioisce were weaned at 3  were almost identical to those for G29. In addition, evaluation of pheno-
weeks of age. Feed (Purina 5008; 23.5% protein, 6.5% fat, 3.3 Kcal/g) antypic data from the Fcross suggested thiag had a more noticeable effect
water were offered ad libitum. Mice were weighed to the nearest 0.1 g abn growth rates than on live weight differences (Table 1). Therefore, we
2, 3, 6, and 9 weeks of age and sacrificed after 9 weeks of age by cervicakport here the results corresponding to G29 and carcass composition traits.
dislocation. Liver, spleen, and skin were removed, and the carcass was The threshold to declare significant linkage in the ANOVA was estab-
frozen. To perform the chemical analysis, carcasses were thawed at roofighed by choosing a genome-wide P value of 0.10 and applying the Bon-
temperature. Carcass water content was determined by freeze-drying therroni correction for multiple comparisons (SAS 1998). Therefore, a
carcasses to a constant weight. Lipid content was estimated by the carcaggminal value ofP < 0.006 was considered indicative of linkage in the
weight change after extraction with ether for 7 days, followed by acetonesingle-marker analyses. More markers were added in those chromosomes
for 5 days in a Soxhlet apparatus. Body ash content was determined byhowing significant linkage in the ANOVA, for a total of 79 markers (Fig.
incinerating the carcass in a muffl_e furnace at 575°C for 16 h. One femuRy The GGT (Graphical Genotypes) software (van Berloo 1999) was used
bone was removed from the partially ashed carcass and measured o Qd create a graphical display of the genotyped chromosomes in each indi-
mm. Only live weights at the same ages mentioned above were recorded {fqa| in order to assist in error checking and genotyping quality control.

thev(\:/57 * CASTd Cross. b he d 4 dered a bettey, ! Order to determine the location of a locus on a given chromosome,
\We measured protein mass because the dry matter is considered a betigf 4| mapping was performed by using regression analysis (Haley and
estimator of dynamics of cell populations of an organ or body than th

eir, } f ;
) . Knott 1992). The appropriate programs were written and run with the SAS
Ifresh weight (Graham et aI: 1998). We also |n(_:|uded ash mass and fe.mLéroftware (SAS 1998). Before performing the final linkage analysis, the
ength to have an estimation of differences in skeletal mass and siz gression programs were tested with the same data set usedh

respectively. Although we did not measure body length of thenice, . >

Famula et al. (1988) demonstrated that femur length is a good predictor gfraPPed (Horvat and Medrano 1995). The regression analysis produced

body length (regression®R= 0.83; uniform regression slopes betwé resu_lts almost identical to those with Mapmaker (Lander et al. 1987) in the
’ earlier report.

hg and control mice). Before proceeding to the analysis, we also evaluated positions and
orders of our markers by using Mapmaker. The estimated distances be-
Genotyping and linkage analysis order to find QTL, we followed  tween markers that we obtained with Mapmaker (Lander et al. 1987) were
a hierarchical search approach (Brown et al. 1994). In the first step, thén agreement with the mouse consensus map (MGD 2000); therefore, we
hg/hg mice from the E cross were genotyped with a set of 59 SSLP used the information from the consensus map for the analysis.
markers (Research Genetics, Huntsville, Ala.) covering the 19 autosomal The regression models included additive (a) and dominance (d) terms,
chromosomes and Chr X (Fig.1). Some of these markers were chosen dngether with the effects of sex and age. Conditioning markers were in-
the basis of their proximity to known genes and previously identified cluded in the models to account for background genetic effects (Zeng
growth QTL. The typing of markers was performed according to conven-1994). These markers were selected for each trait by backward regression
tional PCR and agarose gel electrophoresis methods. The linkage of thesaéalysis with a probability o < 0.05. In a first step, single chromosomes
markers to loci affecting weight gain and body composition was evaluatedvere analyzed. In a second step, all significant markers were evaluated
through ANOVA, by using the GLM procedure of SAS (SAS 1998). The together, and only those remaining after the backward selection were in-
model included marker genotype information and the fixed effects of sexcluded in the models. Conditioning markers were omitted from the model
parity, litter size, and two-way interactions. The analyzed traits were bodywhen their corresponding chromosomes were analyzed.
weight at 2, 3, 6, and 9 weeks of age; weight gain from 2 to 6, 6 to 9, and  The regression analysis between two markers was performed at 2-cM
2 to 9 weeks of age (G26, G69 and G29, respectively); carcass proteinntervals. The results were expressed as LOD scores, £@B05 x like-
carcass ash; femur length; and carcass fat percentage. The analysis of bdtyod ratio test (LR), where LR n x log, (RSSequcedRSSwi) [N is the
weight at 2 and 3 weeks of age and G69 produced no significant linkagesample size, and R§% and RS§.yceare the Residual Sum of Squares of
results. The results for body weight at 6 and 9 weeks of age and for G2éhe complete regression model (full) and the model with the additive (a)
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Table 1. Means and standard deviations (SD) of traits measured in theh@®ig-x CAST F, cross.

