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Complexity:

The “predictability” of the properties of a whole
system from its components.

“Postdictability” of the past trajectory of a
system from today’s information (e.g., evolution of
sexual reproduction vs. asexual reproduction;
altruistic vs. self-interested behaviors).



Complexities

Interactions
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gene x gene (epistasis)

gene x environment (statistical non-linearity)

choosing the “right” environmental variate for the G x E study
gene x gene x environment (host-pathogen-environment)
epigenetic x gene x environment (expression, methylation)
gene x parent of origin (imprinting, €.g., PWS)

other possible interactions

Heterogeneities

H “genetic” heterogeneity between families
H population structure and allele frequency or heritability variation
H replicability of association studies

S

sample size problem for weak SNP associations. Sample sizes of

thousands needed for reasonable power.

™ @ ™

separating selection from demographic effects
population substructure influences inference of selection
methods using dn/ds do not deal with regulatory regions
potential for misuse



Gene-Gene Interaction

Genetic predictors of life-span in mice (excluding first 20% to die)
A.U. Jackson et al. (2002) J. Gerontol. Biol Sci. 57TA: B9-B15

One QTL on chromosome 9 (D9Mit110) males only
One QTL on chromosome 10 (D10Mitl5) males only
One QTL on chromosome 12 (D12Mit167) both sexes

Interactions

1.  Strong epistatic effect of alleles C3 (D9Mitl10) and D2
(D10Mitl15) on male lifespan

1. Significant effect of D2 (D10Mitl 15) required. B6 allele™
at QTL (D16Mit182) but effect only seen in males

* Almost significant effect in reducing lifespan in females



Genotype-Environment Interactions

Abstract— .... It therefore seems as though the potentially restricting effects of
working class conditions for the development of the kind of abilitie s measured by
conventional 1Q tests would tend to reduce the degree to which genetic

dif ferences are expressed. More stimulating environmental opportunities, on the
other hand, tend to allow a greater range of such differences in the middle and
higher social classes.

Siv Fischbein
Intelligence (1980) 4. 51-63

Abstract— .... Biometric analy ses were conducted using models allowing for
components attributable to the additiv e effects of genotype, shared environment,
and nonshared environment to interact with socioeconomic status (SES)
measured as a continuous variable. Results demonstrate that the proportions of
|Q variance attributable to genes and environment vary nonlinearly with SES.
The models suggest that in impoverished families, 60% of the variancein 1Q is
accounted for by the shared environment, and the contribution of genesis close
to zero; in affluent families, the result is aimost exactly the reverse.

Eric Turkheimer et al.
Psychological Science (2003) 14: 623628



Abstract—\We examine differences in intellig ence test scores of black and
white 5-year-olds. The Infant Health and Development Program data set
Includes 483 low birthweight premature children who were assessed with the
Wechsler Preschool and Primary Scale of Intellig ence. These children had been
followed from birth, with data on neighborhood and family poverty, family
structure, family resources, maternal characteristics, and home environment
collected over thefirst 5 years of lif e. Black children's 1Q scoreswere 1 SD
lower than those of white children. Adjustments for ethnic differencesin
poverty reduced the ethnic differential by 52%. Adjustments for maternal
education and whether the head of household was female did not reduce the
ethnic difference further. However, differences in home environment reduced
the ethnic differential by an additional 28%. Adjustments for economic and
social differencesin the lives of black and white children all but eliminate

dif ferences in the 1Q scores between these two groups.

Jeanne Brooks-Gunn et al.
Child Development (1996) 67: 396—408.



Specific Gene-Environment Interactions

MAOA x violence. Maltreated children with low levels of

MAOA developed more pathology as adults than children with
high activity MAOA (Caspi et al. 2002).

SHTTLPR promoter of serotonin transporter gene x stressful
life. One or two copies of the short allele gave more depressive

symptoms (e.g., suicidality) than two copies of long allele, after
stressful life events(Caspi et al. 2003).

COMT x cannabis use. Cannabis users with one copy of valine
allele more likely to show psychotic or schizoid disorders than
those with two copies of methionine allele (Caspi et al. 2005).



Personality

A. Terraciano et al. (2005) Science 310: 96—100

“...personality traits are rooted in biology. Most personality

psychologists today agree that the dimensions of the five-
factor model (FFM) of personality

neuroticisms vs. emotional stability

extraversion

openness to experience

agreeableness

conscientiousness
account for the covariation of most personality traits (8), and
behavioral studies (9) have shown that traits for all five factors
are strongly heritable (9).

(8) J.M. Digman (1990) Annu. Rev. Psychol. 41: 417-440
(9) T.J. Bouchard (1994) Science 264: 1700-1701




R.W. Robins (2005) Science 310: 62—63

“These personality traits predict most of the outcomes that
truly matter in life... with as much precision as many
biomedical measures predict diseases... (5)”

Go to (5) and find the correlations are all about 0.3
(explaining < 10% of variation).

