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ABSTRACT. This paper examines correlations between the genetic characteristics
of human populations and their aggregate levels of tolerance and happiness. A
metadata analysis of genetic polymorphisms supports the interpretation that a major
cause of the systematic clustering of genetic characteristics may be climatic con-

32



ditions linked with relatively high or low levels of parasite vulnerability. This led
vulnerable populations to develop gene pools conducive to avoidance of strangers,
while less-vulnerable populations developed gene pools linked with lower levels of
avoidance. This, in turn, helped shape distinctive cultures and subsequent economic
development. Survey evidence from 48 countries included in the World Values
Survey suggests that a combination of cultural, economic and genetic factors has
made some societies more tolerant of outsiders and more predisposed to accept
gender equality than others. These relatively tolerant societies also tend to be hap-
pier, partly because tolerance creates a less stressful social environment. Though
economic development tends to make all societies more tolerant and open to gender
equality and even somewhat happier, these findings suggest that cross-national dif-
ferences in how readily these changes are accepted, may reflect genetically-linked
cultural differences.

Keywords: genetic influences; gender equality; homosexuality; tolerance;
happiness; World Values Survey

1. Genetic Factors, Cultural Predispositions,
Happiness and Gender Equality

Evidence that people’s happiness levels are influenced by genetic factors
has been growing ever since neuroscientists first discovered close linkages
between happiness and dopamine and serotonin levels in the brain, and that
genes seem to play a major role in regulating these levels.*? An early study
of over 3,000 identical and fraternal twins found that genetically identical
twins reported much more similar levels of happiness even when they had
different life experiences than fraternal twins. If genetic factors are involved,
this could help explain why given individuals tend to have relatively high or
low levels of happiness. Though recent events can raise or lower these
levels, in the long run, people tend to return to a baseline level of subjective
well-being.*

Subsequent twin-based studies have found further evidence of genetic
influences on happiness, but twin studies do not identify which genes might
be involved. Only recently has the linkage with happiness been traced to a
specific gene, the serotonin transporter gene 5HTT. Variation in the promoter
region of this gene (5-HTTLPR) has been linked with personality and mental
health and selective processing of positive and negative emotional stimuli.>"®
And previous research suggests that the short allele is linked with depres-
sion and anxiety.>'***? Analyzing data from 2,574 American students, De
Neve found that individuals with the transcriptionally more efficient long
allele of the 5-HTTLPR gene reported substantially higher levels of hap-
piness, as measured by life satisfaction, than did individuals with the short
allele.”® Both alleles produce the same protein, but the long allele is associ-
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ated with approximately three times higher basal activity than the short
allele, resulting in increased gene expression and alteration of serotonin
availability in the synaptic cleft for signaling. De Neve’s analysis indicates
that individuals with two long alleles of the 5-HTTLPR gene are about 17
percentage points likelier to report being very satisfied with their lives than
those with two short alleles.

Previous studies of the linkages between genetic factors and happiness
have been based on twin studies, but De Neve analyzes data from the ACT,
a survey of individuals who provided DNA samples as well as questionnaire
responses. This article examines data from another source: in recent years,
research on the serotonin transporter gene has been carried out in many
countries and the published reports provide evidence of the distribution of
the respective alleles in many countries. In 48 of these countries, represen-
tative national samples of the publics were also interviewed in the World
Values Survey, providing data on life satisfaction and other attitudes, together
with information about each country’s economic and social characteristics.
Analysis of this cross-national database sheds new light on previous work,
making it possible to examine the impact of societal characteristics such as
the country’s level of economic development or social tolerance. These
factors are constants in studies carried out within any one country, making
it impossible to examine their impact cannot be analyzed in single-country
studies. But, as we will see, these factors vary a great deal cross-nationally
and seem to have considerable impact.

Moreover, we also have data from published sources on the allele fre-
quencies of Val158Met (rs4680) polymorphism in the catechol-O-methyl-
transferase (COMT) gene, and can examine its linkage with the happiness
levels of the populations of 48 countries. This gene plays an important role
in the inactivation of dopamine, which is linked with pro-social behavior
such as empathy, cooperativeness and altruism.**>*¢ The evidence examined
here suggests that 158Met allele frequencies vary cross-nationally along
with level of happiness. If differences in levels of happiness and subjective
well-being are linked to genetic characteristics, then we might expect these
differences to play a role in cross-national differences.

Evidence of national-level linkages does not refute findings from in-
dividual-level analysis. If two variables go together at the individual level,
they usually go together at the level of large groups, but this is not neces-
sarily true. National-level linkages can be considerably stronger or weaker
than individual-levels linkages and under some circumstances they can even
have opposite polarity. We repeat: national-level findings do not refute
individual-level findings — but they can shed light on how individual-level
genetic factors interact with societal factors, to shape a society’s level of
happiness. As we will see, societal-level phenomena seem to play at least
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as important a role as genetic differences in shaping the happiness level of
a given country’s people. Moreover, the national-level linkage that we find
between happiness and the Val158Met polymorphism in the COMT gene is
strong enough to suggest that it merits further analysis at the individual level.

Our findings suggest that cross-national differences in happiness, toler-
ance of homosexuality and support for gender equality and may reflect cul-
tural differences rooted in genetic factors. There is evidence that economic
development brings tends to bring rising levels of happiness, particularly as
a society rises from subsistence-level poverty to a modest level of economic
security;'” and higher levels of development tend to bring rising support for
gender equality and tolerance of homosexuality.’® Nevertheless, the speed
with which given societies accept these changes may be influenced by
genetically-linked cultural predispositions.

2. Findings

Twin studies have consistently found that individual differences in major
personality dimensions are significantly influenced by genetic factors'*®
but it is difficult to determine which genes are involved. Various studies
have found evidence indicating that polymorphism in both the 5-HTT gene
and the COMT gene are linked with differences in the Big Five Personality
traits (Extraversion, Agreeableness, Conscientiousness, Neuroticism and
Openness).21'22'23'24'25'26'27

Table 1 Correlations between national mean scores on personality variables,
values and societal traits, and 5-HTTLPR and COMT 158Met allele
frequencies

Frequency of short Frequency of
allele of 5-HTTLPR 158Met allele of
polymorphism COMT gene
Big 5: Extraversion -41*  (32) .38*  (30)
Big 5: Agreeableness -.61** (32) .38*  (30)
Big 5: Conscientiousness -55** (33) 31 (30)
Big 5: Neuroticism 28 (33 -28  (30)
Big 5: Openness -43*  (33) A43*  (30)
Big 5: 1% principal component - 72*%* (32) .52*  (30)

* significant at .05 level; ** significant at .01 level.
Number of countries is in parentheses.

Table 1 shows the correlations found between the national mean scores on
the Big Five personality traits and the frequencies of the 5-HTTLPR S-
allele and COMT 158Met allele in all countries for which data on both
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variables are available. It also shows the linkages with the first principal
component underlying the Big Five personality traits. The results support
previous findings based on individual-level data, that these genes are linked
with key personality traits. Both genetic polymorphisms show statistically
significant linkages with several of the personality traits, and their linkages
with the underlying personality dimension (on which Neuroticism shows
negative loadings while the four other traits show strong positive loadings)
are particularly strong, with the Val158Met polymorphism showing a .52
correlation, and the 5-HTTLPR polymorphism showing a -.72 correlation
with this dimension.

Table 2 Correlations between national mean scores on personality
variables values and societal traits, and Life Satisfaction

Correlation with

Life Satisfaction:
Big 5: Extraversion 24 (51)
Big 5: Agreeableness .01 (51)
Big 5: Conscientiousness -25 (51)
Big 5: Neuroticism 14 (52)
Big 5: Openness .18 (52)
Big 5: 1% principal component .01 (50)
5-HTTLPR short allele frequency, % .22 (48)
COMT 158Met allele frequency, % A9*** - (48)

* significant at .05 level; ** significant at .01 level; *** significant at .001 level
Number of countries is in parentheses.

To what extent are these personality traits linked with happiness? This
analysis uses the respondent’s reported satisfaction with life as a whole as
an indicator of happiness or overall subjective well-being. This indicator
has been validated extensively?® and was also used by De Neve (2011) in
analyzing the impact of the5-HTTLPR polymorphism on happiness. As
Table 2 indicates, the Big Five personality traits are only weakly linked with
life satisfaction, with none showing a statistically significant correlation.
And surprisingly, the linkage of the 5-HTTLPR polymorphism with life
satisfaction not only fails to reach statistical significance, but has the wrong
sign. In previous individual-level research within single countries, the short
allele of this gene was negatively linked with life satisfaction; but at the
national level, it shows a weakly positive correlation — despite the fact that
(as Table 1 demonstrates) it shows significant negative linkages with agree-
ableness, extraversion, conscientiousness and openness, all of which would
be expected to go with happiness. On the other hand, the COMT 158Met
allele does show a statistically significant linkage with life satisfaction, and
in the expected direction: this is logical since it is conducive to relatively
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high levels of dopamine, which are linked with feelings of well-being.
Moreover, in previous studies the 158Met allele has been linked with pro-
social behavior, empathy and cooperativeness, which one would expect to
be conducive to subjective well-being.
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Figure 1 Life Satisfaction by 5-HTTLPR short allele frequency, %.
r=.22(ns.), N=48.

Figure 1 shows the relationship between mean life satisfaction levels and
the percentage of the population having the short allele of the serotonin
transporter gene. The right-hand side of this figure shows a cluster of East
Asian and Southeast Asian countries in which very high percentages of the
population have the short allele — but these countries do not show the
lowest happiness levels (they are about average). On the left-hand side of
the figure, several African countries plus Trinidad (in which about half the
population is of African origin) have the lowest percentages of the short
allele; some of them show low levels of happiness but others show rather
high levels. Though De Neve has presented convincing evidence that within
a sample of U.S. students, those with the short allele tend to be significantly
less satisfied with their lives than those with the long allele, countries in
which a large share of the population has the short allele do not show
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relatively low levels of happiness. Let us repeat, we do not view this as
refuting De Neve’s findings — but it does have significant implications
about the interaction between societal-level and individual-level influences
on happiness.
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Figure 2 Life Satisfaction level by on COMT 158Met allele frequency
r=.49, p <.001 (N=48).

