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Introductory Remarks
Welcome

MC:  I’d like to welcome you today to our symposium, Capturing Complexity: The Scientific,
Societal and Ethical Meanings of “Environment” in Genetic Research.  My name is Mildred
Cho; I’m the Associate Director of the Stanford Center for Biomedical Ethics and also the
Director of the Center for Integration of Research on Genetics and Ethics, both of which are
hosting this symposium today….I would like to also first thank you for coming, and I would like
to thank the speakers who have all agreed to come from far and wide to be here.  It’s quite a
remarkable group of people this afternoon who will be speaking.  I think it’s also an unusual
group of people; it’s a very interesting topic, but one that not many people have spent a lot time
thinking about in terms of integrating the ideas of genetics and ethics, or the implications of
genetics and environment.  I’d also like to thank Jennifer McCormick and Angie Boyce for really
spearheading this symposium, putting it together, as well as Paula Bailey and Maya who helped
put this together.  I would also like to introduce Hank Greely who’s going to be our moderator
for today and has the important role of herding cats.  He’s from the Law School and also a
member of the Stanford Center for Biomedical Ethics.  He is the Director of the Center for Law
and Biosciences and also the Stanford Center for Biomedical Ethics’ Program on Stem Cells in
Society.  He has a wide range of interests in the implications of new biomedical technologies,
especially those related to genetics, neuroscience and stem cells.  So, Hank.

Introduction

HG:  Thank you, Mildred.  Well, I’m glad Mildred announced my job was herding cats because I
wasn’t quite sure what I’m supposed to do here.  I’m listed as “The Moderator” so I will try very
hard to be moderate which is not always an easy thing for me to do.  Basically I’m just here as
the emcee, announcing the various speakers, trying to help our timekeeper keep them on time,
letting you know when it’s time to ask questions and so on…and listening because I think this is
really a fascinating topic.  I’m genuinely looking forward to hearing what people have to say.  It
seemed to me for a while now we’ve had increasing acceptance of the idea that if the question is
nature or nurture, the answer is yes.  But how we go about teasing out those two parts and
figuring out the interactions has not been very obvious, and I hope we’ll have some advances in
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that, or we’ll all begin to understand that better in the course of today.  The way this will work is
we’ve got this afternoon’s program divided into a number of different sessions.  Each session has
two or three speakers.  The speakers will come up and give very brief remarks.  Each speaker
will talk, there will be no questions between the speakers, but then the speakers will sit up at this
beautiful red table and have a discussion period after the talk….Jen, my boss in this, has been
very adamant that I need to keep people to time, including myself,  and you’ll note that we have
some interesting time allocations here.  I think this first one runs from 1:05 to 1:29.  And then we
have 1:39.  It reminds me of a time I was driving on a mountain road, and it said, “Sharp curve,
speed limit 27mph.”   And it turns out that was on purpose; they wanted to get people’s attention,
and they figured out that if it said 27mph, they’d actually pay more attention to it than if it said
25 or 30.  Well, I don’t know whether that was Jen’s theory, and I don’t know whether it will
work here, but this is one other piece of empirical research that we’re going through with this
conference: Will the odd time frames work?  They won’t if I don’t shut up…so let me introduce
the speakers very briefly for the first panel.  Now you have biographical information on the
speakers in your program, to which I refer you.  I will just say that our first two speakers are Sir
Michael Rutter from King’s College London, the Department of Psychiatry and Behavioral
Sciences and Ken Schaffner from the Department of History and Philosophy of Science at the
University of Pittsburgh.  Sir Michael the floor is yours:

Panel 1
Perspectives on Gene-Environment Interplay in Psychiatry

MR:  Ok thanks.  Well, thanks very much, I’m delighted to be here.  How I’m supposed to, in 12
minutes, give a broad overview and perspectives goodness only know. (Slide 1) So what I’m
proposing to do really is to do no more than provide a few key bullet points.