“Genetics factors... account for about half of the variability
in personality (7).”

As a simple heuristic, genetic factors therefore predict about
5% of variation 1n “outcomes that truly matter in life.”

(5) G.J. Meyer et al. (2001) Am. Psychol. 56: 128—165
(7) T.J. Bouchard (1994) Science 264: 1700-1701



A. Caspi et al. (2005) Annu. Rev. Psychol. 56: 453484

““...associations between environmental measures and
personality traits cannot be assumed to be caused
environmentally, and in some cases the likely direction 1s the
other way round: individuals are sometimes differentially
exposed to environments (e.g., divorce) as a result of their
genetically influenced personality traits.”

But earlier, in the same review:

“It 1s also likely that genes do not directly encode personality
traits. In fact, it 1s now recognized the the heritability
coefficient indexes not only the direct effect of genes but also
effects of interactions between genes and environments.”



Predictors of life span in mice

J.M. Harper et al. (2004) Mech. Ageing Dev. 125: 381-390

e T-cell subsets at 8, 18 months
High levels of CD4M, CD8M, CD4-P
Low levels of CD4, CD4 naive
All give lower life span

 Body weight at 3, 9 months
Reduced body weight increases life span

e Thyroxine (T,) at four months
T,, T-cells, body weight

3-way interaction strongest effect on life span



Epigenetics and Complex Phenotypes

M.F. Fraga et al. (2005) PNAS 102: 10604—-10609
G.M. Martin (2005) PNAS 102: 10413-10414 (Commentary)

“Epigenetic drift with aging”

e In 14/40 pairs of twins, three epigenetic characters differed
significantly and showed a direct association with aging (total
DNA methylation, histone H3 and H4 acetylation).

» Differences greater in older MZ twins, different lifestyles,
different medical histories, less time together

e Bennett-Baker et al. (2003): see same effect in mice

* What is the contribution of potentially heritable changes in
DNA that are not associated with variations in primary
nucleotide sequence or copy number?



Genes, Environments, and Pathogens

“Host resistance, host recovery, pathogen virulence, and
replication can alter considerably with sometimes very small
changes in temperature... These reponses are not necessarily
linear or immediately predictable because they derive from a
complex “genotype x genotype x environment interaction.”

M.B. Thomas & S. Blumford (2003) Trends Ecol. Evol. 18: 344-350

“Social disruption stress (SDR) increases the susceptibility to
endotoxic shock and suggests that the development of
glucocorticoid resistance and increased production of
proinflammatory cytokines are the mechanisms for this
behavior-induced susceptibility to endotoxic shock.”

N. Quan et al. (2001) J. Neuroimmunol. 115: 36-45



The Population Structure Problem

From population genetic theory, association between genes
and phenotypes may be due to population structure.

“...a SNP in the gene LCT that varies widely in frequency
across Europe was strongly associated with height (p < 1079).
This apparent association was largely or completely due to
stratification; rematching individuals on the basis of European
ancestry greatly reduced the apparent association, and no
association was observed 1n Polish or Scandinavian
individuals.”

C.D. Campbell et al. (2005) Nature Genetics 37: 868—872



Population x Behavior x QOutcome
Genetic structure Different rates of Different rates of
can be found using lung cancer lung cancer
lots of markers (no QTL known) (no QTL known)

A B C
A: H. Tang et al. (2006) Am. J. Hum. Genet. 76: 268-275

A,B,C: C.A. Haiman et al. (2006) N. Engl. J. Med. 354: 333-342
N. Risch (2006) N. Engl. J. Med. 354: 408—411

African-American
Native Hawaiian
European-American
Japanese-American
Latino



The NEW ENGLAND JOURNAL of MEDICINE

Table 3. Age-Standardized Incidence Rates and Relative Risks of Lung Cancer among Men and Women According to Ethnic or Racial Group,
Histologic Cell Type, and Stage of Disease.

Variable
Sex
Men
No. of men
Cases of lung cancer
Incidence/100,000%
Relative risk (95% Cl)
Women
No. of women
Cases of lung cancer

Incidence/100,000%*
Relative risk (95% Cl)7

African American

11,186
304
263.9

1.00

19,894
299
161.2

1.00

Native Hawaiian

5803
103

263.9
1.00 (0.80-1.25)

7545
63
129.0
0.80 (0.61-1.05)

Latino

19,487
142

79.2
0.30 (0.25-0.37)

20,992
84
46.7
0.29 (0.23-0.38)

Japanese American

24970
301

1214
0.46 (0.39-0.54)

28,188
129
50.0
0.31 (0.25-0.38)

White Total No.

