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ABSTRACT
This dissertation explains why behavioral genetic research can be better informed by
using characteristics in the human iris as biomarkers for personality, and is divided into
five parts. Part I gives an introduction to the classical twin method and an overview of
the findings that have led most developmental researchers to recognize that the normal
variation of personality depends on a complex interplay between genetic and
environmental factors. Part II highlights empirical findings that, during the last twenty
years, have gradually moved genetic and environmental theory and research to evolve
toward one another, and also presents the theory of genetics and experience that
currently is used to explain how the interplay between genes and the environment
works. Part III explains why, from a developmental perspective, it is of interest to
identify candidate genes for personality, and gives a brief overview of genes that have
been associated with personality. Problems associated with genetic research on the
molecular level and how these apply to personality are also highlighted. Part IV
examines molecular research on the iris and the brain, which suggests that genes
expressed in the iris may be associated with personality, and explains how the use of
iris characteristics and a person-oriented methodology can increase power to test
candidate genes for personality by taking advantage of the self-organizing properties of
the nervous system. The empirical foundation for the questions posed in this
dissertation and also the empirical results are presented here. Part V discusses the
associations found between iris characteristics and personality, and exemplifies how
iris characteristics can be used within the theoretical frameworks presented in parts I,
II, III and IV. In other words, Part V explains how iris characteristics and a personoriented methodology – as well as identifying, and increasing power to test candidate
genes for personality - can be used to investigate how people’s experiences in
themselves are influenced by genetic factors.
Key Words: Personality; iris characteristics/crypts/pigment dots/contraction furrows;
person-oriented approach; candidate genes MITF/PAX6/SIX3/LMX1B/FOXC1/
FOXC2/PITX2/BMP4/OLFM3/ MSX1/MSX2; anterior cingulate; genetic correlations;
heritability; hemispheric asymmetries; approach-related behaviors.
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An eye of flesh, an eye of reason, and an eye of contemplation…
…let us assume that all men and women possess an eye of flesh, an eye of reason, and
an eye of contemplation; that each eye has its own objects of knowledge
(sensory, mental and transcendental); that a higher eye cannot be
reduced to nor explain solely in terms of a lower eye; that
each eye is valid and useful in its own field, but
commits a fallacy when it attempts, by
itself, to fully grasp higher
or lower realms
- Ken Wilber -

…personality is a pattern of defense mechanisms
that we mistakenly tend to identify
as solid and ourselves
- Irini Rockwell -

…you’re just a prisoner of your dreams
- Bruce Springsteen -

…there is much more to evolution t
han a little piece of DNA
- Stuart Davis -
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Part I
Nowadays, most developmental researchers recognize that most types of behavior,
including not only disorders such as schizophrenia and bipolar disorder, but also
normal variation in cognitive abilities and personality depend on a complex interplay
between environmental factors and multiple genes. The models and constructs used,
which are necessary to understand the evidence that has led to this view in regard to
personality, are presented below. Then, there is a summary of the findings from
behavioral genetic research that has virtually revolutionized understanding of how
people’s personalities are influenced by the environment and how personality
differences develop over time. The literature attempts to answer the following four
questions:
x
x
x
x

How much do genes contribute to individual differences in personality?
Which types of environmental effects are of greatest importance for personality?
To what extent does heritability for personality change over time?
Is the stability for personality in adulthood due to genetic or environmental
effects?

1.1 Basic reasoning
The question whether genetic effects for personality are important can be investigated
by comparing how similar identical twin pairs are to fraternal twin pairs on scales that
measure the traits considered by most researchers to be most basic for personality
(Costa & McCrae, 1995). If genetic factors are important for individual differences in
how people score on personality traits, then in large populations, identical twins, which
have all their segregating genes in common, must be more similar than fraternal twins,
who on average have 50% of their segregating genes in common. Similarly, if adopted
children’s personality resembles their biological parents’ personality more than their
adopted parents, this must reflect the genes they have in common with their biological
parents. Other combinations of relatives where kinship varies, e.g. pairs of full siblings,
half-siblings and randomly paired subjects, and the extent to which they are similar on
personality measures in large populations, can also be used to find out whether genetic
influences are important for personality.
1.2 Constructs used
The rationale for estimates of genetic and environmental effects rests on a model that
states that the phenotypic differences observed in a population are made up of genetic
and environmental contributions. The total variation in a population of a complex
phenotype (Vp), such as personality, is thus a function of the genetic variance (Vg) and
environmental variance (Ve) that contribute to personality in the population under
study:
Vp=Vg + Ve

Equation 1
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2

This model makes it possible to create the constructs of heritability (h ) and
2
environmentability (e ), which are estimates of how much of the total variation of a
trait in a population can be attributed to genetic and environmental sources of
variance. Heritability is an estimate of the proportion of the total phenotypic variance
(Vp) that can be attributed to the total genetic contribution (Vg) to a trait:
2

h =Vg / Vp

Equation 2

Environmentability is an estimate of the proportion of the total phenotypic variance
(Vp) that can be attributed to the total environmental contribution (Ve) to a trait:
2

e =Ve / Vp

Equation 3

Hence, for the same trait, h2 and e2 always add up to one. Heritability depends on the
range of environments, and environmentability depends on the range of genotypes:
2
2
h + e =1

Equation 4

It is important to note the interdependency of h2 and e2 because it influences the role of
the home environment in a way that may be counterintuitive for personality (Carey,
2003). For example, if most parents in a large population provide the same home
environment in terms of encouraging their children to be “honest”, which arguably is
something that most parents consider to be a laudable social goal, and if other
environmental factors that influence this trait are about the same for most individuals
in the population, then this would increase the heritability, not increase the
environmentability. The fact that the encouragements to be “honest” or “dishonest”
come from the environment does not matter. What matters is the extent to which
differences in the environment as a whole contribute to increase the personality
differences found in the entire population under study. If the differences in parents’
ability and in other environmental factors that influence people’s “honesty level” are
small, then the range of different environments in the population will be smaller, which
means that the contribution to phenotypic differences form the environment as a whole
will be smaller than would be the case otherwise. Thus, the magnitudes of h2 and e2 are
dependent on each other. However, this does not automatically mean that genetic
factors will always be found to contribute to phenotypic personality differences. If
genes contribute less to how much a trait varies, then a greater proportion of the
phenotypic differences (as we will see in a moment) will turn out to be environmental
in origin.
1.3 Estimates of heritability (h2) and environmentability (e2) using twins
When the difference in similarity between monozygotic (MZ) and dizygotic (DZ) twins
on personality traits is used to estimate the proportion of variance attributed to genetic
and environmental factors the rationale is the same as in equations 1-4. Just as was the
case for the total amount of phenotypic differences observed in a population, the
similarity between MZ and DZ twins must also, by necessity, be due to genetic and
20
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environmental sources of variance. Thus, the MZ-pair correlation (rMZ) equals the
average effect that genes have on the phenotype in the population (since MZ twins
share 100% of their segregating genes), plus the experiences in the environment that in
addition to genes have made both twins more similar on the trait under study:
2
2
rMZ = h + e Shared

Equation 5

Under the assumption that the “equal environment assumption” holds for twins who
have grown up in the same family, which will be shown in a moment, the same is true
for the DZ twins, except that the average genetic effect for DZ twins is half as big as it
is for MZ twins (since DZ twins on average share 50% of their segregating genes):
rDZ = ½ h2 + e2Shared

Equation 6

Thus, when the correlation for MZ (rMZ) and DZ twins (rDZ) for a trait is known, highschool algebra can be used to calculate the heritability. Consequently, the shared
environment and non-shared environment can be estimated from the difference in
similarity between MZ and DZ twins:
e2Shared = 2rDZ – rMZ

Equation 7

e2Non-shared = 1 – h2 – e2Shared

Equation 8

However, it is also possible to estimate the heritability directly from a more simple
algebraic formula proposed by Falconer (1965):
2

h =2(rMZ – rDZ)

Equation 9

This formula means that a doubling of the difference in correlation between MZ and
DZ twin’s estimates heritability in a broad sense, i.e. the proportion of phenotypic
variation that can be attributed to all genetic influences in the population.
1.4 Heritability – different sources
2
The genetic effects contributing to the total heritability estimate (h ) can come from
different sources. That is, loci can add up to a specific phenotypic level in an additive,
or in a non-additive fashion. Additive genetic effects relate to the average effect of an
allele (or a number of alleles) in a population, and represent the extent to which
genotypes “breed true” from parent to offspring. For example, if a parent has one copy
of a certain allele say A1, then each offspring has a 50% chance of receiving an A1
allele. If an offspring receives an A1 allele, then its additive effect will contribute to the
phenotype to the exactly the same extent as it did to the parents’ phenotype. That is, it
will lead to increased parent-offspring resemblance on the phenotype, irrespective of
potential interactions with other alleles at the same locus or at other loci.
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Non-additive genetic effects do not breed true from parent to offspring and relate to
interaction between alleles at a particular locus (dominance) or at different loci
(epistasis) that influences the phenotype in a manner that departs from the average
effect. For example, in some instances, the combined effect of the genes that offspring
receive from each parent is larger (or smaller) than the additive genetic effect; this effect
is referred to as the non-additive genetic effect. Thus, in its broadest sense, nonadditivity implies that the effect of a particular genotype on the phenotype depends on
genetic background (the unique combination of genes within an individual). In other
words, it describes a situation in which the phenotype of a given genotype cannot be
predicted by the sum of its single-locus effects, because the behavioral meaning of the
genotype is dependent on the interaction between genes from both parents, which
depart from the average effect, hence the genetic background.
The proportion of the total phenotypic variance, which includes both the additive and
2
non-additive genetic effects on a trait, is referred to as the broad definition of h . If the
genetic contribution to a trait is purely additive, then the broad-sense and narrow-sense
2
h will necessarily be the same. It is generally assumed that non-additive genetic
findings in twin studies indicate the possibility that traits could have been under
selective pressure to increase reproductive fitness during human evolution (Lykken,
2006).
1.5 Heritability – a population dependent measure
It is of crucial importance to know that a heritability estimate only applies weakly to
how much genes contribute to a trait for a single individual. All that a heritability
estimate of .37 for impulsiveness tells us is that, averaged over an entire population,
37% of the observed individual differences are due to genetic differences in that
population. The individual level of impulsiveness for a specific person in that
population could be determined almost completely by genes or almost completely by
environment, and yet be totally consistent with a heritability of .37. This means that
heritability estimates between samples can vary; especially if the sample size is small.
Heritability estimates from large populations, however, are often very similar. Many
twin studies also give upper and lower 95% confidence intervals for the heritability
estimates, which indicate how much the estimates in that population can vary, and still
be consistent with there being a less than 5% chance that the pattern of correlation
among the relatives in that sample would be due to random rather than genetic effects.
These are reasons why heritability cannot be estimated to the second digit and that
estimates for personality differ some between populations. The magnitude of
heritability is therefore commonly placed into categories of low (0 to .30), moderate
(.30 to .60) and high (.60 to 1.0).
1.6 Environmentability – different sources
Environmentability can also, just as heritability, be divided into different sources.
However, since the basic model used only includes information on how similar MZ
and DZ twin pairs are on a specific phenotype (i.e. the correlation between all MZ and
DZ twin pairs in the sample under study), the environmental component of the
22
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variance can only be partitioned into two relatively broad categories: shared and nonshared environmental effects.
Shared environmental effects are defined as “environmental factors responsible for
resemblance between family members not explained by genetics” (Plomin et al.,
2001b). This influence is generally assumed to come from the family environment,
since this part of the environment historically has been assumed to contribute to
siblings’ resemblance on personality more than is the case for other types of
environmental influences, but it is important to note that the definition does not
necessarily imply that influences contributing to shared environmental effects must
come from the family environment. According to the definition, environmental
influences outside the home can also potentially contribute to similarities between
relatives. Further, since two MZ twins perfectly well can have different responses to
stress factors that are shared, a divorce for example (Hetherington & Clingempeel,
1992), it is not necessarily the case that environmental influences that are shared by
both siblings in a family, which in turn influence personality, end up in the shared
environmental category (Torgersen & Janson, 2002). Thus, the point to keep in mind
here is that shared environmental effects only relate to the chunk of the variance that
relates to the proportion of family resemblance that is not explained by genetics.
Non-shared environmental effects relate to all factors in the environment that make
family members less similar on the trait under study. Different reactions to a divorce or
different treatment from parents, and other environmental influences at large, that
result in personality differences between twins are examples of such influences (Dunn
& Plomin, 1990). So are random embryological events that make MZ twins resemble
each other less, which potentially also can include DNA events, such as chromosomal
anomalies and somatic mutations, that are not directly inherited. Since measurement
errors are uncorrelated in large samples, they are also included in the non-shared
environmental category. Approximately 20% of the variance in self-report personality
questionnaires has been estimated to be due to measurement errors (Plomin et al.,
2001b).
1.7 Twin studies focus on anonymous variance components
Most twin studies focus on anonymous variance components rather than on measured
genes and environments. In other words, the specific genes and environmental
conditions that influence the trait under study are not known. Nevertheless, the
knowledge that can be gained from twin and family studies (i.e., the relative
importance of additive genetic, non-additive genetic, shared environmental and nonshared environmental effects) is of outmost importance. It has virtually revolutionized
researchers’ understanding of how people’s personalities are influenced by the
environment and how personality differences develop over time.
1.8 Developmental psychology and the nurture assumption
The main reason why twin studies has been so crucial for developmental psychology is
that the field historically has assumed that the home environment is the factor that is
23

27864 Avhandling_inlaga.indd 23

1/28/08 9:19:47 AM

most important for the development of personality and adjustment in general
(Maccoby, 1992). Parents have been assumed to be the most influential part of the
child’s environment and, to a large extent, determine how the child turns out. Indeed,
the link between parents’ and children’s personality and adult adjustment is still
assumed, by some developmental researchers, to be caused by environmental factors,
such as differences in parental styles, even though the data referred to quite clearly
indicate that genetic factors could also contribute to the shaping of people’s
personality. For example, the following conclusion was drawn by Belsky and Barends
in their Handbook of Parenting (2002), which was based on Elder, Caspi and Downey
findings from 1996:
“…Elder, Caspi and Downey (1986) were able to link personality to parenting and
then to child development in a cycle that spanned several generations. They discovered,
more specifically, that growing up in a home in which parents’ personalities could be
described as unstable (i.e. high negative affectivity/neuroticism) and in which parental
care could be depicted as controlling, hostile, and lacking in affection led to the
development of unstable personalities in the children as adults” (p. 430).
Thus, the idea that what shapes children’s personalities as adults is the way they were
treated by their parents is very much alive among developmental researchers (Elder et
al., 1986; Plomin & Daniels, 1987; Vandell, 2000). However, in order to test this
assumption rather than just believe in it, and thereby assume that correlations between
parenting and children’s outcomes are due to environmental factors, studies using
genetically sensitive designs, such as twin, adoption, or stepfamilies, are needed (Reiss
et al., 2000). As we will see, when these designs tease apart the genetic and
environmental contribution to personality and other outcome variables, they produce
evidence that gradually has persuaded most developmental researchers also to signify
the importance of genetic effects on a wide range of behaviors, including personality
(Bronfenbrenner & Ceci, 1994; Kagan et al., 1994; Kerr & Stattin, 2003; Magnusson,
1990; Rutter et al., 1997). Four literatures, which challenge “the nature assumption”
by asking four different questions, are summarized below.
1.9.1 How much do genes contribute to personality?
Loehlin and Nichols (1976) performed a landmark twin study thirty years ago that
reached two major conclusions. The first of these holds that nearly all personality traits
are moderately inherited; that is, on average across diverse personality dimensions, the
MZ correlations are about .50, and the DZ correlations are about .30. Doubling the
difference between the correlations, according to the Falconer formula in Equation 9
on page 21 shows that the proportion of phenotypic variance explained by genetic
variance (h2) is 40%.
However, large twin studies performed more recently indicate that this simple way of
calculating heritability may not hold. According to the Falconer formula, the MZ:DZ
ratio should not be larger than 2. Nevertheless, the MZ:DZ ratio substantially exceeds
2 for some personality traits, most notably Extraversion and Neuroticism, which
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suggests that the relative importance of genes, at least for these basic domains of
personality, should in fact be closer to 50% than 40% (Loehlin, 1989). Another
complication is that the results from adoption studies, which are generally recognized
as the most appropriate technique for providing accurate heritability estimates
(Pedersen, 1994), suggest that heritability for personality in fact is less than that
generally found in twin studies (Loehlin et al., 1988). For example, the correlation
between parents and their offspring, as well as the correlation between adopted siblings
growing up in different homes, is typically about .15 for personality, whereas the
correlation between parents and their adopted children is about .05. These findings
suggest heritabilities in the order of 20% instead of the 40% for personality (Ahern,
1982; Loehlin et al., 1985; Loehlin et al., 1987; Scarr et al., 1981). Thus, one of the
questions that the behavioral genetic literature has tried to resolve is why the MZ:DZ
ratio for some personality traits are reported to be greater than 2, and why heritability
estimates from twin studies are generally greater than estimates from adoption studies?
Three explanations for these inconsistent findings have been offered.
1.9.2 Potential effects of non-additive genetic influences
As mentioned earlier, “additivity” implies that the effects from the alleles that are
inherited from each parent do not influence each other (dominance), and that the
effects of genes placed at different locations on the chromosomes do not influence each
other either (epistasis) – at least not more or less than the average effect for all genes
contributing to the total genetic effect. The tendency for MZ twins to be more than
twice as similar as DZ twins for Extraversion and Neuroticism may be because this
assumption is not necessarily true. The reason for this is that MZ twins are identical in
terms of potential non-additive genetic effects, whereas DZ twins resemble each other
25% on average. From this, it follows that if non-additive genetic effects are important
for some personality traits, then the MZ:DZ ratio will be inflated and exceed 2. This
higher-order interaction has, by Lykken (1982), been called “emergenesis”.
Consequently, since there are no non-additive genetic effects in adoption studies, it is
not surprising that, if non-additive effects are important, the heritability estimates for
personality in adoption studies should be lower than those generally found in twin
studies. Thus, non-additive genetic effects could account for the inconsistencies found
in heritability estimates for personality in twin and adoption studies.
1.9.3 Potential effects of assortative mating
Assortative mating could potentially also influence the heritability estimates in twin
and adoption studies. The twin method underestimates genetic influence if assortative
mating is at play, and could therefore mask potential non-additive genetic effects for
personality. Assortative mating increases the genetic resemblance between DZ twins
and parents and their offspring, but does not effect the MZ twin correlation, since MZ
twins are already identical genetically.
When spouse similarity has been investigated for different variables, it is clear that the
degree of spouse similarity for age, ethnicity, alcohol consumption and certain social
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attitudes – such as sexual permissiveness, militarism, conservatism and views on
religious fundamentalism – has tended to be high (r = .83 – .41), while spouse
correlations for behavioral and physical traits have tended to be in the low to moderate
range (Eaves et al., 1999; Price & Vandenberg, 1980). For example, cognitive abilities,
general intelligence and physical attractiveness fall into this lower range (r = .07 – .30)
(Johnson & et al., 1976; Price & Vandenberg, 1979). However, assortative mating for
personality tends to be lower (r = .02 – .19) and is generally considered to be too low
to inflate the DZ twin correlation for most personality traits (Eaves et al., 1999;
Plomin et al., 1998). Assortative mating is thereby not generally expected to influence
the heritability for personality estimated in twin and adoption studies. Nevertheless,
there are data available that suggest the opposite. Spouse similarity for personality has
been found to range from r = -.41 to +.80 (mean r = .32), which indicates that the
potential effect of assortative mating on heritability estimates for personality may vary
between samples (Caspi & Herbener, 1990)
1.9.4 Potential effects of a violation of the equal environment assumption
As mentioned earlier, a central assumption in the twin method is that environmental
factors do not make MZ twins more similar than they make DZ twins similar. Indeed,
if this assumption is violated, environmental factors instead of genetic factors could be
responsible for why the MZ:DZ ratio gravitates to around 2 for most personality
traits, but exceeds 2 for others. However, to violate the equal environment assumption,
two phenomena must both occur: (a) the environment must treat MZ twins more
similarly than it does DZ twins, and (b) similarity in treatment must make a difference
in the phenotype under study (Carey, 2003).
When the first criterion (a) has been investigated, it is clear that MZ twins have more
shared experiences during development than DZ twins. MZ twins are more often
confused for each other by parents, teachers, friends and strangers, and since the
similarity of appearance of MZ twins are so striking, they are more likely to be treated
more alike by significant others (Cederlof et al., 1961; Cohen et al., 1973; Nichols &
Bilbro, 1966). Parents also hold more similar expectations for their MZ than DZ twins
in regard to social responsibility and independence (Scarr, 1968), and MZ twins
themselves report that they are more similar in many aspects of their life style. They
more often share the same friends, spend more time together and make more similar
choices in dress, foods, sports, and study habits, etc. (Jones, 1955; Rose & Kaprio,
1987; Scarr, 1968; Smith, 1965).
Some environment-oriented researchers believe that this automatically means that the
second criterion (b) for violating the twin method is also met, and they argue that
violation of the first criterion by necessity must violate the twin method altogether
(Joseph, 2002; Pam et al., 1996). However, when the second criterion has been
carefully examined, it is clear that more similar treatment from the social environment
generally is not sufficient to increase the correlation between the MZ twin pairs in a
population, and thereby in turn, not sufficient to change the twin heritability estimates
received for different personality phenotypes. For example, in the past it was quite
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common that parents were mistaken about their twin’s zygosity. Consequently, some
parents raised their MZ twins believing them to be DZ twins, and vice-versa.
Nevertheless, misclassified MZ twins have been found to be just as similar as correctly
classified MZ twins on measures of parental treatment, drug dependence, major
depression, post-traumatic stress, self-esteem, as well as a variety of basic personality
traits (Kendler et al., 1994; Scarr, 1968; Scarr & Carter Saltzman, 1979; Xian et al.,
2000). Furthermore, MZ twins treated as a unit were no more similar in their
adolescence and on behaviors in adulthood than those who were deliberately
individualized (Loehlin & Nichols, 1976). In addition, more similar parental treatment
and more similar interests, behaviors, as well as “twin closeness” (for another view
please see, Rose and Kaprio, 1987)(Rose & Kaprio, 1988), do not appear to matter for
how similarly MZ twins score on Neuroticism, Depression and Anxiety (Morris-Yates
et al., 1990 64; Tambs et al., 1995). Thus, despite considerable effort to pinpoint
specific environmental effects that potentially could inflate the MZ correlation for
personality in twin studies, and thereby explain why the MZ:DZ ratio tends to
gravitate to around 2 for most personality traits, as well as to exceed 2 for others, no
single measure of the social environment has consistently been found to have the power
to do so (Plomin & Daniels, 1987). Thus, the most likely explanation, considering
these findings, is that non-additive genetic effects account for most of the difference in
heritability estimates found in twin and adoption studies (Plomin et al., 1990).
1.9.5 Potential effects of many environmental influences each with a small
effect
Despite the findings described above, environment-oriented researchers have remained
skeptical of the idea that social factors do not inflate the MZ twin correlation for
personality to any great extent (Mischel, 1981). They have argued that, even though it
appears unlikely that any single environmental factor will have the power to increase
the personality resemblance between MZ twins, it is still possible that many
environmental factors in concert, each with a small effect, will have the power to do so.
Indeed, Michel (1981) has confronted this issue directly by arguing:
“Genes and glands are obviously important, but social learning also has a dramatic
role. Imagine the enormous differences that would be found in the personalities of
twins with identical genetic endowments if they were raised apart in two different
families” (p. 311).
However, when the correlations between MZ and DZ twins raised together and apart
are compared, it is obvious that the correlations do not change much, as can be seen in
Table 1, which summarizes the results for Extraversion and Neuroticism in four
different studies.
Thus, not even when the joint effect of all the environmental influences that typically
come into play in different household are taken into consideration, the MZ correlation
for Extraversion and Neuroticism is inflated. This means that there is in fact little
evidence for the idea that social factors have the power to inflate the MZ twin
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correlation for personality. Instead, the most likely explanation for why the MZ:DZ
ratio gravitates to around 2 for most personality traits, and why for some others it
exceeds 2, seems to be genetic in origin.
Table 1
Studies of Extraversion and Neuroticism in Twins Raised Together and Twin Raised Apart
Extraversion
MZ

Neuroticism
DZ

MZ

DZ

Study

Together

Apart

Together

Apart

Together

Apart

Together

Apart

1

.33

.38

.13

.12

.32

.25

.10

.11

2

.54

.30

.06

.04

.41

.25

.24

.28

3

.63

.34

.18

.07

.54

.61

.41

.29

4

.42

.61

.38

.53

Mean:

.48

.41

.41

.41

.25

.23

.37

.23

This table is adapted from Loehlin (1992).