(Slide 2) And the first important bullet point is that when considering gene-environment
interplay, we are actually considering a range of very different phenomena.  I have listed up here
some of them: the fact that variations in hereditability occur by family and societal context.  It’s
been known since the year dot that hereditability is not a fixed statistic; it depends on variations
in the genes and variations in the environment.  There are environmental effects on rates of
developmental perturbations, the effects of parental age on chromosome anomalies would be an
example, the most obvious of course being the relationship between high maternal age and the
risk of Down Syndrome, but also many other developmental perturbations.  We have genetic
effects on environmental risk exposure, the fact that environments do not come randomly
distributed and that part of the variations in risk exposure come about through genetically
influenced behaviors.  There are the genetic effects on environmental susceptibility through
gene-environment interaction, and I imagine that will be the main focus of most of the talks,
although not all of them.  And lastly, there are the environmental effects on gene expression, the
recognition that genes have no effects unless they are expressed and the fact that they are
expressed in this tissue at this developmental phase is influenced both by background, genes that
don’t code for proteins, and by environmental factors.

(Slide 3) Now, the second basic point I hope needs no underlining and that is that the study of
gene-environmental interplay has to be concerned with the study and understanding of biological
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mechanisms, and I’m including psychology of course within that.  It is not in the business of
detecting statistical correlations or statistical interactions.  We need to use those as a means to an
end, but it is a means to an end and not the end in itself.

(Slide 4) So, what should be the starting point for investigations of gene-environment interplay?
There are still, I’m afraid, old-fashioned geneticists who think that the answer is only to be found
in the study of samples of half a million or more in which you detect all the genes and then
search around, “Is there an environment that they interplay with?”  I think that’s just the plumb
wrong way of doing things, and the successful examples not just in relation to psychopathology,
my main field of interest, but across whole of medicine, is where the starting point is on
environmentally mediated risks rather than identified genes.

Why do this?  Well, because the ingress [sic] comes that even with the most horrendous
environments there are marked individual differences in response and that it is very likely, and
has indeed been demonstrated, that part of that variation comes about through genetic
susceptibility.  But, it is essential to test for environmental mediation.  Unfortunately, much of
the literature on environmental risks starts by assuming that if you call something environmental,
it is environmentally mediating risk.  And it’s obvious that that is not the case, and there is a
need for what have been called natural experiments in order to pull apart variables that ordinarily
go together in order to get leverage as to whether in fact the effect is or is not environmentally
mediated.

There needs to be a focus on proximal rather than distal risk mechanisms.  You may want to use
distal risk mechanisms as an entry into the field, but from a biological pint of view, the greater
interest is likely to be on those which impinge on the organism rather than create an overall
background such as poverty or broader social variables of that kind.

Fourthly, there is a need to determine how environmental effects “get under the skin.“ That’s not
a term that environmental researchers pay much attention to, and yet, if environments have
effects that last beyond the moment, one has to say, “By what mechanism does that come
about?” and that has to involve, as it were, something that happens under the skin.  Now, what is
happening under the skin may be anything as varied as effects on gene expression, on
neuroendocrine functioning, on cognitive processing.  I mean the range is enormous, but the
point is that environments have effects on the organism.  It’s not a question of whether, it’s a
question of how and what relevance it has for gene-environment interplay.

And fifthly, there is the need to identify biological and social moderators.  It is obvious from
much research that you don’t have a universal gene-environment interaction; it will depend on
moderators of various kinds, moderators both genetic and environmental.

(Slide 5) So what are the challenges in measuring environments?  Because there are quite
considerable challenges, we need to have individual-specific measures, including cognitive and
affective processing.  One of the biggest changes in thinking about environments has come
during the last half-century when it always used to be thought that environments impinged on the
passive organism whereas we now know that that’s very far from the case and even with babies,
they process what happens.  We need to be considered for measures of protective as well as risk
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environment.  Note the parallel with genes.  The lay public tends to think of genes that cause
pathology, but of course genes are equally important in protecting against pathology.  Same
applies to environments.

We need for measures that are applicable to subject and informant and observation in that one of
the rules as it were is that you need multi-modal measures for almost anything and therefore you
want measures that can go across these three approaches.  You need for measures that can be
used with large samples.  I’ve cast some skepticism about needing half a million, although we do
for some purposes, but we certainly need measures that can be applied on samples of a thousand
or so or more.