Females

+/+ Mice hg/hgMice

n Mean SD n Mean SD Prob.
Wt2 g 138 8.8 1.3 130 8.6 15 N.S.
Wt3 g 139 115 1.7 130 11.5 1.9 N.S.
Wt6 g 134 17.5 2.0 129 20.2 3.1 <0.0001
Wt9 g 130 19.2 2.3 123 23.4 3.3 <0.0001
G29¢g 131 10.4 2.2 123 14.8 3.1 <0.0001
Carcass weight g 129 12.42 1.86 122 15.47 2.78 <0.0001
Carcass protein g 128 241 0.34 121 291 0.52 <0.0001
Carcass ash g 128 0.65 0.10 122 0.81 0.16 <0.0001
Carcass fat % 128 10.4 4.0 122 12.8 5.2 <0.0001
Femur length mm 127 14.5 0.6 122 15.4 0.9 <0.0001

Males

+/+ Mice hg/hgMice

n Mean SD n Mean SD Prob.
Wt2 g 135 9.3 14 130 8.6 1.4 <0.0001
Wt3 g 135 12.7 19 130 12.1 2.2 <0.05
Wt6 g 131 21.2 25 127 24.4 4.4 <0.0001
Wt9 g 124 23.8 3.2 123 28.7 4.7 <0.0001
G29¢g 124 14.6 2.9 123 20.1 4.2 <0.0001
Carcass weight g 130 14.99 2.13 123 18.36 3.33 <0.0001
Carcass protein g 130 2.97 0.40 123 3.53 0.64 <0.0001
Carcass ash g 130 0.71 0.09 123 0.85 0.15 <0.0001
Carcass fat % 130 9.6 4.5 123 12.4 5.6 <0.0001
Femur length mm 130 14.9 0.6 119 15.6 0.8 <0.0001

Wt2-W1t9: live weights at 2, 3, 6, and 9 weeks of age, respectively. G29: Weight gain from 2 to 9 weeks of age.

and dominance (d) terms omitted (reduced), respectively (Haley and Knotinice grew faster than +/+ mice, especially after weaning. In fact,
1992 _ a significant genotype x sex interaction was detected for weight
Empirical significance thresholds were calculated by using a permuta(aain between 2 and 9 weeks of age. Among femaigég mice

tion method (Churchill and Doerge 1994). Phenotypes were permutedaineq 4204 more weight than +/+ mice, whereas the difference in
against genotypes and conditioning markers, and the regression analysgs

were repeated 1000 times. The experiment-wise significance thresholdVeight gain for males was 38%. The increased growth rate of
P < 0.05 orP < 0.01, for each trait was established by choosing the 50th o'@hg mice is typical of the effect of this locus (Bradford and
the 10th highest LOD score across all chromosomes, respectively. ThEamula 1984).

estimated experiment-wise thresholds for the interval mapping had similar ~ At sacrifice,hg/lhg mice had heavier carcasses than +/+ mice.
values among traits and chromosomes, with extremes of 1.80 for femuThe carcasses dfg/hg mice had more protein and ash, a longer

length and 2.47 for carcass protei< 0.05), and 2.65 for carcass protein femur, and a higher fat content than the carcasses of +/+ mice
and 3.25 for carcass asR € 0.01). (Table 1)