Thus, these findings also supports the notion that non-additive genetic influences are
most likely responsible for most of the difference in heritability estimates found for
personality in twin and adoption studies (Plomin et al., 1998). This means that the first
conclusion drawn by Loehlin and Nichols thirty years ago still holds: Most personality
traits are moderately inherited. Approximately 40% of the personality differences that
are typically found in a population are due to genetic effects.
However, since there are no non-additive genetic effects in adoption studies, and
heritability estimates from such studies typically are about 20% instead of 40%, it is
likely that as much as half of the genetic variation for personality may be non-additive
by nature (Plomin et al., 1998). This has also been demonstrated in twin studies that
include data from twin siblings which – in contrast to studies which only include data
from MZ and DZ twins – have sufficient power to differentiate between additive and
non-additive genetic effects (Posthuma & Boomsma, 2000; Price et al., 1982). Three
large studies using extended twin-family designs have investigated the genetic and
environmental structure of Eysenck’s personality dimensions (Eaves et al., 1999; Eaves
et al., 1998; Lake et al., 2000), and unlike studies which use the classical twin design,
non-additive genetic effects were found to be detectable and pervasive. The fact that
these results have recently been replicated by Keller (2005) in a large study of
Australian twins (n = 9672) and twin siblings (n = 3241), which extended these
findings to also include the traits in the Temperament and Character Inventory, suggest
that non-additive genetic effects are of importance for personality. Indeed, Keller’s
results show that the broad-sense heritability estimates for Harm Avoidance, Novelty
Seeking, Reward Dependence, Persistence, Extraversion and Neuroticism were two to
three times greater than the narrow-sense heritability estimates. These results are of
importance for studies that attempt to identify the genes that contribute to personality
differences. As will be explained in part III, if many of the genes that underlie
personality have non-additive effects, it will be harder to detect genes for personality
(Frankel & Schork, 1996; Plomin et al., 1998; Purcell & Sham, 2004).
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1.10 Which type of environmental influence is of greatest importance for
personality?
As mentioned earlier, one of the most central ideas in the field of developmental
psychology is “the nature assumption”, which holds that the home environment is the
most important factor for the development of personality and adjustment in general
(Harris, 2000). Theories about how the environment works in development has, from
Freud and onwards, implicitly assumed that siblings resemble each other in personality,
because they share the same family environment (Bronfenbrenner & Ceci, 1994).
However, there is very little evidence for the idea that the same home environment
influences people’s personality in approximately the same way. This was also
recognized in the twin study performed by Loehlin and Nichols (1976) thirty years ago.
The twin method’s ability to distinguish between shared and non-shared environmental
effects revealed that most of the environmental factors that influence personality make
members of the same family different, not similar.
Thus, Loehlin and Nichols concluded that when resemblance due to genetic effects was
accounted for, there was little evidence for large shared familial environmental effects.
This conclusion has subsequently been replicated in hundreds of twin studies (Plomin
et al., 2001a; Plomin & Daniels, 1987). This means that non-shared environmental
effects – i.e. the experiences that are unique to the individual and that contribute to
differences among relatives – are typically more than twice as important as shared
environmental effects … at least in the personality domain, which is exactly the
opposite of what would be expected if the ideas advocated by the “the nature
assumption” were correct. Figure 1 on page 30 presents the highest and lowest
heritabilities as well as the distribution between shared and non-shared environmental
effects typically found for the most basic personality traits.
However, is crucial that the lack of shared environmental effects found for most
personality traits is interpreted correctly. The lack of shared environmental effects does
not imply that childhood environments, or family experiences that are shared by
siblings, are unimportant for mean levels in personality later in life. Childhood
environments, and shared family experiences in childhood, may be very important; it is
just that the net effect of those influences is to create personality differences, not
personality similarities, among family members (Pedersen, 1994).
This interpretation of the twin study literature has however, not often and persistently
enough been articulated. Typically, when environmentally oriented researchers read the
behavioral genetic literature, they arrive at the conclusion that just because there is no
evidence for large shared environmental effects (on variance) in personality or
psychopathology, that shared experiences per se – such as divorce, family conflict and
other family risk factors – play negligible roles for people’s personality development.
There are textbook statements such as (Plomin et al., 2001b):
“This remarkable finding [that shared family environment does not cause family
members to resemble each other] means that environmental influences that effect
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development operate to make children growing up in the same family no more similar
than children growing up in different families” (p. 298).
Figure 1
Genetic

Basic Domains of Personality

Non-shared

Shared

Neuroticism
“The
The
Five
Factor
Five Factor
Model”
Model

Extraversion
Openness to Experience
Agreeableness
Conscientiousness

Novelty Seeking
Harm Avoidance

The
Temperament
&
Character
Inventory

Reward Dependence
Persistence
Self-Directedness
Cooperativeness
Self-Transcendence

Lower Order
Traits

Social Closeness
Alienation
Positive Emotionality
Hostility
Lack of Assertiveness
Luck in Locus of Control
0%

20%

40%

60%

80%

100%

Source: Data for basic domains of personality are from Jang et al. 1998 and Gillespie et al. 2003. Data for
lower order traits are from Tellgren et al. 1988 and Pedersen (2002; 1994).

…which has mistakenly been interpreted as if the family environment per se is
unimportant – i.e. that whether a person grows up in a family with few or many risk
factors, does not matter for how their personality develops (Harris, 1998; Plomin &
30
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Daniels, 1987; Rowe, 1994; Scarr, 1992) – which is a question the data generally
referred to cannot evaluate.
This mistake springs from two unfortunate habits. First, the habit of thinking and
talking about shared and non-shared environmental effects as if these constructs denote
similar or different actual events or experiences inside or outside the home, and
secondly, that shared and non-shared environmental effects indicates which type of
environment that is most important in causing mean differences in outcome variables.
However, what these concepts really do is to differentiate between to which extent
environmental influences make people different or similar on different outcome
variables – i.e. they refer to variance differences (not mean differences), when the
similarities due to genetic influences have already been taken into account.
Thus, it is not correct to rule out family experiences that are shared by siblings as
potential contributors to personality differences, just because shared environmental
effects are absent, as in the following example:
“This analysis [suggesting no shared environmental effects] tells us that the major
environmental influences on adolescents’ proneness to anxiety must be different for
sibs in the same family. This rules out a number of influences, such as the family social
class or the level of parents’ anxiety, all of which are shared by siblings in the same
family” (Reiss et al., 2000); p. 68).
The fact that it is a mistake to rule out family experiences in this way has recently been
demonstrated in a study that investigated the extent to which shared family stress
factors, in the age interval 6 to 15 years, were associated with adult personality at age
29 (Torgersen & Janson, 2002). Thirteen objectively shared family stress factors in the
home were coded: nervous problems in parent; nervous problems in sibling (other than
twin); family conflict; divorce or separation of parents; only one caregiver; new
stepmother or stepfather; new siblings; illness of siblings (other than twins); illness of
parents; loss of close person; multiple moves; change of school and other stressors.
Personality data, as measured by the Five Factor model were collected.
As can be seen in Table 2 on page 33, the correlation between how much twin A and B
in each twin pair differed in their personality profile at age 29 was positively correlated
with the number of shared family stress factors each pair experienced in their home
between ages 6 and 15 (r = .49; p < .01). The fact that all participants in this study
were MZ twins suggests that shared family experiences per se, regardless of potential
genetic mediation, have the power to influence personality.
Thus, in summarizing the findings for personality with regard to additive and nonadditive genetic, shared and non-shared environmental effects, the following conclusion
can be drawn. For self-report personality questionnaires, genetics typically account for
about 40% of the variance, and at least half of it is probably non-additive by nature.
Shared environment effects accounts for 0% for most personality traits, and non31
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shared environment for 60% of the variance. Since about 20% of the variance in selfreport measures is due to error of measurement, non-shared environmental influences
appear to be about as important as genetic influences in the personality domain. Thus,
the net effect of the environment at large is to create personality differences, not
personality similarities, as historically has been assumed by environmentally oriented
researchers (Harris, 2000; Maccoby, 1992; Plomin et al., 2001a; Plomin & Daniels,
1987). In other words, the personality differences that exist between people are mainly
due to each person’s unique genetic propensities as well as each person’s unique
experiences of the environment – in, as well as outside, the home.
1.11.1

To what extent does heritability for personality change over time?

Another important question is the extent to which heritability for personality changes
over time. According to the “nature assumption” it would be logical if environmental
factors at the expense of genetic factors increased during development. As children
move out of their parents’ home they experience more and more diverse environmental
influences; they meet new friends, start new occupations, get married and have
children, and about 40% of them later divorce (Buss & Larsen, 2005). Furthermore,
just because the heritability for personality in adolescence and early adulthood is
substantial, this does not mean that heritability for personality throughout the lifespan
must be the same. Genes are “turned on” and “turned off” at different time points
during development, at puberty and menopause, for example. Changes in the
environment can also influence the extent genes are expressed, and people’s readiness
to be influenced by environmental factors differs at different developmental stages
(Cook-Greuter, 2000). Thus, because people tend to experience more and more diverse
environmental influences throughout the lifespan, whereas the effect of genes may not
change as much, many environmental oriented researchers tend to assume that the
relative importance of genetic effects should decrease over time.
1.11.2

Empirical answers

When this question – whether the relative importance of genetic effects decrease over
time – has been investigated, the findings for neonates indicate that the heritability for
personality starts at zero during the first days of life (Plomin, 1987; Riese, 1990). The
heritability for temperamental differences, i.e. irritability, resistance to soothing,
activity level and reactivity, as well as individual differences in smiling in newborns, is
not significantly different from zero. However, once the environment becomes more
familiar to the infant, MZ twins start to act more and more similarly compared with
DZ twins. The heritability for personality, thus, steadily increases during infancy, to
eventually stabilize in the late teens or early adulthood.
Furthermore, cross-sectional data indicate that twins become less similar throughout
the rest of the lifespan, but that decrease in similarity occurs to the same extent for
both MZ and DZ twins for most personality traits, which suggests that heritability
remains approximately at the same level (about .40) throughout adulthood
(McCartney et al., 1990). Indeed, the heritability for personality at retirement age is
not much different from what has been observed at younger ages (Pedersen &
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Reynolds, 1998). Some evidence, however suggest that when the heritability for
personality throughout adulthood does change, it tends to increase, even though the
magnitude of the change is relatively small (Eaves & Eysenck, 1976; Plomin &
Nesselroade, 1990).
Table 2
Correlation Between Life stressors at Age 6 to 15, and MZ Twin Within-Pair Differences in SelfReported Big Five Personality Factors at Age 29 (n = 52)
Intrapair difference score, NEO-PI-R dimension

Correlation with life stressors

Neuroticism

.16

Extraversion

-.04

Openness

.37*

Agreeableness

.53**

Conscientiousness

.37*

5-factor profile

.49**

This table is adapted from Torgersen (2002).

However, longitudinal studies suggest that people do tend to have more diverse
environmental experiences during the lifespan (Pedersen & Reynolds, 1998; Viken et
al., 1994). After age 30, there were no time-specific genetic influences found, whereas
new non-shared environmental effects were present at each age and time point after age
30. In other words, almost all the genetic influences before age 30 were acting at
subsequent time points after age 30, whereas environmental influences were in
themselves less stable, and new environmental influences came into play across time.
As a result, the relative importance of genetic influences decreases about 10% after age
30 at some time points (Pedersen & Reynolds, 2002; Viken et al., 1994).
1.12

Is the stability of personality in adulthood due to genetic or
environmental effects?

Another related question is why people’s personality, once they have passed early
adulthood, tends to be so remarkably stable over time. Indeed, adults about age 30 and
older do not generally change much in their personality, in the sense that the
phenotypic correlations between time points, varying from 5 to 10 years, is often .60 or
higher for self-reported personality (McCrae & Costa, 2003). Stability from the late
teens to early adulthood may be somewhat lower (McGue et al., 1993), but for most
adult people about 60% of their personality scores maintain their position relative to
other people’s personality scores over time. Consequently, one of the main questions in
the personality field has been to investigate if it is our unique interpretations and
experiences of the environment – i.e. what the social environment has “taught” us –
that tends to stick with us throughout life, which is what is presumed in the “nature
assumption”, or if the major source of stability for personality is genetic in origin?
To answer this question, and determine whether genetic or environmental influences
are the major source of longitudinal phenotypic stability, both heritabilities and
environmentalbilities and the transfer of these influences from one time point to
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another need to be determined. If genetic influences are the major source of phenotypic
stability, then both the heritability and the transfer of the genetic influences from one
time point to another need to be higher than the corresponding transfer of
environmental influences.
Accordingly, when data from MZ and DZ twins have been used to investigate this, it is
clear that that the long-term stability of personality is due mostly to genes. As we have
seen, the heritability does not change much throughout adulthood; it stays
approximately at 40%. Furthermore, about 85-100% of the genetic influences that
contribute to personality at one time point, also influence the personality at subsequent
time points, whereas the corresponding “transfer” of non-shared environment is less,
about 50% (McGue et al., 1993; Pedersen, 1994; Pedersen & Reynolds, 1998; Viken et
al., 1994). Thus, most of the genetic influences that are active in early adulthood
continue to influence personality throughout life, whereas new non-shared
environmental influences are found at each age. However, these results should not be
interpreted to mean that people’s personality tends to be fixed by genes after age 30.
Rather, because gene-environment correlations and interactions in most cases ends up
in the genetic category, in twin studies (see Part II) it is more correct to say that the
stability of personality is mainly due to genes, in that approximately 60% of the
personality does not change much over time. People’s unique experiences and how they
interpret the environment at large, which in part are influenced by their genes, are
thereby approximately as important as genetic influences in contributing to how
people’s personalities develop over time (Pedersen, 1994). Environmental influences
may thus in most instances produce short term changes in personality phenotypes,
whereas genetic influences contribute to individual set points to which most individuals
eventually will regress (Carey, 2003).
In summary, these cross-sectional and longitudinal findings in regard to personality
suggest that the ideas advocated by some of the most influential environmentally
oriented theorists, who historically seem to have influenced the thinking of many
developmental researchers, have been quite misleading (at least in some respects).
Watson’s (1920), Pavlov’s (1927), and Skinner’s (1971) ideas that internal forces
influenced by genetic dispositions, such as people’s needs, motives, and
phenomenological experiences, are unnecessary in order to explain people’s behavior,
do not seem to hold up. Instead, any comprehensive personality theory that attempts to
understand how people’s personality works, must take into account both people’s
genetic propensities to experience and interpret the environment in a specific way, as
well as the influences from the milieu at large. This will become even more obvious
when the two bodies of literature in Part II are discussed.
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Part II
This part highlights empirical findings that gradually, during the last twenty years,
have prompted genetic and environmental theory and research to evolve towards one
another, and presents the theory of genetics and experience that currently is used to
explain how the interplay between genes and the environment works. Two domains
where the influence from the environment has been taken for granted by
developmentally oriented researchers – i.e. situation specific effects and the home
environment – will be discussed by asking three questions:
x
x
x

Are people’s adaptations to different situations influenced by genes?
Do the most commonly used environmental measures only measure
“environmental” effects?
Do the same genes that influence personality also influence other behaviors?

2.1 Are people’s adaptations to different situations influenced by genes?
Maybe the strongest belief that historically has been held within the “nature
assumptions” is that situation-specific effects are environmental in origin (Mischel,
1968; Paterson, 1968). In other words, it is environmental factors, such as other
people’s expectations and social norms about what is appropriate in a specific situation
that pretty much determine which behavioral changes a person makes in different
situations. However, in genetically sensitive designs that have tested this assumption it
is apparent that MZ twins change their behavior in different situations in more similar
ways than DZ twins. For example, situational change in different stressful situations
where conflict may occur, and the extent to which people seek co-operation versus
conflict at work, at home, or together with their friends, is in adulthood mediated to a
relatively large extent by genetic factors (Lensvelt Mulders & Hettema, 2001). Indeed,
26-69% of the various ways people typically behave in those situations are explained
by genetic factors. Furthermore, the way children adapt to different situations at 9, 12,
18, 24 and 30 months of age – in a room where free play was allowed versus a
situation where developmental test scores were collected – has also been found to be
more similar among MZ than DZ twins (Matheny & Dolan, 1975; Phillips &
Matheny, 1997). This is also true of the stress coping styles that school-aged children,
young adults, middle-aged adults and older adults tend to use. Typically, heritability
ranges from .21 to .68 for stress coping styles such as “problem solving”, “seeking
support” and “avoidance”, which assess the strategies people are most likely to use in
stressful situations (Busjahn et al., 1999; Kato & Pedersen, 2005; Kendler et al., 1991;
Mellins et al., 1996). Thus, even though the unique ways different individuals interpret
the environment, hence non-shared environmental effects, generally is of greater
importance than the genetic variation for stress coping styles, situational change and
situation-specific effects appear to be influenced by genetic factors to approximately
the same extent as personality.
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2.2 Are the most commonly used environmental measures pure measures of
the environment?
The empirical phenomenon that more than anything else has prompted genetic and
environmental theory and research to evolve towards one other is that the most widely
used measures of the home environment are influenced by genetic factors (Plomin,
1994). This was first recognized in 1981 and 1983, when two landmark twin studies,
performed by David Rowe (Rowe, 1981; Rowe, 1983), demonstrated that children’s
reports of parental behaviors, as well as the overall atmosphere in their family, as
perceived by children, were influenced by genes. The results of these studies are
summarized in Table 3, and show that parental practices and the overall atmosphere in
the home are not independent of their children’s genetic propensities.
Table 3
Twin Correlation for adolescent Twin Ratings of Their Parents’ Child Rearing
Measure

Twin Correlation
MZ

DZ

Perception of Mother:
Acceptance - Rejection
Control – Autonomy
Firm – lax Control

.54
.44
.55

.17*
.47
.46

Perception of Father:
Acceptance - Rejection
Control – Autonomy
Firm – lax Control

.74
.43
.43

.21*
.46
.45

.63
.44

.21*
.54

Children’s Report of Parental Behavior (1981)

Family Environment Scales (1983)
Acceptance - Rejection
Restrictiveness - Permissiveness

Source: Adapted from Rowe (1981, 1983). *MZ correlation significantly (p < .05) greater than DZ
correlation.

Typically, MZ twins perceived the extent to which their parent accepted or rejected
them in more similar ways than DZ twins, whereas there was no such difference in the
way the twins felt they were controlled by their mothers’ and fathers’ parental
practices. The same was also true for the overall atmosphere in the home. Genetic
propensities influenced the extent to which relationships in the families were
experienced as being warm, loving and caring, but not the extent to which the overall
atmosphere in the home was experienced as being restricted or permissive. The sample
sizes in these initial studies were relatively small (n = 180), but more recent studies have
replicated the finding with larger samples, and also have been able to extend the
finding to other measures of the family environment.
Two studies are particularly noteworthy. The first study included MZ and DZ twins
who were raised in different homes (Plomin et al., 1988). Older twins (mean age: 58.6)
retrospectively rated their family environment. Several characteristics of the overall
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family environment in addition to warmth and control – i.e. the extent to which the
family environment was achievement oriented, engaged in different activities outside
the home, including cultural activities and interests – were assessed. The results
revealed that the MZ twin correlations were significant, which was not expected
considering the fact that the co-twins were reporting on the environment in different
families. The correlations for adopted-apart MZ twins, which estimate heritability
directly, ranged from .22 to .44. Thus, these findings are very important because they
indicate that people create their own environments partly for genetic reasons, and that
the heritability for most family environments is in the same range as many adoption
study estimates for personality.
The second study is the Nonshared Environment in Adolescent Development project
(NEAD), which thus far is the most ambitious project systematically to focus on the
family environment in a large genetically informed sample. The study assessed 72
measures of the family environment and the average heritability was .26 (Plomin et al.,
1994). The result in NEAD confirms the overall finding that most aspects of the family
environment are influenced by genetic factors, as well as warmth and control in Rowe’s
initial studies. Significant genetic effects on 15 of 18 of the composite measures were
found, and the heritability for the scale of maternal closeness, which taps the same
environmental domain as Rowe’s warmth measure, was .51, whereas the most direct
measure of parental control yielded the lowest estimate of heritability – .10 for
maternal and .18 for paternal control.
Not surprisingly, these findings have inspired genetically oriented researchers to
investigate whether measures of the environment outside the home are genetically
influenced. Measures of children’s relationships to peers, best friends and teachers
(Manke et al., 1995), accident liability in early childhood (Matheny, 1988), life events
(Kendler et al., 1993), perceived work environment in adulthood (Hershberger et al.,
1994), etc. have been investigated, and the general finding is that genetic factors
contribute substantially to how people score on these measures (Plomin, 1994). MZ
twins generally experience the environment at large in more similar ways than DZ
twins, and the heritability for these extra familial environmental measures ranges
typically from .14 to .50. However, heritabilities as high as .50 to .85 have been
observed for some types of peer group relationships, such as friends school
performances and delinquent behavior as perceived by the adolescent’s parents (Manke
et al., 1995).
To sum up, when the ideas advocated by the “nature assumption” have been carefully
investigated by genetically informed designs, they do not hold. As we have seen,
people’s personality differences are partly genetic in origin, and stability of personality
is more dependent on the continuous effect of genes than the corresponding transfer of
environmental effects from one time point to another (Pedersen & Reynolds, 1998;
Pedersen & Reynolds, 2002; Viken et al., 1994). In other words, it is reasonable to
conclude that the stability of personality is mainly attributable to genetic factors
(Carey, 2003; Caspi et al., 2005). Furthermore, the net effect of the environment is to
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create personality differences, not personality similarities, which is what the “nature
assumption” has assumed (Plomin & Daniels, 1987). In addition, a wide range of
measures that have been regarded as “pure” measures of the environment are also
influenced by genes to a substantial degree. These findings call for a theory of genetics
and experiences that can replace the thinking generated by the “nature assumption”,
and that can explain how the interplay between genes and the environment works.
2.3.1 The Theory of Genetics and Experience
The basic idea of the “theory of genetics and experience” currently used is that there
are genetically influenced aspects of the individual’s psychological functioning, which
in turn influence specific aspects of the environment. In other words, genetically
influenced psychological traits are assumed to act as mediators of the genetic
contribution to measures of the environment. For example, since there is a genetic
contribution to the personality trait agreeableness, as well as to parental warmth, this
raises the possibility that the genetic contribution to parental warmth might be
mediated by genes that influence agreeableness. How this genetic mediation between
behavioral and environmental measures occurs is currently understood within the
theoretical framework of genotype-environment correlations and genotypeenvironmental interactions.
2.3.2 Genotype-Environment correlations
Three types of Genotype-Environment correlations have been described (Plomin et al.,
1977). The passive type occurs when there is a match (or mismatch) between the
environment that the parents provide for the child and the child’s own genetic
propensities (received from the parents). For example, since the heritability for
agreeableness is about .40, agreeable children are likely to have agreeable parents who
provide them, with both genes, and an environment conducive to the development of
agreeableness. This would be a positive passive genotype-environment correlation. The
child passively inherits a home environment that matches with its genetic propensities.
One example of this “passive genotype-environmental effect” is that adjustment
problems, such as low self-esteem, low self-acceptance, low perceived attractiveness
and low social competence, which are often experienced by children in divorced
families, appear to be boosted by their parent’s genetic propensities. That is, the
adjustment problems that the parents have in coping with their marriage are in part
genetic in origin, and these genetic propensities are inherited by their children. These
genetic propensities contribute in turn – because they are reinforced by the home
environment their parents provide – to the adjustment problems children from divorced
families typically experience, over and above what appears to be a direct consequence
of conflict and divorce (O'Connor et al., 2000).
A reactive or evocative type of genotype-environment correlation occurs when people
react to a child’s genetic propensities. Children who are agreeable because of their
genetic propensities may induce reactions from other people that give them specific
environmental experiences. If people’s reactions are increasing the probability that the
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child’s genetic propensity is expressed then this is a positive reactive genotypeenvironment correlation. If people’s reaction hinders children from expressing their
genetic propensities, then we talk about a negative reactive genotype-environment
correlation. Thus, the reactive type of genotype-environment correlation occurs when
people’s reactions to children’s genetic propensities make them experience an
environment that may, or may not, “nature” their genetic propensities.
The active type of genotype-environment correlation occurs when the individual
actively selects or creates environments that are correlated with his/her genetic
propensities. That is, children who are agreeable because of their genetic propensities
may gravitate towards environments where there is less conflict and where their
agreeable way of being is respected and not misused. It is also likely that more
agreeable children could create a more co-operative environment for themselves and
others. This selection and creation of environments has been called “niche picking”
and “niche building” by Scarr and McCartney (1983).
Examples of “evocative and or the active genotype-environmental effects” are that
adolescents who have parents who score high on antisocial behaviors and drug abuse
receive more harsh and inconsistent disciplinary practices from both their adoptive
parents, compared with controls (Ge et al., 1996). That is, the antisocial propensities
possessed by biological parents are in part genetic in origin, and these genetic
propensities are inherited by their children. These propensities in turn influence their
children’s behaviors and the disciplinary practices they evoke from their adoptive
parents. In addition, more advanced genetically informed studies, which have been able
to estimate the genetic contributions of both adolescents and their mothers
simultaneously, suggest that mothers’ tendency to interact with her adolescent in a
warm and caring way is influenced by both her own and her children’s genetic
propensities. However, negative parenting is not influenced by the mother’s own
genotype. Only evocative and/or active genotype-environmental correlations have been
found for negative parenting, which indicates that the mother’s negative parenting is
primarily influenced by her adolescent’s genetic propensities (Neiderhiser et al., 2004;
O'Connor et al., 1998; Reiss, 2003). Another intriguing finding is that the heritable
characteristics in children that elicit maternal warmth are entirely different from the
heritable characteristics that elicit paternal warmth (Neiderhiser et al., 2004).
2.3.3 Genotype-Environmental interactions
The other way genetic mediation between behavioral and environmental measures
occurs is through genotype-environment interaction. Genotype-environment
interactions relate to the fact that people with different genotypes differ in their
susceptibility or sensitivity to different environments. Rather than focusing on the role
of genetics in exposure to environments and searching for environmental influences
that equally affect most individuals in a population, which is done in family studies
demonstrating
genotype-environmental
correlations,
genotype-environment
interactions consider environmental influences that may powerfully affect only a small
group of individuals with a certain genetic predisposition.
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For example, Bergeman et al. (1988) demonstrated that the overall atmosphere in the
home in some instances only influences personality when the individual has a certain
personality genotype. Personality scores were not affected by how controlling or
restrictive the environment in their homes was for people with a genotype for high
extraversion and impulsiveness. Only those with a genotype for low extraversion
scored significantly lower on extraversion in a controlling home environment.
Furthermore, individuals with a genotype for high versus low impulsivity tended to
react differently to a home environment with many conflicts. Impulsiveness tended to
be exacerbated in an environment with many conflicts for individuals with a genotype
for high impulsivity, whereas those with a genotype for low impulsivity were
unaffected.
However, maybe the most intriguing finding emerged for neuroticism. The extent to
which the home was activity-oriented and encouraged personal growth affected
individuals with a genotype for low and high neuroticism in opposite directions.
Individuals with a genotype for high neuroticism scored lower on neuroticism in homes
that were activity oriented and encouraged personal growth, whereas those with a
genotype for low neuroticism increased their scores on neuroticism in homes that were
characterized by such environmental conditions, see figure 2 on page 41 (Bergeman et
al., 1988).
Exactly how important genotype-environment interaction such as these are, compared
with main effects of genes and environments, depends on the strength and prevalence
of the genetic propensities and the environmental conditions observed in a population.
That is, in a general sense Bergeman’s findings show that people have both genetic and
environmental thresholds for how much they are affected by environmental factors.
Thus, the extent people over time increase their neuroticism, may depend on the
balance between perceived “challenges” posed by a task and one’s perceived “skill” in
mastering the task (Csikszentmihalyi, 1990; Csikszentmihalyi, 1993). A home
environment that encourages personal growth, in terms of challenging children’s ability
to achieve, to try harder than others, and perform may not necessarily promote wellbeing, or low neuroticism (Moneta & Csikszentmihalyi, 1999). Such efforts will, if the
challenges do not match how individuals perceive their skills, promote anxiety. Thus,
to be able to understand how people’s genetic propensities for well-being and
neuroticism interact with environmental conditions in the home, people’s genetic
propensities and how these influence their phenomenological experiences need to be
taken into account (Lykken & Csikszentmihalyi, 2001). How interactions between an
individual's genetic propensities for neurotic behavior and the home environment that
their parents provide generally influence the individual’s level of neurotic behaviors is
illustrated in Figure 2.
It is also important to recognize that powerful environmental risk factors can change
the average effect genetic factors may have on behavior. The heritability for problem
behaviors is, for example, significantly lower in children with a birth weight that is
very low in relation to gestational age than in those with a normal birth (or above)
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weight (Wichers et al., 2002), and the heritability for verbal intelligence is much higher
among highly educated families (74%) than in less well-educated families (26%) (Rowe
et al., 1999).
Figure 2
(high)
Perceived challenge

Anxiety
zone

A3

A1

Well-being
zone

A4

A2

Boredom
zone

(low)
0
0 (low)

Perceived skill

(high)

The position in the diagram for people with a genotype for high and low neuroticism may
differ. Among people with a genotype for low neuroticism, their average level of subjective
well-being is likely to gravitate around A1, whereas those with a genotype for high
neuroticism are more likely to gravitate around A3. Thus, when the push for achievement and
performance from parents is out of balance with how the children and youth perceive their
skills, and the anxiety level as a consequence increases, people with a genotype for high
versus low neuroticism may get pushed into different zones. Those with a genotype for high
neuroticism are more likely to score lower on neuroticism, because by doing so the relative
payoff of increasing their skill will increase. They can “escape” from their average level of
anxiety (i.e., move from A3 and directly into A4) by increasing their skills. In contrast, the
relative payoff for people with a genotype for low neuroticism is less immediate. Every time
they are pushed by their parents outside their comfort zone (A1), their relative level of anxiety
increases, i.e., they move into the zone of anxiety (A3). Thus, if they too often are pushed out
of their comfort zone by their parents, they will experiences an increased level of anxiety,
which, according to Bergeman et al. (1988) findings, will result over time in higher scores on
neuroticism. Adapted from Csikszentmihalyi (1990).

