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Nobel hopes are clarified. The existing smallpox vaccine is defend-
ed. And the significance of a study of behaviors measured across
three laboratories using the same mouse strains is discussed: "We
should...use these results to highlight that scientific progress is a
changing mosaic of overlapping studies that correct, build, and ex-
pand on earlier findings,” say one set of letter writers.

Brazilian Nobel Hopes

The article “Brazil lobbies for first No-
bel” by Cassio Leite Vieira (News Focus,
27 Aug., p. 1346) is most timely. Yet small
clarifications are in order: (i) It is implied
that the candidacy has attracted extensive
media attention because of my efforts,
when many other people are working hard
to promote chemist Otto Gottlieb’s re-
search. Some very fine science journalists
deserve credit for drawing the media’s at-
tention to highly complex topics and
stressing their implications for sustainable
development of Brazilian biodiversity. (ii)
There is no lobby, only a sincere attempt
to overcome two enormous handicaps: the
interdisciplinary nature of the work and
the language in which some important as-
pects were reported (had the underlying
principles been closer to biochemistry
than to botany or a larger part of the re-
sults communicated in English instead of
Portuguese, these efforts would probably
not be necessary).

Peter Rudolf Seidl
Federal University of Rio de Janeiro, Rio de
Janeiro, Brazil

Smallpox Vaccine

I find Donna E. Shalala’s justification for
retaining, and experimenting with, viable
variola (smallpox) virus (Editorial, Sci-
ence’s Compass, 13 Aug., p. 1011) mis-
leading. The existing vaccine is entirely
satisfactory and was the basis of the suc-
cessful World Health Organization eradi-
cation campaign. Its present short supply
could easily be remedied by manufactur-
ing more. The small number of immuno-
compromised individuals, and, more im-
portant, pregnant women, for whom it is
contraindicated could be protected by vac-
cination of contacts and herd immunity.

New vaccines cannot be licensed be-
cause their efficacy cannot be proved in
the absence of humans exposed to small-
pox. If smallpox reappeared, it would be
unethical to offer an experimental vaccine
in place of the traditional vaccine, known
to be effective.

Manipulation of viable variola will al-
ways involve a risk of escape; containment

systems can fail, most likely by human er-
ror. If such experiments are done, it is es-
sential that all involved be currently vacci-
nated, as has been standard practice.

Jonathan Katz
Washington University, St. Louis, MO 63130, USA.
E-mail: katz@wuphys.wustl.edu

Testing the Genetics of
Behavior in Mice

The important study by J. C. Crabbe et al.
of behaviors measured across three labora-
tories using the same mouse strains (Re-
ports, 4 June, p. 1670) demonstrates clearly
what is widely known in the neuroscience
field: behavior is a complex phenomenon
that is strongly affected by both genetics
and environment. News reports about this
study have glossed over the rather striking
finding that the majority of behavioral mea-

Results in this elevated plus maze varied from lab to

lab.

sures were consistent between laboratories.
Indeed, the data largely confirm many
strain-dependent differences reported in the
literature. Although the study demonstrates
that differences in investigators and unfore-
seen environmental factors from laboratory
to laboratory can alter behavioral results,
these phenomena are not limited to studies
in behavioral neuroscience, or even to the
biological sciences for that matter. Far from
precluding scientific advances, interlab
variability generates controversies that
stimulate further investigation, resulting in
methodological improvement over time. No
single, exciting finding, whether at the be-
havioral, physiological, or molecular level,
can stand on its own.

The interlab differences reported by
Crabbe et al. illustrate that techniques for
behavioral analysis are still evolving. It is
imperative that strong communication ex-
ist between researchers in many disci-
plines so that advances in unraveling the
complexities of behavior can be rapidly
incorporated into experiments using new-
ly engineered mice. An important mes-
sage conveyed by this study is that several
different approaches should be used, ei-
ther within or between laboratories, be-
fore a definitive interpretation of a behav-
ioral change is made. We should not con-
clude from this study that behavioral anal-
ysis is beyond rigorous scientific investi-
gation or that genetic engineering will not
help elucidate the molecular basis of com-
plex behaviors. We should instead use
these results to highlight that scientific
progress is a changing mosaic of overlap-
ping studies that correct, build, and ex-
pand on earlier findings.

