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Introductory Remarks  
 
HG:  Our last panel has the minor topic of the “Big Picture” which I kind of surprises me 
because I sort of thought what we had been talking about before was a pretty big picture.  We 
have three speakers.  Marc, or as he says, “Mah-rc,” Feldman and Paul Ehrlich are the first two, 
both for many years with Stanford’s Department of Biological Sciences, but recently now with 
Stanford’s Biology Department.  An example of Atul’s problem of people and things changing 
their names, but arguably staying the same.  And then we close with Professor Rutter again, who 
as far as I know remains at Kings College London since one o’clock this afternoon.  So Mah-rc. 
 
 
Panel 5 
The Culture of Avoidance: Solving for X in G x X – MF 
 
Not transcribed  
 
 
The Niche we Construct and its Possible Consequences for Evolution - PE 
 
Not transcribed  
 
 
Reflection on “Capturing Complexity” 
 
MR:  Well I don’t know how on earth I’m supposed to follow that, and whoever decided to put 
me on the program at this point, I’ll take issue with later.  Obviously I’m not going to be able to 
try and pull everything together; that would be foolish.  We’ve had a really rich array of 
interesting papers with an equally rich array of provocative thoughts.  What I want to do though 
is to draw out what seemed to me some of the things that I responded to most, whether they are 
the same as yours I leave you to decide.  And I will do so in no particular sort of hierarchical 
order. 
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Let me start, as one of the more recent panels was dealing with policy, with a big policy issue in 
which the question was asked about personalized insurance policies.  Let me pose the same 
question a different way around:  Why would we want a nation, either yours or mine, to adopt 
the policy in which you punish people for things outside their control?  So that if genes that put 
you at higher risk for whatever, cancer, heart disease, schizophrenia, are present, why would you 
have to personally pay for higher premiums?  The notion that society should have a 
responsibility for both the favored and the less favored in society surely has to be the way any 
civilized nation goes.  In the same sort of way, that although your educational system and mine 
differ, there is nevertheless an assumption that society has a right to expect the nation to provide 
education for those with severe educational disabilities that are very expensive to deal with and 
those who don’t.  Why don’t we do the same in terms of health? 
 
Now let me turn to the complexity argument, and I’m sort of taking off with what Marc Feldman 
was saying although I’m using his very persuasive examples to come up with a slightly different 
point although I think it’s one he may well agree with.  The point that Mackie made a long time 
ago is that it makes no sense to think of the basic cause of anything.  If you’re talking about 
identifying causes, you have to be talking about identifying components on a causal pathway.  I 
think it was Kenneth Rothman in one of his books draws the example of the necessary and 
sufficient connection between turning on the light switch and the light going on.  You can’t get 
the light to go on without turning the light switch; you don’t have to do anything else whatsoever 
for the light to go on, but is that sufficient?  Well of course it isn’t.  It depends on whether 
you’ve got adequate voltage flowing through, it depends on whether the electric light bulb is 
functioning, etcetera, etcetera.  So even in this very simple example, you’re dealing with a 
complex set of components leading to the causative outcome.   
 
But the point of that is not to land up with what I call the soup approach to causation which is 
that it’s all a bit of everything, it’s all mixed up, it’s un-analyzable and you just draw complex 
diagrams of things going this way and that way.  Each of those components is analyzable, and 
the history of science surely tells us that what seems unutterably complex and mysterious at one 
point becomes surprisingly simple at another point.   
 
So let me take the example of the fact that the inheritance of the fragile-X anomaly had this 
weird pattern; it did not follow Mendelian rules.  What had gone wrong?  Was Mendel wrong?  
Was there something absolutely bizarre that took account of it?  As soon as tri-nucleotide repeats 
became known, it became much more understandable, and moreover, the other lesson from that 
is once you’ve got a mechanism that works with one phenotype, the odds are it will work for 
multiple others, and of course we know that is true with tri-nucleotide repeats.  Does it solve all 
the problems?  No, it does not; there are still anomalies with the range of disorders that we don’t 
fully understand so we have to take onboard the other conclusion from science is that every time 
science solves one problem, it creates three more.  But it gets one nearer to simplicity. 
 