Figure 2 shows the relationship between happiness and the distribution of
the 158Met allele in the COMT Val158Met polymorphism. It shows a clear
tendency for the A allele to be linked with high levels of happiness, which
is consistent with what physiological evidence would lead one to expect,
since this allele is linked with higher dopamine levels in the brain. On the
left side of this figure, we find a group of East Asian, Southeast Asian and
African countries in which the populations tend to have low percentages of
the A allele. This distribution of the gene does not seem to reflect the dis-
tance a given population has traveled in moving out of Africa, since it
groups populations located far from Africa with populations still in Africa.
The life satisfaction levels of this group range from very low to above the
mean, but the overall tendency is for countries having a high percentage of
the A allele to show the highest happiness levels. Here again, simple geo-
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graphic determinism doesn’t seem to work. Although many Northern Euro-
pean countries such as Denmark, Norway, Iceland and the Netherlands rank
high on both variables, this is also true of such Latin American countries as
Colombia, Mexico and Brazil. Since a substantial percentage of the popu-
lation in the latter countries is of non-European descent, racial origin can
not readily explain this pattern. We will propose an alternative explanation,
which has a better fit with the empirical evidence.

Evidence from surveys carried out in scores of countries from 1981 to
2007 indicates that a sense of security is conducive to happiness and life
satisfaction. Economic security is certainly important — one finds a .61 cor-
relation between a country’s per capita GDI and its mean life satisfaction
score. But social tolerance is also important, so that rising levels of gender
equality and tolerance of outgroups contributed to rising life satisfaction in
most countries during 1981 to 2007.% Why is it that societies in which the
158Met allele of the COMT gene is widespread, are happier than others —
while the populations of societies where the long allele of the 5-HTTLPR
gene is widespread do not show relatively high happiness levels? This may
reflect the fact that the COMT polymorphism has been found to be linked
with pro-social behavior, while the 5-HTTLPR polymorphism has not.

Table 3 Correlations between gene allele distributions
and indicators of tolerant, pro-social behavior

5-HTTLPR COMT
short allele 158Met allele
frequency, % | frequency, %

Legislation concerning homosexuality scale:
Same Sex Marriage is legal =1 ...death -13  (48) -.60 *** (48)
penalty for homosexuality = 8

UN Gender Empowerment Measure (% of
women in high-level positions in government, -18  (44) 42 ** (43)
business and academic life)

General tolerance factor: respondent supports
gender equality in jobs, is relatively tolerant

of homosexuality, accepts foreigners as -.03 (44 .54 *** (43)
neighbors (positive pole)

Materialist/Postmaterialist values index -
(Postmaterialist values are high) -10(49) A (48)

*p<.05 *p<.01 ***p<001
Number of countries is in parentheses.

Table 3 provides societal-level evidence that supports previous findings from
individual-level studies that the 158Met allele of the COMT gene is linked
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with pro-social behavior. It shows the correlations between the two respec-
tive polymorphisms and two attitudinal measures, and two measures of the
extent to which a society actually is tolerant. The first is an eight-point
index of legislation concerning homosexuality, with scores ranging from
“1” which indicates that (as of 2012) same-sex marriage was legal, moving
through various stages of diminishing tolerance to a score of “8,” indicating
that homosexuality punishable by death. The A allele shows a -.60 cor-
relation with this indicator, significant at the .001 level, while the short
allele of 5-HTTLPR has no significant linkage. The second indicator is the
UN Gender Empowerment Measure, which is based on the proportion of
women holding positions of authority in government, business and academic
life in a given country. Here again, the COMT Val158Met polymorphism
shows a statistically significant relationship with an indicator of tolerant,
pro-social behavior while the 5-HTTLPR polymorphism does not. Next,
we examine a measure of tolerant attitudes based on representative national
surveys carried out by the World Values Survey in scores of countries. The
COMT Val158Met polymorphism shows a correlation that is significant in
the expected direction at the .001 level while the 5-HTTLPR polymorphism
has no significant linkage. Finally, we show the correlation with Materialist/
Postmaterialist values, a widely used measure of basic values that reflects
the extent to which given respondents give top priority to economic and
physical security, or to autonomy and self-expression. Postmaterialists tend
to have grown up under relatively secure conditions and are significantly
more tolerant of outgroups and more politically active than Materialists.
Again, the COMTval158Met polymorphism shows a correlation that is sta-
tistically significant at the .001 level while the 5-HTTLPR polymorphism
has no significant linkage.

We see no reason to doubt De Neve’s finding that the long allele of the
serotonin transporter is linked with relatively high levels of happiness at
the individual level in the U.S. — but it seems to act only at the individual
level. Moreover, De Neve’s finding is based on data from the U.S. only.
While the s-allele of the 5-HTTLPR is the risk allele for inferior mental
health in most studies,® in some countries the I-allele has been reported to
be the “risk allele.”32*® These findings have led to the concept that 5-HTT
is a “plasticity gene”* that both alleles offer advantages but in different en-
vironments.* If these two different patterns existed in roughly equal numbers
of countries, it would explain the neutral overall effect. The evidence
examined here suggests that the A allele of COMTvall5Met has cross-
nationally consistent effects. Apparently, societies in which a large share of
the population carries the A allele of COMTval158Met, have larger numbers
of pro-social actors — and they consistently show significantly higher levels
of social tolerance. As previous research indicates,* and as we will further
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demonstrate below, social tolerance is conducive to happiness. It establishes
a less stressful, more congenial environment. The populations of societies
in which the 158Met allele of the COMT gene is widespread, not only have
more tolerant attitudes — their societies themselves tend to be more tolerant,
which is conducive to higher levels of life satisfaction. The long allele of 5-
HTTLPR seems to raise the happiness levels of individuals within a given
society but it does not seem conducive to the pro-social behavior that is
linked with the COMT Val158Met polymorphism — and at the societal
level, the positive effects of the serotonin transporter gene may be sub-
merged by even stronger economic and social factors, such as democratic
institutions or a high level of economic development, that are constants
within any given society, and consequently cannot be analyzed in one-
country studies.

3. The Impact of Societal-level Factors on Happiness

Massive societal-level factors can have a strong impact on virtually everyone
within a given society, as recent Russian history illustrates. Most societies
that experienced communist rule show relatively low levels of subjective
well-being, even in comparison with societies at a lower economic level,
such as India, Bangladesh, and Nigeria. Are these low levels of well-being
a permanent baseline characteristic, possibly linked with genetic feature of
their societies, or are they a relatively recent phenomenon linked with the
collapse of communism? Time series data from Russia demonstrates that,
under extreme conditions, life satisfaction levels can vary dramatically, as
Figure 3 illustrates. Data from representative national samples of the Russian
public are available from 1990 to 2011, and we can extend the time series
even farther back to if we accept a 1982 survey in Tambov oblast as a proxy
for Russia.*

The results indicate that, already in 1982, the subjective well-being of
the Russian people was even lower than that of much poorer countries such
as Nigeria, Bangladesh, Turkey, and India. Russia was experiencing rising
alcoholism, absenteeism, and the collapse of the communist belief system —
and the subjective well-being of its people was lower than that of countries
with a fraction of their income. From this already-low level, Russian sub-
jective well-being fell sharply, so that by 1990 the Russians manifested
extreme malaise. Over half the population said they were dissatisfied with
their lives as a whole. Within a year the communist system had collapsed,
and the Soviet Union had broken up into successor states. Well-being con-
tinued to fall after the collapse, and in 1995 the overwhelming majority of
the population said they were dissatisfied with their lives. Life satisfaction
is normally very stable in advanced industrial societies. But it can and does
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show sharp declines — and it seems significant that the dramatic decline of
subjective well-being in Russia was followed by the collapse of the polit-
ical, economic and social welfare systems, and the breakup of the Soviet
Union. The sharp decline in subjective well-being experienced by the Rus-
sian people since 1982 is linked with traumatic historical events.
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Figure 3 Life Satisfaction levels in Russia, United States and Sweden, 1981-2011
(percentage describing themselves as “satisfied” with their lives as a whole, i.e.,
choosing points 6-10 on 10-point scale on which 1 = completely dissatisfied and 10
= completely satisfied).

These findings in no way refute the claim that genetic factors play an im-
portant role in subjective well-being — there is compelling evidence that
they do. But these findings indicate that we are not the slaves of our genes.
Happiness levels vary a great deal and in part they vary with cultures and
institutions that are constructed by human beings. Thus, the pursuit of hap-
piness is not necessarily futile. Genetic factors seem to play an important
role, but they do so in interaction with societal-level factors. To fully under-
stand the implications of individual-level genetic findings, one must also
take into account the impact of societal-level factors.

4. Multivariate Analysis

Life satisfaction levels vary greatly from one country to another. The per-
centage indicating they were “dissatisfied” with their lives as a whole (plac-
ing themselves on the lower half of a 10-point life satisfaction scale) ranges
from 6 percent in The Netherlands, to 76 percent in Tanzania. Table 4
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examines the impact of genetic variation on life satisfaction — together with
the impact of economic development, social tolerance and other influences.
As we have already seen, the 5-HTTLPR polymorphism has no significant
impact on life satisfaction at the societal level. As Model 1 indicates, its
linkage is weak and (if one expects the short allele to have a negative) even
shows the wrong sign. But the 158Met allele of the COMT polymorphism
shows a highly significant impact in the expected direction (Model 2). By
itself, it explains 22 percent of the cross-national variation in life satisfaction.
The two polymorphisms are negatively correlated, and when entered in the
same regression equation this inflates the variance considerably, producing
misleading results.

The distribution of both the short allele of 5-HTTPLR and the COMT-
158Met allele predict that East Asian societies should be very low on life
satisfaction, but in fact, the Far Eastern societies fall in the middle of the
happiness range. Moreover, when both genes are included in the regression
model, their effects are much stronger than in bivariate models. This curious
effect is driven by the four East Asian societies in the sample (China,
Japan, Singapore, and South Korea), which have extreme positions on the
distribution of both genes and therefore have a strong leverage effect. But
their leverage effects (very high on 5-HTTPLR and very low on COMT)
sum close to zero in the multiple regression and the resulting fit is good,
bringing their predicted life satisfaction to the middle of the range of life
satisfaction.