The most significant markers in theyhg subpopulation were also . . - .
typed in the +/+ subpopulation in order to verify whether the same loci Eight chromosomes harboring significant markers where iden-

were detected as QTL in the genetic background carrying the wild-typdified with ANOVA and then analyzed by interval mapping. Eight
allele at thenglocus. Chr 2 seemed to harbor genes with very strong effectloci were identified through interval mapping, which were desig-
on growth, both in the +/+ ankg/hg subpopulations. Therefore, we geno- hated Q2Ucdl1, Q2Ucd2, Q5Ucdl, Q8Ucdl, Q9Ucdl, Q9Ucd2,
typed the +/+ mice with the same set of markers that we usedgy ~ Q11Ucd1,and Q17Ucd1(Table 2). Markers on Chrs 13 and X

mice. Interval mapping was performed as described above. were identified as significant in the ANOVA, but did not reach the

To confirm the linkage of markei92Mit389andD2Mit260to QTLin minimum significance thresholds by interval mapping. No signifi-
Chr 2 in an independent population, we performed selective genotyping in

the F, cross (N=330) that did not segregalgy. Data on weight gain from cant §e>§-§peC|f|c gffects .v.vere. detected .m our scan. N

3 to 6 weeks of age was corrected for the effects of dam, litter, and parity  Significant loci identified inhg/hg mice can be arbitrarily

with the GLM procedure of SAS (SAS 1998). The mice were ranked basedlaced in four groups. Group I: loci in Chrs 2 and@2Ucdland

on the adjusted data, and 24 mice (12 from each sex) from the extreme en@@8Ucd), which affected only the growth rate of, fnice. Group

of the F, distribution were typed. The means of the high and low weight |I: loci on Chrs 2 and 11@2Ucd2and Q11Ucd) that affected

gain groups were 1.83 standard deviations above and 1.68 standard devigrowth rate and carcass lean mass (protein and ash). Although we

tions below the population mean respectively. For each marker, a chizonqucted independent analyses for each trait, the consistency in
square test was performed with the FREQ procedure of SAS (SAS 199 P y ' y

to compare allele frequencies between the two groups. e chation of these two loci in the diffe_rent analyses made us
consider that the same locus was affecting more than one trait,
which is highly suggestive of pleiotropy. Group Ill: Loci on Chr 9

Results (Q9Ucd?, that modified femur length and Chr 1@17Ucd? that
modified carcass lean mass (protein and ash) and femur length.

As a relative comparison of the size of +/+ ahghg mice, the  These two loci had no effect on growth rate. For Chr 17, we also

phenotypic means of traits recorded in oyrgopulation are pre- assumed that a single locus was affecting two different traits.

sented in Table 1. At 2 and 3 weeks of age, there were no signifiGroup IV: Loci on Chrs 5 and 9@5Ucd1 and Q9Ucd)) that

cant differences in weight between +/+ anglhg females. How-  modified carcass fat content. QTL displayed various gene action

ever,hghg males were smaller than +/+ mice at the same ages. Amodes (Table 2) from additivity (e.gQ17Ucd1-p, dominance

6 and 9 weeks of agag/hg mice of both sexes were significantly (e.g., Q2Ucdl-femuy, partial dominance (e.gQ11Ucdl-p to

heavier than the wild-type mice. These results show kgghg overdominance (e.gQ2Ucd2-wg2%.
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Table 2. Most likely locations and effects of loci detected in thg/hg subpopulation.