We need for biological measures of environmental risk effects.  I’ll come back to that in a
moment because it does apply particularly to animal models.  We need to study the prenatal as
well as the postnatal environment.  Environments don’t begin at the time of birth, and there is a
growing literature, admittedly mainly in animal studies, but also in some human studies, that
experiences prenatally influence development postnatally.  And we need to consider physical as
well as psychosocial environments.  Typically, behavior scientists have focused on psychosocial
variables, but of course the range of physical environments also needs to be considered.

(Slide 6) Now, what are the needs in terms of the range of research strategies?  I can only touch
on those, but the use of brain imaging to study neural effects.  The example I would give would
be the work of the Weinberger group, Meyer-Lindenberg, Hariri studying gene-environment
interaction in relation to defined stimuli and looking at effects on neural structure and function.

We need to identify relevant intermediate phenotypes.  One of the problems of validating
epidemiological findings is that you have to wait ten years, or some such ridiculous period, for
the disease to develop, and one needs to have something which has an immediate effect.  Hariri
and Meyer-Lindenberg would be one example; Marco Battaglia’s work looking at carbon
dioxide as a stimulus for panic provides another very good example.  I deliberately include that
because interestingly, you have the same effect in the mouse.  So you don’t need people to look
at the mouse and say, “Is that mouse feeling anxious or is it feeling depressed now?”  You have a
psychological measure that applies in the same way as in humans.

We need neuroendocrine measures in the same sort of way.  Animal models is implicit in terms
of all that I’ve said, and we have to use animal models in order to take it further.  There’s not
time to talk about the very last point which is the need for epigenetic studies, but those will come
up later during the meeting.

Thank you.

History and Philosophy of Gene Environment Interaction

KS:  (Slide 1)  I’m going to talk about history and philosophy of gene-environment interaction.
(Slide 2)  There’s a lot to cover, and I will not read the outline since I think that we’ll touch on
most of the issues as we go through this discussion.
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(Slide 3)  Several of the slides that I’m going to use come from the new text by Robert Plomin,
DeFries, McClearn and McGuffin, and I commend that book to you as sort of a general
introduction; I don’t agree with all the views in it, but think it’s nonetheless useful as a sort of a
background set of readings that you can go to.

(Slide 4)  From that book as well as from some of the original statements in previous editions, we
find this definition of environment: “…in quantitative genetic theory, the word environment
includes all influences other than inheritance, a much broader use of the word than is usual in the
behavioral sciences.  By this definition, environment includes, for instance, prenatal events and
biological events such as nutrition and illness, not just family socialization factors.”  And I raise
the question about whether there is a consensus about this definition or whether there are other
definitions that we need to consider as part of this symposium, and I’ll come back to that in a few
moments where I ask where the definition might relate to the need for a theory of environment,
which I think will come up several times.

(Slide 5)  From the historical point of view, some of the interesting controversies that I think
you’re all aware of that challenge the basic assumptions of behavioral and psychiatric genetics in
the ‘60s and ‘70s, and also again in the mid-‘90s with the bell curve, amounted to sort of a look
at what the problems were with respect to those findings.  Those findings tended to look at the
influences of nature or nurture rather than as sort of a combination.  Examples might be from, for
example, psychiatry and schizophrenia: the “schizophrenogenic mother” which was contradicted
by Heston’s and then later Kety’s adoption studies showing that schizophrenia is mainly genetic,
and also the extensive debates between Jensen, Lewontin, Feldman and others that talked about
how much of IQ is genetic, say, rather than environmental.

(Slide 6)  Lewontin’s response sort of presages some of the things we’ll be talking about today.
What he pointed out was that there was a failure to appreciate gene-environment interaction and
that made the pessimistic inferences about interventions that Jensen argued unsupported.
Lewontin also claimed that the gene-environment interactions supported an indivisibility thesis
such that one could not reason back from the phenotype to ascertain genetic and environmental
contributions.  (Slide 7)  These are figures from Lewontin’s 1974 paper showing crossed
relationships with respect to the phenotype which appears in different environments.  The
environment is on the bottom; phenotype’s on the vertical axis with respect to different kinds of
genotypes.  And you’ll see that they also cross which makes it very difficult to make inferences.
(Slide 8)  In fact, Lewontin’s conclusion was that if you started with the organism, here shown
on the right, because of the interactions as well as because of developmental noise, you could not
reason back to the influences that the genes and the environments had on the production of those
phenotypes.