Dropping the Far Eastern societies drastically changes the bivariate cor-
relation between the short allele of 5-HTTPLR and the COMT 158Met
allele: although the correlation is -.66 when they are included, the correlation
becomes positive and mild when they are excluded. In the reduced subset
of cases, the COMT gene retains its predictive value whereas the effect of
the short allele on Life Satisfaction becomes even weaker.

It is possible that both genes have an impact on life satisfaction. African
societies and East Asian societies are low on the COMT 158Met allele, but
the Far Eastern societies, unlike the African ones, are also high on 5-
HTTPLR. Caucasian societies are in the upper range on both genes. This
roughly fits the empirical variation on life satisfaction. However, most of
the cases for which we have data on both genes, come from societies with
large proportions of Caucasian populations. Therefore we do not have
enough variation to be certain of the effect of 5-HTTPLR, although we do
have enough variation on COMT to proceed with the analysis. For this
reason and because it has very little explanatory power, we exclude the 5-
HTTLPR polymorphism from subsequent analyses.
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Table 4 Predictors of Life Satisfaction: national-level regression analysis (dependent variable is nation’s mean on 10-point life
satisfaction scale, 1=completely dissatisfied... 10=completely satisfied)

Independent Variables: Mod.1 | Mod. 2 | Mod. 3 | Mod. 4 | Mod. 5 | Mod. 6 | Mod. 7 | Mod. 8 | Mod.9 | Mod.10
5-HTTLPR short allele frequency, |.22 - - - - - - - - _
%
COMT 158Met allele frequency, % 49*** | 25* .24* A7 .03 .09 .23
GDP/capita in 2000 53*** .33* A2
Materialist/ _ _ _ S4Erx | 36%* | 26* .26* .25* .28* .28*
Postmaterialist values
Tolerance: Legislation concerning | _ _ _ _ -48**  |-37*  [-37*  |-.46%*  |-.43**
Homosexuals
Composite Political Risk Score 27* .28* .24* .25*
Caucasian race as . . _ . . . . -.18 -.07 _
% of country’s population
Historical parasite vulnerability - - - - - - - - -
(Fincher)
Constant 6.58 5.26 5.38 1.32 2.71 5.15 2.85 2.66 3.45 3.29
Adjusted R-squared .01 22 43 44 .50 .58 .62 .63 .62 .63
N = 47 47 47 47 47 47 47 47 47 47

Cell entry is standardized regression coefficient. Signif. levels:***p< .001; ** p < .01; * p<.05

Source: genetic data compiled from articles in scientific journals; attitudinal variables from latest available survey from 1981-2011 World Values
Surveys and European Value Study; economic data from World Bank, World Development Indicators; Legislation concerning homosexuals from LGBT
Portal; Composite Political Risk scores from International Country Risk Guide.
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As previous analyses have found, the transition from subsistence-level
poverty to a fair degree of economic security brings a considerable increase
in life satisfaction. When we add a society’s per capita GDP to the regres-
sion, it and the COMT158Met polymorphism explain fully 43 percent of
the cross-national variation in life satisfaction (Model 3). The prevalence of
Postmaterialist values has fully as much explanatory power: together with
the COMT 158Met polymorphism, it explains 44 percent of the cross-national
variance (Model 4). These three variables combined explain fully half of
the variance (Model 5) and when we add the indicator of tolerance of homo-
sexuals, Model 6 explains 58 percent of the cross-national variation in life
satisfaction. As expected, the two indicators of tolerant, pro-social conditions
have strong impacts on a society’s happiness level; they overlap with the
genetic factor and with GDP per capita to such an extent that the contribu-
tions of the latter two variables drop below significance in Model 6. Model
7 drops GDP per capita and adds a Composite Political Risk indicator that
reflects to the degree to which given societies have stable, non-corrupt
governments with low levels of internal and foreign conflict, bringing the
explained cross-national happiness variance up to 63 per cent. In this model,
the indicators of tolerance, Postmaterialist values and stable polities explain
almost all of the variance — but these characteristics are most likely to be
present in prosperous societies where the COMT 158Met allele is relatively
widespread.

5. Geographic Clustering

Let’s consider the impact of geographic clustering. If it is present, the
correlations we find between COMT alleles and happiness (for example)
might simply reflect population segmentation, in which given populations
became geographically separated and then by genetic drift, came to differ
on many genes — so that any correlation between a specific gene and a
given attribute might not reflect a causal linkage but simply the fact that
they happen to go together in different populations.

Commenting on Chiao and Blizinsky’s*’ analysis of the cultural impact
of cross-national variation in the serotonin transporter gene 5-HTTLPR,
Eisenberg and Hayes®® point out that their units of analysis may not be
independent: the linkage between individualist-collectivist cultures and the
5-HTTLPR gene mainly reflects the contrast between a cluster of five East
Asian societies that are high on both the short allele of this gene and on
collectivist cultures; and a cluster of 22 countries that are low on both
attributes — and are populated mainly by people of European/Caucasian
descent. Within these two clusters, they find no significant linkage between
the short allele of 5-HTTLPR and collectivist cultures. Similarly, De Neve
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et al. (2012) note that the association between Life satisfaction and the 5-
HTTLPR gene that they find, might be due to population stratification
rather than reflecting a causal link between genes and happiness. To deal
with this possibility, they control for the respondent’s race in their analysis,
finding that the linkage does not disappear.

A larger and more diverse set of 48 countries is examined here than the
29 countries analyzed by Chiao and Blizinski; and, as Figure 2 indicates,
the relationship between happiness and the COMT 158Met allele does not
break down into an East Asian vs. European cluster. Nevertheless it is
evident that the populations of East Asian, Southeast Asian and African
countries do have a significantly lower incidence of the Met allele than the
populations of European, South Asian and Latin American countries. To
partly control for the impact of population stratification, Models 8 and 9
introduce a variable that measures the percentage of each country’s popu-
lation that is of Caucasian descent (including those living outside Europe).
By itself, this variable explains less than one percent of the cross-national
variance in life satisfaction, and when added to the regression equation in
Model 8, it raises the explained variance by only one point, from 62
percent to 63 percent, and is not statistically significant. Models 9 and 10
reduce the number of variables included by dropping first the COMT 158Met
allele, and then the percentage of the population that is of Caucasian
descent. Doing so does not reduce the amount of explained variance: our
most parsimonious model, Model 10, still explains 63 percent of the cross-
national variance with only three independent variables. The explanatory
models presented here do not seem to reflect a European/non-European
dichotomy.

As Model 10 indicates, we can explain a large proportion of the cross-
national variation in happiness with three variables (1) Postmaterialist
values, which reflect the extent to which the population was raised under
relatively high levels of economic and physical security; (2) social toler-
ance — itself, an indicator of relatively secure social conditions; and (3)
relatively secure political conditions. But the evidence also indicates that
these factors are linked with prosperity and genetic factors, which by them-
selves explain 43 percent of the cross-national variance.

Though the COMT factor eventually drops out of the model, this is con-
sistent with the interpretation that a high frequency of the relevant COMT
159Met allele helps make pro-social and tolerant attitudes and institutions
more likely to emerge. Though the latter attributes are closely linked with
the COMT Val158Met polymorphism, they have emerged only recently and
cannot have caused the genetic phenomenon. But what did cause it?
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Figure 4 Frequency of COMT 158Met allele and historical parasite prevalence.
r=-.71 p <.000 (N=45). Historic parasite prevalence from Fincher et al., 2008.

Neither a country’s distance from Africa nor its racial composition seem to
explain the prevalence of the COMT 158Met allele. But historic parasite
prevalence may play an important role.*® It has been argued convincingly
that, in societies where the threat of infectious disease is strong, avoidance
of strangers is conducive to survival, conferring an evolutionary advantage
on any genes that happen to be linked with avoidance of strangers. This
relatively inward-looking and xenophobic outlook would be conducive to
survival in these circumstances, but it would come at a cost: it would be
less conducive to the pro-social behavior that seems to be linked with
higher levels of life satisfaction. Conversely, societies with lower levels of
parasite prevalence would have higher levels of pro-social behavior, which
is linked with cooperative activities and higher levels of happiness. Thus, it
seems possible that genetic factors were involved in the selection of such
behavior. As Figure 4 indicates, the populations of societies that historically
had high prevalence of infectious disease tend to show lower levels of the
158Met allele than societies that had low parasite prevalence. The overall
correlation is -.71, which suggests that as much as half of the cross-national
variation in the prevalence of the 158Met allele might reflect the historic
parasite load or related factors.
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6. The Impact of Economic Development on Happiness

Though family income explains only about 3 percent of the variance in life
satisfaction at the individual level, we find a .61 correlation between per
capita GDP and mean life satisfaction scores at the national level, as Table
2 indicates. This suggests that economic development might explain as much
as 37 percent of the cross-national variance. In other words, there is a huge
difference between the apparent impact of economic factors on life satisfac-
tion at the individual level and at the societal level. In part, this reflects the
fact that there is a much wider range of variation between nations than
within nations. For example, within the U.S., the richest state (Connecticut)
has a per capita income twice as high as that of the poorest state (Missis-
sippi). But on the cross-national scale, World Bank data indicates that the
world’s richest nation (Norway) has a per capita income (adjusted for
purchasing power parity) that is 300 times as high as that of the poorest
nation (Democratic Republic of the Congo). Moreover, the data cited by
De Neve et al. concerning the modest impact of income on subjective well-
being are from high-income countries. But the impact of income on life
satisfaction follows a curve of diminishing returns: among the publics of
low-income countries it has a considerably stronger impact than it does
among the publics of high-income countries. This does not refute the find-
ing that income has a relatively modest impact on happiness within the U.S.
today — it does. But this finding has somewhat misleading implications for
policy makers: the fact that economic development has a .61 national-level
correlation with life satisfaction suggests that economic development can
have a considerable impact on human happiness. If massive social changes
raise or lower the happiness levels of almost everyone in a society, one
would continue to observe relatively weak correlations between income and
happiness within that society — although the society as a whole experienced
traumatic changes in happiness levels. This is precisely what seems to have
occurred in Russia during the past four decades.