Marina R. Picciotto
Departments of Psychiatry and Pharmacology,
Yale University School of Medicine, New Haven,
CT 06508, USA. E-mail: marina.picclotto@yale.edu

David W. Self
Department of Psychiatry, Yale University School
of Medicine. E-mail: david.self@yale.edu

The laudable attempt of Crabbe et al. to stan-
dardize behavioral testing conditions for
studies of genetic determinants of behavior
has significant ramifications. One
issue not completely addressed in
their discussion is the use of group
housing. There can be significant
individual differences in behaviors
of group-housed rodents, depend-
ing on their social rank within the
colony. Rank-related differences
in behaviors are expressed in such
paradigms as the open field, and
these behaviors also differ when
one compares rats from aggressive
and nonaggressive groups. Sec-
ond, it is likely that there were dif-
ferences in the handling of mice
by the experimenters and also in mainte-
nance-related conditions in the vivariums. Al-
though acclimatization of rodents to repeated
human handling is important, it is difficult to
control for idiosyncratic differences in pick-
ing up and in handling rodents during behav-
ioral testing. Moreover, the care and behavior
of personnel involved in the maintenance of
the animal room is also important. We have
noted significant behavioral differences in
the behavior of rats associated with certain
cleaning activities carried out by the caretak-
ers. Also, for health or other personal rea-
sons, caretakers are substituted from time to
time, which can introduce further unexpect-
ed, and most likely unknown, variability in
the behavioral response of experimental ani-
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mals. These issues and possibly still others, in
addition to those controlled for in the au-
thors’ report, contribute to the diversity and
challenges involved in behavioral research.

Larissa A. Pohorecky
Center of Alcohol Studies, Rutgers University, Pis-
cataway, NJ 08854-8001, USA. E-mail: larissa@
rci.rutgers.edu

Crabbe et al. reiterate important issues that
bear on the proper conduct and interpreta-
tion of behavioral studies in general, pri-
marily, the principle that the establishment
of robust, reliable effects on behavior
comes from converging evidence obtained
by using different approaches. They express
their main concern as being that, where
small genetic effects exist, they might be
lost in the noise arising from acute environ-
mental factors. Of course, this can easily
happen where the experimental variables
are ill defined; however, such considera-
tions are not specific to behavioral mea-
sures, and they apply to any situation where
small (but potentially important) effects are
examined. The main source of variation
Crabbe et al. report in one laboratory was
where the experimenter was highly allergic
to mice. Not surprisingly, experimenters
who have allergies handle animals in very
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different ways from those who do not. More
important, the experimenter in question
wore an Airstream helmet to protect
him/herself from the allergens. The fan mo-
tors in these helmets emit ultrasound, which
can profoundly affect rodent behavior un-
less prevented from doing so by extensive
habituation of the rodents.

The conclusion of Crabbe ef al. is that one
test should not be relied on to determine a
phenotypic difference in behavior. This is not
novel, particularly when unconditioned tests
(such as the elevated plus maze and open-
field arena) are used, where the controlling
variables are often obscure. Without a stable
baseline—which can be achieved by using a
conditioned task—it is difficult to control ful-
ly for variations in test performance. Our own
practice is never to rely solely on the results
of one test, but to apply multiple tests, cover-
ing spontaneous and conditioned behaviors.

Gerard R. Dawson
Neuroscience Research Centre, Merck Sharp and

Dohme, Terlings Park, Eastwick Road, Harlow
CM20 2QR, UK. E-mail: gerry_dawson@merck.com
Jonathan Flint
Institute of Molecular Medicine, John Radcliffe
Hospital, Headington, Oxford OX3 9DS, UK
Lawrence S. Wilkinson
Babraham Institute, Babraham, Cambridge CB2 4AT,
UK

Crabbe et al. specifically note that they are
unable to replicate a preference for alcohol
in knockout mice lack ng the 5S-HT, re-
ceptor reported in an earlier study (/).

The disappearance of the alcohol-pre-
ferring phenotype is probably a valid re-
sult, because the original finding was
replicated four times in Crabbe’s laborato-
ry and the recent lack of alcohol prefer-
ence was demonstrated in three different
laboratories, including Crabbe’s. This
change in phenotype over time appears to
be quite specific, as other behavioral char-
acteristics (including other components of
the response to alcohol) remained un-
changed in Crabbe’s laboratory (2) and in
others (3, 4). Then what explains the
change in alcohol preference over time
within Crabbe’s laboratory? Although it is
impossible to exclude the possibility of an
unrecognized environmental factor, a more
likely hypothesis is genetic drift in the
knockout or wild-type colonies, or both.