Furthermore, stressful life events may trigger a genetic liability for depression, resulting
in an increase in the heritability for depression (by about 10%), which is not expressed
in those cases where there is an “absence” of stressful life events (Silberg et al., 2001).
But social factors on a societal level can also influence the extent to which genetic
factors influence behavioral differences. For example, the heritability for the variance
in the age of first intercourse differs between eras when the social controls in favor of
delaying sexual debut varies. The heritability for women and men born between 1922
and 1952, who reached adolescence during an era when social controls inhibiting
sexual intercourse were relatively strong, is much lower (32% for women and 0% for
men) than in those born between 1952 and 1965 (49% for women and 72% for men),
who reached adolescence in an era of greater sexual tolerance (Dunne et al., 1997).
Accordingly, two competing models have been put forward to explain how the
environment influences the expression of genetic factors. Bronfenbrenner and Cici’s
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bioecological model (1994) suggests that the environment tends to actualize genetic
potentials to a greater extent in advantaged stable environments than in disadvantaged,
disorganized ones. By contrast, the stress-diathesis model suggests that environmental
risks are likely to trigger genetic susceptibilities, which result in greater heritability in
disadvantaged and disorganized environments. There is evidence supporting both
models (Rutter et al., 2006), and which one applies varies with circumstances.
Ultimately, it depends on the strength and prevalence of the genetic propensities and
the environmental conditions observed in a population.
However, in relation to genotype-environmental interactions in the personality domain
it is important to note that they are less common and less important than generally has
been assumed by developmental oriented researchers (Gottlieb, 2003; McCall, 1991;
Wahlsten, 1990). Bergman et al. (1988) could find 11 significant interactions out of 48
(23%), and the strongest interaction explained 7% of the total variance, which is less
than generally has been expected by environmentally oriented researchers (Plomin &
Daniels, 1987; Rutter et al., 2006). This means that the genetic differences that exist
among people seem to be of importance regardless of environmental effects, which is
consistent with what we saw earlier. MZ twins are generally more similar than DZ
twins on most personality traits, regardless of whether they have been raised in the
same or different families (Loehlin, 1992; Plomin et al., 2001a), and MZ twins who
score high on a trait tend to have a co-twin that also scores high on the same trait,
regardless of the environment in which they were reared.
Thus, for most personality traits, a genetic “main effect” is present, partly because the
driving force in gene-environment correlations is genetic. Nevertheless, it is important
to note that when the genetic main effects have played out their influence on the
personality phenotypes as developed in most normal environments, there may still be
interactions of importance between genetic and environmental factors for some traits,
which can explain a smaller part of the phenotypic variation for the trait (about 7 %).
The shared rearing environmental effects that have been identified for some personality
traits (Pedersen, 1994; Pedersen, 2002; Tellegen et al., 1988), explaining about 7% of
the variation, as well as Bergman’s results (discussed above), are clear examples of this.
Likewise, it is also important to note that the influences from extreme environmental
conditions can override the influence of the main genetic effects on personality, as they
generally are played out in “normal” environments (Gabel et al., 1995; Galvin et al.,
1995; Reiss et al., 2000).
2.4 Do the same genes that influence personality also influence other
behaviors?
As mentioned earlier, the basic idea for the “theory of genetics and experience” is that
there are genetically influenced aspects of the individual’s psychological functioning
that influence specific aspects of the environment (Plomin, 1994). Now, multivariate
genetic twin studies can disentangle the genetic and environmental contribution to the
correlation between two traits and estimate the extent to which genetic effects on the
psychological trait overlap with the genetic effects on the environmental measure. That
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is, the extent to which the same set of genes influences both the psychological trait and
the environmental measure can be estimated by using multivariate genetic analysis
(Crawford & DeFries, 1978).
For example, in the area of parenting it has been shown that the phenotypic correlation
that emerges between people’s perceptions of the atmosphere in the home and
personality for the most part is due to the same set of genes. Indeed, the association
between people’s perception of their family as being warm, loving, caring and
facilitating personal growth and scores on Extraversion and Neuroticism were to 6495% due to overlapping genetic effects (Chipuer et al., 1993). However, when more
extensive measure of personality were used (MPQ; Tellgren 2000), the mediation
between personality and the recalled family environment appeared to be stronger.
Kruger et al. (2003) found that all the genetic contribution to a measure of recalled
family environment was attributed to the genetic contribution to personality.
Furthermore, the genes that contribute to Neuroticism, Extraversion and Openness to
Experience, as measured by the Five Factor Model, could explain all the genetic
influence on controllable, desirable and undesirable life events for older women.
Whereas, there was no significant genetic influence for uncontrollable life events
(Saudino et al., 1997).
Other examples are that genes contributing to personality also contribute to marital
satisfaction and divorce. Impulsiveness of the husband and neuroticism of both
husband and wife is associated with later negative marital outcomes (Kelly & Conley,
1987), and much of the genetic influences on divorce are accounted for by the
personality traits of positive emotionality, negative emotionality and low behavioral
constraints (Jockin et al., 1996). In women and men, respectively, 30% and 42% of the
heritability of divorce risk consists of genetic factors that influence personality.
Likewise, about half of the genetic variance for marital satisfaction is shared with the
genetic variance for the personality traits optimism and aggression. Interestingly, wives’
genetically influenced personality characteristics contribute to the wives’ own marital
satisfaction, their husbands’ marital satisfaction, and the agreement between the
spouses on the quality of their marriage. By contrast, husbands’ personality in this
Swedish sample, contrary to expectation, did not contribute to their wives’ marital
satisfaction over and above that which could be explained by wives’ personality (Spotts
et al., 2005). Moreover, the genetic effects on job satisfaction (h2 = .29) and personality
are overlapping. As much as 68 – 80% of the genetic effects on job satisfaction also
contribute to personality (Ilies & Judge, 2003) .
Overall, these findings demonstrate that children’s experiences of parenting, life events,
adults marital satisfaction, divorce, job satisfaction and personality, which traditionally
have been considered to belong to different behavioral domains, are inherited
“together” via different types of gene-environment correlations and interactions.
Intriguingly, thus far, multivariate genetic research has shown that the genes that
contribute to normal personality also contribute to many other “environmental
measures”, such as monitoring, situation-specific conflicts, traumatic life events, and
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also deficits in executive functioning (Coolidge et al., 2004; Jang et al., 2003; Kato &
Pedersen, 2005; Krueger et al., 2003; Lensvelt Mulders & Hettema, 2001; Loehlin et
al., 2005; Spotts et al., 2005). The associations with leadership styles, anxiety
disorders, divorce risk, abnormal personality, coping skills, health promoting
behaviors, sleep disturbances and drug use have also, in part, been found to be
influenced by the same set of genes that influences normal personality (Agrawal et al.,
2004; Boomsma et al., 2000; Heath et al., 1998; Hettema et al., 2004; Jang & Livesley,
1999; Jockin et al., 1996; Johnson et al., 2004; Kato & Pedersen, 2005; van Os et al.,
2001).
Research identifying genes that contribute to personality is therefore in an excellent
position to stimulate the use of a “holistic approach to personality”, which thus far has
been mainly performed in designs that are not genetically informed. A holistic
approach to personality emphasizes the importance of studying more comprehensive
wholes of the person-environment system as a unit, and is therefore bound to benefit
from the identification of genes or other biomarkers that can link together different
domains in the person-environment system (Bergman, 2000; Bronfenbrenner & Ceci,
1994; Kendler et al., 2006; Kerr & Stattin, 2003; Magnusson, 1999; Plomin & Asbury,
2005; Rutter et al., 2006; Stattin & Magnusson, 1996).
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Part III
This part summarizes why it is of interest to identify candidate genes for behavior from
a developmental perspective, and gives a brief overview of biological pathways that
have been associated with personality. The main problems associated with genetic
research on personality and the methodological advantages that becomes available
when using iris characteristics will also be highlighted.
3.1 Why do we need to identify candidate genes for personality?
As discussed earlier, the most obvious reason for identifying genes that contribute to
personality is that our tendency to score high or low on a personality trait is
substantially influenced by our genetic propensities. Approximately 40% of the
variance for personality is genetic in origin. Furthermore, almost all genetic influences
on personality at one point in time are also active at another, and the same genes that
influence personality also influence how we create and experience the environment. For
example, the genes that influence normal personality also influence the following
behaviors: children’s experiences of parenting, life events, adults’ marital satisfaction,
job satisfaction, monitoring, situation-specific conflicts, traumatic life events, deficits in
executive functioning, leadership styles, anxiety disorders, divorce risk, abnormal
personality, coping skills, health promoting behaviors, sleep disturbances, and drug use
(Agrawal et al., 2004; Boomsma et al., 2000; Coolidge et al., 2004; Heath et al., 1998;
Hettema et al., 2004; Jang & Livesley, 1999; Jang et al., 2003; Jockin et al., 1996;
Johnson et al., 2004; Kato & Pedersen, 2005; Krueger et al., 2003; Lensvelt Mulders
& Hettema, 2001; Loehlin et al., 2005; Spotts et al., 2005; van Os et al., 2001); (Ilies
& Judge, 2003); (Saudino et al., 1997). Thus, by identifying candidate genes for
personality a fuller understanding of our psychological functioning at large may
emerge.
From a developmental perspective, this understanding is especially important. Once
gene-behavior associations are “firmly” established (Plomin and Crabbe, 2000, p. 822)
one of the most important developmental benefits of DNA is that genetic
vulnerabilities as well as genetic strengths can be assessed early in life, which creates an
opportunity for early prevention. Currently, targeted interventions tend to wait until
depression, and aggressive and antisocial behaviors, are diagnosed in school. By then,
such behaviors are often hard to change and often lead to other life-course problems
(Plomin & Crabbe, 2000; Tremblay et al., 2004). Thus, when people can choose to
become conscious of their genetic risks and strengths, the opportunity to intervene
early will open up new possibilities for both parents and children. In the words of
Lykken (Lykken & Csikszentmihalyi, 2001):
“Imagine a five-year-old boy whose score on the genetic bell curve of fearfulness is at
the very low end. Because he does not respond well to punishment, the average parent
will not be able to socialize that boy; but, in the streets, his fearlessness will make him
a leader and, later, a criminal if he survives. With a clever parent who works with pride
instead of punishment that boy may grow to be a brave policeman, an astronaut, a
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reform politician. The hero and the psychopath are twigs on the same genetic branch”
(p. 471).
Thus, representatives of behavioral genetics predict that DNA research in the future
will be used as an early warning system that will facilitate the development of primary
interventions that prevent or at least improve disorders before they occur (Rutter &
Plomin, 1997). They believe that, with the development of genetically informed
behavior-based interventions that start in childhood, psychotherapists will be able to
educate parents to prevent the consequence of gene expression by using gene-based
treatments tailored for the individual (Plomin & Rutter, 1998). Furthermore, because
humans are biologically wired to live in groups and our well-being is dependent on
how we work as social beings, such early preventions are expected to be behavioral
and environmental rather than biological by nature (Plomin, 2005). However, to
materialize these possibilities, the specific genes which are responsible for the genetic
contribution to personality need to be identified. The different strategies that aim to
identify the genetic pathways that influence personality are described within the
theoretical framework of functional genomics.
3.2 Functional Genomics
The goal of the field of functional genomics is to identify the mechanisms by which
genes, at different levels of analysis, influence characteristics such as behavior. Both
bottom-up and top-down strategies are used (Figure 3).
Figure 3

Genetics

Molecular
biology

Neuroscience

Psychology

Behavior

Behavioral Genomics

Functional Genomics
Functional genomics includes all levels of analysis – from genetics and molecular biology to
neuroscience, psychology, and behavior. The higher levels of analysis are referred to as
behavioral genomics in order to emphasize the importance of top-down analyses of pathways
between genes and behavior. Adapted from Plomin et al. (2000).