Location LOD®  Additivity Dominance
Trait Locus Chrom.  (cM) Score  (SE) (SE) % ViF
Weight gain ~ Q2Ucd1-wg29 2 31 3.75 1.174 (0.327) 0.841 (0.463) 4.2
2-9wk(g)  Q2Ucd2-wg29 2 61 7.43 1.309 (0.319) 2.286 (0.509) 10.4
Q8Ucd1-wg29 8 45 3.01 0.892 (0.328) 1.397 (0.512) 4.3
Q1l1Ucdl-wg29 11 46 3.41 1.283 (0.324) 0.320 (0.491) 4.1
Carcass Q2Ucd2-p 2 63 4.89 0.165 (0.043) 0.272 (0.079) 7.6
Protein (g) Q11Ucd1-p 11 46 5.01 0.206 (0.042) 0.111 (0.064) 5.7
Q17Ucd1-p 17 46 4.77 0.231(0.048)  -0.054 (0.069) 6.5
Carcass Q2Ucd2-ash 2 63 4.34 0.037 (0.011) 0.062 (0.017) 6.9
Ash (g) Q11Ucd1-ash 11 50 3.18 0.039 (0.010) 0.026 (0.015) 3.9
Q17Ucd1-ash 17 48 3.67 0.048 (0.011)  -0.009 (0.015) 4.9
Carcass Q5Ucd1-fp 5 38 2.46 -1.642 (0.492) 0.270 (0.766) 6.2
Fat (%) Q9Ucd1-fp 9 10 5.83 -2.347 (0.454) 0.562 (0.744) 125
Femur Q2uUcCd2-femur 2 59 2.72 0.202 (0.068) 0.207 (0.107) 4.2
length (mm)  Q9Ucd2-femur 9 20 6.34 0.365 (0.072) 0.224(0.112)  10.7
Q17Ucdl-femur 17 48 3.51 0.305 (0.071)  -0.087 (0.096) 6.6

A ocus nomenclature: Q for QTL, chromosomeJid for University of California, a consecutive number for each QTL

on a chromosome, and a letter code referring to the phenotype. QTL affecting more than one trait are distinguished by
the phenotype code.

PLOD scores were significant & < 0.01, with the exception of LODs f@@5Ucd1-fpandQ2Ucd2-femurwhich were
significant at P < 0.05.

% Vp, % of Phenotypic Variance explained by the QTL. %WpVg *100/Vp, where \l, = Y2 & + ¥a o2,

The loci affecting growth rate and carcass lean mass individuDiscussion
ally explained 4.1% to 10.4% of the phenotypic variance on weight
gain in the hg/hg subpopulation. The locu®2Ucd2 had very It has been suggested that in terms of genetic analysis, our knowl-
significant effects on all the studied traits with the exception of fatedge about the genome is progressing faster than our understand-
percentage. On the other hand, the two significant @8Ucdl  ing of the phenotype a situation that has been addressed as a
and Q9Ucdlexplained 6.2% and 12.5% of the phenotypic vari- “phenotype gap” (Graham et al. 1998). Given the complexity of
ance for fat content in thieg/hg subpopulation respectively (Table the regulation of animal growth, a good characterization of the
2). Interestingly, the C57 alleles had a positive additive effect forphenotype and novel strategies for genetic analysis would help in
all the identified loci with the exception of lodQ5Ucdl and understanding the regulation of growth and body size. In this
Q9Ucd1,for which the CAST alleles were responsible for increas- study, we have contributed to that understanding by describing the

ing carcass fat percentage. influence of the genetic background on a major locus affecting
In order to identify modifiers ohg, we genotyped the marker growth.
that was closest to the significant QTL in thg/hg group, ALSO Our genome-wide scan identified eight loci responsible for the

in the +/+ mice of the Fcross. Four markers showed statistically differences in growth amonlgg/hg mice. The traits that we mea-
significant interactions in the ANOVA (nomind& < 0.05); (Fig.  sured allowed us to distinguish loci that affected growth rate from
2). Interestingly, these markers are examples of three differenthose affecting body size and carcass composition. Growth rate
types of genetic interaction. Mark&2Mit389on Chr 2 (close to  and body size have a positive genetic correlation (Bishop and Hill
Q2Ucd? had an additive effect on weight gain on +/+ mice, but 1985); however, we found loci that affected both traits indepen-
became over dominant in the presencé@fThe locus on Chr 17  dently. Although we were primarily interested in the influence of
(Q17Ucd) modifying femur length, which had an additive effect hgon linear growth, we included the analysis of body composition
in hg/hg mice, tended to be dominant in +/+ mice. Loci on Chrs 9 based on previous knowledge about the variability between CAST
and 11 Q9UcdlandQ11Ucd) that affected carcass fatness and and C57, not only in size but also in body composition (York et al.
carcass protein mass in an additive manner inhifilag mice had  1996). These distinguishing features between lines made the C57