21,012 82,458
285 1,135
158.3

0.60 (0.51-0.71)

24,736 101,355
269 344
133.8

0.83 (0.71-0.98)




The NEW ENGLAND JOURNAL of MEDICINE

Table 4. Relative Risks of Smoking-Related Lung Cancer among Current and Former Smokers, According to the Level of Smoking.

e
w

Smoking Level African American

<10 Cigarettes/day

Relative risk (95% Cl) 1.00
P value

Cases of lung cancer 215
No. of participants 9886
11-20 Cigarettes/day

Relative risk (95% CI) 1.00
Pvalue

Cases of lung cancer 240
No. of participants 6514
21-30 Cigarettes/day

Relative risk (95% Cl) 1.00
Pvalue

Cases of lung cancer 65
No. of participants 1671
=31 Cigarettes/day

Relative risk (95% Cl){ 1.00
P value

Cases of lung cancer 45
No. of participants 759

Native
Hawaiian

0.88 (0.60-1.29)
>0.5
34
2745

0.90 (0.74-1.12)
037
65
3062

0.93 (0.72-1.21)
>0.5
24
1419

0.95 (0.66-1.35)
>0.5
35
788

Latino

0.21 (0.14-0.31)
<0.001
52
12,831

0.36 (0.29-0.44)
<0.001
80
4932

0.61 (0.46-0.79)
<0.001
27
1406

0.79 (0.55-1.13)
0.38
26
800

Japanese
American

0.25 (0.18-0.36)
<0.001
50
8378

0.39 (0.32-0.47)
<0.001
136
10,680

0.61 (0.49-0.74)
<0.001
102
4715

0.75 (0.57-1.00)
0.31
64
2305

White

0.45 (0.34-0.60)
<0.001
54
7650

0.57 (0.49-0.68)
<0.001
180
9877

0.73 (0.61-0.88)
0.07
157
6062

0.82 (0.64-1.05)
>0.5
124
3970

Global
P Value

<0.001

<0.001

<0.001

0.31

* Global P values for racial and ethnic differences in risk for each smoking level were calculated with the use of the likelihood ratio test.
1 Relative risks were adjusted for the duration of smoking, sex, and the time since quitting. Information about the model used to estimate
relative risks is provided in the Supplementary Appendix. African Americans served as the reference group. Cl denotes confidence interval.




Evolutionary Complexity

P.D. Evans et al. (2005) Science 309: 1717-1720
N. Mekel-Bobrov et al. (2005) Science 309: 1720-1722

“Microcephalin (MCPH1) “has spread under strong positive
selection although the exact nature of the selection 1s
unknown.”



But in human-chimpanzee comparisons:

e R. Nielsen et al. (2005) PLoS Biol. 3: 976-985
13,731 genes, 39 individuals
“Genes expressed 1n the brain seem to be among the most
conserved genes with the least evidence for positive selection.”

 B.F. Voight et al. (2006) PLoS Biol. 4: 446—458
HapMap data
“We do not find evidence for selection in MCPHI1 and
ASPM... we do find signals in two other microcephaly genes,
namely CDKS5RAP2 in Yoruba and CENPJ in Europeans and
East Asians.”

e Agreement on some classes of genes (in one or more
populations)
Spermatogenesis and motility, immunity and defense,
chemosensory perception, morphology (e.g., skin color)



Danger:

“The finding that an important brain gene has continued
to evolve adaptively in anatomically modern humans suggests
the ongoing evolutionary plasticity of the human brain. It also
makes Microcephalin an attractive candidate locus for
studying the genetics of human variation in brain-related

behaviors.”
P.D. Evans et al. (2005) Science 1717-1720

To the extent that such selection is estimated to be
population-specific, are we likely to experience another cycle
of “behavioral” racism?



Men are not born good or evil

It is impossible for man to be endowed by
nature from his very birth with either virtue or
vice, just as it is impossible that he should be
born skilled by nature in any particular art. It is
possible, however, that through natural causes he
may from birth be so constituted as to have a
predilection for a particular virtue or vice, so that
he will more readily practice it than any other.
For instance, a man whose natural constitution
inclines toward dryness, whose brain-matter is
clear and not overloaded with fluids, finds it
much easier to learn, remember, and understand
things than the phlegmatic man whose brain is
encumbered with a great deal of humidity. But if
one who inclines constitutionally toward a
certain excellence is left entirely without
instruction, and if his faculties are not
stimulated, he will undoubtedly remain ignorant.
On the other hand, if one by nature is dull and
phlegmatic, possessing an abundance of
humidity, is instructed and enlightened, he will,
though of course with difficulty, gradually

succeed in acquiring knowledge and
understanding.