Bottom-up strategies begin with molecules, asking how genes work at the cellular level,
and hope eventually to trace pathways from the gene through the brain and finally on
to behavior. This is a long road to travel, which links nucleotide variation at multiple
alleles to the three-dimensional structures of amino acids: a key to understanding how
amino acids are strung together into polypeptides with a vast range of differing
functions. For example, polypeptides are necessary for catalyzing biochemical
reactions, for the structure of movement of cells, for sending out signals to other cells,
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for creating receptors that receive those signals, for channels that allow ions to pass in
and/out of a cell, and for many other functions (Hood & Galas, 2003). Increased
knowledge about the function of these mechanisms will, according to the bottom-up
strategies used, bring new understanding to how different brain mechanisms develop
and ultimately close the circle of causation, by pinpointing exactly which molecular
mechanisms influence the phenotype under study. Understanding the functional nature
of allelic differences in genes is, for example, very important when tailoring
psychochemical drugs for the individual, because it is difficult to know how to promote
health if you do not know exactly which mechanisms are involved. For this reason,
bottom-up perspectives emphasize that top-down approaches – which map specific
genes to a behavioral phenotype directly – are only the first step. Finer-scale analysis at
the molecular level needs to be performed to reveal the multiple changes that in many
cases underlie what may appear to be a single genetic factor (Fisher, 2006; Phillips,
1999; Sali & Kuriyan, 1999).
At a slightly higher level, molecular changes in the synapses and the transmission of
neurotransmitters between nerve cells have been the focus of much personality
research. However, genetic influences on personality involve much more than
neurotransmission at the synaptic level. Higher levels of analysis are also needed, such
as understanding the firing pattern across different neurons and across different brain
regions (Davidson, 1992; Edelman, 1993; Lutz et al., 2004). But functional genomic
analyses of the behavior of the whole organism are also needed. For example, topdown strategies performed by behavioral genomics can use theories of personality to
pinpoint where specific genes or other biomarkers have their effects in terms of
psychological processes, without reference to the mechanisms at the cellular level of
analysis (Plomin & Crabbe, 2000). Indeed, historically the main goal of the most
influential personality models has been to attribute specific brain circuits to their
behavioral dimensions. For example, Eysenck’s postulates that a structure in the brain
steam – the ascending reticular activating system (ARAS) – controls the overall cortical
arousal, and that the difference in sensitivity to stimuli between introverts and
extroverts depends on this hypothesized gateway (Eysenck, 1967; Eysenck & Eysenck,
1985). Likewise, Gray postulates that the brain holds behavioral activation and
inhibition systems that are specialized in recognizing cues for reward and punishment,
and which in turn influence individual differences in withdrawal- and approach-related
behaviors (Gray, 1972; Gray, 1975; Gray, 1990). A considerable amount of work has
gone into identifying the brain structures that underpin withdrawal- and approachrelated behaviors, and hemispheric asymmetries in the functioning of the anterior
cingulate gyrus appear to play a major role (as will be discussed in parts VI and V).
Thus, given the historical emphasis on attributing structural brain differences to
personality differences, it would not be surprising if the focus for genetic personality
research soon would be to attribute genes with a tissue-specific effect on the brain
hemisphere to personality; to find the relevant genes and regulatory regions that are
responsible for those differences. However, about one third of our 20-25,000 genes or
so (Stein, 2004) are expressed in the brain; how these genes work together to create
tissue-specific effects are largely unknown. For this reason most genetic personality
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research has not yet tried to find genes and promoter regions that influence the
structural level of analysis. Instead, mainly because drugs that influence
neurotransmission are effective in treating different psychopathological states, the focus
has been on genes that influence neurotransmission.
3.3.1 Neurotransmission and genetic pathways associated with personality
One of the most thoroughly genetically researched personality models is Cloninger’s
psychobiological model of temperament and character. Here, it will serve the purpose
of exemplifying what typically has been found when genes and enzymes that influence
neurotransmission have been associated with personality.
Cloninger’s model proposes that personality is composed of four temperament domains
and three character domains. The temperament domains manifest themselves early in
life and function as unconscious biases in perceptual learning and habit formation.
Each of these is hypothesized by Cloninger to be influenced by a unique genetically
controlled neurotransmitter system. Specifically, Novelty Seeking is hypothesized to be
controlled by the dopaminergic system, Harm Avoidance by the serotonergic system,
and Reward Dependence by the noradrenergic system. A fourth temperamental domain
called Persistence has also been suggested, but no neurotransmitter system has yet been
hypothesized (Cloninger & Svrakic, 1997).
3.3.2 Dopamine pathways
The neurotransmitter dopamine is associated with feelings of reward. For example,
animals will work to obtain doses of dopamine in a similar way as they would work to
obtain food (Hamer, 1997). Drugs such as cocaine and amphetamine which mimic
dopamine in the nervous system account for the pleasure of taking them (Di Chiara et
al., 2004). Consequently, people who score high on Novelty Seeking are assumed to
compensate for a low dopamine dosage by behaviorally engaging in risky and
unfamiliar situations which make them experience extra strong rewards when they
succeed and thereby increase production of dopamine in the nervous system.
Individuals with normal levels of dopamine, on the other hand, are expected to shy
away from risks and the unfamiliar because such activities tend to boost their
dopamine level to uncomfortable levels (Cloninger et al., 1993).
In 1996 the first gene associated with Novelty Seeking was identified. Forty-eight base
pairs in the third exon in the dopamine receptor gene DRD4 repeat from 2 to 8 times,
and since the longer DRD4 repeats (6-8 repeats) are less efficient at binding dopamine,
individuals with the long repeat were found to scored higher on Novelty Seeking
(Ebstein et al., 1996). This finding was simultaneously replicated in another sample
containing sib-pairs (n=350) completing another personality instrument (NEO-PIR,
Costa & McCrea., 1992) where the direction of the association between DRD4 and the
scales Extraversion and Conscientiousness were in accordance with the expectation in
Ebstein’s (1996) study. That is, long exon III alleles showed a positive association with
Extraversion and a negative association with Conscientiousness (Benjamin et al.,
1996). Repeat variations in DRD4 explained about 4% of the total variance in these
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initial studies and affected the scores in these domains by about 10%, or 0.4 standard
deviation (d=.40) (Cohen, 1988), which is considered a moderate effect.
Enthusiasm in the field flourished when these initial studies were published. More than
50 studies investigating DRD4’s association with Novelty Seeking were published
between 1996 and 1998, when it was believed that – by the turn of the century personality researchers would routinely use reliable DNA markers as tools in their
research (Plomin & Caspi, 1998). However, the association between DRD4 and
Novelty Seeking has not been consistently replicated. A meta-analytic review of 20
studies (n=3,907) revealed that there was no general association between DRD4
polymorphism and Novelty Seeking (average d=0.06 with 96% CI of +/- 0.09).
Thirteen reports suggest that the presence of longer alleles is associated with higher
Novelty Seeking scores and seven reports suggest the opposite (i.e. that shorter not
longer alleles are associated with higher Novelty Seeking scores). This means that there
is true heterogeneity among studies, and that unknown moderator exists. Furthermore,
the search for genetic moderators has not yielded any reasonable explanations for the
inconsistent results (Kluger et al., 2002). Nevertheless, new data suggest that DRD4
may still be relevant to personality. As many as 9 of 11 studies suggest that the C-521T
polymorphism in the regulatory region of DRD4 is associated with Novelty Seeking,
and – if this finding is replicated in additional studies – it may turn out to explain
about 3% of the variance (Munafo et al., 2007).
3.3.3 Serotonin pathways
The second personality trait identified in Cloninger’s model is Harm Avoidance, which
is hypothesized to be associated with abnormalities in serotonin metabolism
(Cloninger, 1987). The neurotransmitter serotonin is expressed heavily in cortical and
limbic areas of the brain, and is thought to function as an inhibition system, which
produces feelings of non-reward and anxiety. For examples, male monkeys with low
social status have lower levels of serotonin in their nervous system than monkeys with
high social status (Raleigh et al., 1991). Administration of serotonin uptake inhibitors
such as Prozac, which increases the levels of serotonin in the nervous system, typically
increases anxiety initially, but gradually, when the nervous system has adjusted to the
higher serotonin level, decreases anxiety in stressful situations (Murphy et al., 1998).
Thus, in both humans and primates altered serotonin levels seem to be related to
negative emotional states such as depression, anxiety and hostility, and to social
behaviors such as dominance, aggression and affiliation of peers (Graeff et al., 1996;
Knutson et al., 1998). Consistent with these findings, anxiety-related traits such as
Harm Avoidance and Neuroticism in the personality questionnaire NEO-PI-R (Costa
& McCrea, 1992) have been associated with different tandem repeats (multiple copies
of the same DNA sequence) in the regulatory region of the serotonin transporter gene
(Hamer et al., 1999; Lesch et al., 1996; Sen et al., 2004). Indeed, a recent meta-analysis
(n=5,629) confirmed that the serotonin transporter gene was associated with anxietyrelated traits, at least as measured by Neuroticism in NEO-PI-R (Costa & McCrea,
1992; Sen et al., 2004; Willis-Owen et al., 2005).
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However, the direction of the effect is the opposite from what may be expected when
the molecular mechanism for serotonin reuptake blockers such as Prozac is considered.
That is, since the long homozygous allele (l/l) removes twice as much serotonin from
the synaptic cleft as heterozygotes (s/l), or homozygotes (s/s) for the short allele,
individuals with the long allele should score higher on Neuroticism (Lesch et al., 1996).
Nevertheless, it is individuals with the short alleles who score higher on Neuroticism in
most studies, despite the fact that short alleles are associated with more abundant
transmission of serotonin (Sen et al., 2004). This means that a genetic moderator also
exists for the serotonin pathway, and just as for DRD4 in the dopaminergic system, the
search for genetic moderators has not been successful. The behavioral effect of the
serotonin transporter gene is about the same as was found for DRD4 in the two initial
studies. At most 5% of the variance in Neuroticism is expected to be explained by
allele differences in the serotonin transporter gene (Sen et al., 2004).
3.3.4 Noradrenergic pathways
Reward dependence in Cloninger’s personality model is hypothesized to be associated
with the noradrenergic system, which influences people’s arousal level and is thought
to play a role in “fight or flight” responses (Cloninger, 1987). Noradrenalin is
synthesized from dopamine by dopamine-beta-hydroxylase and is the major
neurotransmitter of the sympathetic nervous system. Noradrenalin is also catalyzed
into epinephrine, another contributor to sympathetic “flight or fight” responses. Lower
levels of dopamine-beta-hydroxylase lead to elevated levels of dopamine and
noradrenalin, which may explain why a lower level of dopamine-beta-hydroxylase in
blood is associated with an increased vulnerability to psychotic symptoms (Cubells &
Zabetian, 2004). However, in the normal range of personality low dopamine-betahydroxylase levels are hypothesized to be associated with low scores on Reward
dependence, which measure the extent the individual is engaged in tough-minded, cold
and socially insensitive behaviors. Alcoholics with a low dopamine-beta hydroxylase
dosage in their blood and in cerebrospinal fluids have, for example, been found to be
more suspicious and avoidant of emotional involvement with others, lending some
support to Cloninger’s hypothesis (Major et al., 1980). Two excellent candidate genes
for dopamine-beta-hydroxylase activity have been identified, but thus far no dopaminebeta-hydroxylase polymorphisms have been associated with personality (Cubells &
Zabetian, 2004).
Despite the fact that dopamine-beta hydroxylase dosage in the blood varies widely
across unrelated individuals (Weinmaster, 1997) and a single locus is estimated to
account for 46-75% of its variation in the adult population (Wilson et al., 1990), it
appears as if early environmental experiences also can influence the dopamine betahydroxylase level. Low dopamine-beta-hydroxylase dosages in blood among children
at age 12 are linked to maltreatment before age 6, as well as conduct disorder and
aggressive behavior in school at age 12 (Galvin et al., 1995). Furthermore, youths with
behavioral disorders and antisocial, substance-abusing fathers have shown significantly
lower dopamine-beta-hydroxylase levels than control subjects with substance-abusing,
non-antisocial fathers (Gabel et al., 1995). This means that low dosage of dopamine50
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beta-hydroxylase, which is stable after age 6, may be a generationally transmitted
biological consequence of maltreatment early in life, associated with conduct disorders,
aggressive behavior, and behavioral disorders in boys. Thus, more extreme
environmental conditions in childhood, which on a daily basis alert the fight-and-flight
system, may prime the development of the sympathetic nervous system in other ways
than would be the case in more normal environments (Hart et al., 2007). As mentioned
earlier, both genetic and environmental thresholds for how much the individual is
affected by more extreme environmental conditions are likely to play a role for the
functioning of our neurotransmission systems; the functioning of the noradrenergic
system is evidently sensitive to such environmental influences.
Attention has also been directed toward identifying adrenergic receptor genes, and
some of them seem to be associated with personality (Bobb et al., 2005; Comings et al.,
1999). One study showed an association between the adrenergic2A receptor gene
(ADRA2A) and vigilance, irritability, hostility, verbal aggression and impulsivity,
lending support to Cloninger’s hypothesis that Reward dependence is associated with
the noradrenergic system. However, these findings have not yet been replicated. The
behavioral effect of adrenergic polymorphism is about the same as for genes that are
associated with the dopamine and serotonin systems. Variation in ADRA2A accounts
for about 1.8-8.3% of the variance for these personality traits (Comings et al., 1999).
3.4.1 Monoamine metabolisms pathways
Enzymes that influence the neurotransmission systems also play a role in genetic
regulation of personality. Here follows a brief overview of the findings for two of the
most thoroughly researched, namely the enzymes, catechol-o-methyltransferase
(COMT) and monoamine oxidase (MAO), which converts serotonin, dopamine,
noradrenalin and epinephrine into inactive chemicals.
3.4.2 Catechol-O-methyltransferase (COMT)
COMT is an enzyme that breaks down dopamine and noradrenalin. A three-to-fourfold variation of its activity is due to a GoA single nucleotide polymorphism (SNP)
transition at codon 158 of the COMT gene (val158met). The homozygous G allele
(G/G) breaks down more dopamine and noradrenalin from the synaptic cleft than
heterozygotes (G/A) or homozygotes (A/A) for the A allele (Lachman et al., 1996;
Syvanen et al., 1997). Accordingly, this allele has been associated with aggressive
behavior and emotional regulation. For example, male schizophrenics with the low
activity 158A allele have a higher risk of aggressive behaviors, and variation in this
allele can differentiate between outwardly and inwardly expressed anger among suicide
attempters (Kotler et al., 1999; Lachman et al., 1998; Strous et al., 1997) (Rujescu et
al., 2003). Furthermore, COMT knockout female mice display impairment in their
emotional reactivity compared to males, which are more aggressive. Associations with
Novelty Seeking have been confined to females, suggesting a gender specific effect for
the COMT gene (Enoch et al., 2003; Gogos et al., 1998). However, when COMT has
been associated with severe affective disorders (Kirov et al., 1998; Li et al., 1997;
Mynett-Johnson et al., 1998; Ohara et al., 1998; Papolos et al., 1998), as well as
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anxiety disorders (Ohara et al., 1998), the findings are mixed. Several studies have
failed to replicate the association (Gutierrez et al., 1997; Kunugi et al., 1997; Lachman
et al., 1997), and typically large studies find no relationship (n=2327), not even when
environmental risk factors that increase the possibility that individuals with a risk allele
develop such behaviors is taken into account (Henderson et al., 2000; Kunugi et al.,
1997).
3.4.3 Monoamine oxidase A and B
Monoamine oxidase primarily breaks down serotonin and noradrenalin and comes in
two variants, A and B, which are located on the outer mitochondrial membrane. These
enzymes differ in their neurotransmitter metabolism and are present in all types of cells
in varying proportions and concentration (Denney & Denney, 1985). However, MAOB is the only form that is expressed in human blood cells. MAO-A is primarily
expressed in the catecholaminegic neurons in the human brain.
3.4.4 MAO-A
In humans, the MAO-A gene has a variable number of tandem repeats, producing high
and low activity variants of the MAO-A enzyme. Alleles with 3.5 or 4 copies of a 30
base pair repeat sequence are transcribed 2-10 times more efficiently than alleles with 3
or 5 copies, suggesting an optimal length for the regulatory region (Sabol et al., 1998).
Consequently, since the high activity 3.5 and 4 alleles neutralize more serotonin at the
synaptic clefts in the brain, individuals with these polymorphisms tend to score higher
on aggression, impulsivity and negative emotionality (Gade et al., 1998; Manor et al.,
2002; Manuck et al., 2000).
However, just as for the serotonin transporter gene, conflicting evidence has been
reported as to whether the low or the high activity form of MAO-A tandem repeats are
associated with increased risk behaviors. Maltreated children and monkeys that have
grown up without their mothers demonstrated a significant association between the
low-activity allelic forms and violent and aggressive behavior, despite the fact that the
low-activity allelic form leaves more abundant levels of serotonin in the nervous system
(Caspi et al., 2002; Foley et al., 2004; Newman et al., 2005). Thus, it appears as if the
behavioral outcomes associated with high versus low MAO-A activity, just as
dopamine-beta-hydroxylase dosage in the noradrenalin system, are sensitive to social
experiences, and that the functional outcome depends on whether or not the individual
has experienced maltreatment early in life.
3.4.5 MAO-B
The association between personality and platelet MAO-B has been extensively studied
using platelets easily obtainable from blood. Low platelet MAO-B activity is associated
with individuals who can be described as impulsive, exploratory, curious, excitable,
disorderly, distractible and having a high level of behavior activation (af Klinteberg et
al., 1987; Howard et al., 1996).
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Such individuals are also at higher risk of externalizing antisocial behaviors and early
onset substance abuse (Cloninger, 1994). One large study (n=1,551) indicated that the
magnitude of the effect on personality associated with platelet MAO-B activity was
about the same as for genes in the dopamine, serotonin and noradrenalin systems.
Approximately 8% of the genetic variance for Neuroticism (as measured by EPQ,
Eysenck and Eysenck, 1975), was due to the same genetic effects that contribute to
variation in platelet MAO-B activity (Kirk et al., 2001).
However, the association between platelet MAO-B activity and personality has been
difficult to explain, because a direct association between platelet MAO-B activities in
the blood and brain is lacking. No polymorphisms of the MAO-B gene have so far
been associated with personality (Pivac et al., 2006), and MAO-B knockout mice do
not behave much differently from controls. Furthermore, with age platelet MAO-B
activity increases quite substantially in the brain without any obvious changes in
personality (Winblad et al., 1979), and when MAO-B inhibitors are prescribed to
Parkinson’s patients, which almost completely inhibit the platelet MAO-B activity in
the brain, no obvious changes in personality have been observed. Accordingly, a great
deal of effort has been invested to elucidate exactly how platelet MAO-B activity is
linked to personality at the molecular level. For example, since the middle of the 1970s
Oreland et al. have been searching for the mechanisms, and even though the
transcription factor AP-2 (activator protein-2) may be involved in mediating the
association, most of the biological mechanisms that are responsible for the association
are still unknown (Damberg, 2005; Oreland & Hallman, 1995; Oreland et al., 2004;
Oreland & Shaskan, 1983; Ruchkin et al., 2005; Wiberg et al., 1977). Thus, despite
about 30 years of bottom-up research at the molecular level, to date there is no
satisfactory explanation for the relationship between platelet MAO-B activity and
personality (Damberg, 2005; Oreland & Hallman, 1995; Oreland et al., 2004; Oreland
& Shaskan, 1983; Ruchkin et al., 2005; Wiberg et al., 1977).
3.5 Neurotransmission and personality – what has been established?
The findings reviewed above indicate that there has been a considerable increase in
research in the field since the first association between genes and personality were
found 10 years ago. Much research has been performed that indicates that the genes
and enzymes that influence the functioning of neurotransmitter systems also influence
personality. However, the size of the literature does not indicate the amount of
progress in the field, and there is still considerable confusion about what has been
established (Ebstein, 2006; Munafo et al., 2005). First, it is questionable how useful the
findings are, because the directions of the relationships tend to change in different
samples. There are virtually no consistently replicated findings in large samples
between a specific allelic variant for neurotransmission and a tendency for a person to
score in a particular direction on a personality trait that is explicable in a satisfactory
manner from a biological standpoint. Typically, when a new association between a
allele that influences neurotransmission and personality is found, it does not hold in
larger and/or replicating samples. Furthermore, in the case of the only consistently
replicated finding – the association between short tandem repeats of the serotonin
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transporter gene and higher scores on anxiety-related traits – the direction of the effect
runs opposite from what is expected considering how low serotonin levels normally
influence anxiety-related traits (Sen et al., 2004). Moreover, so far there has been
hardly any success in finding the genes that mediate the directions of these effects, and
the attempts to map out the genetic complexities at molecular level that have been
made by Oreland et al., regarding platelet MAO-B activity in association with
personality, over the last 30 years, indicate that the prospect of making rapid progress
is quite remote. However, it is important to recognize that most genetic personality
research thus far has focused on functional variants, and very little on regulatory
regions. Reasons for this are that less than 1% of the over 27,000 mutations associated
with mendalian human diseases have been found in regulatory regions (Botstein &
Risch, 2003), and that polymorphisms in regulatory regions are expected to have a
more subtle effect on the phenotype than functional variants. So, there is a rich supply
of markers available that remain to be tested. Indeed, the diversity in the human
genome is enormous; 4.6 million of the 15 million SNPs that are estimated to be
available in the human genome have thus far been genotyped (Barnes, 2006; Botstein
& Risch, 2003). Oreland’s research group is one of a few that have made a serious
attempt to test some of the markers that are now available in regulatory regions
(Damberg et al., 2001). Nevertheless, despite this complexity, many researchers believe
that more efforts to test non-conserved/non-coding DNA (more than 98% of the
human genome consist of non-coding DNA), which also have been found to have a
regulatory function (Mattick, 2004), can potentially improve the field’s track record
(Plomin, 2005). New findings concerning the C-521T variant in the dopamine receptor
gene, which – if genuine – may account for up to 3% of the phenotypic variance in
Impulsiveness and Novelty Seeking, provide an encouraging example of this (Munafo
et al., 2007).
Second, environmental factors may influence the extent to which genetic variation can
be associated with specific behaviors. Both the serotonin and noradrenergic
neurotransmission systems’ function may be affected by more severe environmental
conditions. For example, Caspi’s Science finding (2003, 2002) suggests that the
difficulties in some samples in replicating the association between the serotonin
transporter gene and anxiety-related traits (Lesch et al., 1996) derive from the fact that
the susceptibility effect of this allelic variant is dependent on a gene-environment
interaction. In other words, it is individuals who experience stressful life events and
who have one or two copies of the short allele of the serotonin transporter gene who
are most likely to exhibit more depressive symptom. Individuals who experience
stressful life events with two copies of the long allele would be less likely to do so. This
hypothesis was tested in the Dunedin Longitudinal Study, a representative birth cohort
of 1038 children (52% male) that has been assessed at ages 3, 5, 7, 9, 11, 13, 15, 18
and 21 and was almost intact (96%) at the age of 26 years. Depression at age 26 was
assessed using self-reports, clinical interviews and information from a person
nominated by each study member as “someone who knows you well”. Fourteen
stressful life events were recorded between the ages 21 and 26 years, including
employment, financial, housing, health and relationship stressors, which were assessed
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through a highly reliable life history calendar (Belli et al., 2001). The findings
confirmed the hypothesis; individuals with one or two copies of the short allele
exhibited more depressive symptoms, diagnosable depression and suicidality in relation
to stressful life events than individuals with two copies of the long allele of the
serotonin transporter gene. No main effect of having the short allele on depression was
found. The specificity of the genetic effect was also checked. No interaction with the
heritable component of life events or interaction between the MAO-A gene and
childhood maltreatment, which also has been found in this sample (Caspi et al., 2002),
applied longitudinally to the onset of depression. Thus, this epidemiological study
provides evidence of a gene-environment interaction that can explain why some people
are more likely than others to develop symptoms of depression when they experience
stressful life events. The fact that these findings also have been replicated in most large
studies (Rutter et al., 2006) suggests two things that have previously not been
recognized (Caspi et al., 2003). First, personality traits that are related to
psychopathology, instead of being influenced by many genes with small effects, may be
influenced by fewer genes whose effect on a phenotype depends on whether they have
been exposed to environmental risks. Second, gene-environment interactions such as
these may have clinical implications. Although only 10% of the short allele carriers
experienced more than four or more stressful life events (between age 21 and 26), they
accounted for almost one-quarter (23%) of the 133 cases of diagnosed depression that
were identified in this representative birth cohort.
Furthermore, the results in the same sample with respect to high levels of MAO-A
expression, early maltreatment and the development of antisocial problems followed
the same pattern (Caspi et al., 2002). MAO-A was found to moderate the effect of
maltreatment. Maltreated children with a high level of MAO-A enzyme expression
were less likely to develop antisocial problems, whereas individuals with both a lowactivity genotype and previous maltreatment were by far the most likely to have
committed a violent crime or to be diagnosed with conduct disorders. Over 85% of the
males who had both “bad genes” and “bad environment” developed some form of
antisocial behavior by the time they were 26. In contrast, the environmental effect of
maltreatment (in samples where the subjects’ genotype is not considered) typically
increases the risk of later criminality by about 50%, which is not enough to make most
maltreated children turn into delinquents or adult criminals (Widom, 1997). However,
attempts to replicate these findings have been inconclusive. Foley et al. (2004) found
essentially the same MAO-A-maltreatment interaction but three other studies have
failed to do so, which suggests that Caspi’s findings cannot easily be generalized to
other populations (Foley et al., 2004; Haberstick et al., 2005; Huizinga et al., 2006;
Young et al., 2006).
Accordingly, these results have prompted some reviewers to suggest that the real culprit
in genetic personality research has been the underlying model upon which most current
studies in behavioral genetics rely (Caspi et al., 2005; Hamer, 2002; Rutter et al., 2006;
Rutter & Silberg, 2002). In the words of Dean Hamer, in an article published in
Science (2002):
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“What’s the problem? [the fact that not a single candidate gene for psychopathology
has been consistently replicated] It’s not the basic premise of linkage and candidate
gene analysis; these approaches have identified dozens of genes involved in inherited
diseases. Nor is it the lack of DNA sequence information; virtually the entire code of
the human genome in now known. The real culprit is the assumption that the rich
complexity of human thought and emotion can be reduced to a simple, linear relation
between individual genes and behaviors. This oversimplified model, which underlies
most current research in behavior genetics, ignores the critical importance of the brain,
the environment, and gene expression networks.” (p. 71-72).
In other words, the prime difficulty may be lack of methodology. That is, there is no
methodology that is able to take advantage of the self-organizing mechanisms that
govern the development of the nervous system, and as such makes it possible to unite
the study of the brain, the environment, and the expression of gene networks. And, as
we will see in part IV and V, this is one of the reasons why this dissertation has
investigated to what extent iris data can be used to develop such a methodology.
To sum up, the last 10 years of research into associations between genes and
personality suggest that a direct path from candidate genes to personality accounts for
little variation in the phenotype and typically fails to replicate in independent samples
(Munafo et al., 2003). Furthermore, genotype-environmental correlations and
interactions may be more important than previously thought (Rutter et al., 2006). The
heritability coefficient indexes not only the direct effect of genes, but also the effects of
correlation and interactions between genes and environments (Rutter & Silberg, 2002),
and therefore consistent replications of associations between genes and behavior may
be dependent on assessment of environmental risks and other environmental factors
(Caspi et al., 2005).
Thus, since representatives of behavioral genetic research rightfully recognize that there
has been embarrassingly slower-than-expected progress towards identifying reliable
associations between genes and personality over the last ten years (Plomin, 2005;
Plomin & Rutter, 1998), it may be appropriate to ask if it really is possible to establish
“firm” associations between genes and personality, i.e. direct paths between genetic
effects and behaviors that from DNA alone can predict which individuals are most
likely to score high, in the middle, and low, on a trait.
3.6.1 Is it really possible to establish “firm” associations between genes and
personality?
Many investigators take the view that the main problems that have plagued the field at
the molecular level are inescapable, and are simply due to the fact that there potentially
can be thousands of genes that contribute to personality. About one third of our
20,000–25,000 genes or so (Stein, 2004) are expressed in the brain, and can therefore
be considered as candidate genes for personality (Plomin & Crabbe, 2000).
Furthermore, our genome is 3 billion base-pairs long, and even though 99.9% of this
sequence is the same for all people, about one polymorphism in every thousand differs
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between us, which gives each of us (who are not a MZ twin) a unique genome. As
mentioned earlier, the most recent estimates suggest that as many as 15 million SNPs
differentiate between people in large samples (Botstein & Risch, 2003). Four basic
problems, which reflect this complexity, contribute to explaining why it has been so
hard to establish “firm” associations between genes and personality (Lander & Schork,
1994):
1. Incomplete penetrance. An individual who inherits a specific personality trait may
not always manifest the trait. Environmental influences may override genetic influences
(Gabel et al., 1995; Galvin et al., 1995), and genes that contribute to psychopathology
may only influence people if they have been exposed to environmental risks (Caspi et
al., 2002; Caspi et al., 2003). Furthermore, personality traits are influenced by many
genes that work together in self-organizing networks (Bornholdt, 2001; Turbes, 1993),
and a genetic trait can only manifest itself if some proportion of the genes in the
network have the right predisposing alleles (Comings, 1998a). A single predisposing
allele can therefore only increase the probability that the trait will be manifested.
Moreover, some genetic traits are reinforced to get manifested by the environment
whereas others are not. For example, as mentioned earlier when discussing geneticenvironment correlations and interactions, genes that contribute to agreeableness may
get more strongly reinforced by the environment than genes for stubbornness (Caspi et
al., 2005). A person may be a little stubborn for genetic reasons, but if this behavior is
not reinforced by the environment, the relatively few predisposing alleles that “push”
the individual to be more stubborn may fail to penetrate. Environmental influences,
such as those and others (including sex-roles and age differences), also contribute to the
extent to which an inherited trait manifests itself. The personality trait selftranscendence, which has a heritability of .44, may, for example, only develop into a
stable personality characteristic later in life (Cloninger et al., 1997; Comings et al.,
2000b; Cook-Greuter, 2000). The difficulty in establishing “firm” associations
between genotypes and personality is, therefore, in part due to incomplete penetrance.
Personality traits are influenced by many genes that work together in self-organizing
networks, and genetic trait can only manifest themselves if some proportions of the
genes in the network have the right predisposing alleles. This means that a single
predisposing allele can be present in individuals who score both high and low on a
trait, which naturally makes it harder to establish “firm” associations between genes
and personality. This is especially true if only one gene at a time is tested in a study,
which has generally been the case (Comings, 1998b; Comings et al., 2000a).
2. High frequency of predisposing alleles. Methodological difficulties in establishing
“firm” associations between genotypes and personality also arise if the predisposing
alleles are very common in the populations under study. This is especially likely to be
the case if the predisposing alleles are influencing biological systems that are of
importance for the individuals’ survival. For example, whole genome association
studies compare differences in SNP frequencies between two extreme groups, or cases
and controls, and if some SNPs are very common and the frequency differences in the
groups that are studied are relatively small, which is more likely to be the case if the
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SNPs are of importance for survival, then it will be harder to recognize the extent to
which these SNPs are associated with the phenotype. The “noise” in the design will
increase under such circumstances, and this will also make it harder to identify other
predisposing alleles of small effect, which are involved in the same biological pathway.
These problems escalate when they occur together with genetic heterogeneity
(Comings, 1998a).
3. Genetic (or locus) heterogeneity – refers to the fact that it is not always the same
genes that contribute to a trait. Several different sets of alleles can contribute to a high
phenotypic score on a personality trait. Further, different sets of alleles are involved in
different pedigrees, and the behavioral expression of predisposing alleles may change in
different pedigrees. The predisposing genes or set of genes that is required for the trait
to manifest may thus operate along quite different routes.
This means that when the sample size in association studies is increased, and the
genetic diversity is increased as a result, it is not necessarily so that the actual power to
detect an association with a genetic marker improves. The power may increase
mathematically and statistically, but nevertheless, if the genetic heterogeneity increases
more than sample size improves the power to detect small effects, then the effort to
collect data in large samples to improve power may be wasted (Fanous & Kendler,
2005). That is, the increase in genetic diversity that occurs when the sample size
increases, and the fact that the genetic marker is only likely to be a predisposing allele
in some family trees in large samples, may mask the effect so it can not be generalized
to the whole sample. Genetic heterogeneity contributes to explain why single genes
generally are found to explain less than 1.5% of the variance for a personality trait
(Comings & Blum, 2000). This also implies, that if an association between a functional
allele and a personality trait fails to replicate in independent samples, this may be due
to genetic heterogeneity and/or incomplete penetrance, rather than the functional allele
being irrelevant to the personality trait under study (Comings, 1998b). Meta-analytical
studies that use the methods that are praxis today, may therefore come to the wrong
conclusions when they discard allelic variants that fail to be replicated in most studies
(Fanous & Kendler, 2005; Munafo et al., 2005; Munafo et al., 2003). For example, the
effect size for the original association between the long-repeat allele of DRD4 and
novelty seeking was 6% (Ebstein et al., 1996). This effect decreased to 4% in the
replication study that followed (Benjamin et al., 1996), and the association between the
long-repeat allele of DRD4 and novelty seeking fails to replicate in most studies
(Kluger et al., 2002; Munafo et al., 2007). The true additive effect size for DRD4 may
thus be much smaller than 1% in large samples (Munafo et al., 2007; Plomin & Caspi,
1998). Indeed, even though the distribution of QTL effect sizes for any complex trait
or disorder is not known, most QTL effects may be much smaller than 1.5 %. Effect
sizes as small as .5 – .2 % are now believed to be the norm (at least for intelligence) in
large samples with elevated genetic heterogeneity (Plomin et al., 2006), and there is no
reason to believe that the genetic heterogeneity for personality would be less complex
(Scarr, 1997; Schinka et al., 2002). In other words, just because a predisposing allele
fails to penetrate in large samples and/or in most studies, this does not mean that the
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allele is irrelevant to personality; it can still be highly relevant in some family trees,
which have the proper “genetic background”.
Thus, genetic heterogeneity is arguably the main reason why it has been so hard to
establish “firm” associations between genes and personality, which calls for a
methodology that is able to decrease the genetic heterogeneity present in large samples.
4. Polygenetic inheritance. As mentioned earlier, personality traits are influenced by
many genes, each with a small effect, that work together in self-organizing networks,
and a genetic trait can only manifest itself if some proportion of the genes in the
network have the right predisposing alleles (Bornholdt, 2001; Comings, 1998a). This
fact contributes to incomplete penetrance, but it also reflects polygenetic inheritance.
That is, polygenetic inheritance refers to the fact that: 1) the manifestation of a trait
requires simultaneous mutation in multiple genes in order to manifest, but also 2) that
the behavioral expression of these genes may differ in different genetic backgrounds.
The difficulties under point 2) are sometimes referred to as constituting an aspect of
genetic heterogeneity, as indicated above; regardless, the point here is that both
polygenetic inheritance and genetic heterogeneity increase the difficulty in identifying
“firm” associations between genes and personality.
However, which of them creates the largest obstacle depends on the relative
importance of additive and non-additive genetic effects for the trait under study. If
non-additive genetic effects for the trait are small and most of the genetic effects are
additive, then the problem of identifying the right sets of genes is greater than the
genetic background problem. If non-additive effects are of importance then the genetic
background problem will be of greater importance.
Thus, since about half of the genetic variance is non-additive in large heterogeneous
samples (Eaves et al., 1999; Eaves et al., 1998; Keller et al., 2005; Lake et al., 2000;
Plomin et al., 1998), and non-additive genes always mask some proportion of the effect
of additive genes (Cordell, 2002; Frankel & Schork, 1996), it may be very hard
conclusively to replicate candidate genes for personality unless interaction between
alleles, hence non-additive genetic effects are considered. For example, a gene’s true
main effect might be too small to detect with any reasonable statistical power and
sample size, and yet it might still enter into a critical non-additive effect with a second
gene. Or even worse, the main effect of a locus might be virtually undetectable, because
its partner may have an opposite or “reciprocal” effect (Frankel & Schork, 1996; van
Wezel et al., 1996). It is therefore, unreasonable to think about gene expression as
being independent of the genetic background, or that the genetic background problem
may be of lesser importance than finding the right set of genes (at least for a phenotype
such as personality where about half of the genetic effects are non-additive). Obviously,
these two problems are intertwined, and for this reasons the influence of the genetic
background must be considered.
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Indeed, there is a lot of data available that supports this notion. For example, even
though the additive effect of the apolipoprotein E (APOE) gene accounts for 15% of
the liability for Alzheimer’s disease, which has been replicated in populations of
European descent, this risk genotype has an inconsistent and sometimes even a negative
association with Alzheimer’s disease in African Americans, where the genetic
background is different (Farrer et al., 1997; Tang et al., 1996; Tang et al., 1998).
Moreover, the importance of the genetic background is easily demonstrated in inbred
strains where the behavioral effect of a predisposing allele in one strain often
completely vanish in another (Holmes & Hariri, 2003; Holmes et al., 2003; WillisOwen & Flint, 2006). Similarly, the phenotype of “knockout mice” generally changes
dramatically when assessed in different strains (Cryan & Mombereau, 2004). The
importance of genetic background is harder to demonstrate directly for personality, but
nevertheless it is expected to be just as common for personality, and maybe is most
clearly demonstrated when the similarity in between MZ twins, parent-child dyads and
unrelated paired subjects are compared. The well known drop in intra-pair similarity
on personality between MZ twins, parent-child dyads and unrelated paired subjects,
where the correlation drops from being approximately .40, to .15 to zero. This is
mainly due to the fact that the average proportion of genes that is not similar, and
which influences the trait in these dyads, increases from zero, to fifty, to one hundred
percent in large samples. In other words, it is the genes that are not similar in the
genetic background in these dyads that are responsible for the drop in phenotypic
similarity. This implies that, if it were possible to get a handle on the genetic
heterogeneity problem, it would most likely be much easier to establish “firm”
associations between genes and personality in the future.
However, given that the correlation for MZ twins (who are identical on every single
loci), is no more than about .40 for personality, it may be appropriate further to
investigate the circumstances under which it is reasonable to assume that one can
establish “firm” associations between genes and personality, i.e. direct paths between
genetic effects and behaviors that, from DNA alone, can predict which individuals are
most likely to score high, in the middle, and low, on a particular trait.
3.6.2 “Firm” associations between genes and personality: under which
circumstances?
It is important to acknowledge that, in a strict sense, there is no such thing as a “firm”
association between genes and personality. A specific genotype can only increase the
probability that a trait will be manifested. However, that genetically identical people,
on average, correlate .40 on most personality traits, does not necessarily mean that the
chance of obtaining a particular score cannot exceed 40%.
In some families, some personality traits are more strongly inherited, and in such
families the MZ twins’ correlation for those traits will be higher than .40. MZ twins
from different families have a genetic tendency to score high and low on different
traits, and this is why the average intra-pair MZ correlations for personality in most
large twin samples tends to be approximately .40. Thus, if most of the genes that add
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up in their effect to create a high phenotypic score are in the right direction for an
individual, then the probability for the trait to be manifested for that individual can
exceed the average probability reflected in the MZ twin correlation. One good example
of a phenotype where this is true is breast cancer. The MZ twin correlation for breast
cancer is .14 (Lichtenstein et al., 2000), and for women with a BRCA1 mutation the
probabilities of getting breast cancer at ages 40, 55 and 80 are 37%, 66% and 85%
respectively, compared with 0.4%, 3% and 8% for women without mutations at
BRCA1 (Easton et al., 1993; Ford et al., 1994). One needs of course, to identify many
more susceptibility alleles for a extremely polygenetic trait such as personality, than for
a less polygenetic trait such as breast cancer, and most importantly, map out how they
add up in their effect at the individual level to arrive at a higher penetration rate than
about 40%. But, provided one can find out how networks of genes work together, and
in which genetic backgrounds they are of importance, the same reasoning can be
applied to most personality traits. Indeed, among inbred strains of mice, where the
genetic background is exactly the same for all loci, except the one that segregates
between different lines, just 6 loci account for almost all the phenotypic variance for
open field activity, a recognized measure of emotionality in mice (Flint, 2003). This
suggests that only a few QTLs of relatively large effect sizes, even for a very complex
polygenetic trait such as emotionality, can account for most of the genetic variance in
populations where the genetic background is similar (Flint et al., 2005).
As we will see in Part IV, this is probably why the effect sizes in Study 3 in this
dissertation increased when iris matching – which decreases complexity in the genetic
background – was employed. This means that if the heterogeneity in the genetic
background in a population is decreased to a substantial degree, it will be much easier
to identify the genes that influence personality in that population. Both the genetic
effect sizes (which will be larger) and the sample sizes that are needed to identify the
relevant genes (which most likely need to be smaller) are much more favorable under
these circumstances.
With this in mind, one may wonder about the new genetic methods that are about to
be used, and that have been welcomed with so much enthusiasm (Craig & Plomin,
2006; Plomin, 2005; Plomin & Crabbe, 2000; Plomin & Rutter, 1998), are they really
likely to succeed in their attempts to elucidate the genetic complexity of personality and
to establish “firm” associations between genetic effects and personality?
3.7.1 New methods: will they be able to elucidate the genetic complexity of
personality?
The difficulty in establishing reliable associations between genes and complex traits,
such as personality has led to the development of new genetic methodologies. Whole
genome association studies, which use microarrays and direct and indirect association
strategies, are being used to seek to identify genes that influence complex traits
(Plomin, 2005). The goal of these approaches is to apply a strategy that is able to
simultaneously identify all quantitative trait loci (QTL) – i.e. all polymorphisms that
influence a trait – and in order to achieve this, a dense set of single nucleotide
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polymorphisms (SNP) across the whole genome is genotyped. Then, the SNPs
frequencies between two extreme groups, or cases and controls, are compared with
each other, and or with the expected random SNP frequencies in that population.
Many investigators believe that the SNP scan of the genome can be made dense
enough. At least 100,000 SNP markers are needed, and the sample size is huge; at least
10,000 subjects are needed to identify QTLs that can explain at least .1% of the
variance. This will eventually make it possible to identify the QTLs those are
responsible for a large proportion of the genetic variance for complex traits (Craig &
Plomin, 2006; Hirschhorn & Daly, 2005; Plomin, 2005).
One of the main challenges, though, is the cost of genotyping. To genotype 100,000
markers for two extreme groups, each with 5000 subjects, would cost $36 million
(Plomin et al., 2006). So, in order to cut the cost of genotyping, pooled DNA and
microarrays are used. Pooled DNA techniques take the DNA from the participants in
each group and mix it into a single pool before genotyping, which makes it possible to
use just two microarrays, one for each group, instead of one for each subject in the
study. This would, according to Plomin (2006), reduce the cost of genotyping for a
study of this kind to approximately $36,000 (including the assessment of replicating
sub-pools to check for sampling variation). However, pooling techniques are never
viable for finding associations alone; they are only a way of avoiding costly genotyping
to generate possible candidate genes. QTLs nominated by pooled DNA on microarrays
should therefore be individually genotyped; at the cost of $.05 per genotype and with a
sample of 10,000 subjects, this would cost $500 per SNP, plus the cost of primers.
Generally, it is only necessary to map a small number of SNPs individually, maybe two
hundred or so (Butcher et al., 2005; Craig & Plomin, 2006), which would make the
cost for genotyping the subjects in a study like this quite manageable, at about
$136,000, plus cost for primers. Other good news are that there are now microarrays
with 500,000 markers/SNPs available; they can provide the researcher with a very
dense set of markers along the whole genome, which theoretically are able to
simultaneously identify all the QTLs that influence the trait. The average linkage
disequilibrium on the chips is about .90, meaning that the SNPs are so highly
correlated with each other that adding more SNPs will only marginally increase the
ability to identify additional QTLs. To date, pooled DNA on microarrays has been
shown to be a reliable and valid technique that can systematically generate candidate
genes for complex traits such as personality (Butcher et al., 2005; Docherty et al.,
2007; Plomin, 2005).
3.7.2 Problems in whole genome association studies
As mentioned earlier, personality traits are influenced by many QTLs that work
together in self-organizing networks, and a genetic trait can only manifest itself if some
proportion of the QTLs in the network has the right predisposing alleles. Whole
genome strategies, such as pooled DNA, totally disregard this fact, since the DNA from
the participants in each group is mixed in a single pool before genotyping, which
totally obliterates the influence of genetic background. Thus, there is absolutely no
guarantee that most QTLs of importance for personality, which in most cases only
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have a specific behavioral effect against a specific genetic background, can be identified
in this way (Hirschhorn & Daly, 2005; Weiss & Terwilliger, 2000). The association
between the apolipoprotein E (APOE) gene and Alzheimer’s disease, mentioned earlier,
is an illustrative example of this. Even though the additive effect of the apolipoprotein
E (APOE) gene accounts for 15% of the liability for Alzheimer’s disease in populations
of European descent, this gene shows inconsistent findings and sometimes negative
associations in African Americans, where the genetic background is different (Farrer et
al., 1997; Tang et al., 1996; Tang et al., 1998).
Furthermore, since the DNA from the participants in each group is mixed in a single
pool before genotyping, pooled DNA techniques are best equipped to identify QTLs
that account for some proportion of the additive genetic variance (Sham et al., 2002).
However, as mentioned above, non-additive genetic effects are likely to account for at
least half of the genetic variance for personality, and non-additive genetic effects
always mask some proportion of additive genetic effects in large samples (Cordell,
2002; Frankel & Schork, 1996). Thus, using pooled DNA on micro arrays may not
work well for a phenotype such as personality.
Moreover, even if several QTLs that add up to detectable effects in a “QTL set” and
huge samples are used, the effect size for some QTL that influences a complex trait will
simply be too small to be identified (Plomin & Caspi, 1998; Plomin et al., 2006). This
appears to be the case for a phenotype such as general intelligence, where as much as
50% of the variance is assumed to be due to additive genetic effects. Butcher et al.
(2005) used a chip with 10,000 SNPs in a sample of 6000 children, and expected to
find one tenth of the hundred significantly associated QTLs that are needed to account
for the additive genetic effects, if the average effect size for a QTL is .5%. They found
that a QTL set with 4 QTLs could explain only .76% of the variance for general
intelligence, which is considerably less than the 5% expected. Thus, the average effect
size for a QTL that influences intelligence may be .2% instead of .5%. Accordingly, the
genetic heterogeneity problem that is present in huge samples may be much larger than
generally recognized (Meaburn et al., 2007) – even for a phenotype such as intelligence,
where as much as 50% of the variance is assumed to be due to additive genetic effects.
Consequently, there are no reasons to believe that the genetic heterogeneity problems
for a phenotype such as personality, where about half of the genetic effects are nonadditive, are smaller.
This means that when the sample size in whole genome studies is increased to gain
power, and the genetic heterogeneity is increased as a result, it is not necessarily the
case that the actual power to detect an association with a genetic marker improves
(Fanous & Kendler, 2005). The effort to increase power by increasing the sample size
may instead create a “vicious circle” which produces genetic effects sizes that are
smaller and smaller, which potentially can make it close to impossible to conclusively
identify most QTLs for personality. In other words, even though whole genome
association studies in theory are able to simultaneously identify additional candidate
genes for personality, which have a relatively large additive genetic effect, and it is
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reasonable to first try to identify these genes (Plomin & Caspi, 1998). It may,
nevertheless, due to the presence of non-additive genetic effects and the elevated genetic
heterogeneity that is present in huge samples, be very hard to identify most QTLs for
personality by adopting this approach (Frankel & Schork, 1996; Terwilliger & Weiss,
1998; Weiss & Terwilliger, 2000).
Accordingly, using pooled DNA on microarrays may not (despite the cut in the cost for
genotyping) be the best way to find QTL for personality. For example, it has been
suggested that it is more efficient to divide the material into several extreme groups and
use a multistage approach (Lin, 2006). In this approach all subjects are genotyped at
the first stage, and because the genetic effect sizes for personality QTLs are so small in
large samples, at least 1000 subjects in each extreme group needs to be individually
genotyped at the first stage. For complete coverage of the genome, this would cost $2
million, with each 500K micro array costing $1,000 (Thomas, 2006). Thereafter, at
stage two the most strongly significantly associated QTLs would get tested again in
two new extreme groups with the same or larger sample sizes. This process can then be
repeated to distinguish the few true-positive associations identified at stage 1 from the
many thousand false-positive results that typically occur by chance in whole genome
association studies.
In other word, a multistage sampling design like this can be thought of as a form of
built-in replication that can handle the problem of numerous false-positive findings
(Satagopan & Elston, 2003). But, if the same epidemiologic study designs and
population are used at the different stages, this is just a form of statistical replication.
True scientific replication involves different investigators, studying different
populations, using different study designs, with potentially different strengths and
weaknesses (Thomas, 2006). That is, associations between candidate genes and
personality that have already been identified and that will be generated from whole
genome association studies in the future must be replicated in additional samples. The
genetic networks that contribute to a trait must be mapped out and these networks
must be linked to the various biological mechanisms that are responsible for the
associations, and it is exactly for these reasons that it can be of interest to collect iris
data
Thus, rather than trying to replicate candidate gene findings for personality using topdown approaches (i.e. using whole genome scan studies) in huge samples with elevated
genetic heterogeneity, which give a very tiny effect size for each candidate gene (Plomin
et al., 2006), and which are too expensive to perform for most labs (Meaburn et al.,
2007; Thomas, 2006), it may be more efficient and therefore cheaper to identify the
genes that influence personality by using iris data. As will be discussed in parts IV and
V, iris data make it possible to increase power by decreasing the genetic heterogeneity
that is present in huge unmatched samples. This is achieved by using a pathway based
approach and a person-oriented methodology that takes advantage of the selforganizing mechanisms that govern the development of the nervous system which
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hopefully can contribute to establishing “firm” associations between genes and
personality in the future.
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Part IV
This section examines molecular research on the iris and the brain, suggests that genes
expressed in the iris may be associated with behavior, and explains how the use of iris
characteristics can increase power to detect QTLs for personality by using a personoriented approach that takes advantage of the self-organizing properties of the nervous
system. The empirical foundation for the question asked in this dissertation, as well as
the empirical work performed, is presented here.
4.1.1 Why use iris characteristics?
The main reason why it may be more efficient to use iris characteristics than to try to
replicate QTLs with small effects in large samples is that the four problems described
above, i.e. incomplete penetrance, high frequency of predisposing alleles, genetic
heterogeneity and polygenetic inheritance, have turned out to be so great for genetic
personality research. Due to the genetic heterogeneity that is present in large samples,
which (arguably is the most important obstacle of the four), most candidate genes are
expected to explain less than 1% of the variance in personality. Indeed, the expected
average QTL effect sizes for personality in large samples may fall to the same level as
for intelligence (Meaburn et al., 2007), where the expected average effect size
repeatedly has been halved during the last 10 years. The average QTL effect size for
intelligence is currently believed to account for about .2% of the variance (Butcher et
al., 2005; Plomin et al., 2006; Plomin et al., 1995).
One explanation for this decrease in expected effect sizes for QTLs is that genetic
heterogeneity increases when the sample size increases. Thus, the actual power to
detect an association with a genetic marker may not improve when the sample size
increases. If genetic heterogeneity increases more than sample size improves the power
to detect small effects, then the effort of collecting data in large samples to improve
power will be wasted (Fanous & Kendler, 2005). As discussed in Part III, this can
potentially develop into a methodological deadlock for whole genome association
studies (Frankel & Schork, 1996; Terwilliger & Weiss, 1998; Weiss & Terwilliger,
2000), at least for candidate genes without a relatively large additive genetic effect
(Plomin & Caspi, 1998; Plomin et al., 2006). Thus, rather than trying to replicate
candidate gene findings for personality using top-down approaches (i.e. using whole
genome scan studies) in huge samples with elevated genetic heterogeneity, which give a
very tiny effect size for each candidate gene (Plomin et al., 2006), and which are too
expensive to perform for most labs (Thomas, 2006), it may be more efficient and
therefore cheaper to identify the genes that influence personality by using iris data.
Furthermore, there are also other reasons to use iris characteristics. The candidate
genes generated from whole genome scan studies in the future need to be replicated in
designs other than the one that is built into the multistage sampling method, which will
be used in whole genome scan studies. True scientific replication involves different
investigators, studying different populations and using different study designs, all with
potentially different strengths and weaknesses (Thomas, 2006). Moreover, because the
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effect sizes for the candidate genes generated by whole genome scan studies most likely
are very small, it will be interesting to replicate such findings in designs that are able to
pinpoint for whom a particular gene is most relevant. For these reasons, and because
iris data make it possible to use a pathway based approach capable of decreasing
genetic heterogeneity in large samples, which most likely also makes it easier to identify
genes that network together, it is worthwhile to investigate the extent to which iris data
are helpful.
4.1.2 Iris data characteristics that may be helpful
The iris spot is probably the most complex tissue structure that is readily available on
the outside of the human body. Iris tissue forms complex patterns that contain many
distinctive features, such as arching ligaments, contraction furrows, ridges, crypts,
rings, pigment dots and zigzag collaret’s, some of which can be seen in Figure 4.
Although the iris spot is small (11 mm), the variability among different individuals is
enormous. Evidence from the iris recognition literature show that the iris spot holds as
many as 249 degrees-of-freedom (Daugman, 2003).
Figure 4