Things do not necessarily work in the same way at the individual level
and the societal level. The long allele of the 5-HTTLPR polymorphism
seems significantly linked with happiness at the individual level, but the
populations of countries in which this allele is widespread do not seem to
be happier than the populations of countries in which it is rare. On the other
hand, evidence from 48 countries indicates that populations in which the
158Met allele of the COMTval158Met polymorphism is relatively wide-
spread are significantly happier than the populations of countries in which
it is relatively rare. This suggests, but does not prove, that the COMTval-
158Met polymorphism may complement the 5-HTTLPR polymorphism in
helping to shape the life satisfaction levels of individuals; individual-level
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analysis will be needed to demonstrate whether this is true. In any case,
there is evidence that the COMT 158Met encourages pro-social behavior
that is conducive to higher life satisfaction levels in given societies.

Let us perform a still more demanding test of geographic genetic cluster-
ing. Building on earlier exercises in genetic mapping,* we gathered data on
79 STR allele frequencies of five genetic markers used in forensic genetic
testing to identify people’s origins. We obtained data from the 39 countries
shown in Figure 5 (countries such as the U.S., Australia or Argentina, whose
population are mainly immigrants from other countries on this map, are not
included). Figure 5 shows the genetic relationships between the populations
of these countries, based on a principal components factor analysis of each
country’s mean score on the 79 STR alleles. The horizontal dimension shows
each country’s loading on the first principal component, which explains 42%
of the cross-national variance. The vertical dimension reflects the second
principal component, which explains 20% of the cross-national variance. We
used the forensic STR system because these data are available for many
populations, including some not studied for other genes.*

The MDS plot in Figure 5 shows five clear geographic clusters, group-
ing countries in sub-Saharan Africa, South America, South Asia and North
Africa, East and Southeast Asia, and Europe. The distances on this Figure
can be interpreted as roughly reflecting the geographic distance traveled in
humanity’s emigration out of Africa — though South America (geographically
the most remote region) is relatively close to the African cluster and East
Asia is closer than Europe.

But the horizontal dimension, based on the first principal component,
could be interpreted as reflecting the degree of parasite prevalence, to which
it is correlated at r = -.86. This dimension is also correlated rather strongly
with a society’s per capita GDP (r = .55). And it is even more strongly
correlated with the distribution of the COMT polymorphism, at r = .76.
Consequently, when both variables are entered in a multiple regression on
Life Satisfaction, both effects become insignificant.
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The horizontal dimension shows each country’s loading on the first principal com-
ponent from a factor analysis of 39 countries’ mean scores on each of 79 STR
alleles; the vertical dimension reflects the second principal component.

7. Conclusion

Though De Neve has presented convincing evidence that, within a sample
of U.S. students, those with the short allele tend to be significantly less
satisfied with their lives than those with the long allele, countries in which
a large share of the population has the short allele do not show relatively
low levels of happiness. On the other hand, the COMT 158Met allele does
show a statistically significant linkage with life satisfaction, and in the
expected direction. We do not view this as refuting De Neve’s findings
about individual-level linkages within the U.S., but it does have significant
implications concerning the interaction between societal-level and individual-
level influences on happiness.
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If two variables go together at the individual level, they usually — but
not necessarily — also go together at the level of large groups. In fact,
national-level linkages can be stronger or weaker than individual-level link-
ages or even have opposite polarity. National-level findings do not refute
individual-level findings, but they can help us understand how individual-
level genetic factors interact with societal factors in shaping a society’s level
of happiness. As we have shown, societal-level phenomena seem to play at
least as important a role as genetic differences in shaping a given country’s
mean happiness level.

The analysis in Figure 5 supports other findings indicating that genetic
variation tends to be geographically clustered. This implies that any cor-
relation between gene X and a given attribute might not reflect a causal
linkage, but simply the fact that they happen to go together in different
populations. The real cause might be another gene that is closely linked
with gene X — or even some cultural or political or economic factor that is
closely correlated with gene X.

This is certainly possible. We find strong correlations between the COMT
allele and a whole cluster of genetic polymorphisms and certain cultural
zones and high levels of economic development and high levels of social
tolerance. At this point, we can not be certain which of many related genes
is driving the process if any. It is conceivable that certain types of pre-
modern societies might have been able to affect genetic pools by encourag-
ing pro-social behavior and suppressing its opposite. But it seems unlikely
that high levels of economic development or a specific culture is the root
cause of the genetic variation — which almost certainly preceded the emer-
gence of these relatively recent phenomena. And it is even more implausible
that the strong correlations that we find between the COMT alleles and
current societal features such as the UN Gender Empowerment Measure, and
legislation concerning homosexuality simply reflect population segmentation
and genetic drift. These are very recent developments in which the publics
of 48 different countries independently began to accept gender equality and
to tolerate homosexuality in varying degrees. The strong correlations that we
find between this wide range of genetic, economic and social phenomena
seem too strong to result from random drift: there is almost certainly an
underlying causal process, though we have only begun to sort it out.

The fact that we find a correlation of -.60 between the 158Met allele
and the degree to which homosexuality is repressed in given countries,
suggests that there may be a causal link between the distribution of this
allele and social tolerance. This supposition is supported by the fact that we
also find highly significant correlations between this allele and other in-
dicators of social tolerance. We know that economic security is conducive
to tolerance, but these societies are not more tolerant simply because they

51



are relatively prosperous: the linkages persist when we control for per capita
GDP. These linkages do not prove that the COMT polymorphism causes
tolerance, but they provide a prima facie indication that this genetic factor
may be involved — perhaps in connection with other genes that have not yet
been identified. Logically, the next step is to seek individual-level evidence
that the COMT polymorphism is linked with happiness.

We suggest that a major cause of the systematic clustering of genetic
characteristics may be climatic conditions linked with relatively high or low
levels of parasite prevalence, in accordance with results of Fumagalli et al.,
2011.%2 This may lead certain populations to develop gene pools linked with
different levels of avoidance of strangers, which helped shape different
cultures, both of which eventually helped shape economic development.
Still more recently, this combination of distinctive cultural, economic and
genetic factors has led some societies to more readily adopt gender equality
and high levels of social tolerance, than others. Though economic develop-
ment tends to make all societies more tolerant and open to gender equality,
these findings suggest that cross-national differences in how readily these
changes are accepted may reflect genetically-linked cultural predispositions.

NOTE

*1t was not possible to carry out the first wave of the Values Surveys in Russia, but
our Soviet colleagues were able carry it out in Tambov oblast, a region they con-
sidered representative of Russia as a whole. In order to verify this assumption, we
surveyed Tambov oblast again in 1995, along with a separate survey of the Russian
republic. The results from Tambov and Russia in 1995 were similar: for example,
on life satisfaction, Russia ranked 61st and Tambov 62nd among the 65 societies
surveyed. Our Russian colleagues’ belief that Tambov was reasonably representative
of Russia as a whole seems justified.
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Population and DNA samples analyzed in this study.

Buccal swabs or blood samples were collected from Moscow students or
from general population (Ukraine). Samples were obtained and analyzed
after advice of the IRB of Institute of General Genetics RAS in accordance
with the declaration of Helsinki. Anonymous ID numbers were applied to
the DNA samples in order to provide the confidentiality of all subjects.
DNA was isolated by standard protocols. Primers and PCR conditions used
to analyze HTTLPR polymorphism are available by request. This part of
the study is supported by RFBR 10-04-01802.

REFERENCES

Akcali, A et al. (2008), Neurol India. 56(2): 156—60.

Alfimova, MV et al. (2008), Neurosci Behav Physiol. 38(3): 253-8.
Anderson, GM et al. (2002), Mol Psychiatry 7(8): 831-6.

Arbelle, S et al. (2003), Am J Psychiatry 160(4): 671-6.

Arias, B et al. (2003), J Clin Psychopharmacol. 23(6): 563—7.

Auerbach, J et al. (1999), Mol Psychiatry 4(4): 369-73.

Banerjee, E et al. (2006), Am J Med Genet B Neuropsychiatr Genet. 141B(4): 361-6.
Bellivier, F et al. (2001), Am J Med Genet. 105(8): 758-60.

Bellivier, F et al. (1998), Neurosci Lett. 255(3): 143-6.

Borroni, B et al. (2005), J Headache Pain 6(4): 182-4.

Butovskaya et al. (2012), Behav Genet 42(4): 647-62.

Camarena, B et al. (2001), Int J Neuropsychopharmacol. 4(3): 269-72.
Caspi, A et al. (2003), Science 301 (5631): 386-9.

Cervilla, JA et al. (2006), Am J Med Genet B Neuropsychiatr Genet. 141B(8): 912-7.
Chabane, N et al. (2004), Neurosci Lett. 363(2): 154-6.

Chong, SA et al. (2000), Am J Med Genet. 96(6): 712-5.

Chong, SA et al. (2000), Psychiatry Res. 97(2-3): 101-6.

Costa, JE et al. (2008), J Oral Sci. 50(2): 193-8.

Courtet, P et al. (2004), Biol Psychiatry 55(1): 46-51.

Cruz, Cetal. (1995), Arch Med Res 26: 421-426.

Deary, 1J et al. (1999), Psychol Med 29: 735-739.

Dorado, P et al. (2007), Fundam Clin Pharmacol. 21(4): 451-3.

Dragan, WL, Oniszczenko W. (2006), Neuropsychobiology 54(1): 45-50.
Ebstein, RP et al. (1997), Mol Psychiatry 2: 224-226.

Esau, L et al. (2008), Neural Transm. 115(5): 755-60.

Forero et al. (2006), Journal of Neuro Transmission 113: 1253-1262.
Gaysina et al. (2006), Neuropsychobiology 54(1): 70—4.

Golimbet et al. (2004), Am J Med Genet B Neuropsychiatr Genet. 126B(1): 1-7.
Gonda, X et al. (2009), J Affect Disord. 112 (1-3): 19-209.

Grevet, EH et al. (2007), J Neural Transm. 114(12): 1631-6.
Guhathakurta, S et al. (2006), Brain Res. 1092(1): 28-35.

72



Gustavsson, JP et al. (1999), Am J Med Genet Neuropsychiatr Genet 88: 430—436.

Gutiérrez, B et al. (1998), Hum Genet. 103(3): 319-22.

Ham, BJ et al. (2004), Neurosci Lett 354(1): 2-5.

Hammoumi, S et al. (1999), Alcohol. 17(2): 107-12.

Hoefgen, B et al. (2005), Biol Psychiatry 57(3): 247-51.

Hranilovic et al. (2003), Biol. Psychiatry 54: 884—889

Jacob, CP et al. (2004), Am J Psychiatry 161(3): 569-572.