In exactly the same way, he whose blood is
especially warm has the requisite quality to
become a brave man. But another whose heart
is colder than it should be, is naturally inclined
toward cowardice and fear, so that if he should
be encouraged to be a coward, he would easily
become one. If, however, it be desired to make
a brave man of him, he can without doubt
become one, providing he receive the proper
training which would require, of course, great
exertion.

I have entered into this subject so that thou
mayest not believe the absurd ideas of
astrologers, who falsely assert that the
constellation at the time of one’s birth
determines whether one is to be virtuous or
vicious, the individual being thus necessarily
compelled to follow out a certain line of

conduct.
Moses Maimonedes 1135-1204

Commentaries on the Mishna, Eight Chapters VIII
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AUTO COMPANY MARKE | ERS LOVE 10 TALK ABOU1L
DNA. emphasizing the genetic makeup that runs
through their brand’s nameplate. But not every make
has a consistent heritage with sl)-|ing. features, and
characteristics that are readily evident and, at best,
unique. You could be blindfolded in a BMW, and the
crisp steering, solid structure, keen suspension tun-
ing. and whine of a perfectly-tuned six or V-8 would
be unmistakable. You'll know a Land Rover by its
razor mh;('(l architecture, four wheel (lli\‘:\l'ilil)'. and
British backcountry panache. Ferrarl has had consis
tent DNA since it launched its first race-bred spotts
madel in 1947, 1¢s quintessendially Talian—fast and
sexy —with engines that shrick
like Tialian serega (witches)
Bentley, Mercedes-Benz, Audi,
Porsche, Jaguar, Corvette (hut
not Chevrolet), Nissan, Subaru,
Jeep, and Dodge remain true to
their roots, as does Chrysler with

Somo savvy
carmakers long
ago cracked the
genetic code to

keep their heritage
evident and unique

stylish cars that evoke the brand's over the years.

MISPHENERMANAZINE DoOM

.Q.&\...OO......\\.

The Auto Genome

In a world of natural selection, the hot cars just naturally have the best DNA,

February

BMW Stays True
Aller BMW sales
slalled in the Iate
'50s, one of several
companies that tried
to buy the faltering
Bavarian autoraker
was rival Mercedes-
Benz. But financier
Herbert Quanidt's
purchase of a laige
block of BMW stock
halted a lakeover in
'59. As 2005 rolled
lo a closn, BMW's
luxury passenger car
sales had streaked
ahead of Mercedes
by neaily 60,000
One could fault
Mercades’ altempls
to broaden ils brand
appeal with diverse

\.: od

model lypes, while
BMW remainnd
lrue to its rools

wilh sports imodels

Moral: When you've
got greal DA, bat

tor stick with it

heritage. Fard has re-isolated Mustang's putsy DNA
and cloned it. Mitsublshi's ads featuie Meiji-cra drum
miets whose staceato sounds repeat the mana: “We're
powetlul, we're Japanese, and we're proud.” Although it
sells well, Lexus is bland - fundamentally a copycat car.
Toyota and Buick are well-built bt bottiinngg! Saab,
once a cleverly engineered Swede, is stinggling. Saturn
docsn’t have it anymore, and neither docs Pontiac
Those last fall victim to “badge enginecring.” it which
a car company rehadges (and slighty restyles) somcone
else’s car, like Saabs 9-2X (a gussicd up Subaru) o

the nondescript Pontiac GO, (€ Sompany accountants
appreciate the cost savings, hut the car enthusiast isn'
fooled. The ke Geoll Lawson, then-hiead of Joagrannn
styling, was once asked if he'd had a assic 213 pe Jag
in his studio when his team designed the XK8. “No

L "10s all in
here.” Lawson & Co. didn't have to look at a « intage

need, mate,” he replicd, tapping his he

Jaguar to design a new one. Jaguar's heritape of “grace,
space, and pace™ was imbued in their souls, That's what
anto DNA s all about. @—Ken Grose

2006




b)

d)

Medical importance of heritability from some leading
psychiatrists

Strong non-genetic effects occur, and have been frequently demonstrated,
in the population and familial distributions of many disorders. They
complicate segregation analyses and other attempts to identify modes of
transmission.

The major advantage of studying diseases within families is that the
assumption of homotypy of the underlying factor eliminates the effects of
heterogeneity which are present in comparisons between families.

Although the more stringent criteria yielded far lower rates of
schizophrenia or schizotypal personality disorder, this definition provided
better separation between the relatives of schizophrenics versus controls.
Thus, a narrower and more reliable definition of the disorder led to an
increase in the genetic effect, thereby validating its definition.

One of the drawbacks of first rank symptoms (FRS) is that although they
afford high levels of reliability, a diagnosis based on FRS alone may define
a form of schizophrenia with very low heritability.

(All from preprinted papers at Banbury conference on Behavior Genetics)