no significant effects in +/+ mice. x CAST cross an ideal material for evaluating the effects of a
In view of the importance of the effect @2Ucd2on growth  major locus affecting growth.
rate and carcass lean masshofthg mice, we genotyped the +/+ In our search for modifiers, we detected significant two-way

mice with the same markers of Chr 2 and performed the intervainteractions between four loci andg (Q2Ucd2, Q9Ucd1,
mapping for growth rate (G29) and carcass composition traits (FigQ11Ucd1, Q17Ucd1)The comparison of means between tgg
3). It can be seen that the LOD curves have distinctive patterns ilng and +/+ subpopulations for selected markers proved that not all
each subpopulation and that the highest LOD scores in each casiee loci that modulated the effectsog on growth were present in
corresponded to different positions on the chromosome. In +/#the +/+ E, mice. Additionally, some loci that were significant in
mice, a very significant locus affecting growth rate and carcassoth backgrounds had a different type of genetic action depending
lean mass was detected distal to the locatio®@afJcd2. on the background. This result emphasizes the relevance of epis-
In order to confirm the existence of the two important loci tasis in the genetic regulation of growth in mammals (Routman
found on Chr 2 ofhg/hg and +/+ mice, we selectively genotyped and Cheverud 1997).
a C57 x CAST k cross with marker®©2Mit389 and D2Mit260. A large number of growth QTL have been reported in the
For D2Mit389, the frequency of the C57 allele in the groups of literature. We found agreement in the position of QTLhiglhg
high and low weight gain were 0.65 and 0.33, respectivgfy=£ mice and other QTL affecting growth and body composition,
10.3,P < 0.0013, n=24), whereas the corresponding frequencieswhich could imply that the same genes are being detected. Al-
for D2Mit260 were 0.65 and 0.29, respectively?( = 12.9,  though we list below the comparisons of QTL positions between
P < 0.0003, n=24). These results indicate that both markers wereour cross and other crosses, we would like to make a cautionary
linked to QTL and that it was not an artifact of the Eross  note that such comparisons are problematic and may be question-
segregatindig. able. It has been shown (Keightley and Knott 1999) that getting a
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Fig. 2. Sex-adjusted means and standard errors for selected traits argignificance of the contrasts: [C57/CAS- % x (C57/C57 + CAST/
markers that showed significant two-way interactions Vigh Mice were CAST)] and [C57/C57 — CAST/CAST], respectively (NS: not significant,
classified on the basis of their genotype at the markers closest to a detectédP < 0.05, **: P < 0.01, ***: P <0.001).