(Slide 9)  Those views about interaction, the importance of it, the inextricably of the gene and
environment, led to a kind of loose confederation of behavioral genetics critics, including
Lewtonin, Susan Oyama, Gilbert Gottlieb and Paul Griffiths, that developed an approach that we
can refer to as “developmental systems theory” or DST.  That’s been influential in philosophy of
science; there’ve been a lot of books and articles that have come out on it.  It’s been criticized by
some behavioral genetics proponents, including Gottesman and Turkheimer, but often it’s just
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been ignored.  I think that you find very little, for example, in either Plomin or I think Rutter’s
book; I couldn’t find anything in the index on it.  I published an extended critique of this
approach in Philosophy of Science in ‘98 and found it not well supported by work on simple
organisms including the worm.  (Slide 10)  I’m not going to go into some of the problems with
those issues, but focus only on indivisibility.  Basically what I wanted to say there is that the
indivisibility thesis, that you can’t separate out genes and environment in interesting ways, is
wrong, that you can do it in the worm and you can also do it in interesting ways in humans as
we’ll see in a few moments when I refer to Caspi and Moffitt’s work.

(Slide 11)  Talking about human studies of the environment, here are three areas where there are
important genetic results that come out of research in behavioral genetics that really involve the
environment.  These are quotes from the Plomin text I showed you earlier.  The first one
emphasizes that environmental influences work in a nonshared manner in a major way.  That
nonshared environment is something that I think we’ll come back to in some of the discussions;
Eric Turkheimer I think is going to point to some of the problems there.  Second, genetic factors
often contribute to measures of the environment.  This is the rGE or the G.E; these are the
correlations that we find, and they do indicate the important role of the environment in terms of
gene-environment interplays.  And third, where I think most of our discussion, as Professor
Rutter told us, is going to be on, the effects of genetics on behavior that depend on the
environment; that’s known as GxE in terms of simple symbolic representation.

(Slide 12)  I’m not going to say much about the nonshared environment because I think people
will come back to that perhaps.  Plomin viewed it as one of the most important discoveries of
behavioral genetics; there’s been extensive research looking for those effects.  Eric, I think, will
talk about it.  There’ve been inferences drawn about it by Harris and also Pinker about the role of
the family or the non-role of the family.  Others, however, I’ve found in interviews with them,
see it differently.  For example, Bernie Devlin at Pitt sees it mainly as an error term, and I think
Neil Risch has a similar kind of view, but I have not seen that in publication.  Turkheimer has a
gloomy view which he may share with you on this, and as I read Michael Rutter, he seemed to
think that the nonshared environment might have been overestimated in terms of its effects, but
we can come back to that in discussion.

(Slide 13)  A root problem in studying the environment, it seems to me, is that there is no theory
of the environment.  I’ve written about that in a recent publication in Eric Parens’ book on
Wrestling with Behavioral Genetics, and I think that the lack of such a theoretical orientation or
environmental framework might prove very important and also indicate the need for a major
research effort, which I’ll come back to in a few moments. (Slide 14)  I think this view of the
need for a theory of the environment is echoed in Plomin’s recent text where he says that in
contrast to what we know about genes and their roles on chromosomes and gene action, he says,
“Where in the brain are environment influences expressed, how do they change in development,
and how do they cause individual differences in behavior?”

(Slide 15)  We don’t know those things; it’s much more difficult to study the environment
because we don’t have this general background theory.  It’s not that certain people haven’t tried
to begin to develop that kind of a theory.  We found attempts to do this in the works of Cavalli-
Sforza and Marc Feldman in their 1973 works and also the ’81 book, similar to what Rice,
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Cloninger and Reich worked on in the late ‘70s and ‘80s, attempts to develop a sort of a
environmental theory of culture that would interplay nicely with behavioral genetics.
Unfortunately, it never caught on so it’s never been adequately developed.  Marc might have a
chance to talk about that later on.