The genetic background of knockout
colonies often evolves over time because
different sources of embryonic stem cells
were derived from different 129/Sv sub-
strains. For example, our initial stem cells
are derived from the 129/SvPas substrain,
but our current stem cells are derived from
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the 129/SvEvTac substrain (5). Therefore,
there has been a gradual introduction of
129/SvEvTac genes into our wild-type and
knockout colonies, although not necessarily
at the same pace. Such a genetic drift may
be responsible for the observed phenotypic
drift, suggesting that the 129/Sv substrains
differ in one or several genes that have an
effect on alcohol consumption. In keeping
with this idea, 129/Sv-ter mice were shown
to drink significantly more alcohol than the
129/SvEvTac mice (6).

Although embryonic stem cell-induced
genetic drift within colonies is largely un-
avoidable, it is important and feasible to en-
sure that knockout or transgenic strains do
not drift away from their wild-type controls.
This is easily achieved by periodically inter-
breeding mutants and controls (7). The first
generation will yield heterozygotes, and sub-
sequent breeding of these heterozygotes will
produce the necessary wild-types and knock-
outs. Such heterozygote breeding is often not
performed because it requires genotyping of
the offspring, which many laboratories are
not equipped to do. However, it is the only
rigorous way to study the effect of a specific
mutation, because it ensures that mutants and
controls have similar genetic backgrounds.
An additional advantage of heterozygote
breeding is that it controls for maternal ef-
fects, as wild-type and knockout littermates
have the same parents (4).

René Hen
Center for Neurobiology and Behavior, 722 West

168th Street, New York, NY 10032, USA. E-mail:
rh95@columbia.edu
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Crabbe et al. report that, despite rigorous
attempts to control husbandry and test
procedures, genetically identical mice
tested at different sites differed in behav-
ior. A factor that the investigators may not
have controlled was the animals’ diet. All
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the mice were fed a commercially avail-
able chow. According to the manufacturer,
this diet varies in composition depending
on the natural ingredients available (/).
Handling and storage conditions also in-
fluence chow pellet size and water con-
tent. Food composition, texture, and mois-
ture can have substantial effects on
growth, nutrient choice, and other behav-
iors (2). It seems a worthwhile precaution
in future studies to use rigorously defined
semisynthetic diets, such as those recom-
mended by the American Society for Nu-
tritional Sciences (3). If, as the saying
goes, we are what we eat, then it follows
that, if we don’t know what the mice eat,
we don’t know what they are.
Michael G. Tordoff
Alexander A. Bachmanov
Mark I. Friedman

Gary K. Beauchamp
Monell Chemical Senses Center, 3500 Market
Street, Philadelphia, PA 19104-3308, USA. E-mail:
tordoff@monell.org
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Response

Our colleagues make important points
about the stability of genetic differences in
mouse behavior across laboratories.

We agree completely with the points
raised by Picciotto and Self. We find the
stability of several effects reassuring. Al-
so, there were virtually no effects of ship-
ping animals, which is exceedingly good
news and should facilitate validation of re-
sults, including characterizations of
knockout mice, across laboratories.

Pohorecky identifies several important
variables that are likely to influence ro-
dent behavior under test conditions like
those we used. Social dominance is clearly
an important variable, unmeasured in al-
most all such studies. However, if it were
crucial for the particular behaviors we
measured, we might have expected to see
more frequent effects of sex, as agonistic
behavior is generally more pronounced in
male than in female mice. Unlike common
practice with laboratory rats, mice are typ-
ically housed with like-sexed individuals
in small groups, usually with littermates
in those laboratories that maintain breed-
ing colonies. Thus, group housing is the
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standard protocol in most mouse laborato-
ries. Group-housed and isolated male mice
differ in the dynamics of the patterns of
their dominance hierarchies, as well as in
their aggressive behavior, and these differ-
ences are strain-dependent (/). Moreover,
individual housing can lead to increased
anxiety-like behavior in an elevated plus
maze (2). Just how housing practices
might interact with laboratory site to affect
strain differences is not readily predictable
from literature of which we are aware, nor
for our data were there differences in hous-
ing—all mice were grouped.