A

B

C

D

Four different types of patterns in the human iris: A no crypts, only dense parallel
fibers; B many pigment dots, but no crypts; C many crypts; D both crypts and
pigment dots.
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Thus, because the appearances of the iris patterns are so complex, but nevertheless
most likely influenced by genes in a systematic manner (Bito et al., 1997; Burkhardt,
1992a; Burkhardt, 1992b; Sturm & Frudakis, 2004), the iris may be a exceptionally
suitable matching tool. That is, provided that iris patterns are inherited, then the
variability in the genetic background for groups that have been matched on their iris
characteristics by definition will decrease, compared with unmatched groups, and this
drop in genetic complexity at the molecular level may allow the identification of QTLs
and candidate genes for personality without large additive genetic effects. The basic
idea is thus exactly the same as used in inbred mice strains, where it is much easier to
identify QTLs for emotionality in strains where the genetic background is similar, than
in strains where the genetic background is more complex. Remember that the effect
size for each candidate gene is much larger in samples where the genetic background is
similar, only 6 loci can account for almost all phenotypic variance for emotionality in
inbred mice strains (Flint, 2003; Flint et al., 2005; Willis-Owen & Flint, 2006). Thus,
because iris data can provide much more specific pathway based matching than is
possible to achieve in large samples that have been matched on sex, age and ethnicity,
which in turn can decrease the genetic heterogeneity that is present in large samples
(Sham et al., 2002). The effect size for some candidate genes for personality may be
larger in a group where all members in the group have the same type of iris
characteristics (which is analyzed separately from other groups with other iris
characteristics), and this may allow for the replication of candidate gene findings in a
more straightforward manner than currently is possible. However, in order for this
approach to work, a substantial proportion of the variability in iris characteristics used
in the iris matching procedure must be inherited.
4.2.1 Study I
The first study in this dissertation (STUDY I) addressed this question, and asked if iris
characteristics other than eye color are heritable. This question is crucial to answer, in
order to rule out that the variation in appearance of the iris characteristics in general is
due to random effects, and to validate the extent to which the iris can be used as a
biomarker that reflects genetic differences among people. Five major questions were
addressed:
1) To what extent can independent raters who are blind to zygosity rate iris
characteristics in a reliable way?
2) What are the heritability estimates of different iris characteristics?
3) Are the same genes influencing the iris characteristics for males and females?
4) Are there any differences in the magnitudes in heritability for male and females?
5) To what extent are there any age-group differences in the heritability estimates?
In order to answer these questions the genetic contribution to the phenotypic variance
among five general textural iris characteristics were examined in a German twin sample
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of 100 MZ twin pairs, 99 DZ twin pairs, and 99 unrelated randomly paired subjects.
Below follows a short summary of this study (STUDY I). The whole study with all
details is available on page 192 – 200. Thus, to keep the “discussion-friendly” format
that has been used throughout this dissertation, the reader interested in methodological
issues is referred to the methodological section in STUDY I. The same is the case for
the methodological details in STUDY II and STUDY III
4.2.2 Comparative scale construction
Close-up color photos were taken of both irises from all twins and randomly paired
unrelated subjects in the sample. The photo images of the subjects’ irises were placed
on CD-ROM disks, so they could be viewed on a computer screen. Comparative scales
were constructed for each iris characteristic by selecting photographs from the entire
sample of all the pictures that represented the endpoints of each comparative scale. The
photos representing an endpoint were found by looking through all photos in the
sample (n=596), and pinpointing the most representative among the most extreme on
the iris characteristics of interest. Photos in the steps between the endpoints were also
selected to represent point distributed between endpoints, as equally as possible. Five
continuous scales were constructed in this way. All scales had five scale steps except the
scale for eye color which had four scale steps. The scales that measure the iris
characteristics of interest has been published (STUDY II) and can be viewed on pages
822-824.
4.2.3 The rating catalogue and rating procedure
Specially trained raters independently reviewed the photographs of the left iris and
judged the scale step to which each photo was most similar. The raters judged the
number, size and distinctiveness of crypts, as well as the pigment dots, the Wolfflin
nodules, the contraction furrows, and the different shades of color. Two raters, blind
to zygosity, reviewed each photograph. In order to secure reliable estimates, written
decision rules were created for the raters. The rules made reference to photos that
exemplified what the raters should do when they were confronted with iris photos that
lay between two scale steps. In all, 90 photos were used as examples in scales or as
reference photos. These photos were included in the analysis that estimated heritability
but not used in reliability testing. The number of observations that was included in the
inter-rater reliability analysis for the five iris characteristics ranged from 310 to 589;
for details, see Table 1 on page 194 (in STUDY I).
4.2.4 Analysis and result
The raters’ judgments of which scale steps each photo was most similar to was scored
as a continuous variable. Variance-covariance matrices were calculated, and sex and
age limiting structural equation models and a maximum-likelihood model fitting
procedure using the program Mx (Neale et al., 1999) were undertaken. The variancecovariance matrices used for testing sex specificity were based on the residuals
controlling for age, and the matrices for testing age effects were based on residuals
controlling for sex. The results show the following:
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1) The ability of independent raters to rate the iris characteristics in a similar manner,
was satisfactory. The inter-rater reliabilities for the 5 scales ranged from .91 to .97, and
the average inter-rater reliability was 95%. Thus, on average, there was only a 5%
chance that the raters, when analyzing a specific tissue characteristic, would disagree in
their judgment on which scale step was most appropriate.
2) The heritability estimates derived from the structural equation models revealed that
58-90% of the tissue differences in the iris were due to genetic effects, which implies
that tissue differences in the iris can indeed be used as a biomarker that reflects genetic
differences among people. There was no evidence of shared environmental effects. The
heritability for crypts, pigment dots, Wolfflin nodules, and contraction furrows were
66, 58, 78 and 78%, respectively.
3 & 4) The next two questions concerned whether the same genes were influencing the
iris characteristics of males and females, and if there was any difference in the
magnitude of the heritability estimates for males and females. No such gender
differences could be found in this sample.
5) And finally, there was only one iris characteristic that showed an age-group
difference in the heritability estimates, namely Wolfflin nodules. The older cohort, age
25-75 years, had significantly larger heritability (90%) than the younger cohort, age 424 years (73%). No age-group differences were found for the other iris characteristics.
Thus, the results of the first study support the notion that iris characteristics can be
used as a matching tool that reflects genetic differences among people. Populations that
have been matched on their iris characteristics will have a less complex genetic
background than unmatched populations. This decrease in genetic complexity at the
molecular level in iris-matched populations may be large enough, and suggests that iris
data can provide much more specific pathway based matching than is possible to
achieve in large samples that have been matched on sex, age and ethnicity (Sham et al.,
2002). As mentioned earlier, the effect size for some candidate genes for personality
may be larger in a group where all members in the group have the same type of iris
characteristics (which is analyzed separately from other groups with other iris
characteristics), and this may allow for the replication of candidate gene findings in a
more straightforward manner than currently is possible.
4.3.1 Study II
The second study in this dissertation revealed more facts about the iris as a biomarker,
and investigated in a multivariate genetic analysis the extent to which the same set of
genes influences more than one iris characteristic, i.e. the extent to which there is an
overlap of genetic effects among the iris characteristics. The embryology and
morphology of the iris characteristics were reviewed, and also – most importantly – the
most plausible candidate genes responsible for the iris tissue differences. There follows
a short summary of this study, which was published in the peer-reviewed international
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American journal Molecular Vision (STUDY II). The whole study, with all details, is
available on pages 821 – 831.
4.3.2 Method
Just as it is possible to estimate the heritability for a trait by comparing how similar
MZ and DZ twins are on the same trait, it is possible to estimate how much of the
phenotypic correlation between two traits is due to the same set of genes. Such
multivariate genetic analysis is an extension of the genetic univariate analysis that
estimates heritability. The procedure is straightforward. Instead of correlating Twin 1’s
scores with Twin 2’s scores on the same measures, which is done in univariate analysis
that estimates heritability (see equations 5-9 in Part I), multivariate analysis uses the
cross-twin correlation, which refers to the correlation between Twin 1’s and Twin 2’s
scores across two measures. For example, in STUDY II, all possible cross-twin
correlation for MZ and DZ twins for the five iris characteristics were calculated. That
is, Twin 1’s scores on crypts were correlated with Twin 2’s score on pigment dots, iris
color, Wolfflin nodules and contraction furrows, etc. When all cross-twin correlations
for the MZ and DZ twins were obtained, the differences between them, just as in the
univariate genetic analysis, were doubled. However, whereas doubling the difference
between the MZ and DZ twin correlations on the same measure estimates the
heritability, doubling the difference between the MZ and DZ cross-twin correlation
estimates the genetic contribution to the phenotypic correlation between two traits
(Neale & Cardon, 1992). In other words, by comparing all the cross-twin correlations
for the iris characteristics among the MZ and DZ twins, STUDY II could estimate how
much of the phenotypic correlation between the iris measures that is due to the same
set of genes (this estimate is from now on called the “genetic correlation”). A structural
equation model with a Cholesky decomposition was applied to the variance-covariance
matrices for the MZ and DZ twins, using the statistical program Mx (Neale et al.,
2004). The estimates were done on the same sample as used in Study 1.
However, in order to evaluate whether the genetic correlations between the iris
characteristics were logical from a morphological standpoint, and to assign plausible
candidate genes that might explain the genetic correlation, STUDY II also needed to
review the morphology and the embryological development of the iris characteristics.
Below, I focus on crypt and contraction furrows, since the morphology and
embryological development of these iris characteristics make them the most likely ones
to be associated with personality.
4.3.3.1 The morphology of the human iris
Crypts and contraction furrows are measures that are related to the thickness and the
density of the iris. Crypt frequency is characterized by different degrees of hypoplasia
in the two top cell layers in the iris, i.e. anterior border layer and underlying stroma,
whereas contraction furrows are characterized by different degrees of hypoplasia or
density conditions in any of the five cell layers present in the iris (Oyster, 1999). The
overall thickness of these cell layers vary to a fairly large extent between people (Pavlin
et al., 1992; Wirbelauer et al., 2005). Most people have an iris that is 0.173 – 0.766
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mm thick (Mean = 0.369 +/- 0.084 mm). The cell layers in the iris are illustrated in
Figure 5.
4.3.3.2 Anterior border layer
The anterior border layer consists of modified stroma, i.e. a dense collection of
fibroblasts, melanocytes and radially oriented collagen fibers. This layer has minute
openings and therefore the underlying stroma is in free communication with the
aqueous humor in the anterior chamber. Aqueous humor can thus move in and out of
the stroma quickly during dilation and contraction. Larger deficiencies in the anterior
border layer show up as crypt, readily visible from a close distance (figures 4B, 4C, 4D
and 6). The principal distribution and depth of crypts are present at birth and do not
appear to change much after birth (Oyster, 1999; Daugman, 2003; Larsson et al.,
2003).
4.3.3.3 Stroma
The stroma consists of loose connective tissue and is made up of fibroblasts,
melanocytes, and collagen fibers (types I, III, VI and XVIII) (Maatta et al., 2006;
Oyster, 1999; Rittig et al., 1990). About 66% of the cells in stroma are melanocytes,
which are pigment-producing cells that determine the color of the iris (Sturm &
Frudakis, 2004; Wilkerson et al., 1996). Normally, the pigmentation is fully developed
a few years after birth (Bito et al., 1997; Sturm & Frudakis, 2004; Wilkerson et al.,
1996).
Figure 5

1

2

3
4

5
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The five cell layers in the human iris: 1 anterior border layer; 2 stroma; 3
sphincter, and dilator muscles (not shown); 4 anterior pigment epithelium; 5
posterior pigment epithelium.
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Blue irises are the result of absent pigment production in the anterior border layer and
stroma, and the interference and reflection of light from the minute protein particles in
the iris that scatter the short blue wavelength to its surface, which gives the iris its blue
appearance. However, a thin stoma without pigmentation may allow the brownish
coloration of the posterior epithelium to show through (Sturm & Frudakis, 2004).
Immunological cells, such as macrophages and mast cells are also present within the
stroma (McMenamin, 1997). Mast cells produce pigment and they can accumulate into
large egg shaped “clump cells” in the stroma, which tend to assemble near the
collarette and at the periphery of the iris (Forrester et al., 2002). The density of mast
cells in the stroma varies between people. Most people have 2.6 mast cells/mm3, but
others may have ten times as many (May, 1999).
Differences in pigment production may increase the overall density in stroma, and can
influence how tight and often the iris folds when it adapts to different light conditions.
Variability in mast cells and the amount of pigment that is produced by the
melanocytes may therefore influence the number of contraction furrows that are
present in the iris.
Figure 6

Crypt of Fuchs: The cellrich anterior border layer
of the iris, which originates
from the neural crest, is
focally absent. In contrast to
the smooth and matted
appearance of the anterior
border layer, the tissue deep
down in the stroma seen on
the crypt's floor, is loose.