(Slide 16)  What we do find is the molecular story since 2002.  The articles in Science by Caspi
and Moffitt in ‘02 and ‘03 have really transformed our understanding of behavioral genetics and
the role that gene-environment interaction plays in the behavioral genetics area.  There is a
picture of them, husband and wife team.  (Slide 17)  Their work really occurs at the level of gene
finding.  This is a slide that both Ken Kendler and I showed last CIRGE symposium two years
ago just sort of indicating where it is that these discoveries have been made, but it also indicates
that we don’t have the understanding of the underlying pathways which would occur at level four
in molecular genetics and that may be a task, as Professor Rutter has suggested, for further work
in this area.

(Slide 18)  What Caspi and Moffitt did was they showed that you did get these kind of crossed
relationships that had caused Lewontin to suggest there was an indivisibility, an inability to
understand the nature of genes, environments and their contributions.  They actually found them
and showed specifically how childhood maltreatment would, depending upon the genome,
condition the effects of later inappropriate behaviors in the individuals who had the different
genotypes.  (Slide 19)  That method was extendable in terms of the work that was done on the
serotonin transporter alleles showing that depression also depended on the environment that was
experienced by individuals, in this case it was stressful life events.  This was conditioned on a
particular genotype of the serotonin transporter gene, and additional papers have come out sort of
taking that approach in an extended way from the work of Caspi and Moffitt.  (Slide 20)  This is
just a slide showing the depression study and the differences that you can see with respect to the
different genotypes dependent upon different stressful life events.  So it shows gene-environment
interaction in a way which is specific and interestingly, sort of projectable and possibly
something that one can do interventions on the basis of.

(Slide 21)  Like Professor Rutter, we will have to skip epigenetics and maybe come back to it
later on.

(Slide 22)   New technologies have already been briefly touched on.  Neuroimaging; Ahmed
Hariri’s work on the amygdala; animal models.  I’m a little bit more skeptical about how far you
can go with the animal models because they also have complexity.  (Slide 23)   Microarrays; very
interesting suggestions made on the part of Plomin et al in their recent book suggesting that it
may be that environmental influence can be assessed in terms of its change in gene expression
profiles across the genome so that one might be able to use microarrays as a very sensitive and
specific indicator of the nature of sort of gene-environment kinds of interactions.  That is much
more speculative than it is something that has been achieved.

(Slide 24)   I will have to skip this.

(Slide 25)   I will close with some comments that a lot of work is now being done on the
environment.  This is a breast cancer set of efforts on early environmental exposures, and (Slide
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26) more generally at the NHGRI is this 2006 study, the GEI, which also has…(Slide 27)  [sic[
that there is a role for ethical social issues inherent in such research, and that’s indicated there in
terms of the RFA.

(Slide 28 and 29)   And I think with that I will conclude and acknowledge and stop.

Discussion

HG:  Thank you.  If there aren’t any questions from the audience, I’ll ask you both about
epigenetics; that may be either a promise or a threat.  Are there any questions from the audience?

AQ:  What is the current state of thinking on the crossing of norms of reactions?  I take it that
Lewtonin thought that the fact that they crossed made it not possible to tease out the
contributions of each one, but now that’s mainly a statistical problem or something, that actually
it can be teased out, it’s just a more complex story?  If one of you could just comment on what
the state of the art is on crossing of norms of reactions?

KS :  The gene-environment interactions…if you know what they are, you can do the
calculations.  One of Lewontin’s points was that we never really looked at the range of those
environments, and if we didn’t know where things were with respect to them, then we couldn’t
make our various kinds of predictions.  So then the question is can we get the data so as to look
at those things?  And as we see in the Caspi and Moffitt paper, yes we can get the data and in a
sense tease out what those various kinds of contributions are, but they’re always together in a
sense.