Dawson et al. agree that multiple tests
using different approaches should be used to
solidify inferences about the genetic struc-
ture of behavior, although they are hardly
unique in adopting this practice. They imply
without directly asserting that the fact that
our measures were unconditioned, as well as
ill defined, may have led us to be unable to
isolate small genetic differences reliably.
Only some behavioral domains are best
tapped with conditioned responses, and we
avoided these in our study for practical rea-
sons. We do not agree that our responses
were ill defined. For example, on our water
escape task, group differences were not par-
ticularly large (multiple R? = 0.18), but the
intertrial consistency of behavior, as indicat-
ed by Cronbach’s coefficient alpha, was rea-
sonably high (o= 0.81 over the first four tri-
als). Such consistency is not the hallmark of
ill-defined tasks. They also err in their asser-
tion that “the main source of variation...in
one laboratory was where the experimenter
was highly allergic to mice.” We offered this
as an example of a laboratory difference, but
there are no data suggesting it was the
“main source of variation”—this appears to
be Dawson e al.’s opinion. There was prob-
ably ultrasound emitted from the motor of
the Racal Airmate 1 device strapped to the
small of the back of the Edmonton experi-
menter at waist level. However, this was a
constant: the experimenter wore the unit
whenever working with the mice, from the
day they arrived in the colony until the end
of testing, and there was ample time for ha-
bituation. Whether wearing the Airmate ap-
paratus had any effect on mouse behavior in
standard tests can only be addressed with a
controlled study using people not allergic to
mice who wear or do not wear the filter unit.
Data relevant to this question are needed be-
fore the effects can be called “profound.”

Hen notes that his knockout mouse
colony has been maintained on a genetic
background involving multiple 129 sub-
strains. This, we suspect, is true for many
other knockout colonies as well. To ex-
plain the loss of alcohol drinking pheno-
type in the 5-HT g knockouts over time, he
proposes that an increasing influence of
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modifier genes from the 129/SvEvTac
strain reduces alcohol preference. This hy-
pothesis can be tested definitively by
rederiving cryopreserved embryos from
the original population. The stability of
reduced alcohol-induced ataxia in the
knockouts suggests that the effects of such
modifier genes are trait-specific, which is
consistent with our nther findings. Hen
elaborates a breeding strategy that can pro-
tect against such modifier gene effects;
maintaining knockouts on fully inbred
rather than segregating populations also
will accomplish this.

Tordoff et al. suggest our results may
have been influenced by differences
among labs in the composition of Purina
diets. This is quite feasible because there
were modest but statistically significant
differences among our three labs in mouse
body and brain weights. We agree that it
would be interesting to run further experi-
ments of this nature using rigorously de-
fined semisynthetic diets. Our study rigor-
ously equated the behavioral test apparatus
and testing protocols, and we sought to re-
strict variation in many aspects of the lab
environment. We did not seek to equate
the lab environment, however. We wanted
to know whether commonplace variations
in lab environments would modify the pat-
tern of genetic effects, and we found that
for certain behaviors they did, whereas
other behavioral tests yielded substantially
the same results in all three labs, despite
the differences among diets and drinking
water. It is doubtful that differences be-
tween labs can be explained by a single
environmental factor; instead, both the en-
vironmental and genetic contributions are
probably multifactorial and complex.

Douglas Wahlsten
Department of Psychology, University of Alberta,
Edmonton, Alberta, Canada, T6G 2E9

John Crabbe
Portland Alcohol Research Center and Department
of Behavioral Neuroscience, Oregon Health Sci-
ences University, VA Medical Center, Portland, OR
97201, USA. E-mail: crabbe@ohsu.edu

Bruce Dudek
Department of Psychology, State University of
New York, Albany, NY 12222, USA. E-mail: bruce.
dudek@albany.edu
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CORRECTIONS AND CLARIFICATIONS

It should have been made clear in George B.
Dyson'’s letter “Darwin in Kansas” (Science’s
Compass, 27 Aug., p. 1355) that Erasmus Dar-
win's warning was one that could have been
given to today’s Kansas Board of Education. It
was not literally given to the Board in 1794,
as the state of Kansas did not then exist.
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