4.3.3.4 The sphincter and dilator muscles
The sphincter and dilator muscles, which meet at the collarette, are cell layers that are
situated on top of the anterior pigment epithelium. Their muscle fibers are organized
differently (Figure 7).
The sphincter forms a circumferential ring of smooth muscle, which consists of six to
eight smooth muscle bundles. Altogether, they are about 1 mm in width. Dilator
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muscle radiates from the periphery of the iris toward the pupil, and these muscle fibers
are about 0.050 – 0.060 milliliters thick (Forrester et al., 2002).
Figure 7

Sphincter
muscle

Dilator
muscle

The organization of muscle fibers in the iris (originates
from the neural ectoderm).

4.3.3.5 Anterior and posterior pigmented epithelium
The bottom cell layers in the iris are illustrated in Figure 8, on the next page. They
consist of an anterior (A) and a posterior (B) pigmented epithelium. The anterior
pigmented epithelium has two distinct morphological portions: a muscular portion (C)
and a epithelial portion (D). The muscular portion of the anterior epithelium sends
tongue-like projections into the iris stroma. These cellular projections are filled with
myofilaments which form the dilator muscle. The epithelial portion of the anterior
pigmented epithelium (D) is more pigmented. Note the scarcity of melanin granules in
the anterior epithelium (C) and how the granule density increases, closer to the bottom
of the posterior pigmented epithelium.
Melanocytes, which are packed with melanin granules, are the most common cell types
in the posterior pigmented epithelium but collagen (type VI) is also present (Rittig et
al., 1990). On the bottom of the posterior iris epithelium there is a series of
circumferential contraction furrows (E). However, it is not likely that these always
result in contraction furrows that are visible on the surface of the iris (figure 4B).
As can be seen in Figure 9 on page 76, which shows how a contraction furrow has
grooved into the loosely packed, melanocytes-rich iris stroma (A), as well as some
contraction furrows on the bottom of the iris (D), there is a huge difference in size
between furrows on the surface and the bottom of the iris. Therefore, it is most likely
density differences in the anterior border layer and stroma are most important in
determination of the distinctiveness and number of contraction furrows present on the
iris surface. However, thickness of the epithelial layers may also be of importance for
the overall density of the iris, since the densely packed pigment granules in the
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posterior epithelia cell layers add to the stability of the iris, which prevents it from
touching the lens (Oyster, 1999).
Figure 8

C
A

D

B

E
E
The bottom cell layers in the iris; the anterior epithelium (A) is
less pigmented than the posterior (B) which originates from the
neural ectoderm.

4.3.4 The genetic correlation between crypt and contraction furrows
One of the main findings of STUDY II is that the cell layers that are likely to contribute
to an iris characteristic’s appearance are generally influenced by the same set of genes.
For instance, contraction furrows become manifest due to a tendency of the iris to fold
in the same location when the iris aperture adapts to different light conditions.
Contraction furrows may therefore, as argued above, be influenced by the overall
thickness and density of the iris, which implies that all five cell layers in the iris
influence the extension and distinction of contraction furrows (the scales that measure
the iris characteristics of interest can be viewed in STUDY II on pages 822-824). This
was precisely what was found in STUDY II. All iris characteristics measured in the
anterior border layer except Wolfflin nodules, i.e. crypts, pigment dots and iris color,
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shared significant genetic correlations with contraction furrows. For instance, the
genetic correlation between fewer crypt and more extended contraction furrows was rA
= -.41, p < 0.01. This means that about 41% of the genetic effect that contributes to
increasing the number of crypts also influences the distinctiveness and prevalence of
contraction furrows. That is, genes that increase the number of crypts also decrease the
overall density and thickness of the iris, which in turn give less extended and distinct
contraction furrows.

Figure 9

A

B
C

D

Cross section of the iris: A contraction furrows on the surface of the iris; B
stroma tissue; C anterior and posterior pigmented epithelium; D
contraction furrows on the bottom of the iris.

4.3.5 The results in Study II
The results in STUDY II are presented in Table 4 on the next page. The genetic
correlation fell between -.22 and .44. Furthermore, the magnitude of the genetic
correlations accounted almost entirely for the phenotypic correlation among the iris
characteristics. No evidence was found for specific environmental effects in common to
the characteristics. The modest genetic correlations among the iris characteristic
indicate that there is little overlap in genetic influences for these iris characteristics.
This means that populations that are matched on more than one iris characteristic will
have a less complex genetic background on the molecular level, compared with an
unmatched population, or populations that have been matched on only one iris
characteristics. At least if the genetic correlations that are found in this sample can be
generalized to other samples, which is a possibility that is quite likely, considering how
well the overall pattern of findings correspond with what can be expected from a
morphological standpoint. Thus, by using several iris characteristics in the matching
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procedure, it is possible for the researcher to vary how much of the genetic background
that is stabilized.
4.3.6 The embryological origin of the human iris
Historically, the various cell layers in the iris have been believed to originate from two
of the three germ layers. However, even though the cells that give rise to the anterior
border layer and stroma come from the mesoderm around the optic cup, more detailed
investigations have confirmed that the anterior border layer and stroma are of neural
crest cells origin (Johnston et al., 1979; Oyster, 1999; Trainor & Tam, 1995), whereas
the sphincter and dilator muscles and the pigmented epithelial layers are derived from
neural ectoderm.
Table 4
Maximum-Likelihood Parameter Estimates in the full Cholesky Model
Heritabilities, environmentalbilities, covariances, and correlations1
Genetic
Scale

Environmental

Crypts

P. dot

Color

Wolff.

Furrow

Crypts

P. dot

Crypts

.66

-.06

Color

Wolff.

.06

.37**

-.41**

.34

.08

-.04

-.13

P. dot

-.03

.56

Color

.04

.16

.84

Wolff.

.26

.00

-.18

.01

.24**

.00

.24*

.03

.44

-.13

.07

-.09

.76

.44**

-.01

-.03

.16

-.05

.17

-.05**

-.04

.02

-.01

.24

-.12

Furrow

-.29

.16

.36

-.03

.77

.00

-.03

.03

-.03

.23

-.22**

Furrow

1

Diagnol elements are the heritabilities and environmentalbilities, upper elements of the diagonals are
correlations, and elements below the diagonals are covariances. Additive genetic correlations among the
five iris characteristics are in boldface. *p < .05 (two-tailed test). **p < .01 (two-tailed test).

Neural crest eventually develops into the peripheral nervous system, chromaffin cells
that regulate epinephrine secretion as a response to stress in the sympathetic nervous
system, as well as non-neuronal cells, such as the melanocytes that determine skin and
eye color and the haemopoietic cells that promote the formation of blood cells. Neural
ectoderm develops into motor neurons, retina and all the neurons in the spinal cord
and brain. Thus, from an embryological perspective, some proportion of the 2,700
genes that are expressed in the iris, including the ones that influence the appearance of
the iris characteristics of interest, may be expressed early in neural crest and neural
ectoderm, as well as throughout the peripheral and central nervous system, and can
therefore potentially play an important role in the wiring of the nervous system
(Wistow et al., 2002).
Thus, since genes that play an important role in the wiring of the nervous system are
likely to be of importance for most behaviors, the embryological origin of the iris in
itself increases the possibility that iris data can be a helpful matching tool for studies
that attempt to replicate candidate gene findings for personality. Remember that the
iris, for most people, is about 0.369 mm thick, and a thin stroma may allow the
coloration of the bottom-cell layer in the iris to show through. This implies that the
appearance of crypt and furrows can potentially be influenced by a relatively large
proportion of the 2,700 genes that are expressed in the iris, and that these genes in turn
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potentially can influence the early development of the central nervous system (CNS)
and peripheral nervous system (PNS). Iris data can thereby provide much more specific
pathway based matching than is possible to achieve in large samples that have been
matched on sex, age and ethnicity, which will decrease the genetic heterogeneity that is
present in large samples (Sham et al., 2002). The effect size for some candidate genes
for personality may thus be larger in a group where all members in the group have the
same type of iris characteristics, (which is analyzed separately from other groups with
other iris characteristics), and this may allow for the replication of candidate gene
findings in a more straightforward manner than currently is possible.
However, in order to evaluate this possibility, information is needed about the
embryological development of the iris, and about which genes are most likely to
influence the variability of the iris characteristics.
4.3.7 The embryological development of the human iris
The first sight of the iris appears after 12 weeks of gestation. Then, a subset of neuralcrest derived periocular mesenchymal cells migrate from the rim of the optic cup, over
the lens to form the embryonic pupillary membrane, which eventually becomes the
melanocytes, fibroblasts and collagen fibers of the anterior border layer and the adult
stroma. When this migration is finished, after about 5 months of gestation, there is no
hole for the pupil. The pupillary membrane covers the whole lens (figure 10A).

Figure 10
A) Fifth Month

B) Seventh Month
The Edge of the Iris

The
Edge
The
edge
of of
thethe
irisIris

Blood Vessels

The pupillary membrane in the fifth and seventh months: A – In the fifth month the lens is
covered by the pupillary membrane and the front of the iris has grown about halfway to its
final destination; B – In the seventh month the front of the iris has reached its final
destination. Then, the creation of the pupil starts. Adapted from Oyster (1999).

At around 15 weeks there is a second wave of cell migration. The two cell layers of the
optic cup proliferate and grow inward in between the lens and newly formed pupillary
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membrane. These cell layers eventually become the epithelial layers of the iris. As they
grow inward they incorporate the pupillary membrane, and become thinner (Figure
11). When this inward growth starts, the future posterior epithelial layer is largely
lacking pigment, as it is derived from the non-pigmented ciliary epithelium (future
neural retina) at the rim of the optic cup.
The production of melanin in the posterior epithelium increases in the fourth month,
initially near the pupil margin, and by months 7-8 the posterior epithetlium is heavily
pigmented. The anterior epithelial layer, which is derived from the pigmented ciliary
body at the rim of the optic cup (future choroids), has then lost its pigment. After
about 7 months the inward growth of the epithelial layers is finished, and by then the
cells in the pupillary membrane, stroma and epithelial layers have gradually grown to
become very similar to the cell layers of the adult iris, described above (Forrester et al.,
2002; Oyster, 1999).
Figure 11

A

B

A: After about 15 weeks, the iris epithelium layers of the iris begin their migration inwards
towards the center of the pupil, the migration starts at the rim of the optic cup (pupillary
membrane and lens removed in these pictures). B: As the rim of the optic cup migrates forward
to form the iris, it becomes thinner.

It is around this time, at the beginning of the seventh month, that the pupil starts to
form. The arcades of blood vessels that have penetrated to the centre of the iris begin
to change (Figure 10A). Circulation in the most central branches slows, then ceases,
depriving the central tissue of any supply. The closed down blood supply initiates both
atrophy and cell migration in the center of the iris as well as at the outermost front of
the iris. By the end of the seventh month the pupil is free from any obstructing tissue
(Figure 10B). The size of the iris is at birth very near its adult size, and very little tissue
is added, which is done during the first few postnatal years. This embryological
sequence suggests that crypts primarily can be formed in the following ways (Oyster,
1999):
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1) Crypts may form as a result of a lack of an inductive signal sometime between the
third and seventh month of gestation in the pupillary membrane or in other periocular
mesenchymal cells, as the two cell layers of the optic cup proliferate and grow inward,
in between the lens and newly formed pupillary membrane (Oyster, 1999);
2) Crypts may start to form by the seventh month, when the absorption of the
pupillary membrane (which will create the pupil) may spill over into the main stroma
leaf, which potentially can create hypoplasia in the anterior border layer and stroma
(Beauchamp & Meisler, 1986).
Either one or both of these possibilities have been suggested by Beauchamp & Meisler
(1996).
In contrast, contraction furrows are likely to be influenced by a lack of inductive
signals in any of the five cell layers in the iris, including the formation of the minute
sphincter and dilator muscles fibers which influence the embryological growth of the
stroma (Jensen, 2005). Genes expressed in precursors to the anterior border layer,
stroma, the dilator muscles and the epithelial cell layers, can thereby potentially
influence the genetic correlation between frequency of crypt and contraction furrows.
4.3.8 The most plausible candidate genes for crypt and contraction furrows
As mentioned earlier, there are 2,700 unique genes expressed in the iris (Wistow et al.,
2002). Thus, here we only mention the candidates that, due to their well-documented
expression pattern in the iris, are likely to contribute most to the frequency of crypts
and contraction furrows.
About 66% of the cells in the iris are melanocytes (Wilkerson et al., 1996). Genes
involved in the differentiation of melanocytes may thus contribute to frequency
differences in crypts and contraction furrows. The gene MITF is required for the
proper development of several cell lineages, including osteoclasts, retinal pigment
epithelial cells, natural killer cells, as well as the mast cells and melanocytes in the iris.
MITF is thus an obvious candidate genes for crypt and contraction furrows (Hershey
& Fisher, 2004; Mochii et al., 1998; Opdecamp et al., 1997; Planque et al., 2001;
Yavuzer et al., 1995).
Furthermore, MITF negatively regulates the expression of PAX6 (Mochii et al., 1998),
a highly conserved key regulator of a number of developmental processes controlling
craniofacial and CNS morphogenesis, neuronal and endocrine cell-fate determination,
as well as eye development. Heterozygous mutations of the PAX6 gene cause aniridia,
which is characterized by a total or partial absence of the iris (Simpson & Price, 2002).
Indeed, reductions in PAX6 dosage have been shown to affect the normal development
of multiple organs, making PAX6 one of the most extensively studied transcription
factors (over 1100 hits in Medline), in which a reduction in dosage has been shown to
affect normal development (Van Heyningen & Williamson, 2002). In particular, it is
now widely recognized that decrease or increase over the normal level of PAX6
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expression leads to specific eye anterior segment defects (Sale et al., 2002; Schedl et al.,
1996; Simpson & Price, 2002), and the most recent studies available suggest that
PAX6 is likely to influence variability for crypt and contraction furrows (DavisSilberman et al., 2005). Indeed, Davis-Silberman et al. (2005) show that the growth of
iris stroma is affected by PAX6 dosage variation in two different ways: first, it
determines the size of the progenitor cells destined to an iris fate; and second, it
influences the development of the iris stroma (p. 2272). Crypt and contraction furrows
may therefore be dependent on genes that interact with PAX6 (such as MITF) and
downstream targets of PAX6, such as SIX3, the OLFM3 gene, as well as other genes,
such as LMX1B, Hox-7.1, Hox-8, FOXC1, FOXC2, PITX2, and BMP4, which also
are expressed early in the pupillary membrane (Grinchuk et al., 2005; Hsieh et al.,
2002; Jensen, 2005; Lichter et al., 1997; Monaghan et al., 1991; Pressman et al., 2000;
Smith et al., 2000). For example, as can be seen in Figure 12, miss-expression of PAX6
may lead to stroma defects that are very similar to crypts, and since the expression
pattern of SIX3 and OLFM3 in the iris overlaps with PAX6 expression, mutations in
these genes may cause similar defects (Grinchuk et al., 2005; Hsieh et al., 2002;
Tzoulaki et al., 2005).

Figure 12

Mild iris hypoplasia caused by a missense mutation in PAX6, i.e., a novel single
base deletion 1410del C in exon 12, codon 350, in the PAX6 gene. This mutation
in the PST domain produces a STOP codon 15 codons later, which results in
premature truncation of the Pax6 protein. The posterior pigmented epithelium was
normal in these individuals. Adapted from Sale et al. (2002).

But other genes also expressed early in pupillary membrane have a well documented
effect on the appearance of the adult iris. Mutation in genes that causes AxenfeldRieger anomaly, the Riegers and iridogoniodysgenesis syndrome, and the nail–patella
syndrome, that is, the FOXC1 gene, the PITX2 gene, and the LMX1B gene,
respectively, may also influence the frequency of crypts and contraction furrows (Kulak
et al., 1998; Lehmann et al., 2003). Iris phenotypes that are associated with mutations
in FOXC1, FOXC2 and PITX2 are illustrated in Figure 13.
Overall, these findings suggest that mutations in multiple genes, expressed in the
pupillary membrane or in other periocular cells, potentially can influence the variability
of crypt and contraction furrows.
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Furthermore, PAX6 is not only associated with aniridia, but also with Axenfeld-Rieger
anomaly, Rieger’s and iridogoniodysgenesis syndrome (Hjalt & Semina, 2005; Riise et
al., 2001), and identical mutations in PAX6 can result in both total absence of iris and
very mild stroma hypoplasia, even in the same family (De Becker et al., 2004). In all,
these findings indicate that the variability of crypt and contraction furrows is likely to
depend on complex interactions between PAX6 and multiple candidates that are
expressed in the pupillary membrane or in other periocular cells.
However, the fact that all the candidate genes mentioned above, without exception, are
expressed both early in neural crest/neural ectoderm, as well as later in the brain and in
most cases throughout the CNS (i.e. PAX6, SIX3, LMX1B, FOXC1, FOXC2, PITX2,
BMP4), should further increase the possibility that iris data can be helpful in studies
that attempt to replicate candidate gene findings for personality. Genes expressed both
early and late in the developing nervous system are, due to their cumulative effect,
likely to have a greater impact on the wiring of the nervous system than other genes,
and therefore it may be especially helpful to match on iris characteristics that
potentially can be associated with ongoing neurological developmental events such as
these (Bisgrove & Yost, 2001; Burbach et al., 2003; Cheng et al., 2006; Grinchuk et
al., 2005; Ishibashi et al., 2005; Izpisua-Belmonte & Duboule, 1992; Kawakami et al.,
1997; Kuiper et al., 2004; Lehmann et al., 2003; Mochii et al., 1998; Monaghan et al.,
1991; Sarnat & Flores-Sarnat, 2005; Smidt et al., 2003; Wallis & Muenke, 1999).
Figure 13

A

B

C

Different iris phenotypes associated with segmental duplication or deletion encompassing FOXC1
and FOXC2 mutations, and also SNP mutations of PITX2: (A) FOXC1 causes hypoplasia of the
iris stroma exposing the iris sphincter muscle, the pale band round the pupil; (B) FOXC2 mutation
typically has subtler iris anomalies, and may include a relatively intact segment of the iris (arrow);
(C) PITX2 mutation of an individual with iridogoniodysgenesis syndrome showing iris stroma
hypoplasia and a distinct iris sphincter muscle. Adapted from Lehmann et al., (2003) and Kulak et
al., (1998).

To sum up, STUDY II reveals that most of the genetic variations in iris characteristics
are independent of each other. Thus, by using several iris characteristics in the
matching procedure, it is possible for research purposes to vary how much of the
genetic background that is stabilized. Moreover, the substantial heritability estimates,
the embryological origin of the iris in itself, and the most plausible candidates genes for
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crypt and contraction furrows all support the notion that iris matching is helpful in
studies that attempt to replicate candidate gene findings for personality. Genes
expressed both early and late in the developing nervous system are due to their
cumulative effect likely to have a greater impact on the wiring of the nervous system
than other genes, and thereby on behavior. In addition, when iris matching is used, it is
not only the candidate genes for crypt and contraction furrows, mentioned above, that
may reduce the genetic complexity present at the molecular level. Some proportion of
the 2,700 genes expressed in the iris (Wistow et al., 2002), which contribute to
thickness and density in the iris (which is 0.369 mm thick), may be in linkage
disequilibrium with the genes that are responsible for crypts and contraction furrows.
These genes may also be of importance for the development of the nervous system,
giving the candidate genes expression patterns throughout the CNS (Baker et al., 2001;
Wirbelauer et al., 2005). Thus, the genetic variability in hundreds of genes expressed
early and throughout the development of the nervous system may decrease in irismatched populations.
4.4.1 Study III
The extent to which the iris will prove to be a useful matching tool for genetic
association studies ultimately depends on which genes are responsible for the
appearance of the characteristics in the iris and/or are in linkage disequilibrium with
these genes. If the genes that influence iris differences mostly tap into early
embryological development of the nervous system and brain, then it is possible that
personality in adulthood will be affected, since a person’s personality in part is
influenced by the embryological development of the nervous system (Christ et al.,
2003; Harper, 2005; Thomson, 2004). Consequently, STUDY III combined variableand person-oriented approaches in order to examine if the self-organizing properties of
embryological development of the brain are reflected in the iris. This was done by
investigating if there is an association between personality in adulthood, as measured
by the five factor model (Costa & McCrea, 1992), and the variability of crypts,
contraction furrows and pigment dots. Five hypotheses, based on PAX6 expression
pattern in the brain, were tested in a sample of 428 college students. Below follows a
short summary of this study, which is published in the peer-reviewed international
British journal Biological Psychology (STUDY III). This paper, with all details, is
available on pages 165 – 175.
4.4.2 Hypotheses concerning PAX6 expression in the brain, related to
personality and iris characteristics, assuming linear effects
In order to discriminate between the many genes that potentially could influence the
presumed association between iris characteristics and personality, and to more fully
evaluate a potential role by PAX6, three hypotheses were tested. They draw heavily on
PAX6 expression patterns in the anterior cingulate cortex (see figure 14 on next page)
as documented by Ellison-White et al. (2004), in conjunction with the findings of Pujol
et al. (2002) and Davidson et al. (1992, 1999, 2001), which show that tissue and
activity differences in the left relative to the right anterior cingulate cortex influence the
extent to which people engage in approach-related behaviors.
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Figure 14

Cingulate
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Anterior cingulate cortex (ACC) anatomy. The upper-right part of the figure
contains a reconstructed MRI of the medial surface of the right hemisphere of a
single human brain. In this example, an anterior cingulate cortex lies between the
cingulate sulcus and the corpus callosum. A schematic representation of
Brodmann’s areas of ACC (numbered) is shown on the enlarged section (left).
Cognitive division areas are outlined in red, and affective division areas in blue. A
schematized flat map of actual anterior cingulate cortex areas is shown in the
bottom-right panel. The borders of each sulcus appear as thin unbroken black
lines, whereas a combination of broken and dotted lines outline cingulate areas.
Adapted from (Bush et al., 2000). Family members with a mutation in PAX6
have local gray and white matter changes in the anterior cingulate cortex
(approximate Brodmann areas 24a-c and 32, in both the dorsal and ventral
regions), which primarily affect the left hemisphere (Ellison-White et al., 2004).

The term “approach-related behavior” primarily refers to traits that measure goaldirected emotion, which – to various degrees in individuals – are activated by cues of
impending rewards. Thus, traits in NEO PI R measuring behaviors that increase the
likelihood that an individual is more likely to “approach” rather than “withdraw”
from people, and different situations and challenges, are regarded as measures of
approach-related behaviors. Such traits typically measure approach-related emotions
that tap into the individual’s desires, interests, enthusiasms and cravings (Davidson,
1992; Fox, 1991; Gray, 2002).
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The hypotheses in STUDY III increase in their specificity, and if all three hypotheses
are found to be correct, then the likelihood that PAX6 is involved, relative to other
candidates, is expected to be high. Thus, based on these findings:
x

First, it was expected that crypt more often than other iris characteristics will be
associated with personality. Crypt is related to greater tissue loss in the iris than
contraction furrows and pigment dots, which in turn may reflect greater tissue
loss in the brain (which makes it likely that more measures of personality are
associated with crypts than the other iris characteristics).

x

Second, because PAX6 causes more abundant tissue deficiencies in the left
anterior cingulate cortex (Ellison-Wright et al., 2004), and this hemisphere
primarily relates to approach-related behaviors (Davidson, 1992; Davidson,
2001; Davidson et al., 1999), it was expected that crypt frequency in most cases
will be related to approach-related behaviors.

x

Third, because greater tissue loss in the iris may reflect greater tissue loss in the
left anterior cingulate cortex, it was expected that individuals with an open
crypt structure (those with more tissue loss in the iris) would score lower on
traits that relate to approach-related behaviors than those with a dense crypt
structure.

4.4.3 Hypotheses derived from PAX6 expression in the brain, assuming selforganized effects
The behavioral meaning of having a specific crypt frequency is likely to depend on
which other iris characteristics are present (Lander & Schork, 1994; Larsson &
Pedersen, 2004). Person-oriented analyses take these possibilities into consideration,
since they are based on the totality of the whole person. Moreover, this totality is
assumed to result from self-organization. This means that although there are,
theoretically, an infinite variety of differences with regards to process characteristics
and observed states at a detailed level, at a more global level there will often be a small
number of more frequently observed patterns (Bergman & Magnusson, 1997; Bergman
et al., 2003; Bosma & Kunnen, 2002; Carver & Scheier, 2002). Consequently, it can
be expected that from the embryological events that form the adult iris (detailed level),
distinct configurations of iris characteristics will occur in the population studied.
Furthermore, if self-organizing properties of the embryological development of the
brain are reflected in these naturally occurring iris configurations, then it can be
expected that these configurations will define subgroups of individuals that differ from
each other on personality in a systematic manner. In addition, the individuals in these
subgroups may represent different developmental trajectories in regards to personality.
Thus, in order to test these assumptions two additional expectations were considered:
x

First, subgroups of individuals that have configurations of iris characteristics
with more tissue loss in the iris were, just as in the variable-oriented analysis,
expected to score lower on approach-related behaviors.
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x

Second, because the self-organizing properties of the developmental system are
expected to more efficiently reveal the behavioral impacts of the genes that are
expressed in the iris, the effect size in the person-oriented analysis was expected
to be larger than in the variable-oriented analysis.