MR:  Can I make two comments?  The first is that there are examples of crossover of a quite
dramatic kind.  So Fernando Martin and his work at Tucson dealing with asthma as the outcome
where the endotoxins that are in children’s exposure being reared in a farm environment and
particular genetic polymorphism show a complete crossover.  Now that’s very unusual; there are
very few examples, but it is a replicated finding, and it is quite striking.  And it leads me to my
second point which is that from a biological perspective, the notion that there are genes that
create susceptibility to bad environments, or alternatively protection against them, doesn’t
actually make a lot of sense because from an evolutionary perspective, it’s variation in response
to environments which is what brings about the possibility of evolutionary change and that there
will be genes that work in both ways.  So although the crossover has rarely been demonstrated,
the assumption that the genes are ones that are in relation to specific bad environments is
theoretically not likely to be the case.

HG:  Other questions?

AQ:  Those are both really fascinating talks.  I was wondering if you could, either or both of you,
address the issue of scale and scope and how that influences some of the points you talked about.
I know from microarrays and a lot of the genetic approaches, the sort of scope of the number of
variance in genes and expression levels that can be measured at a time has been astronomical,
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and there have been similar issues in measures of environmental factors, and I wondered if you
could address those points.

MR:  Well, a lot of claims have been made; I must profess profound skepticism on this, and it
comes about because my interest is in what the biological mechanisms are.  So to have a
thousand significant findings out of a vast array of genes that you don’t know what they do, and
environments that you don’t know what they do, I can’t see where the heck that would get you.
From a statistical point of view, the chance of false positives is enormous, and all the statisticians
I know say that yes there are ways one can try and deal with this, but none are very satisfactory.
Now, that’s not to say that we shouldn’t make use of microarrays.  I do see them as tremendously
helpful once you have got a proper hypothesis for something that you’re trying to look at.  As a
search engine, I’m not very impressed.

KS:  I think I agree.  I quoted Plomin on the use of the microarrays because I think it’s an
interesting suggestion.  I actually have a paper that I published in 2002 which is very skeptical of
the ability to make sense of the work that comes out of the microarrays for a variety of reasons,
and we can’t go into it here, but if you want to send me an email at kfs@pitt.edu, I will send you
a copy of the paper which expresses some of the concerns, some of which have been raised by
Professor Rutter.  On the environment question, yes, there’s so many things that one could look
at and that’s the reason that I think we need something like a lens to look at the environment
through, I call it a theory of the environment, and we’ll hear more about that at least from a
sociological perspective from Dr. Perrin later on.

HG:  I hate myself for saying this, but I think we only have time for one more question now.  I’ll
note that there are 45 minutes at the end of the symposium today for more broad and general
questions.  Is there one more question for our overview section?

AQ:  Professor Rutter, my question is about the first of the issues you listed under challenges,
which was the need for individual specific measures recognizing that cognitive and affective
processing happens.  And I’d love an example for thinking through that challenge.

MR:  Ok.  I don’t have a snappy example of it, but let me use an anecdote.  I’m not prone to
using anecdotes.  I’m a hardheaded, experimentally oriented scientist, but every now and then,
anecdotes come in useful.  It comes from my nine-year-old granddaughter who’s an avid reader
of newspapers amongst other things, and she picked out an article about an experiment which she
read to her father.  And I haven’t seen the original; I have no idea whether the science is good,
but the point is good.  And the study, which some of you may know about, was where they were
dealing with robots and looking at robots with going up a slope, and there were those that
ignored what was happening, there were those who got in the way and tried to prevent the
climbing, and there were those who facilitated.  And they looked at babies, six months and
twelve months, as to which ones they looked at more as the standard way of measuring whether
children attend.  What they showed was that to some extent the six-month-olds, and to a very
large extent the twelve-month-olds, looked much more at the individuals who were helping.  And
she said, and I’m drawing out of what the newspaper said, “That’s really interesting in showing
how young babies think about their experiences.”  And I thought, “Spot on.”
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HG:  Ok, well, I think we need to move to the next section, but thank you very much for that
fascinating overview to today’s topic.

End Panel 1 and Discussion


