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Crosses between inbred strains of mice are frequently used to map
quantitative trait loci (QTLs) that give rise to the genetic component
of quantitative variation‘in‘traits‘of biomedical'interest, such as those
underlying susceptibility to depression and anxiety'. It has proven
difficult to identify genes underlying behavioral QTLs: although 94
such QTLs have been reported to exceed a genome-wide significance
threshold, in no case has the responsible gene, or genes, been
identified®. One problem is that each QTL individually makes only
a modest contribution to the phenotype; on average, a detectable
behavioral QTL accounts for ~5% of the total phenotypic variance?.

Oyer the past ten years, anxiety-related QTLs in mice have been
o) 1dentified on 13 chromosomes®. Although the individual effect of

© 2004 Nature Publishing Group

@each QTL is small, their detection can be replicatedé, and one QTL has

=" been mapped to a small interval of ~1 ¢cM on chromosome 1 (near
145 Mb on the National Center for Biotechnology Information mouse
geno; j ubing a'genetically heterogeneous stock of mice’™.
e extensive analysis of the genes and variants at this locus
however, the molecular nature of QTLs that influence anxiety-like
behavior in mice remains obscure.

Positional cloning of small-effect QTLs by purely genetic means is
extremely difficult because many recombinants are needed to isolate a
single gene. Genetic mapping has the additional problem that it
locates a functional variant (or variants) rather than a gene. The
positions of genes and sequence variants that affect gene expression do
not always coincide. Functionallyl important| elements have been
discovered far from their cognate genes'!, and regulatory elements
for expression of ¢ e gene may lie in an intron of another, functionally
unrelated, gene' 3,

Alternative  strategies to obtain functional evidence that a ggne

10

Genetic dissection of a behavioral quantitative trai
shows that Rgs2 modulates anxiety in mice

innaz Yalcin 2 Safffon ANGWillis-Owen'?, Jan Fullerton’, Anjela Meesaq], Robert
J Nicholas P Rawlins?, Richard R Copley!, Andrew P Morris!, Jonathan Flififi80Richard Mot

D eaconz,

Here we present a strategy to determine the genetic basis of variance in complex phenotypes that arise from natural, as opposed
to induced, genetic variation in mice. We show that a commercially available strain of outbred mice, MF1, can be treated as an
ultrafine mosaic of standard inbred strains and accordingly used to dissect a known quantitative trait locus influencing anxiety.
3 We also show that this locus can be subdivided into three regions, one of which contains Rgs2, which encodes a regulator of

G protein signaling. We then use quantitative complementation to show thatiRgs2iissaiquantifative trait gene. Thisicombined
genetic and functional approach should be applicable to the analysis of any quantitative trait.

In a few cases, the molecular basis of large-effect QTLs (those explain-
ing 40% or more of the phenotypic variance in an intercross) has been
identified by the analysis of gene expression differences'®!%, but the
method has so far not been successful when applied to the much more
common small-effect QTLs that are responsible for individual differ-
ences in behavior. Moreover, where cellular processes are causally
remote from the phenotype, as is the case for behavior, expression
differences or altered protein function provide only circumstantial
evidence to implicate a gene as a QTL. Variation in gene expression
is not necessarily translated into behavioral differences, and a gene’s
effect may depend on where and when it is expressed in the brain'®.

Two approaches might overcome these problems. First, high-
resolution mapping in outbred populations, taking advantage of
recombination_between_loci_accumulating_over many_generations.
has been successfully applied to mapping small- S
flies'”!® and humans'®22. We reasoned that a similar strategy might
work in outbred mice.

Second, a method called guantitative complementation testing has
‘been used to investigate the role of candidate genes in QTL mapping
experiments in fruit flies'®?, and a similar method was used in a
study of a QTL in yeast (reciprocal hemizygosity analysis®®). It has not
yet BEeAusedNinmammalsiThemethod requires no information
about the nature of responsible sequence variants, their mode of
action or their location respect to the candidate gene, bufliffd6es
rely on access to deficie stocks or recessive mutants. These
resources are now becoming a¥lable for mouse genetics.

Here we describe the applicati f both methods to_characterize
the chromosome 1 QTL, and we sho ( the gene Rgs2, encoding a
regulator of G _protein,signaling, is“a i in_this_region that

contributes o behavioralvariation, can also be, |

vartation-in-anxicty-like b

We! ome Trust Centre for Human Genetics, University of Oxford, Roosevelt Drive, Oxford OX3 7BN, UK. 2Department of Experimental Psycholo
0 rd, Oxford, UK. 3These authors contributed equally to this work. Correspondence should be addressed to J.F. (jf@wellioxmacruk)omRaMmirmott

ublished online 17 October 2004; doi:10.1038/ng1450
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of human T-lymphotropic retroviruses (HTLV). Retroviruses belonging to the HTLV family and collectively designated HTLV-Ill were
isolated from a total of 48 subjects including 18 of 21 patients wih pre-AlDS, three of four clinically normal mothers of juveniles with
AIDS, 26 of 72 adult and juvenile patients with AIDS, and from one of 22 normal male homosexual subjects. No HTLV-Ill was
detected in or isolated from 115 normal heterosexual subjects. The number of HTLV-III isolates reported here underestimates the
true prevalence of the virus since many specimens were received in unsatisfactory condition. Other data show that serum samples
from a high proportion of AIDS patients contain antibodies to HTLV-IIl. That these new isolates are members of the HTLV family but
differ from the previous isolates known as HTLV-l and HTLV-Il is indicated by their morphological, biological, and immunological
characteristics. These results and those reported elsewhere in this issue suggest that HTLV-1Il may be the primary cause of AIDS.
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