Jonassen et al. (2012), Frontiers in Human Neuroscience 6: 1-5.

Joo, YH et al. (2007), J Korean Med Sci 22(1): 138-141.

Jorm, AF et al. (1998), Mol Psychiatry 3: 449-451.

Juhasz, G et al. (2003), J Neurogenet. 17(2-3): 231-40.

Katsuragi, S et al. (1999), Biol Psychiatry 45: 368-370.

Kim, SJ et al. (2006), J Neural Transm 113(7): 877-886.

Kim, SJ et al. (2005), Neuropsychobiology 51(4): 243-247.

Kolassa et al. (2010), J Clin Psychiatry 71: 543-547.

Koller, G et al. (2008), Psychiatr Genet. 18(2): 59—63.

Kotler, M et al. (1999), Mol Psychiatry 4(4): 313—4.

Kumakiri, C et al. (1999), Neurosci Lett 263: 205-207.

Kumar, HB et al. (2007), Psychiatr Genet. 17(5): 253—60. Erratum in (2007),
Psychiatr Genet. 17(6): 360.

Kumsta et al. (2010), J Child Psychology and Psychiatry 51: 755-762.

Landass et al. (2011), Journal of Affective Disorders 129: 308-312.

Lang, UE et al. (2004), Neuropsychobiology 49: 182—184.

Lanzagorta, N et al. (2006), Actas Esp Psiquiatr 34(5): 303-308.

Li et al. (2007), Am J Med Genet B Neuropsychiatr Genet. 144B(1): 14-9.

Limosin, F et al. (2005), J Psychiatr Res. 39(2): 179-82

Lotrich et al. (2012), Am J of Pharmacogenomics 16: 15-27

Manor, [ et al. (2001), Am J Med Genet. 105(1): 91-5.

Maron, E et al. (2005), Int J Neuropsychopharmacol. §(2): 261-6.

Marques, FZ et al. (2006), Psychiatr Genet. 16(3): 125-31.

Martaskova et al. (2009), Folia Biologica 55: 192-197.

Martinez-Barrondo, S et al. (2005), Actas Esp Psiquiatr. 33(4): 210-5.

Masoliver, E et al. (2006), Psychiatr Genet. 16(1): 25-9

Mazzanti, CM et al. (1998), Arch Gen Psychiatry 55: 936-940.

Meira-Lima, I et al. (2004), Genes Brain Behav. 3(2): 75-9.

Melke, J et al. (2001), Am J Med Genet Neuropsychiatr Genet 105: 458—463.

Mendlewicz, J et al. (2004), Eur J Hum Genet. 12(5): 377-82.

Mergen, H et al. (2007), Endocr J. 54(1): 89-94.

Michaelovsky, E et al. (1999), Mol Psychiatry 4(1): 97-9.

Middeldorp, CM et al. (2007), Behav Genet 37(2): 294-301.

Mileva-Seitz et al. (2011), Genes, Brains, and Behavior 10: 325-333.

Miu et al. (2012), Genes, Brains, Behavior 11(4): 398—403.

Monteleone, P et al. (2006), Psychosom Med 68(1): 99—103.

Munafo, MR et al. (2009), Am J Med Genet B Neuropsychiatr Genet. 150B(2):
271-81.

Munafo, MR et al. (2006), Neuropsychobiology 53(1): 1-8.

Murakami, F et al. (1999), J Hum Genet 44: 15-17.

73



Nakamura, K et al. (1997), Am J Med Genet Neuropsychiatr Genet 74: 544—545.

Nasserddine et al. (2012), Int J LifeSc Bt & Pharm Res 1: 278-281.

Naylor, L et al. (1998), Mol Med. 4(10): 671-4.

Ni et al. (2006), Journal of Psychiatric Research 40: 448—453.

Nilsson, KW et al. (2007), Neurosci Lett 411(3): 233-237.

Nonnis Marzano, F et al. (2008), Genomics 91(6): 485-91.

Noskova et al. (2008), Prog Neuropsychopharmacol Biol Psychiatry 32(7): 1735-9.

Oliveira, JR et al. (2000), Mol Psychiatry 5(4): 348-9.

Olsson, CA et al. (2005), Mo! Psychiatry 10(9): 868-76.

Osher, Y et al. (2000), Mol Psychiatry 5: 216-219.

Ospina-Duque et al. (2000), Neuroscience Letters 292: 199-202.

Paaver, M et al. (2008), Prog Neuropsychopharmacol Biol Psychiatry 32(5): 1263—
8.

Park, JW et al. (2004), Headache 44(10): 1005-1009.

Pata, C et al. (2002), Am J Gastroenterol. 97(7): 1780—4.

Perea et al. (2012), Journal of Affective Disorders 136: 767-774.

Pivac et al. (2009), Neuroscience Letters 4: 45—48.

Power, T et al. (2010), Neurobiol Aging 31(5): 886-7.

Preuss, UW et al. (2001), Biol Psychiatry 50(8): 636-9.

Preuss, UW et al. (2000), Psychiatry Res. 96(1): 51-61.

Pungercic, G et al. (2006), Psychiatr Genet. 16(5): 187-91.

Retz, W et al. (2002), Neurosci Lett 319: 133-136.

Rotondo, A et al. (2002), Am J Psychiatry 159(1): 23-9.

Rujescu, D et al. (2001), Psychiatr Genet. 11(3): 169-72.

Safarinejad (2009), Journal of Urology 181: 2656-2661.

Saiz, PA et al. (2008), Prog Neuropsychopharmacol Biol Psychiatry 32(3): 765-70.

Saiz, PA et al. (2007), Prog Neuropsychopharmacol Biol Psychiatry 31(3): 741-5.

Samochowiec, J et al. (2001), Neuropsychobiology 43: 248-253.

Sanhueza et al. (2011), Rev Med Chile 139: 1261-1268.

Saunders, CJ et al. (2006), Hum Mol Genet. 15(20): 2980-7.

Schmitz, A et al. (2007), Pers Indiv Differ 42: 789—799.

Shen, Y et al. (2004), Neurosci Lett. 372(1/2): 94-8.

Sieminska, A et al. (2008), BMC Med Genet. 9: 76.

Sookoian, S et al. (2008), Obesity (Silver Spring) 16(2): 488-91.

Sookoian, S et al. (2007), Sleep. 30(8): 1049-53.

Stamm, TJ et al. (2008), Psychiatr Genet. 18(2): 92—7.

Stefanis, et al. (2011), Genes, Brains, and Behavior 10: 536-541

Strobel, A et al. (2000), Z Different Diagnost Psychol 21: 194—199.

Suriati et al. (2012), Asia-Pacific Psychiatry 4(2): 126—130.

Szekely, A et al. (2004), Am J Med Genet Part B 126B(1): 106—110.

Szilagyi, A et al. (2006), Headache 46(3): 478-85.

Tencomnao, et al (2010), Asian Biomedicine 4: 893-899.

Thierry, N et al. (2004), Eur Neuropsychopharmacol 14(1): 53-58.

Togsverd, M et al. (2008), J Affect Disord. 106(1/2): 169-72.

Tsai, SJ et al. (2002), Psychiatr Genet 12: 165-168.

Umekage, T et al. (2003), Neurosci Lett 337: 13—-6.

Vormfelde, SV et al. (2006), J Psychiatr Res 40(6): 568-576.

74



Wachleski, C et al. (2008), Neurosci Lett. 431(2): 173-8.
Wichers et al. (2008), Am J Med Genett Part B. 147B: 120-123.
Wilhelm K et al. (2006), Br J Psychiatry 188: 210-5.

Willeit M et al. (2003), Mo! Psychiatry 8(11): 942—6.
Willis-Owen SA et al. (2005), Biol Psychiatry 58(6): 451-456.
Yilmaz M et al. (2001), J Neurol Sci. 186(1/2): 27-30.

Yirmiya N et al. (2001), Am J Med Genet. 105(4): 381-6.

You JS et al. (2005), Psychiatr Genet. 15(1): 7-11.

Zorolu SS et al. (2002), Neuropsychobiology 45(4): 176-81.

75



0S'CS | 0S'Ly (ir41 AOVIITAY
0S'CS | 0S'Ly 0zI1 TVIOL
¥Od 0S'CS | 0S'Ly (ir41 £€'8C £€'8Y £eeT 09 do suelsstueog snreg AdNLS SIHL
9S¥S | vy ¥8'LT £v'eS €L°81 AOVIIAY
T°S'SS | 8Y'Sy 9LE 99'LT L'ES 7981 881 TVIOL
"0201-101 :L1 “T10T "A101008
¥Od Crss | 881y 9LT 89°0¢ 98'8% Sv'0T 88 do emsny [ea15o[otoAsdomaN [euonEuIS]
AU} JO [BUINO[ ‘[& 39 0ISAURIJI(
L88-188 ‘€1
¥Od 00%S | 009% 002 00°ST 00'8S 00°LT 00T do emsny ‘L00T "A10190§ Ted1SojoydAsdorony
[BUOTIBUIOIU] JO [BUINO[ ‘T& IO SSTOAN
00'8% 0cs 901 00°€T 00°0S 00'LT AOVIITAY
00'8% 0cs 901 00°€T 00°0S 00'LT e0T TVIOL
. . . . . "STT-601 ‘ST ‘00T
1AL 00'8% 0cs 901 00°€T 00°0S 00'LT (4314 do erensny SOTIUAD) JEMAAS] T¢ 10 TOSS[O
00'8S | 00Tk AOVIITAY
00'8S | 00Ty 09 TVIOL
. . YOTT
2J1qeZ0 RLIOT
00'8s | 00Ty 09 HAPEON HeEIv “00TT:61€ '800T '9OUADS ‘T30 I'T
POYRIN ) ) | ©m) Ov) (V/v) [odAjoudn JudURU0))/
SurdKoudn) | [BAC% | PIN% PIv-a [eA/feA | [eApdw | Joui/owd -u dog dogans Anuno) feumor