So where does that leave one in terms of the approach?  Well, I think it ought to lead us, 
although I know I am in the minority among geneticists although I’m an amateur geneticist, not a 
proper one, it leads one away from wanting any kind of technique where everything is correlated 
with everything else and you hope that with a bit of luck something will pop out of it.  I think 
that we have to have instead hypothesis-generated research which is focusing on specifics.  And 
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that our interest in the specifics we go into with a fairly strong expectation that once we have got 
the answer to that specific, it will have a greater generalization. 
 
So let me give the example that I touched on in passing of why children reared on farms have an 
amazingly low rate of asthma together with the fact that the genome searches for susceptibility 
genes for asthma have proved amazingly inconclusive, despite that fact it’s a reasonably easily 
recognized disease at least as human diseases go, and focus then on the question of why asthma 
has become more frequent in many parts of the world.  And the sort of work that I referred to by 
Fernando Martin brings it all together very neatly in terms of a gene-environment interaction.  So 
that what he is finding here is telling one something about how the gene works and how the 
environment works and how it comes together.  I know too little about asthma to know how far 
that will generalize.   
 
The point I am making though is that with each of these specific examples, what history tells us 
is that you learn something more general, and you do so not just in relation to common multi-
factorial disorders, but in terms of extremely rare Mendelian disorders.  And the example I 
would give here is Rett Syndrome.  I mean why on earth would anyone be interested in such a 
bizarre, rare syndrome?  But the animal model of Rett works amazingly well and is leading to 
research which is indicating something about the neural processes that are involved.  People like 
[inaudible] argue that that will create knowledge that bring things together at the synapse that 
may be important in relation to autism which is really a very different disease than Rett.  I don’t 
know whether she’ll be right, but it’s a useful way to go.  And the kind of animal models being 
used with the Shank family of genes is I think arguing the same way.  Accounts for a trivial 
proportion of variance in autism, but it may tell one something about the biological mechanisms.   
 
For me, it is much more impressive to go than to specifics to follow through with a hypothesis-
generated approach, but always, but always, with an eye for the bigger picture.  Hence the notion 
of translational research which is the buzzword over here are it is the buzzword in England.  I 
think we have to get away from the notion that these are bright, creative scientists in the 
laboratory, and us mere clinical scientists have got to take out from them what they found at the 
bench and apply it in a randomized controlled trial with human beings.  It is not like that.  The 
history of medicine shows one that the good ideas come as often from clinical observations as 
they do from the bench, that they lead to an iterative interplay in which the one informs the other 
and takes it forward step-by-step.  And moreover that the outcome is not necessarily better 
treatments for the individual patient, but things that are important at a community-wide 
preventive level.  The example of smoking and lung cancer would be a most obvious example, 
but there are others.   
 
And let me just end then by jumping right outside accomplished genetics to a study we’ve been 
doing of Romanian adoptees from institutions where we will be doing, well, we’ve done a small 
genetics pilot study and will be doing, a larger one where we take on, if you like, head-on that if 
you bring in the dirty word genetics, you’re going to lose sight of environmental causes.  Well 
we start with one of the most devastating environmental causes that one can imagine, being 
reared in the appalling conditions of the Romanian institutions in the pre-[inaudible] regime.    
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One of the findings that is really interesting in this comes back to the fact that the environment 
needs to be considered in terms of the biology and not just as it were the theory of the sociology 
or psychology.  Where one of our findings is that individuals who were not sub-nourished in the 
Romanian institutions, a sub-group, there were no effects on head size, and our imaging studies 
suggest, as does others, that this is reflecting brain size, in the first six months there were very 
substantial reductions of head growth, the order of about two and a half standard deviations 
thereafter.  So that we are getting here a major biological effect of an environmental fact, but 
point to land on is that whereas weight growth and height growth rapidly caught up, as other 
studies have shown, head growth is continuing to improve right up to the age of fifteen.  Long 
after.  What on earth is going on in those brains that is leading to this recovery process?  As far 
as we can see, it is not associated with variations in the adoptive home environment.  Maybe we 
haven’t measured the right things, but it’s an interesting bringing together so far as I’m 
concerned with my long-standing interest in psychosocial deprivation and my almost as long-
standing interest in genetics.  I have faith that the bringing of the two together will not lead to a 
soup, it will lead to useful things that I can make use of with patience.  Thank you.  
 
 
Discussion 
 
HG:  Questions for the big pictures, the big portraitists, the big photographers?  They’re all 
waiting for the big panel.  Way in the back.   
 
AQ:  This is a big question for the big panel.  The question is I’m very interested in the title of 
this conference “Capturing Complexity,” and I was wondering whether you believe complexity 
can be captured. 
 