4.4.4.1 Data collection, participants and measures
The participants were all undergraduate student volunteers at Örebro University,
Sweden. The mean age of the sample was 26.6 years (19-52 years, SD=7.1). The
participants answered 240 questions regarding their personality functioning by filling
out the NEO PI-R personality questionnaire (Costa & McCrea, 1992), which is
considered to be a reliable and valid assessment of the Five Factor Model of
Personality. Eight-item scales measured six specific facets for each of the five broad
domains measured. The internal consistencies for the thirty-five scales (Cronbach’s
alpha) were overall high, ranging from .69 to .85 (Mean=.72) and did not differ
substantially from what has been found for other samples with NEO PI-R measured in
Sweden and other countries (Costa & McCrae, 1985). Close-up iris color photography
was taken individually in a lab setting at the university (for details, see STUDY II) . The
same iris scales and rating procedure as in studies 1 and 2 were used.
Table 5
Distribution of iris characteristics
Iris characteristic and scale description

Number of Observations

Fuchs’ crypt frequency
1 – Only parallel and/or densely packed curly fibres
2 – Spots of wavy fibres and 1-3 two shallow crypts
3 – Four shallow crypts or more

129
169
130

Pigment dots
1 – Absence of, or only minute grains of pigment dots
2 – One pigment dots or more

280
148

Contraction furrows
1 – Extending less than ¼ circle
2 – Extending between ¼ and 8/10 of a circle
3 – More distinct, extending 8/10 of one circle or more

106
142
180

4.4.4.2 Analysis
The first set of analyses was variable-oriented by nature and tested whether the first
three expectations derived from the PAX6 expression pattern in the anterior cingulate
cortex were correct. This was done by performing a Pearson correlation between the
three iris characteristics and the personality measures. The distributions of the iris
characteristics used in these analyses are presented in Table 5.
In the second set of analyses, we performed the person-oriented analysis, which tested
whether the self-organization properties of how the iris tissue grows also reflect selforganizational events in the left anterior cingulate cortex. This was done by testing if
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the iris configurations that typically exist in young adults can identify subgroups of
individuals that differ in their personality in a systematic manner on approach-related
behaviors. The naturally occurring iris configurations in the population were identified
with a cluster analysis based on Ward’s method (Peck & Williams, 2002), and only the
iris characteristics that were found to be significantly associated with personality in the
variable-oriented analysis were included (hence, crypt and contraction furrows). A four
cluster solution was chosen, which explained 77% of the total error sums of squares in
the sample (see Table 6). The variance explained was higher than the minimum
criterion of 67%, recommended by Bergman, Magnusson, and El-Khouri (2003). A
one-way analysis of variance (ANOVA, posthoc = Tukey HSD – Honest Significant
Difference test) was used thereafter to investigate if any significant mean difference in
personality existed between the four subgroups. Both facet level traits and the main
domains of personality were included in the ANOVA analyses.
Finally, to explore how efficiently the self-organizing properties of the developmental
system could pick out subgroups of individuals that differed in their personality, we
calculated the effect size (Cohen, 1988) for all associations that were found to be
significant in the variable- and person-oriented analysis.
Table 6
The configurations of iris characteristic that typically exists in early adults
Subgroup 1
N = 1431

Subgroup 2
N = 1552

Subgroup 3
N = 733

Subgroup 4
N =574

Crypt frequency
1 Only parallel and/or packed curly fibres
2 Spots of wavy fibres and 1-3 shallow crypts
3 Four shallow crypts or more

Yes
Yes
-

Yes
Yes
-

Yes

Yes

Contraction furrows
1 Extending less than ¼ circle
2 Extending between ¼ and 8/10 of a circle
3 Distinct, extending 8/10 of one circle or more

Yes
Yes
-

Yes

Yes
Yes

Yes
-

Iris characteristic and scale description

1

MeanCrypts = 1.61 / MeanFurrows = 1.65
MeanCrypts = 1.52 / MeanFurrows = 3.00
3
MeanCrypts = 3.00 / MeanFurrows = 2.34
4
MeanCrypts = 3.00 / MeanFurrows = 1.00
2

4.4.5.1 The results of the variable- and person-oriented analyses: hypothesis
testing
The first hypothesis, that most of the associations with personality would be with crypt
frequency, was confirmed. Furthermore, the second and third hypotheses were also
confirmed; crypts were primarily associated with approach-related behaviors, and
individuals with a dense crypt structure scored higher than those with an open crypt
structure on such behaviors. Thus, the findings in the variable-oriented analysis suggest
that crypt frequency, presumably via PAX6, induces tissue deficiencies in the left
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anterior cingulate cortex, which in turn influence the extent individuals engage in
approach-related behaviors (see Table 7).
The results in the person-oriented analysis supported this notion, as the findings were
essentially the same. Subgroups with less tissue loss in the iris were associated with
higher scores on approach-related behaviors and the significant mean differences
between subgroups 1 and 3 were systematically pinpointing such traits, i.e. Warmth,
Positive Emotion, Feelings, Agreeableness, Trust and Tendermindedness (see Table 8).
Furthermore, the effect sizes in the person-oriented analysis were, as expected (Mean =
.44), larger than those found in the variable-oriented analysis (see Table 9). The effect
sizes for the variable-oriented analysis are based on transformations of the correlations,
and only consider the significant associations found.
However, maybe the most intriguing finding was that also smaller tissue differences
than crypts were of major importance. This was apparent in three different ways.
First, the association between furrows and the facet scale Impulsiveness in the variableoriented analysis were of the same magnitude as the strongest association found for
crypts (see Table 7).
Table 7
Pearson correlation between iris characteristics and the personality measures
Personality measure
Neuroticism
Impulsiveness

Iris Characteristics
Crypts

Pigment dots

Furrows

-.04
-.06

.06
.02

.11*
.15**

Extraversion
Warmth
Positive Emotions

-.15**
-.13**

-.04
.01

.04
.03

Openness to Experience
Aesthetics
Feelings

-.10*
-.13**
-.14**

.01
.01
-.05

-.06
-.06
-.03

Agreeableness
Trust
Tendermindedness

-.10*
-.11*
-.13**

-.06
-.05
-.03

-.00
-.01
-.03

Conscientiousness
Self-Discipline

-.08

-.03

-.12**

*p < .05; **p < .01; only the significant correlations is shown.

Second, in the person-oriented analysis furrows could differentiate between individuals
who scored high and low on the Neuroticism and Conscientiousness domains, even
when the individuals in these subgroups had the same crypt structure (see Table 8).
Third, when the combined effect of having specific configurations of crypts and
furrows was taken into consideration in the person-oriented analysis, the effect
Table 8
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Table 8
Means of the personality measures with standard deviations within parentheses in each of the four subgroups, with test for mean differences between the subgroups (one-way ANOVA, posthoc = Tukey HSD)
Personality measure

Subgroup 1
N = 143

Subgroup 2
N = 155
1

Subgroup 3
N = 73

Subgroup 4
N = 57

df

F

Neuroticism
Impulsiveness

-.15 (.89)
-.14 (.95)

.16 (1.01)
.19 (.96) 1

.01 (1.08)
-.04 (1.14)

-.11 (1.08)
-.18 (1.11)

3; 423
3; 423

2.63*
3.52*

Extraversion
Warmth
Positive Emotions

.13 (.97) 3
.13 (.92) 3

.03 (.95)
.05 (1.02)

-.26 (1.13)
-.26(1.09)

-.13 (.99)
-.11 (.97)

3; 423
3; 423

2.90*
2.86*

Openness
Aesthetics
Feelings
Values

.17 (.99) 3
.21 (.96) 3
.22 (.94) 3
.12 (.97) 3

-.00 (.98)
-.01 (.97)
.01 (1.01) 3
.00 (.99)

-.30 (1.07)
-.35 (1.09)
-.38 (1.00)
-.34 (1.10)

-.06
-.06
-.15
.07

(.88)
(.90)
(.96)
(.87)

3; 423
3; 423
3; 423
3; 423

3.82**
5.42**
6.49**
3.67**

Agreeableness
Trust
Tendermindedness

.18 (.97) 3
.20 (.93) 3
.20 (.93) 3

-.04 (1.01)
-.03 (.98)
-.07 (1.02)

-.18 (1.09)
-.22 (1.17)
-.20 (1.08)

-.14 (.88)
-.09 (.90)
-.12 (.91)

3; 423
3; 423
3; 423

2.92*
3.48**
3.57**

Conscientiousness
Achievement Striving
Self-Discipline

.11 (.94) 3
.04 (.93) 3
.20 (.95) 3

-.02 (.94)
.04 (.97) 3
-.08 (.98)

-.31 (1.04)
-.33 (.99)
-.39 (1.00)

.17(1.14) 3
.16(1.15) 3
.19(1.02) 3

3; 423
3; 423
3; 423

3.53*
3.39*
6.84**

* The table show Z-transformed values. Elevated numbers indicates between which subgroups a
significant mean difference was observed (posthoc = Tukey HSD) *p < .05; **p < .01.
Table 9
The effect size for all associations that was significant in the variable –and person-oriented analysis
Cohen’s d
Variable-oriented analysis
Personality measure
Neuroticism
Impulsiveness

Pearson Correlations
Crypts
Furrows

1

Person-oriented analysis2
Subgroup
1&2

Subgroup
1&3

Subgroup
2&3

Subgroup
3&4

-

.22*
.30**

.33*
.36*

-

-

-

Extraversion
Warmth
Positive Emotions

.30**
.26**

-

-

.37*
.39*

-

-

Openness
Aesthetics
Feelings
Values

.20*
.26**
.28**
-

-

-

.47**
.55**
.62**
.44**

.40*
-

-

Agreeableness
Trust
Tendermindedness

.20*
.22*
.26**

-

-

.36*
.39**
.41**

-

-

-

.24**

-

.42*
.38*
.61**

.38*
-

.44*
.49*
.57**

Conscientiousness
Achievement Striving
Self-Discipline

*p < .05; ** p < .01; only significant associations shown; for definitions of Cohen’s d, see STUDY III.
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sizes were on average about twice the magnitude of what was found in the variableoriented analysis (see Table 9 on page 89). Thus, it is apparent that even smaller tissue
differences than crypts were of importance. Naturally, emerging configurations of both
crypt and furrows were, as expected, pinpointing subgroups of individuals that were
especially likely to differ in their personality.
Overall, these findings support the notion that people with different iris configurations
tend to develop along different trajectories in regards to personality. Furthermore, the
self-organized properties of the developmental system that are reflected in the iris
appear to be quite efficient in pinpointing the individuals who differ in their
personality. The effect sizes between the subgroups in the person-oriented analysis
ranged from d = .33 to .62, which is much larger than, for example, women’s tendency
to be more emotional than men, d = .05 to .30, see Table 8 and 9 (Brebner, 2003).
4.4.5.2 The results of the variable-oriented analysis – conceptualizations
When considering which approach-related behaviors were most salient in the variableoriented analysis, it was apparent that a group of five approach-related traits i.e.
Feelings, Warmth, Trust, Tendermindedness and Positive Emotions, was driving the
significant associations in the main domains. Both the significant associations with the
facet scales in the Openness to Experience and Agreeableness domains suggest that
people with a dense structure were more receptive to their inner feelings as well as
tended to sympathize, and feel concern for other people’s needs, more than people with
an open crypt structure. Furthermore, the most robust results for crypt frequency
suggest that people with a dense structure form warmer and more trustful attachments
to others, as well as experience and express positive emotions such as joy, happiness
and excitements, more often than those with an open crypt structure. Crypt frequency
was thereby predominately associated with approach-related behaviors, and thereby
with the facet scales that tap the emotional space in the Extraversion, Openness to
Experience and Agreeableness domains. Thus, tissue loss in the two top cell layers in
the iris, as assessed by our crypt measure, is in a general sense most strongly associated
with the emotional component of personality.
Furthermore, contraction furrows, which measure the thickness and density differences
in all five cell layers in the iris, also appear to be associated with emotional functioning.
Furrows were primarily associated with Impulsiveness, and people with many
contraction furrows were less able to control their cravings and urges than people with
few contraction furrows.
Thus, the variable-oriented analysis revealed that the behavioral impact of the two iris
characteristics differs. Crypt frequency is most strongly related to approach-related
behaviors, i.e. the emotional space in the Extraversion, Agreeable and Openness to
Experience domains, whereas the effect for contraction furrows is more specific, and
relates directly to impulse control.
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4.4.5.3 The results of the person-oriented analysis – conceptualizations
The results of the person-oriented analysis show that the self-organizing properties of
the embryological development of the brain are reflected in the iris, and also that
people with different iris configurations tend to develop along different trajectories
with regard to personality. Three prerequisites embedded in the person-oriented
methodology support this notion. First, when cluster analysis is used to identify the iris
configurations (and thereby the subgroups) that naturally occur in the population, it is
the embryological self-organizing properties of how the iris tissue develops over time
that can be assumed to decide the assignment of the individuals to the subgroups. In
other words, since both crypt and contraction furrows are taken into consideration
simultaneously in the cluster analysis, it is the joint effect of how these variables tend to
self-organize in different tissues within the individual that determines an individual’s
assignment to a specific subgroup. If the genes that determine the variability of crypt
and contraction furrow were not also self-organized in a meaningful way in relation to
how the tissue grows and develops in the left anterior cingulate cortex, then there
would not be any significant mean difference on personality between the subgroups.
However, significant mean differences did occur in all main domains on personality
(see Table 9 on page 89), and for this reason is it reasonable to assume that the selforganizing properties of iris tissue, most likely via PAX6 (or other candidate genes for
crypt and furrows) are associated with the self-organizing properties of how the tissue
grows and develops in the left anterior cingulate cortex.
Furthermore, the fact that both the same personality traits and the direction of the
mean differences in the person-oriented analysis were essentially the same as the result
in the variable-oriented analysis also supports this notion. Indeed, cluster analysis in its
search for the naturally occurring iris configurations sort out the joint effect of both
crypt and furrows independently of the associations that are found in the univariate
variable-oriented analysis. Hence, it is very unlikely that the association found in the
variable-oriented analysis could be due to random effects, or unrelated to how the
tissue develops and self-organizes in the left anterior cingulate cortex. This applies in
particular in light of the fact that the directions of all the hypotheses derived from
PAX6 expression pattern in the brain were confirmed in both the variable-oriented and
person-oriented analysis. In other words, the results of the variable-oriented analysis
were independently replicated in the person-oriented analysis, which increases the
reliability and validity of the findings in this dissertation.
Finally, because approach-related behaviors have been recognized to constitute a basic
underlying biological predisposition for personality (Buss & Larsen, 2005; Davidson,
1992; Gray, 1990), it was not surprising that also novel associations with personality
emerged when both crypt and furrows were taken into consideration in the personoriented analysis. Tissue deficiencies in the anterior cingulate cortex support the
expression of withdrawal- and approach-related behaviors, and as we will see in Part
V, this structure of the brain is involved in a wide variety of behaviors that tap into the
core of people’s personality functioning (Bush et al., 2000; Devinsky et al., 1995; Gray,
1990).
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Part V
Part V discusses the findings concerning iris characteristics and personality, and
exemplifies how iris characteristics can be used within the theoretical frameworks
presented in parts I, II, III and IV. In other words, Part V aims to explain how iris
characteristics – in addition to suggesting candidate genes for personality – can also be
used as a matching tool to increase the power to replicate candidate gene findings for
personality, as well as being useful in brain scan studies, longitudinal studies and twin
studies.
5.1.1 Correspondences with other findings in the personality field: approachrelated behaviors
Gray postulates that the brain holds behavioral activation and inhibition systems that
are specialized in recognizing cues for reward and punishment, and which in turn
influence individual differences in withdrawal- and approach-related behaviors (Gray,
1972; Gray, 1975; Gray, 1990). Such behaviors are recognized to be of importance for
personality, and for this reason a considerable amount of work has gone into trying to
identify the brain structures that underpin withdrawal- and approach-related
behaviors. Hemispheric asymmetries and the functioning of the anterior cingulate
cortex have been studied since the sixties (Lansdell, 1964; Peretz, 1960), and this work
has now accumulated enough evidence to bear fruit; frontal brain asymmetries are
recognized today as an underlying biological disposition for personality (Buss &
Larsen, 2005).
Indeed, it has repeatedly been shown that tissue and activity asymmetries between the
left and right hemispheres are associated with the tendency for people to be more
engaged in approach-related behaviors. For example, hemispheric tissue asymmetries in
the anterior cingulate cortex are very common. Eighty-three percent of us exhibit
hemispheric tissue asymmetries between the left and right cingulate cortex. Surface
measures of the anterior cingulate cortex can explain as much as 24% of the
phenotypic variance in withdrawal- and approach-related behaviors and people with a
larger left cingulate gyrus typically score higher on approach-related behaviors (Pujol et
al., 2002; Davidson et al., 2001).
For example, positive emotions experienced by monkeys increased the left-sided
activation of their brain (Kosslyn et al., 2002). People with a positive disposition show
greater relative left frontal EEG asymmetry at baseline and respond stronger to positive
stimuli than to negative ones (Sutton & Davidson, 1997; Wheeler et al., 1993). Tenmonth-old infants who do not cry when they are separated from their mothers
exhibited more left-brain activation (Fox & Davidson, 1987). The thresholds for
experiencing positive emotions is lower for people who display a left-sided activation
pattern (Fox & Carlkins, 1993). In addition, these left-sided patterns are stable in both
early childhood (Fox et al., 1992) and adulthood (Davidson, 2003).
It is well established that these behaviors are foundational for people’s personality
development, and for this reason it may be of interest for the personality field that the
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findings in this dissertation correspond very well to these findings. Indeed, considering
the complexity of the embryological development of the iris, it is quite astonishing that
the self-organizing properties of the embryological development of the brain are
reflected in the iris – in a systematic manner. As we have seen, people with different
configurations of crypt and furrows score differently on approach-related behaviors.
The explanation for this is most likely that PAX6, or other candidate genes for crypt
and furrows, induce subtle tissue differences in both the iris and the frontal lobe
(primarily the left anterior cingulate cortex). Furthermore, the consistency with which
previous studies have associated left-sided asymmetries with approach-related
behaviors over time further supports the notion that people with different iris
configurations tend to develop along different personality trajectories. The facts that
the principal distribution and depth of crypt are present at birth (Oyster, 1999) and
that as many as six approach-related behaviors at age 26 – Feelings, Warmth, Trust,
Tendermindedness, Positive Emotions and Agreeableness – are consistently associated
with different tissue configurations of crypt and furrows support this notion.
5.1.2 Correspondences with other findings in the personality field:
the Conscientiousness and Impulsiveness findings
The notion that approach-related behaviors are foundational for people’s personality
development is further supported by the fact that relatively large mean differences in all
main domains of personality emerged in the person-oriented analysis (see Table 9 on
page 89). Configurations of crypt and furrows were also significantly associated with
the Conscientiousness domain, the sub-scales Achievement Striving and Self-discipline
in this domain, and also with the Neuroticism domain and the sub-scale Impulsiveness
in this domain. These findings correspond well with what is previously known about
the overall functioning of the anterior cingulate cortex. That is, the function of anterior
cingulate cortex at large, illustrated in Figure 15 (on page 94), is to integrate
attentional and affective information that is critical for self-regulation and adaptability.
It plays a crucial role in initiation, motivation and goal-directed behaviors (Devinsky et
al., 1995; Thayer & Lane, 2000).
The ventral region (BA – 24a-c, 25, 32, 33, see figure 14) is primarily involved in
assessing the salience of emotions, such as hurtful rejections and romantic love, as well
as the regulation of emotional responses involved in the social interactions that assess
one’s own and other people’s emotions and states of minds (Bartels & Zeki, 2000;
Eisenberger & Lieberman, 2004; Simmons et al., 2006). The dorsal region (BA 24b’-c’,
32’, see Figure 14, on page 84) is primarily involved in response selection and the
processing of cognitively demanding information. For example, the cognitions that are
activated in reward related conflicts and the evaluation of different outcomes are
processed in the dorsal anterior cingulate (Bush et al., 2000). Furthermore, damage to
the anterior cingulate is associated with a host of social affective impairments including
blunted affect, impulsivity, disinhibition and poor social judgments (Devinsky et al.,
1995; Heyman et al., 1999). Thus, since the process of planning, organizing and
carrying out tasks, and resisting impulses, is so central for anterior cingulate
functioning at large, as well as for the Conscientiousness and Neuroticism domain, it is
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not surprising – given the expression pattern of PAX6 in the iris and anterior cingulate
cortex – that individuals with different configurations of crypt and furrows scored
differently in these domains.
Figure 15

Meta-analysis of activations and deactivations during cognitive and emotional studies. Activations (a)
and deactivations (b) are shown. The affective division is activated by tasks that relate to affective or
emotional content, or symptom provocation. It is deactivated by cognitively demanding tasks. A
direct comparison within the same subjects supports the cognitive versus affective distinction. The
orange triangle indicates the activation of the cognitive division during the Cognitive Counting
Stroop. The same group of subjects activated the affective division (blue diamond) while performing
the Emotional Counting Stroop. Although matched normal controls activated the cognitive division
during the Counting Stroop (yellow triangle), subjects with attention-deficit/hyperactivity disorder
failed to activate this region. Abbreviation: CC = corpus callosum. Adapted from Buch et al. (2000).