SOLIJUNOD PAIPIYS UT SALOUAN

o1y o[d[[e pue 2dAI0usd 12795104 IINOD TV d1qeL

76



"$65-585 :0€ ‘110T

. . . . . . Zau 8
dTI4¥Od | 0S 1L | 0S'8C | 008 00CS 00°6€ 006 00F [ewd ] dO e} ABOTOIE 1150 P NG ¢ 10 Suep
. . . . . "8651-€6S1 9€ 1107 “ASojodeuwreyd
4od SYyL | SSST | TINL | 9L'SS LLLE ) 966 o iitte} -oyohsdoman e 10 U
. . . . . "8ST-HST € TI0T YoIBasdy
4od 088L | 0TIT | 8L 029 08C¢ 08t 681 o hitie} [EOTOIALJO SOATGOTY e 10 Suer]
6£€S | 199 AOVIAAY
00°€S | 00Ly | T0€T TVIOL
UEISEONE)) "TSTSHT
TIes | 889r | 208 €v'6C 8¢'LY 61°€T 10 %S°06 epeue) 1791 “€10T 1PusD neryaksdoman
‘D €19UdD) PIN [ WY “[B 30 YIS
L8TS | €Ly | STvl | SI'ST ladi4 17 YIL  |olewdf-do epeue) 9:8 ‘800 00ue) DN Te 10 KeuQ
) . } . ) SL6
18]S 10 vpeUER: . . .

p N | LIFS | €8Sk L 00ST €€'8S L9°91 9¢ do peue) -696 ‘01 “600Z "Wed f T8 10 UIAIOd
1LTS | 6TLY AOVIAAY
TSTS | svLy | 8PLI TVIOL
. . . ) . "€TS91S Eh
4od €9v9 | LESE | 0L9 0°LE TTss 9L see do [izexg [ 10T TSOMEN JOJN [ & 10 STIEA
1SE-9KE
006S | 00y | vk 71T |drEwdg-go| ueadomyg [izexg 1S “G00T "[EUINO[ SONOUSTOOBULIEYJ
YL [E 1 eprw|Y
) ) . ) . "LLT-TLT €T T10T Ansmuaydorg
4od 0$8€ | 0519 | +59 08v1 0S'Ly 0L'LE 9T¢ do [izerg [EUOREINN JO [PINOF T 15 CBATED)
SCIS | 98y | TT6 AOVIAAY
SIS | S98F | TT6 TVIOL

71-S Q¢ *I0IABYD
soudmsoIgy | SETIS | S98F | TT6 0S+C 0L€s 0812 19t o wnigg CI™s '8 600T TOMERE

pue surerq ‘sousn) ‘Te Jo SUOWIS

77



8y'eh | TS9S h9 TVIOL
. . + 0L-658:6:700C
0T6€ | 0809 201 19 do Soue(] Sprewua( AEmoASg [OJ 6 10 PHEEd
(eouorsolqy)| . . . . . '9699:(8)f
wewbe, 8Ty | TLSS ws 80°81 or'cs 56T LT do Ssoue(] Sprewua( 600 U0 SO1d T8 10 Fuwy
98t ary 008 AOVIAAY
98t ary 008 TVIOL
) . . . ) . onqndoy "SET-TET(TT) LT *900T
dTROd | 98 ary 008 STET SL0S 009C 00t do 409z) . 115] [OUROOpUE OMNAN, 6 10 A0S
TTIS | L8y | pIEI AOVIAAY
TTIS | L8y | pIEI TVIOL
. . . . . ‘6191 ‘€LY
A0d TTIS | L8y | pIEI 819C 8005 YL'ET LS9 do eneor) {0107 o] “1SOmMAN ‘T2 10 JPON
ore6e | 0609 (443 0TTI 06'SS 06C€ AOVIAAY
ore6e | 0609 (443 0T 11 06'SS 06C€ 191 TVIOL
seasd TPE-bee
A0d 01'6€ | 06109 (443 0TI 06'SS 06C€ 191 | Jowoyzly BIQWOIOD |, . 07 503 TSOMON ¢ 1 AI0g
0} [opuo)

YESL | 99T 00°0S 61°6€ 0801 AOVIAAY
ob'vL | 09°sT | 0TST | 98°8F SL'6E 6€T1 08ST TVIOL

€9 : ¢
4od 969L | t0'€T 0€T 97’8 6€'LE Sey SII do o) 0Ly 1-L00C

€ 11ed JUSD PO [ WY [e R N

78



. . . . . . oo "L§9-TS9 *L0T
d149-40d | 89S | STES | 8TT | S8OE | S96h 0561 287 - oouery €007 100UE) £ TU] T2 13 JOMIES
wov | 8S°€S AOVIIAV
SYO¥ | SS'ES | v08S TVIOL
TA¥0d | OV9y | 09'€S | 8ST | TLIT | LE6b v6'8C 6L puequL I81DT]
. :£00T "3UQ SOTId '[# 3 USUIRIHNOA
. . . . . . "6€1-S€1(DYT:000T SOY
dT04¥Dd | 019% | 06'€S | T6Ll | 1TTC | LLLY 20°0¢ 968 puequL dXe WD) [OOOTY ¢ 10 USuTrEY]
. . . . . "I8T-€LT:0C 010T
¥0d SL9v | STES | 8TvT | OLTT | 010§ 0T8T | vITl do puequL SOBAUSE) OHTEOAS 4 ¢ 10 OfeS
0TL9 | 08TE | 9 AOVIIAV
0TL9 | 08TE | 9 TVIOL
. . « LESTTSTIT '200T
0TL9 | 08TE | 9 sMaf eidorg $SORAUSE) UEBNE] T2 19 NS
0€'Ty | 0L'9S AOVIIAV
98Ty | ¥ILS | TLIT TVIOL
. . TSR

RIUOJS . *
08Ty | 0TLS | TS61 9L6 do uojsy - “600T ‘90 SO'Td T8 1 STON
PISION | 08°€h | 0T9S | 0TC | 06'ST | 08'SS 0£'8T o1t o eIuOISY coss vy
: ‘8007 "N I9SOINJN] ‘[e 19 UOIRIA
WLy | 86TS 9L'6T | €vOP 18°€2 0zy AOVIIAV
WLy | 86TS 9L'6T | V9P 18°€2 0zy TVIOL
¥dd . . . . . "aUI[UO 16(0T ‘ownjeg puelAIe N
ounuoy | CULY | 86TS | O¥8 | 9L6T | €v9p 18°€C 0cy do WA | o omsssamp) ‘wonepsssir Hadiopm
wy | 9Tss AOVIIAV

79



"8S91-1591 *8€ ‘800T UIPIN

d108¥0d | 90'8S | v6'Ty | 981 | 9TTE 1978 €191 c6 do 903910 [BOIS0[0YIAS J T8 10 SOSSNOY
POISION | 09'1S | O¥'8y | 005 | 00CTE | 0T6E | 088C st Fis) D | g omon [ang T8 10 :Mww_w
STSL | SLYT EIVHIAY

00SL | 00T | 0T9 TVIOL

00vL | 009 | 06€ D PueD ‘000z TN W ﬂwwﬂwww%m

0008 | 000T | T6 " i ‘000z Ty s o 1 mekaary

00LL | 00€T | ¥L e i ‘000z Ty s o 1 mekaary

000L | 000E | +9 i i 0007 T o Y ey

€Sy | LSS Y1z | 9T9y | 9gTe AIVIIAV

SEvy | S9ss | ve8 | 60T | syLy | 9Llg vy TVIOL

POISION | 0Ebb | OL'SS | T6I | 080T | 069y | 0€TE 96 do AwewioD |1 7 ou emoksq _w w mmmw%mm
PORISION | €0Fb | 86SS | TO¥ | 1681 | STOS | S80¢ 10T | OEN-dO Auewion &NMMMNW ._M_wwwwo%mmm“ww%
Xd1d | O¥'vy | 09SS | oLl | 000T | I¥er | 680€ s8 do Awewon | o Sewomon _Mwwvwmw:%oo
00PN | 6ESh | 19%S | o€l | S19T | 9r'8E | 8esE $9 do T R Ea%.m.mﬁw_v_“ww&
6915 | 1€8Y EIVHIAY

0¥'9y | 09°€s | ¥8S1 TVIOL

ocLy | o6€s | zeLt | orez | oosy | ogsc | ooor | Chood doueL et

-dD

‘010g “100uED) NN ‘[e 1 HOPQ

80



SS'LS | Syt AOVIAAY
TCSS | SLvy | vovl TVIOL
dTDNDd | 8L6S | TIOb | vEL 09°LE 0Lvt OL'LI L9€ do eIpu| onEBnsoA] suﬁﬂw.ﬂm WMWMMMM
L09S | €6y | 8Ly 676 95°¢S SI'LI 6£C do eIpu| .moéoﬁmoowmwwwwﬁw %%%_w
"L8SLLS *SE ‘T10T "Aneryphsg
4od 0L9S | 0¢cr 61 96 do eIpuy [ed130j01g 29 A3ojooeureydoydhsg
-0InoN ur ssa1So1d Te 10 seq
SOy | s6'85 | 061 89°¢1 YLYS 8S°I¢€ AOVIAAY
SOy | s6'85 | 061 89°¢1 YLYS 8S°I¢€ S6 TVIOL
. - 19¢€ uno
PAWSION | SO'TY | S6'8S | 061 89°¢1 YLYS 8S°I¢€ S6 o pue[ad] Naomm%owwomc mwﬂwwm%mmm
€97 | 69°¢S AOVIAAY
XX XX 066 TVIOL
. ) "¥STTIITST :010T "AneIydhsg
0L'€y | 0€9S | LI AreSungy TEOAOP T8 10 SOLAPI
. . . . . “SEPI-TEPT :dLYT ‘800T '€ Hed
POESION | vTSH | 9LYS 89¢ 9981 LT'ES L1I'ST ¥8C do Areguny 1OUBE) PO £ UTY e 30 WIZAIY
GG IS¢ -A1)RIYAS,
4od 00°0S | 000S 8T 08'ST 0r'st 08'ST 74! o Areguny o>_mmmomgwowmm MMMEEME@M
SESS | S9P AOVIAAY
XX XX TwLLl TVIOL
. - R ¢ -K1)RIYAS,
4od 0F9S | 09°¢y | 9801 | 00°€E 009t 09°0C €vS | FlBN-dOD 209210 PSLITCSLL “T91 S00C BRI