MR:  I give a very full answer to that: Yes. 
 
PE:  I give the same answer except say that it’s very complex to do so. 
 
MF:  If you are a computer scientist, you can say you can define complexity in how many 
instructions it takes to write the program or something like that.  But when you have the number 
of interactions that are likely to be occurring here, between as many genes as are likely to be 
involved in a given phenotype and as many different environmental variables and epigenomic 
variables, you might define the complexity in how many different arrows Dr. Rutter refuses to 
acknowledge.  
 
PE:  You know, it’s really worth a serious answer.  There’s a very large number of scientists 
who are really interested in complex adaptive systems and so on, and it’s sort of like not Lord 
Rutter, Mike said…you know Sir Bob, Lord Bob, excuse me…that it looks very complicated and 
very difficult to get somewhere, but actually it’s only been going on in a sense about twenty 
years I guess going back to Brian Arthur and so on.  And considering the length of time and the 
complexity of the problem, we’ve been making progress, and I don’t see any reason to consider 
that a source of despair.  I agree with what Mike said at the end, that we can sort these things out.  
The problem is that some people are sorting as if they are already done and telling us you know 
what our genes are driving us to do or that human beings are programmed for violence and so on 
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even though there’s the gigantic literature that says human beings and baboons and lots of other 
organisms are very variable and that it depends on the environment.  And in some cases we know 
a lot about the environmental clues and transmission and so on.  It’s complicated, but it’s not 
hopeless. 
 
MR:  The thing I would add to this if you like the “but.”  You can’t do it all in one study.  And I 
think this is a problem if you try to put things together in one single model with one single study.  
I think that’s just not doable.  You have to build it up over time.  Very difficult, maybe not 
solvable in my lifetime, but solvable in yours.  
 
HG:  Ruth? 
 
RO:  I’m compelled by the optimist view you present also, and I agree that it’s really positive 
that we’re at least acknowledging that biological and social pathways of causation are multi-
dimensional, they led to multiple outcomes, and they involve multiple factors and multiple ways 
those factors combine to produce causes.  The challenge I see is how do you get a good 
hypothesis about which one of those many things you should investigate, and this is a challenge 
for me because for example the disease I spend most of my time worrying about is epilepsy, and 
socioeconomic status, which Eric talked about so well, is associated with epilepsy.  People of 
lower socioeconomic status have higher risk of epilepsy, and there haven’t been very many good 
studies, etcetera, and it’s confounded with ethnicity, a lot of research problems.  But I have 
difficulty thinking of what aspect of that very complex thing one should look at.  So I don’t 
know if I have a question or just what do you think about that, you know? 
 
MR:  Let me respond to that.  I mean I think that question you ask is a really important one, and 
it’s a really difficult one.  If one looks back through any area of science, it’s full of nutty ideas, 
and yet some of those nutty ideas actually work.  So that when I trained as a medical student, it 
was known for certain, nobody questioned it, the peptic ulcer was due to stress and caused acid, 
and the solution lay in cutting half the stomach out and it was all done.  The ridiculous notion 
that an organism, an infectious organism, might be involved should have been dismissed entirely 
out of hand, but it happened of course to be true.   
 
The problem is that there is no way around the dilemma of each person having to decide which 
of these peculiar suggestions to follow through.  If you followed all of them through, you’d never 
accomplish anything; you’d be going up blind alleys all the time.   I suppose insofar as I’ve tried 
to have a strategy, the strategy would be does this apparently nutty suggestion have a biological 
plausibility that might actually be meaningful if it were true, and is it testable?  And if the answer 
to those triplet of questions is positive, then I have to think seriously, do I want to divert 
resources to look at it? 
 
MF:  So for example in the experiment that Mike has just done, because we now know that DNA 
methylation patterns distribute differently across different areas of the brain, and we know that 
the different distribution of methylation patterns in the brain is associated with some psychiatric 
disorders like schizophrenia and bipolar disease, it may well be that if he looks at the 
methylation profile in his two samples, that it could be a problem of methylation which is the 
answer to why one of the cohorts is growing the way that it is. 
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PE:  To take it back up to the higher level again…well, first let me say that the problems you 
mention are indigenous to all aspects of science; they’re particularly serious in fields.  They were 
serious in population genetics, not so much now.  They’re certainly still serious in ecology.  It’s 
figuring out…a graduate student has to figure out a) what’s a significant question and then find a 
system in which it might be answerable, and that is often a very difficult job.  When you get to 
the social science side, one of the terrible problems is that social scientists, too many of them, 
don’t think, particularly historians, don’t think in terms of data sets.   
 