QTL. Symbols above the C57/CAST and CAST/CAST bars indicate the

statistically significant correlation between two QTL mapping ex- distal region of Chr 2 has been identified in the NZB/BINJ x SM/J
periments (i.e., that the same QTL segregates in two crossesyoss (Lembertas et al. 1997).
would be unlikely especially for cases where the variation in the  Results of genomic scans for obesity QTL on C57 x CAST
trait is explained by a large number of QTL and where experi-crosses have been reported (York et al. 1996; Mehrabian et al.
mental populations are not closely related, which is the case witl1998). Our lociQ5Ucdland Q9Ucdlwere not detected in those
the experiments compared here. experiments. Because high-fat diets were used in the two cited
Cheverud et al. (1996) reported a QTL for early weight gain (1experiments, their results are not strictly comparable to ours. How-
to 3 weeks of age) on Chr 2 in the LG/J x SM/J cross, in a positiorever, we did not detect those two loci as significant in the +/+
similar toQ2Ucd2.Loci affecting 6-week weight on Chr 2 and 11 subpopulation either. There is evidence in the literature of loci
were reported by Brockmann et al. (1998) in the DUK x DU6 affecting carcass composition in locations simila@bUcdland
cross, in the corresponding regions to where we ma@@dcd2  Q9Ucdl.Taylor and Phillips (1996) suggested the existence of a
and Q11lUcd1respectively. In addition, a significant locus in the putative obesity QTL in the central portion of Chr 5 in a 129/Sv x
vicinity of Q11Ucdlwas identified by Keightley et al. (1996) in a EL/Suz cross. Also, the loci8bg5identified in a C57 x KK/H1Lt
line selected for high 6-week weight. We were not able to findcross, which affected several adiposity-related traits (Taylor et al.
information on other growth QTL mapping to the locations of 1999), mapped close @9Ucdl1.Together, these results indicate
Q2Ucd1, Q8Ucdleor Q17Ucdl. thathg produced metabolic changes beyond the effects on growth
A QTL affecting adult body weight in a C57 x CAST cross has rate and body size. Interestinglyg/hg F, mice were on average
been mapped to the same region in Chr 2 where we found a verfatter than their wild-type counterparts (Table 1). Previous experi-
significant QTL in +/+ mice (region around 80-90 cM; Mehrabian ments comparing the body compositionhgfhg and control mice
et al. 1998). A very large confidence interval reported for thefound differences in carcass composition of the magnitude re-
location of that locus, together with the pattern of LOD scoresported here (Calvert et al. 1984). The CAST allele@aUcdland
along the chromosome, suggests that a second locus, probably @@Ucd1 increased carcass fat content, but onlyhighg mice
the same location dP2Ucd2,could have affected body weight in (Table 2). Therefore, this particular effect on body composition
that experiment. Also, an adult body weight QTL mapping to thecould involve specific alleles from CAST origin interacting with
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hg. This result is not surprising. It has been confirmed for both  The regulation of growth rate and ultimately body size can be
body weight (Cheverud et al. 1996) and body composition (Me-regarded as the result of the balance between growth promoting
hrabian et al. 1998) that alleles that increase the phenotypic meamd growth inhibiting factors (Efstratiadis 1998). The recent dis-
of a trait in a mapping cross may come from the parental inbreccovery of myostatin, a negative regulator of muscle mass, is con-
line with the lower phenotypic mean for that trait. sequent with the existence of growth inhibitors (McPherron et al.
Among the QTL detected ilng/hg mice there are loci that 1997; Lee and McPherron 1999). Moreover, tiyggohenotype has
influenced both growth rate and final body size, and loci thatbeen identified as resulting from a lack of expression of the sup-
affected each trait independently (Table 2). The final body size oforessor of cytokine signaling B6cs2or Cish2 Horvat and Me-
an animal is mostly a function of its cell mass, which in turn resultsdrano 2001). The identification of modifiers bfj, detected here,
from the product of cell number and cell size (Conlon and Raffwill be of value in identifying the genes involved in the functional
1999). Although there is agreement about the existence of a ggrathways leading to variation in body size due to the influence of
netic regulation of those parameters, little is known about how theoutative growth inhibiting factors. Also, high levels of IGF-I have
changes in cell number and size that lead to a change in body mabgen consistently reported img/hg mice (Medrano et al. 1991,
are coordinated with time (Su and O’Farrell 1998; Conlon andReiser et al. 1996). At least some of the modifiers that we report
Raff 1999). Our results confirm that, although there are genetichere could ultimately be genes involved in pathways influenced by
factors underlying a connection between final body size and théGF-I. It appears that interactions between tiggallele (lack of
time taken to achieve it (Webster 1989), there are genes that a8ocs2 and modifiers ohg are responsible for some of the repro-
independently on each of those variables, probably through alteductive problems that have been documented in this mutation
ations of the dynamics of cell proliferation, cell enlargement, or(Cargill et al. 1999). It would be useful, therefore, to fine map
both (Su and O’Farrell 1998; Conlon and Raff 1999). modifiers ofhg and ultimately positionally clone them.
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