JO [BUINO[ ULILIDUIY 'T& J9 STUBJOIS

81



0SPS | OL'Sy | L8TI | 88°6C €18y 66'1C 96 TVIOL
. . ) } ) "9E1-0€1 :TC

PaISION | 00'1S | 006Y | T6T 0S'6C or'cy ov'LT ! do Arex 2107 1000 Femofs g o 10 skpuag
PISION | 00°€S | 00LY | 991 05'9C 00°€S 05°0T €8 do Arerr DEIOEI e
T10T "19U9D) eIydAs J Te 10 sApuerg

. . . . . "67-€C 1651 “T00T ADRIYOAS]

4od 0079 | 006 | ¥ST 00°LE 00'8 00°ST LT1 do Arex 10 [UOf UEORAUTY 6 18 OPUOIOY
Kessy . ) . . . "LSS6S 161 “010T AneIpphsg
wewbey | OVES | 099 | LS or'6C 00'8 09°CC SLS do Arerr SOOPY PINLD) U T2 1 SN
0LTS | oE'Ly 00'8C 00'TS 000C ADVIIAV

TTES | 8L9Y | 88Y 00'8C 00TS 000T 1L1 TVIOL

) . "#STTIITST J010T "ANBIYIAS]

Or'IS | 098F | 9pI 1ZBUONYSY [oBIs] TOSIO e 30 S0LAII

) ) . . . PT-1T 168€ S00T

PAISION | 00VS | 009F | THE 00'8C 00TS 000T 1L do [oBIS] o] osomaN ‘e 10 AsaomAog
SEIS | S98F | TSTT | 00°€T 0079 00°ST ADVIIAV

00'€T 0079 00°ST 19 TVIOL

. . +0L-658 16

000S | 000S | 0€T POBIRT | 07 Anemoks g (O] Te o PEmEd

) } . ) ) "8-9€L1:791°500T

1LTS | 6TLY | TTOl | vE6T wor €6'€C 196 puefoIf AemoAS [ UTY e 10 SWEHIIA

oF'1S | 0S8t L9V Sr'e6 98’1 ADVIIAV

oris | ossy | vic L9V Sr'e6 98’1 L0T TVIOL

PawISION | Ov'IS | 0S8y | bIT L9V Sr'e6 98’1 LOT | PN -dD uel[ ceeLle vl

‘600T ‘1O PIN SAY [ T8 1 [UBIWQ

82



06LL | O1'TT AOVIIAV
06LL | OI'TT | 9TC TVIOL

06LL | OI'TT | 9TC €11 wnoy o soe] * .mwmmwww»ﬁwoﬁw me%mw

L | 88'LT 008y | €9€p 8€'8 AOVIIAV

LLTL | €TLT | T9EL | ss6r | seTy L0'8 €r8 TVIOL

¥0d THL | 8TST | 969 | 0TSS | 06LE 069 8te o ynog ‘earoy S — ﬁo_hu%m%%wm
Lo9L | €6€T | 9z | 9619 | TTsT 86 €91 [orwag-dD nog ‘a0 | - . o8C OLT1

1002 "SonouaS0oeuIeyJ T 10 WX

MOd | 659 | IpbE | ovE | 6SOF | 0008 176 (A o unos ‘eanoyy | %wossé%%mw_m %meh%m
vTsy | oLvs | T AOVIIAV

vosy | oLvs | T TVIOL

uewwwum vTSy | 9Lvs | Ty | Ls8T | €g€e | oISt 1z o uepIof AdNLS SIHL
SYL9 | SSTE AOVIIAV

P99 | 98°€E | 9968 €867 TVIOL

¥Od | 0169 | 0605 | 088 | 606y | 000y | 0601 | Ovb o uedef <oy .é&ammowww %Mw%m
¥Od | 8689 | ToIE | OLpl | LS8y | T®OF | 1901 | SEL  [FFEN-dD uedef 10z ‘suouodAly H.Nw«oﬂwwwhm
MWNMM LTy9 | erse | 919¢ | oLty | €ISk | 9UEl | 8081 o uedef S mmwwmomwm
09%s | op'sy weT | s0s | pLOT AOVIIAV

83



« 0L8-658:6 "$00T "ANBIYdAsq

0T's9 | 08¥E | s€l eqnIO& eHadIN -

0S€9 | 059T | 96 odI BHBIN *smm.amswww“mmouwwmwmo%

oree | oese | o sy | e | oCESTGTTIO0T o0

000S | 00°0S 00sT | 000s 00'sT AIVIIAV

000S | 0008 00sT | 000s 00'sT TVIOL

M0d 000S | 000s | 9091 | 00'sT | 000s 00'sT €08 do PURIEZ MON | ook g _.omw __%w__wmww
185y | 61 AIVIIAV

SOSh | S6VS | vhesl TVIOL

ST'sy | s8'vs | scicl | 690T | Sver | 98%6T | 6909 do SPUELOIN. | coroe _oéw_m%m_mw%wwmh%mm

1687 | 601 | tT6 | vTvT | <sceb 1+'92 o do SPURRIRN. | o Ezwﬁww_w MWWMMM

Keiry SSVIN| 08°2v | 0TLS | €6 | 08LI | 000§ 0z'Te 99% do SPURPRIRN | - oy memoksa _wwmmmw%mm
0509 | os'6E | v AIVIIAV

0509 | os'6E | TLp TVIOL

¥Dd 0509 | os6c | Ty | ozee | 09y | oLSI 9€T do 0OIXOI .wm_.uﬁm ___E_o_wmmwwﬂwmm
9r'LT | ¥STL vrvs | 1T9¢ €6 AIVITAV

oLz | vSTL | ¥E8 | vbvS | 1T9E €6 Ly TVIOL

¥Dd ov'LT | vSTL | b8 | vbbs | 1T9E €6 L1y do eisKe[e N L9 681 110

oreasay Aneryohs ‘e 10 uep

84



0089 | 00CE 901 00cy 00'TS 00L 901 TVIOL

dTdd-d0d | 0089 | 00CE 901 00cy 00°'TS 00L 901 dd g “owr] pay Q.MHNMWWN.W ”“Momw%%m

€C'IS | L98Y AOVAHIAV

9¢'IS | ¥9'8Y 86T TVIOL

Bumumyy 008 | 00C¥ 0s qpurg uesnied 9002 *uwm%wmoo“mﬂw M‘m

Bumumy 0087 | 00CS 8v BleZeH uesnied 9002 *uwm%wmoo“mﬂw M‘m

Bummy 008 | 00Cr 0s muerg uesnied 9002 *uwm%wmoo“mﬂw M‘m

Bumumy 009% | 00%S 0s qooreq ueised 2007 *uwm%wmoo“mﬂw M‘m

Bumumy 009% | 00%S 0s yseres| uesnied 9007 *uwm%ﬁomoo“mﬂw M‘m
diyopeog

oaww%mwsm 00CS | 00'8% 0s oysnmg uesnied 9002 *uwm%wmoo“mﬂw M‘m
euumy

ey | 9579¢ €L'81 oy e8'Ie AOVAHIAV

IP'ey | 6595 | 80¢91 €L'8T LE6Y 06'T€ PS18 TVIOL

PAIBISION | 0S'Ey | 0579S Big4Y L8l 9s6v TLIe £09C do KemioN M%%_M%MQWM%MMMMMMWWWWMHM%M

¥dd LEEY | €996 | T90T1 €L'81 6T 6v 86'1¢ 1€sS do KemioN Knyenyoksq OEWMW.WLWLMMMM

08°0L | 0T'6C AOVAHIAV

01¢ TVIOL

85



gmgsioeg

dod 0T9r | 08'¢S vL6 8€CC Yo'Ly 86'6C 18 1S SuBISsIy eIssny AdNLS SIHL
. g ¢ -A1)eroAsS,
1S | 80'8% 09T S1'9¢ ySI1S 1€ce 0€T MOS0 SHBISSIY BISSITY mwwwm_.m%www%wmmﬁ uoa.mw:om
uoi3ar
vy | 95°SS 91T 581 S8'IS £9'6C 801 c.m:m Suelssy eIssny 672y ) 9 "600T Swaishs
ISt : : 9J1T Jo A30[0Uyda ], e 30 BAONIU[RS
pue ey,
. . . . . uorgar % "L9S-LSS 9¥ 6661
006 | 00°IS 96 LT'6T 856¢ STIE 8t epSo[oA SHBISSIY BISSITY] “Anenpoksq [0t ‘[ 10 JonRU[E]
00’19 | 00°6¢ 691¢ ¥0Cs LTET AOVIIAY
00’19 | 006 86 691¢ ¥0Cs LTET 86 TVIOL
‘CHE- R 109139
dod 00’19 | 006 86 691¢ ¥0Cs LTET 86 sueqdio BIUEWOY wmm M%Mw mﬂooﬁ o_w » M::M
908y | ¥6'IS AOVIIAY
6805 | IT'6Y 89¢€S TVIOL
. . . . . "9T-1T 8T1 “P00T Yoreasay
PoRBISION | 0087 | 00°CS ¥6¢ 00T 00°8% 008C L61 do puejod ATIRIGOAS ] T2 10 90TMOTo0UTES
. . . . . _ #%S8L6-18L699
LIS | 6T8Y 855y LO'LT 8Tov S9'¢T 6LTC | S[ewR-dD puejod ‘900 "oy J9dUE)) |2 30 10pNED)
"dUIUO :Z[(T "ANEIOAS J [edI50[0Ie
PIBISION | 8¥'vy | TS'SS 901 wyl ¥S°09 STst 901 do puejod 29 ASojooruireqdotoks -omoN
ur ssa13014 ‘Te 19 eRISAA-e[od
91'e8 | ¥891 061 LELY 8S1¢ SO'T AOVIIAY
91'e8 | ¥891 061 LELY 8S1¢ SO'T S6 TVIOL
. . . . . “TTI-ST1 € ‘TI0T 1PUD
dod 91'e8 | ¥891 061 LELY 8S1¢ SO'T S6 do soutddirg Joruapids [op ] e 10 Stjoeg
0089 | 00CE 901 00°¢y 00°1S 00°L AOVIIAY

86



"ST€-80€:001 “800T

0L9S | 0ocey | 0¢€Tl <19 dD uredg soy JqdozIpoS e 10 [P0}y

PAIBISION | 09°IS | OF'8% 981 00'8¢ 0¢'LY 0L'vT €6 dD uredg P . ..omToﬂ o
210 RS0 IBIYOAS 'Te 10 sApuerg