So for instance, when Deb Rogers, my colleague sitting back there, and I were looking for a 
problem to test, we went to ethnographies.  The hypothesis was that parts of culture that are 
tested against the environment will evolve at a different rate than parts of culture that aren’t.  
And I thought we’ll go to Polynesia which is a place where human beings have been a very short 
time, we know about the history, we know about when the islands were invaded and so on, and 
there’s an ethnography for every island and island group because anthropologists like to sit in the 
sun, right, and drink coconut milk.   
 
So you get out the ethnographies, and I was going to test the number of gods against agricultural 
techniques because agricultural techniques we know are tested very severely against the 
environment.  In fact, when the Polynesians invaded New Zealand, they could only grow their 
crops the north end of the north island; the crops dropped out as they moved south and they had 
to move to marine mammals.  But then get to the ethnographies, and there are no tables on what 
crops they grow.  They may mention taro, but they won’t say what percentage of the crop; they 
may mention some minor crops, they might not.  You go to the gods, they tell you Rango and 
Dango on two different islands; you don’t know if it’s transliteration problems; you don’t know 
what other gods there are that may not have been mentioned.  One of the pleas we all ought to 
make to the social scientists, particularly the historians, who can help us answer some of these 
big questions is that they actually do systematic gathering of data in different cultures and so on 
so you at least have some place to start.  
 
AQ:  This is a question for Paul.  It seems that one of the big themes here, or my understanding, 
is different conceptions of the environment.  You know, you can use the same term many 
different ways.  A big part of what you were talking about was the big picture of the environment 
basically, you know, our whole ecosystem going down the tubes or our life support system as 
you put it and so forth.  And I’m just wondering when you’re talking about gene-environment 
interactions, whether a gene gets expressed in one environment versus another, environment 
seems to be meant in more of a functional way in terms of activating the gene or not or playing 
some role in the expression of the gene.  And I’m wondering is there any sort of connection that 
can be drawn so that those big picture environmental questions about sustaining everybody, and 
this may even get back to Dr. Wise’s thing about collective action, is there any way to bridge 
between those really big, like whole planet is getting screwed over, versus the smaller medical 
questions, to my mind smaller medical questions, of switching genes on and off and causing 
particular diseases in particular individuals.  And if you care to address that aspect of 
environment. 
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PE:  I say yes.  No, biologists don’t have much trouble with this because environment in this 
sense is a word very much like religion or mountain.  For instance, if you talk to an earth 
scientist about mountains, he or she knows what you’re talking about even though they [sic] 
can’t define a mountain or there’d be different definitions at various places.  And a biologist is 
normally perfectly comfortable with the idea even of an internal environment and homeostasis.  
The general term in ecology is just used for anything that is likely to affect the organism you’re 
looking at.  The state of Aldebaran, even though it’s visible over Jasper Ridge, is not part of the 
environment of the butterflies up there.  I don’t think there…the big difference in the, I hate to 
say smaller medical problems because if you got one of these problems, it’s a gigantic problems, 
but I think the big difference there is that we actually are finding genetic variation, and we do 
know, if we look at trisomy or something like that, you know that there are serious things that are 
“caused” by genetics that can be modified enormously by environment.   
 
By the way, the analogy I like to use with students is if you have a rectangle, you can’t say 
whether the length or the width is contributing more to the area, even if it’s only a quarter of a 
millimeter wide and a thousand kilometers long, each contributes equally.  You can, however, 
say something about what will happen with a certain rate of change in either of the dimensions.   
 
So I think environment’s a word we ought to be relaxed about, and what I was really referring to 
is the medical profession trying to define environment is like if we all got together and tried to 
define religion.  We’d have a long discussion, some people would use their definitions, 
others…it’s one of those words that you’ve got to sort of define by context.  And it doesn’t 
bother, is it fair to say Marc, it doesn’t bother biologists in general.  We talk to each other; we 
know which environment we’re talking about and what the general rules are.  I think that 
backing away, I can’t imagine someone thinking their [sic] life’s contribution is a new definition 
of the environment.  That’s it….You know it when you live in it. Or it comes up through your 
gut. 
 
 
End Panel 5 and Discussion  