60°¢€S | T69% o1 e €L'19 S091 AOVAHIAV

60°€S | T69% w91 e €L'19 S091 18 TVIOL

PAEISION | 60°€S | T6'9F w91 e eL'19 S091 18 :E.mmwao BOLJY nog 0oTIsst Nmmwm% mw .“M MMMMM
1987 | 6€71S LL'ET 89°6% 18%C AOVAHIAV

88y | 8I'IS 9¢6 €6'¢T 6L6v 87'9C 89y TVIOL

QMMMMH Ly | 8L'TS 96€ €L'TT 66'8% 87'8C 861 dD BIUAAO[S Aeyog Eﬁmrmmww.um%m.ﬁwouw ummmw
QMMMMH 00°0S | 0008 ovs 18%C LE0S 18%C 0LT dD BIUAAO[S “110Z ‘09UQ [099U£D) Ho.“u\%whumw
0TSL | 08%C 0598 0¢'LE 079 AOVAHIAV

0TSL | 08'%C 819 0598 0¢'LE 079 143 TVIOL

Aeiry SSVIN| 0TSL | 08T 819 0598 0¢'LE 079 143 dd alodegurg .u:% cmﬁm‘mAWﬁN%mm
SL99 | sTee 818 vy 18y S8°01 AOVAHIAV

SL99 | sTee 818 14244 18y S8°01 144 TVIOL

PAIBISION | SL'99 | STEE 818 vy 18y S8°01 144 MHW%MW BpuBMYy ‘0107 “AneIoksq o1 .WMM.WMMWM
68Ly | T1'CS AOVAHIAV

60'LY | T16TS 9vST TVIOL

87



#7111 :€Y ‘T00T

0T°¢€L 06'9C 9LE ueHq uemre], “3ojo1qoyoksdoman] e 30 nor|

. . %' L9S-LSS ‘9% ‘6661

00vL 009C 001 ueHq uemre], “AneIoAs [01¢] ‘T 10 Jonjeweq

0667 01°08 SEVT or'1s SSYe IOVIIAV

crey 88°0S 89¢ £6°TC LT'ES 0€vC ¥8¢ TVLOL

. . . . . "LYOT-TH0T “dibT ‘L00T

d0d 0€'LY 0LCS 0LE 0¥'81 08°LS 08°¢€C S81 dd puBHIZIMS - 1Ed 19USD) POJN [ WY “[€ 30 pheg

d0d 05°CS 0S'Ly 861 0€0¢ or'vy 0€'ST 66 dDd PUB[OZIMS | | K3o[oypAhsq E-moMﬂwmw ME_:MHMM%DN

1SSy (9479 09°0C S04 $8'6¢ IOVIIAV

10°SS 66'vS yTT8 8¢€0C 8T 6V y€0¢€ 8YLE TVLOL

d0d 00ty 009¢ 916 e8I €1 S0t 8SY S[BN - dD uspamg Sy JOUIA o:ow__@w.._m% WN:.MMH:MWMM
‘991 : ¢ ‘SIOPIOST

parels 10N SO'Sy S6'vS (4134 §s'0c 00°6¥ Sy'og IS1¢ dDd uspamg a Nﬂ&ww m% _NMP%%N.E uowbmm

. . . . . S[eld "8T-61:1T°110T

Pa3ess JON 008 00CS CLe 05°€C 068y 09°LT CLT -do uspamg JoUSD) JRIOAS J T8 10 09SEWI0))

dDd 00°Sy 00°SS YELT 00°0C 00°6¥ 00'TE L98 dDd uspamg 19 1 10T 2uQ SOId T8 1 Sulprey

L8'SS el'vy S6'LT €08y (4244 IOVIIAV

08°SS 0Ty ss 8T6C £9°0S 60°0C y9Cl1 TVLOL
BI-L Sy ¢ YOIeasy

Aery SSYIN | 1$°6S (Y4744 050¢ 9L'6C IS1S €L°81 S201 dDd uredg e, %mw_b:w _MME_OM.OW MM mﬁmow
96/ ¢ ‘que

€CIS LL'8Y 0LS w0'LT (4414 9SvC 314 uredg S8I6L-L51-010C € VEd

“Jouan) PIA [ UIY ‘e 19 BYOIU0H

88



wop3ury

¥66-9€6:96 ¥00T

vLLy | 9TTS | 918€ | 8¥ET €S'8Y 66'LT 061 |TPRddD o) U] 350UECy BN { T30 Summung]
0LTs | 0ELy ST0T 0879 SO'LT AOVATAV

TSES | SY9r | 6£9 S0'81 06°€9 SO'8T s0T TVIOL

. . +607-LOY SL

00SS | 00t | ep Koy, 1007 ‘JOOXOL ATy e 10 S6qEO0Y

. . . . . “TTE0TE 16T “800T 'Towed PIN

PAWSION | 0SLS | OLTH SL 00'8T 0L'8S 0€€l SL do Aovpng, SUBI0  UTY T8 10 T |SSUEe
"01-6 :9¢ T10T Anemossq

4od 08'Sy | 0TS 0€l 0€TI 06'99 080T 0€I do Kosmy, [eo130101g 29 A3ojoorureydoyohsg
-0INAN Ul Ssa1301 ‘Te 10 UNQoRIEY]

0S¥L | 0SST | 98 00°SS 00°6€ 009 AOVITAV

0S¥L | 0SST | 98 00°SS 00°6€ 009 98t TVIOL

Kessy . . . . ) “EP8-LESSTI 600T
wowbey | OSTL | 0SST | 98¥ 00°SS 00°6€ 009 98t pue[rey, zo0uEs [ 1] 2 10 SueifeiSues
0TTL | 08°LT 06 AOVITAV

0TTL | 08°LT 06 TVIOL

) . +0L658:6 :$00T

0TTL | 08°LT 06 v33ey) elueZue], A EmOAS (O] T° 1 SN

S8SL | STHT AOVITAV

TEPL | 89'ST | 8SL TVIOL

. . W LESTTSITIT “T00T

0€'€8 | 0L9T 8 epEH uemE], SOUSE) UETE e 1 AIASC

00€L | 00LT | 861 ueH uemIE] x0567955 °L9

‘9661 "1PUSD PIN [ WY [e 19 Udy)

89



“€C89-1189 -6¢€

“doy jo1g 1o “(T107) 18 1° OH sex
suonendod qHYATY «

S0TS | S6LY | 9pl ADVIIAV

socs | seLy | ov1 TVIOL

socs | seLy | ovl v1°0€g €8'cy €097 €L do uemren|) aurenyn AdNLS STHL

€6'1C 80°St 86'C¢ ADVIIAV

vLLY | 9TTS | 9sgv | 80°€T 91’8y 9L°8C 66C TVIOL

. . . . . wopgury YTs1Ts

PISION | 6,9y | 1T€S | 9SI v9'sT 1€°Ty S0°TE 8L do PO -0 *6007 HodoYoINN 6 19 9K
Kessy ) ) ) ) ) wop3ury "9LT-€9T {1f ‘1 10T UIPIN
wewbey | OL8Y | OIS | ¥8E 6T 951§ 43y 61 do pomn E0B0[0GoKSd T2 10 IPIIZHS

90



Population and DNA samples analyzed in this study

Buccal swabs or blood samples were collected from Moscow students.
Samples were obtained and analyzed after advice of the IRB of Institute of
General Genetics RAS in accordance with the declaration of Helsinki.
Anonymous ID numbers were applied to the DNA samples in order to
provide the confidentiality of all subjects. DNA was isolated by standard
protocols. Primers and PCR conditions used to analyze COMT Vall58Met
(rs4680) polymorphism are available by request. This study was partially
supported by RFBR 10-04-01802.

Allele Frequency DataBase (ALFRED) was used as a source of COMT
Vall58Met (rs4680) allele frequency data for 29 populations. We searched
for additional studies using PubMed with request COMT + country name.
3—4 articles with biggest sample size were selected when available. In case
of articles with sample overlap those with low sample size were excluded.
Samples which were not in HWE were excluded.
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Ronald F. Inglehart is the Lowenstein Professor of Political Science and a research
professor at the Institute for Social Research at the University of Michigan. He is
also co-director of the Laboratory for Comparative Social Research at the Higher
School of Economics in St. Petersburg, Russia. Inglehart helped found the Euro-
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representative national samples of the publics of 97 countries containing almost 90
percent of the world’s population. His research deals with changing belief systems
and their impact on social and political change.

Svetlana Borinskaya is a senior research analyst at the Institute of General
Genetics, Russian Academy of Sciences.

Anna Cotter is a PhD candidate in Political Science at the University of Michigan.
Her work focuses on terrorist watch list designation and linguistic choices states
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Jaanus Harro, MD, PhD has held professorships at the University of Tartu,
Estonia in neuropsychopharmacology, health promotion and psychophysiology. His
research is on affective neuroscience and includes psychopharmacological and
molecular genetic approaches in animals and humans, and population-based longi-
tudinal studies on neurobiology of personality and health-related behaviour. Dr Harro
has authored or co-authored about 180 original articles, reviews and book chapters
in broadly distributed international publications. He has served in several commit-
tees of CINP and ECNP, and is Associate Editor of Furopean Neuropsycho-
pharmacology and an Editorial Board Member of Acta Neuropsychiatrica. He is
also a member of the WHO Expert Advisory Panel on Drug Dependence and a
Foreign Member of the Royal Society of Sciences at Uppsala.
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at the Department of Periodontics and Oral Medicine, University of Michigan
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Christian Welzel is the Political Culture Research Professor at Leuphana Univer-
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and Moscow, Russia. His research focuses on human empowerment, emancipative
values, cultural change and democratization. A recipient of various large-scale
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grants, Welzel is the author of more than a hundred scholarly publications. Besides
his just published Freedom Rising (2013 at CUP, winner of the Alexander L.
George Award and the Stein Rokkan Prize, see www.cambridge.org/welzel), the
most recent books include: The Civic Culture Transformed (with Russell J. Dalton,
forthcoming at CUP); Democratization (with Christian Haerpfer, Ronald Inglehart
and Patrick Bernhagen, at OUP 2009) and Modernization, Cultural Change and
Democracy (with Ronald Inglehart, 2005 at CUP).
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