This means that the findings in this dissertation not only correspond well with what
previously is known about the biological foundation for approach-related behaviors,
but also point toward what may will come to be recognized as the biological
foundation for Impulsiveness and Conscientiousness in the future.
5.2.1 Novel findings and how iris data potentially can be useful for genetic
association studies
The use of iris characteristics in this dissertation makes it possible to suggest which
candidate genes, among the ones that is mentioned in STUDY II, that are most likely to
influence the associations between frontal brain asymmetries and approach-related
behaviors. As mentioned earlier, about one third of our 20-25,000 genes or so (Stein,
2004) are expressed in the brain, and can therefore be considered to be candidate genes
for personality (Plomin & Crabbe, 2000). However, the genes that network together to
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create tissue-specific effects, and also the brain centers that influence self-reported
personality, are almost entirely unknown (Plomin & Crabbe, 2000). Hence, iris data
can potentially be a very useful tool for studies that try to elucidate these complexities.
All predictions in study 3 were supported and, for this reason, the likelihood that
PAX6 would be involved has to be considered high (Gottesman & Gould, 2003).
Furthermore, since the effect sizes increased for all associations when the personoriented analysis took advantage of the self-organized properties of the nervous system,
it is likely that the genes for crypt and furrows are hooked up in genetic networks of
relevance to personality. In addition, these networks may explain a relatively large
proportion of the variance in approach-related behaviors. The effect sizes between the
clusters in the person-oriented analyses ranged from d = .33 to .62, which is much
larger than, for example, women’s tendency to be more emotional than men, d = .05 to
.30 (Brebner, 2003). Genetic association studies that aim at pinpointing networks of
genes that support the development of different approach-related behaviors may thus
benefit from testing candidate genes for crypt and furrows.
In other words, due to the consistency of the results in the variable- and personoriented analyses, as well as with the previous findings reviewed above, crypt and
furrows may be considered to be a biomarker for multiple biological pathways that
potentially can be of great importance for the development of approach-related
behaviors per se. As mentioned earlier, most candidate genes for crypt and furrows are
expressed at an early stage during the embryological development of the nervous
system, as well as throughout the development of the nervous system, which is likely to
have a cumulative effect. For these reasons, the effect sizes of other genes that
contribute to approach-related behaviors – that are NOT expressed in the iris – may
depend on these developmental pathways (Baker et al., 2001).
That is, candidate genes for personality that are not expressed in the iris, and also
genes in linkage disequilibrium with candidate genes for crypt and furrows, may
contribute to approach-related behaviors, and join with the genetic networks already in
place; if these genes can be identified, they can potentially explain an additional chunk
of the genetic variance in approach-related behaviors.
However, because the behavioral meaning of most genes for personality is dependent
on genetic background (Frankel & Schork, 1996; Keller et al., 2005; Lander & Schork,
1994), the effect of such genes may only be detectable if they are tested in a population
with a more stable genetic background, where all members have the same type of iris
characteristics – or expressed differently – if they are tested in a genetic background
that is less heterogeneous with regard to the genes that are expressed early in these
biological pathways.
Thus, from this perspective, it can potentially be very useful to collect iris data (not just
genotype DNA markers in candidate genes for crypt and furrows), and to create groups
of individuals that have the same type of iris characteristics, and in these groups test
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the extent to which it is possible to replicate candidate gene findings for personality. If
some of the 60 or so candidate genes for personality that have been identified thus far
(Comings et al., 2000a) turn out to be significantly associated with personality in one
of these subgroups, but not in others, then it is likely that those genes will be relevant
to the genetic networks that are already in place in that particular group. Thus, by
working with just a few iris-matched groups in this manner, which makes it possible to
cross-validate findings between different groups, and track how the same genes, in
some instances, influence different behaviors (in different groups), it may be possible to
conclusively identify which candidate genes that are most likely to be associated with
personality.
Indeed, conceptually this is exactly what was found in the person-oriented analysis,
since the behavioral meaning of having many furrows for people changed when the
genetic background changed. For example, people with a dense iris structure and many
furrows were more Impulsive (compared with those with a dense structure and few
contraction furrows), whereas people with an open iris structure and many furrows
were less Conscientious (compared with those with an open structure and few
contraction furrows). No mean differences on Impulsiveness emerged for people with
different numbers of contraction furrows if they had an open iris structure (see Table 9,
on page 89).
Thus, placing people with different iris configurations in different groups, testing
different candidate genes for personality, and analyzing these groups separately will
make the design much more specific. That is, the possibility that the genes will
influence the same behavior in the same way – i.e., that the direction of the associations
will stay the same when replicated in additional iris-matched populations - will be
much greater. This implies that it will be possible to map out the behavioral meaning
of having a particular gene in a much more specific way in iris-matched populations
than is possible in a population that has not been matched on iris characteristics.
However, this design will also, because it pinpoints for whom (in which iris-matched
group) a particular gene is most relevant, be of greater importance for the individual.
Again, this was exactly what was found conceptually, when the effect of the selforganizing mechanisms that govern the development of the nervous system were taken
into account in the person-oriented analyses. For example, the effect size of furrows’
association with Self- Discipline in the variable-oriented analysis was .24. This means
that about 1% of the variance in Self-Discipline in the population as a whole could be
explained by genes that influence furrows. However, when the effect of furrows was
tested in populations where the genetic background was more stable (both subgroups 3
and 5 had an open crypt structure, see Table 9 on page 89), then the effect size in that
sub-population more than doubled (to .57). The same was true for the whole
Conscientiousness domain and also the Achievement Striving sub-scale in this domain,
indicating that genes for furrows are most relevant for people with an open iris
structure. Many candidate genes that have been impossible conclusively to replicate in
large independent samples have, in some samples, been found to have an effect size of
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this magnitude, i.e., one that can explain about 1% of the variance for the trait. Thus,
there is no reason why it would not be possible conclusively to replicate such candidate
gene findings, by pinpointing for whom a particular gene is most relevant, by using the
design described above.
In addition, since genes that play an important role in the early wiring of the nervous
system are likely to be of importance for many behaviors, it may be efficient to use the
pathway based iris matching procedure described above for behaviors other than
personality. For example, genes that influence brain volume may also be important for
intelligence (Posthuma et al., 2003). PAX6 mutations in mice decrease the number of
neurons developed in the cerebral cortex by as much as 50% (Heins et al., 2002).
Consequently, it is not surprising that a recent review has shown that tissue differences
in Brodmann’s areas 32 in the anterior cingulate cortex, which are influenced by PAX6
(Ellison-Wright et al., 2004; Heyman et al., 1999), are consistently associated with
intelligence measures across more than 30% of the studies. The review, which
summarized 37 studies, concluded that “the anterior cingulate cortex remains a strong
biological correlate of intelligence, as both volume and activation of this structure were
found across several studies” (Jung & Haier, 2007). Collection of iris data, and the
design described above, may thus also be useful for genetic studies that try to replicate
candidate gene findings for intelligence (Saklofske et al., 1999). Indeed, considering
that the average effect size for QTLs that influence intelligence is nowadays believed to
be only .2 % (Plomin et al., 2006), it can potentially be fruitful to test the extent to
which such effect sizes will increase in iris-matched populations. Each QTL for
intelligence opens a tiny window where the biological mechanisms that influence
intelligence can be studied. Furthermore, since the goal of genetic research on
intelligence according to Plomin (2006, page 520), “must be to identify as many as
possible of the QTLs that are responsible for the high heritability of intelligence
regardless of how small their effect sizes”, there are at least four reasons why it may be
worthwhile also to collect iris data in such studies.
1) If some of the “SNP sets” for intelligence that will be generated from whole genome
scan studies in the future can be more readily replicated in iris-matched populations
than in unmatched populations, then it will be possible to recognize for whom a
particular “SNP set” would be most important.
2) It may also be easier to pinpoint how different networks of genes for intelligence
work together in populations that have been matched on their iris characteristics (for
the same reasons as outlined above for personality).
3) The “in-house” assessment of intelligence may also provide a convenient
opportunity for taking the close-up digital iris photos needed.
4) There is the potential to replicate QTL findings for intelligence in a much cheaper
way than currently is possible if iris data have been collected (as the replication of
significant “SNP set” findings can be made in the same sample, i.e., in sub-groups that
have been matched on their iris characteristics).
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To sum up, Pujol (2002) has demonstrated that about 83% of us exhibit hemispheric
tissue asymmetries between the left and right cingulate cortex, and that surface
asymmetries in the anterior cingulate cortex can explain as much as 24% of the
phenotypic variance in withdrawal- and approach-related behaviors. This means that
hemispheric tissue asymmetries in large samples are far too common to be ignored,
since they are likely to mask most associations between genes with small effects on
personality (Davidson, 2001; Gray, 1990; Munafo et al., 2007; Pujol et al., 2002).
Indeed, the poor track record of genetic personality research thus far, at least in regard
to genes’ predictive power (see Part III), are most likely due to the fact that few genetic
personality studies have considered genetic networks that influence the structural
foundation of the brain (Davidson, 2001; Gray, 1990; Hamer, 2002; Saklofske et al.,
1999; Van Gestel & Van Broeckhoven, 2003). Thus, from this perspective it is possible
that iris data can be useful in at least two different ways:
1) Genetic association studies that aim at pinpointing the genetic networks that support
the development of different approach-related behaviors as well as other behaviors,
which are influenced by genes that contribute to personality, may benefit from testing
candidate genes for crypt and furrows.
2) Genetic association studies aimed at replicating candidate gene findings that have
already been found for personality and that will be generated from whole genome scan
studies in the future - as well as other behaviors (which are influenced by the genes that
are expressed early in the developing nervous system, such as intelligence) may benefit
from using the iris as a matching tool. As we have seen, by creating iris-matched
subgroups of individuals that are analyzed separately, the genetic heterogeneity present
in such groups decreases, which will increase the power to detect genes with small
effects, and also pinpoint for whom a particular gene is most relevant.
The basic idea is thus exactly the same as used in inbred mice strains and family
studies, where it is much easier to identify QTLs for emotionality in strains where the
genetic background is similar than in strains where the genetic background is more
complex. Remember that just 6 loci can account for almost all phenotypic variance for
emotionality in inbred mice strains (Flint, 2003; Flint et al., 2005; Willis-Owen &
Flint, 2006). Similarly, it is only in groups of relatives where a substantial chunk of the
genetic background is the same, that people are expected to score in a more similar
manner on personality (Plomin et al., 2001b).
Thus, if we take all these facts together, the results of the person-oriented analysis
suggests that it may be possible to use iris data, person-oriented analyses and various
genomic association techniques to identify QTLs that are responsible for differences in
the anterior cingulate cortex, and with time develop a hierarchical model that maps out
how personality genes that influence the structural foundation of the brain interact
with genes for neurotransmission (Baker et al., 2001; Davidson, 2001; Hamer, 2002;
Lee et al., 2006; Saklofske et al., 1999).
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In any event, the fact that the self-organized embryological development of the anterior
cingulate cortex is reflected in the iris in a systematic manner, and that effect sizes were
found to be higher in the person-oriented than the variable-oriented analyses, support
the notion that if iris-matched sub-populations are used, then the more similar genetic
background present in subgroups is likely to improve the power to replicate candidate
findings for personality.
5.2.2 Other future studies
Before iris data are used as described above in genetic association studies, however, it
may be necessary to perform additional studies that investigate the extent to which
crypt and furrows really are associated with personality and other behaviors that are
supported by the frontal lobe. The following areas are highlighted, where it may be
especially rewarding to further investigate the potential usefulness of the iris as a
biomarker:
Magnetic resonance imaging (MRI) studies of the brain can identify the extent to which
crypt and furrows are associated with structural difference in the anterior cingulate
cortex. Thus, in such a study, additional evidence can be produced that potentially will
support the notion that crypt and furrows can be biomarkers for developmental brain
differences in large samples, where it would be too expensive and time consuming to
collect MRI data on the brain. In contrast to MRI data, it takes about 3 min per person
to take the digital iris photos needed, which readily can be rated automatically by an
iris scanner once the algorithm currently used for personal identification (Daugman,
2003) have been modified to fit this purpose (J. Dougman, personal communication,
July, 2, 1999). As discussed throughout this dissertation, such efforts would make it
possible to study many neurodevelopmental questions that today are “impossible” to
study in large samples. For example, do genes that influence the dopamine, serotonin
and noradrenalin systems and their assumed behavioral associations to specific
personality traits (Cloninger et al., 1993; Comings et al., 2000a) change when the
structure of the brain shifts?
Longitudinal-studies: Iris data may be able to map out how impulsive and approachrelated behaviors of genetic origin, in interaction with environmental factors, influence
dyadic relationships between family members. For example, it would be interesting to
find out if measures of control and warmth in families (i.e. measured through child
disclosure, parental solicitation, parental control, parental support and parents’ bad
reactions to disclosure) differ from what is normal in parent-child dyads where there is
a low concordance between the child and the parent iris configurations. The fact that
the expression pattern for PAX6 in the brain overlaps with the cortical foundation for
maternal behaviors (mainly BA 24/32 and 47) and hurtful social rejections (BA 24/32),
in conjunction with our results in regard to approach-related and impulsive behaviors,
suggests that the iris can be useful marker for biological mechanisms that influence the
interaction between such child and parent-based behaviors (Eisenberger & Lieberman,
2004; Kerr & Stattin, 2003; Lorberbaum et al., 2002; Neiderhiser et al., 2004).
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Likewise, as discussed in Part II, there is a whole range of measures that tap into the
qualities in close/intimate relationships that are also influenced by the genes
contributing to personality. Thus, it would be very interesting to investigate whether
measures, such as those concerning divorce risk, marital satisfaction, adult attachment
styles, different person x situation interactions, differ in a systematic manner with
regard to the iris characteristics present in different dyads. People with different iris
configurations differ in their emotional functioning to a much greater extent than
generally is found when men and women are compared (Brebner, 2003); the effect sizes
found in our person-oriented analyses were large enough to presume that people with
different iris configurations tend to develop along different trajectories with regard to
personality (Study III). Iris data can therefore potentially be used to study dyadic
relationships and gender differences in a much more specific way than currently is
possible. For example, are stereotypic gender roles in dyads where men (according to
their iris characteristics) are more “feeling oriented” than their spouse, less stereotypic
than usually is the case? Are some constellations of iris characteristics in close/intimate
relationships more frequent than would be expected if only random and environmental
factors influence mate selection? Are people with some iris characteristics constellations
more likely to be more deeply in love (Bartels & Zeki, 2000; Heyman et al., 1999), or
more deeply attached to each other? Likewise, it would also be possible to investigate
whether the difficulties that tend to surface in close relationships over time differ
systematically with regard to the types of iris characteristics that are present in different
dyads. As mentioned above, the genes that influence personality also affect how people
cope with stressful situations (Kato & Pedersen, 2005). The extent to which people
seek co-operation rather than conflict with their partner in different situations is, in
adulthood, to a relatively large extent affected by the same genes that influence
personality (Lensvelt Mulders & Hettema, 2001). Thus, there is no reason why it
should not be possible to study such behaviors (and most dyadic relationships are
personality matters) in a more specific way than is currently possible by collecting iris
data.
Twin-studies: The monozygotic (MZ) intra-pair twin correlations for crypt, pigment
dots and furrows are .66, .58 and .79, respectively (STUDY I). Thus, given that it
actually is quite common, at least in some MZ pairs, to observe intra-pair differences
that are relatively large, especially in regard to crypt and pigment dot, and smaller iris
differences than those that were associated with personality differences in our sample,
it is quite possible that small MZ intra-pair iris differences could be associated with
non-systematic non-shared environmental effects for personality, that is, random
embryological events that make MZ twins less similar. In any event, since there is a
quest for more theory and research in this area (Plomin et al., 2001a; Plomin &
Daniels, 1987; Turkheimer & Waldron, 2000), it is worth mentioning that, by
collecting iris data from MZ twins, it may be possible to learn more about how nonsystematic non-shared environmental effects influence personality as well as other
behaviors.
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Furthermore, the heritability of some personality traits may be higher among MZ twin
pairs that have been matched on their iris characteristics, compared with what is the
case in unmatched populations. For example, it is quite possible that the heritability of
Achievement Striving, Self-Discipline and Conscientiousness in a sub-population of MZ
twins, where both twins have an open iris structure with many furrows, will be higher
compared with what would be the case for those traits when all twins in the population
are considered. Likewise, the heritability of Feelings, Warmth, Trust, Tendermindedness, Values, Positive Emotions, Agreeableness and Openness for subgroups of
MZ twins with a dense iris structure with few furrows may be higher than generally
found when all twins in the population are analyzed.
Thus, by collecting iris data on twins, it may be possible to pinpoint the aspects of an
individual’s personality profile that are most strongly influenced by genetic factors.
People may not find it very interesting (especially not for better understanding of their
own genetic propensities) that about 40% of the personality differences observed in
large populations - as an overall average for those populations - are due to genetic
effects. However, if science can show us which aspects of our own personality profile
that are most strongly influenced by genetic factors, it would be very surprising,
considering how individualized our culture is, if that would not evoke considerably
more interest.
Thus, if other behaviors influenced by genes that contribute to personality are
examined (see Part III on page 45 for a detailed list of such behaviors), it may be
possible to discover a wide range of core traits (in different behavioral domains) that,
from a genetic standpoint, are of greater importance to the individual.
Research that uses iris data collected from twins and a person-oriented methodology is
therefore in an excellent position to stimulate a holistic approach to personality. A
holistic approach emphasizes the importance of studying more comprehensive wholes
of the person-environment system as a unit, and is bound to benefit from the
identification of genes or other biomarkers that can link different domains in the
person-environment system together (Bergman, 2000; Bronfenbrenner & Ceci, 1994;
Kendler et al., 2006; Kerr & Stattin, 2003; Magnusson, 1999; Plomin & Asbury, 2005;
Rutter et al., 2006; Stattin & Magnusson, 1996).
Furthermore, considering how difficult it has been to replicate candidate gene findings
for personality over the last 10 years and that research, for the most part, has relied on
the assumption that that there is a direct link between the expression of additive genes
and behavior. This is a questionable assumption given that as much as half of the
genetic effect of personality is non-additive by nature, which is bound to mask some
proportion of the additive genetic impact. It is quite possible that it will be fruitful to
introduce iris data and a person-oriented methodology into behavioral genetic research
in the future. As we have seen, the self-organized embryological developments of the
iris and the frontal lobe are systematically related to each other. The more stable
genetic background present in iris-matched populations can increase power to detect
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genes with small effects. Thus, when iris data and a person-oriented methodology are
used – which can pinpoint for whom a particular gene is most important - it will be
much easier to replicate candidate findings for personality.
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T

he�relative�importance�of�genetic�influences�(heritability)�on
five�general�textural�quality�characteristics�of�the�human�iris
was� assessed� using�sex� and� age� limitation� models.�Colour
photographs� of� irises�were� available� from� 100� monozygotic
twin�pairs,�99�dizygotic�twin�pairs,�and�99�unrelated�randomly
paired�age-matched�German� subjects.� Comparative� scales
were�constructed�and�two�judges�who�were�blind�to�zygosity
independently�rated�five�characteristic�of�the�subjects’�left�iris.
Inter-rater�reliabilities�were� larger� than� .90� for� all� five�scales.
The� heritabilities� for� the� five� iris� characteristics� ranged�from
.51–.90.�No�sex-specific�genetic�factors�were�found�for�the�iris
characteristics.�Age-group� differences�in� heritability� were
found� for� one�of� the� five� iris� characteristics�—� “distinction�of
white�dot� rings”.� Heritability�was� greater�for� the�older� cohort
(90%)� than� the� younger�(73%).� The� iris� characteristics�that
showed�the� next� highest�additive-genetic� effect� were�“contractional� furrows”� (78%)� and� “frequency� of� crypts”� in� the
main�stroma�leaf�(66%).

Little is known about the relative importance of genetic
influences on textural quality of the human iris, although a
number of genes (Pax6, Cox-1, Cox-2, NF1, VEGF,
Ezerin, IR 185/OPTC), are expressed in the iris as well as
throughout the central nervous system. Nevertheless, their
relative importance for variation in iris textural qualities is
not known.
In the few studies reported, iris features are highly heritable. The heritability for eye color in the Louisville Twin
Study (Bito et al., 1997) was .98. Intra-pair differences for
30 iris characteristics were such that Burkhardt (1992) concluded that nine of these traits were heritable, although
heritability was not estimated. These findings, in conjunction with the gene expression studies, suggest that iris characteristics other than color may be heritable.
Two unpublished studies show that there may be a relationship between specific textural characteristics of the iris
and the personality (Bruno, 1990; Larsson, 1998). Seven
out of 11 iris features were significantly correlated with personality factors (Bruno, 1990). The strongest relationship
was between extraversion and crypts in the main stroma
leaf (r = .23, p < .001, n = 208). However, simply evaluating phenotypic associations between iris characteristics
and personality traits does not say anything about whether
the associations reflect sha red genetic mechanisms.
To answer that question, heritability for the specific iris
characteristic as well as personality must be estimated in the
same twin sample.
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Past results are suggestive but before any conclusions
concerning the validity of the relationships can be made,
the relative importance of genetic effects for different textural quality characteristics in the iris must be demonstrated. The present study investigates whether textural
differences in the iris can be used as a biomarker, presumably for a cluster of genes that is expressed in the iris (and
putatively in the CNS), by estimating the relative importance of genetic effects for five general textural characteristics. We evaluated the nature of individual differences in
five iris features in a sample of like and unlike-sexed twins
and unrelated randomly paired age matched dyads.
Materials and Methods
Sample

Data for this study came from a German sample (Burkhardt,
1992) of 100 monozygotic twin pairs (54 male-male, 46
female-female), 99 dizygotic pairs (27 male-male, 34 femalefemale, 39 male-female) and 99 age-matched randomly
paired, unrelated subjects (22 male-male, 28 female-female,
49 male-female). The mean age for the MZ, DZ and unrelated subjects was 20.1 (5–70 years, SD = 12.4); 20.5 (4–72
years, SD = 12.3) and 27.5, (4–78 years, SD = 9.2), respectively. All were healthy volunteers who were recruited
through advertising in the town Braunschweig close to
Hanover, Germany. The human subjects committee at
Braunschweig University reviewed the research protocol.
Black and white photographs were taken of the face (front
and profile), mouth, eye area, nose and ears, and close-up
color photographs were taken of the subjects’ irises.
Zygosity was established by comparing intra-pair similarity for 10 physical characteristics of the head, including
eye color, hair type, and shape of the ears. The attributes
were selected on the basis of the diagnostic rules developed
by Nichols & Bilbro (1966). Two of the twin pairs
who claimed to be monozygotic had too large intra-pair
differences to be accepted by the algorithm and were
excluded from the sample.
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Material

A stereomicroscope (ZISS-Universalspaltlampe 30 SL/M)
with an attached camera (Pentax 1000) with a 125 mm lens
was used to obtain color photographs of the subjects’ irises.
The exposure time was < 1/1000 seconds and set automatically by the flash exposure control. The shutter speed on the
camera was set to 1/60 and the aperture was set to 32. All
rolls of film used for the twins had the same charge number.
Close-up color photos (where the diameter of the iris on the
slide was about 22 mm) were taken of both irises from all
subjects. The photo slides of the subjects’ irises were placed
on 12 CD-rom discs. The quality of the transformation
from slide positives to the images on the CD-rom was
chosen through Kodak’s Photo-CD (5 levels, 3072 ´ 2048
pixels). The photos were viewed on a high contrast color
computer screen (Brand: Eizo; Model: FlexScan F55) with
1024 ´ 768 / 85 Hz resolution (0.28 mm Dot Pitch CRT;
fH:27-70 kHz/fV: 50-120 Hz) using the software program
Photo Shop 4.0. Iris photographs and other characteristics
of the sample were purchased from Dr Angelica Burkhardt,
Institute for Human Biology, Technical University CaroloWilhelmina in Brunswick, Germany.
Comparative Scale Construction

For each iris characteristic, selected photographs were
chosen from the entire sample of all pictures to represent
the endpoints of each comparative scale. The photos representing the endpoints were found by looking through all
photos in the sample and pinpointing the most representative among the most extreme on the iris characteristic of
interest. Photos in the steps between the endpoints were
also selected to represent points distributed between end
points, as equally as possible. Five continuous scales were
constructed in this way by the first author. All scales had
five scale steps except the scale for eye color which had four

scale steps (blue, grey, hazel and brown). The iris characteristics of interest for each scale are illustrated in Figure 1.
The Rating Catalog

Specially trained raters independently reviewed the photographs of the left iris and judged which scale step to
which each photo was most similar. The raters judged the
number, size, and distinctiveness of the crypts, as well as the
nevi, the white dots, the contractional furrows, and the different shades of color. Two raters, blind to zygosity, reviewed
each photograph. In order to secure reliable estimates,
detailed rules were created for the raters. The rules made reference to photos that exemplified what the raters should do
when they were confronted with iris photos that lay
between two scale steps. From 8 to 13 photos per scale were
selectively chosen for this purpose. The written decision
rules and the photos for the scales are available from the first
author on request. In all, seven photos from MZ twins,
eight photos from DZ twins, and 75 photos from the group
of unrelated individuals were used as examples in the scales
or as reference photos. These photos were included in the
twin analyses but not used in reliability testing.
Rating Procedure

At all times, the ratings were performed in a room with
subdued soft lighting. The raters sat approximately 0.50
meter from the computer screen. All photos were presented
at the same magnification (i.e., 66.7% — the diameter of
the iris spots were 120–130 mm), except for the scale that
measured nevi. The magnification for all photos was 100%
(i.e., the diameter of the iris spot was then 180–190 mm)
for ratings of nevi. The scale was presented to the left of the
screen. The photos that exemplified what the raters should
do when they were confronted with iris photos that lay
between two scale steps were accessible as bookmarks presented at the bottom of the screen. The photos to be rated
were randomly sorted into catalogs, and 100 were rated in

Figure 1
The numbered arrows point toward the iris characteristics of interest. 1 crypts in the main stroma; 2 nevi; 3 iris color; 4 a white dot ring,
and 5 a contractional furrow.
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each rating session. After each session, the reliability was
checked and discrepancies between the ratings were discussed together with the test leader. Inter-rater reliability
for the scales ranged from .91–.97.
Analysis

The raters’ judgment of which scale step each photo was
most similar to was scored as a continuous variable. All five
scales were positively skewed, and for this reason the scores
were log-transformed. A regression procedure was then
applied to the transformed scores to produce residuals controlling for sex and age, respectively (McGue & Bouchard,
1984). These residuals were thereafter used to compute
variance-covariance matrices for MZ, like-sexed DZ, and
unlike-sexed DZ pairs, using SPSS.
To use all twin groups simultaneously, estimate genetic
and environmental parameters, and test for sex specificity
and age effects, maximum-likelihood model fitting using
the structural equation modeling package Mx (Neale,
1999) was undertaken. The variance-covariance matrices
used for testing sex specificity were based on the residuals
controlling for age and the matrices for testing age effects
were based on residuals controlling for sex.
In order to (1) estimate the magnitude of genetic and
environmental effects in males and females separately and
(2) determine whether the same set of genes or shared environmental experiences influence the characteristics in males
and females, four models were tested (Neale, 1999). For
variables where non-additive genetic effects were indicated
(i.e., rDZ < 1/2 rMZ), the models included additive genetic
factors (a 2), non-additive genetic factors (d 2), and nonshared environmental factors (c 2). For the other variables
(i.e., rDZ > 1/2 rMZ), shared environmental factors (c 2), were
included, but not non-additive genetic factors (d 2).
The first model allowed different values for the three
parameters for males and females and also estimated a male
specific genetic effect (a’ m or d’m). This model allowed the
estimates of the relative importance of the three latent
factors (i.e., values of a 2, c 2 or d 2, and e 2) to differ for men
and women, as well as a male specific genetic effect indicating qualitative differences. The second model was like the
first except that the male specific parameter was fixed at 0,
testing whether or not the qualitative difference was significant. In the third model parameters a2, c 2 or d 2, and e 2 were
fixed to be equal for men and women, and a’m or d’m fixed

to 0. The fourth model was like the third except that the
shared-environmental or non-additive genetic parameter
for men and women was fixed at 0 — the most parsimonious model.
In order to test for age effects, the twin material was
divided into two age groups where the younger cohort was
between 4–24 years (nMZ = 74; nDZ = 78 pairs), and the
older was between 25–72 years of age (nMZ = 26; nDZ = 21
pairs). Three models were used to test for potential age
effects (Neale & Cardon, 1992). The first model estimated
the parameters a 2 and e 2 using the information from 4 twin
groups simultaneously (both the younger and older cohorts
of MZ and all DZ twin pairs) constraining the estimates to
be the same. The second and the third model estimated the
parameters a 2 and e 2 for the older and younger cohort,
respectively. A formal test of heterogeneity is then c 2model 1 –
(c 2model 2 + c 2model 3). Testing for age effects was only performed for those iris characteristics for which no sex-specific factors were found.
Results
Inter-rater Reliability

Two raters judged each photograph for frequency of crypts
in the iris stroma leaf, iris color, distinction of white dot
rings, and distinction of contractional furrows in the iris.
For the scale that measured frequency of nevi, the interrater reliability for the first 51% of the sample was so high
(.97) that it was evident that it would be sufficient to have
only one judge rate the rest of the sample.
The inter-rater reliabilities for scales 1 to 5 are shown in
Table 1. The Spearman-Brown inter-rater reliability, which
estimates the reliability of the average individual rater
(mean reliability), was consistently high for all five scales.
The Spearman-Brown aggregated reliabilities, which estimate the reliability of two raters simultaneously, were also
very high.
Descriptive Statistics

Table 2 summarizes means and standard deviations of the
five iris characteristics for the MZ and DZ twin pairs.
Mean differences between MZ and DZ twins were found
on the scale that measured frequency of nevi and distinction of contractional furrows. Likewise, variances differed
on the scale that measures iris color. No other mean or

Table 1
Inter-rater Reliability for Scales of Iris Characteristics

Scale/Iris Characteristics

Number of

Inter-rater

Aggregated

Raters/Observations

Reliability1

Reliability1

1. Frequency of crypts

2/576 2

.91

.95

2. Frequency of nevi

2/310 3

.96

.97

3. Iris color

2/584 2

.91

.95

4. Distinction of white dot rings

2/589 2

.83

.91

5. Distinction of contractional furrows

2/589 2

.91

.95

Note: 1 The Spearman-Brown formula.
2
All photos in the sample except those used in the scales and for definitions.
3
51% of the total sample.

194

Twin Research June 2003

STUDY I

3

Mats Larsson, Nancy L. Pedersen, and HŒkan Stattin

Genetic Effects for Characteristics of the Human Iris

Table 2
Means and Standard Deviations for Five Scales Describing Iris Characteristics in MZ and DZ Twins

MZ (n = 100 pairs)
Scale / Iris characteristics

DZ (n = 99 pairs)

SD

Mean

Mean

SD

1. Frequency of crypts1

2.14

0.90

2.21

0.88

2. Frequency of nevi1, 3

2.03

1.04

1.76

0.99

3. Iris color2, 4

2.32

0.90

2.17

0.79

4. Distinction of white dot rings1

1.40

0.67

1.45

0.77

5. Distinction of contractional furrows1,3

2.25

1.18

1.85

1.12

Note: 1 Five scale-steps.
2
Four scale-steps.
3
Significant mean differences between MZ and DZ twins (p < .05).
4
Significant variance differences between MZ and DZ twins (p < .05).

Table 3
Intra-class Correlation for Five Scales Describing Iris Characteristics in MZ and DZ Twins
MZ M
n = 46
.69**

DZ M

MZ F

DZ F

DZ OS

n = 27
.04 ns

n = 54

n = 33

n = 39

.64**

.24 ns

2. Frequency of nevi

.60**

.29*

.57**

.51**

.05 ns

3. Iris color

.87**

.26 ns

.86**

.43**

.69**

Scale / Iris characteristics
Number of pairs
1. Frequency of crypts

.59**

4. Distinction of white dot rings

.75**

.07 ns

.75**

.22 ns

.26*

5. Distinction of contractional furrows

.74**

.32*

.83**

.28 ns

.25 ns

Note: **p < .01; *p < .05.

variance differences were found between first and second
born twins, or between MZ and DZ twins.
The intra-class correlations for MZ twins were generally
larger than those for same-sex DZ twins, indicating that
genetic factors are of importance (see Table 4). For nevi and
iris color, the intra-class correlations for MZ twins were less
than twice as large as for DZ same-sex twins, suggesting an
influence by shared environmental factors. For the remaining three characteristics, non-additive genetic variance was
indicated. When comparing the patterns of intra-class correlations between the opposite-sex and like-sexed DZ twin
pairs, only frequency of nevi had a markedly lower opposite-sex correlation, suggesting that sex-specific factors may
play a role for this iris characteristic.
Significant differences in intra-class correlations
between the young (4–24 years old) and the old cohort
(25–72 years old) were evident for crypts in the iris stroma
(rDZYOUNG = .44; rDZOLD = .07), distinction of white dot rings
(rMZYOUNG = .72; rMZOLD = .90), and iris color (rMZYOUNG = .83;
rMZOLD = .93). No other significant differences between the
intra-class correlations for the young and the old cohort
were found.
As expected, the intra-class correlations for the agematched randomly paired unrelated dyads (both the same
and opposite sex dyads) were close to zero and non-significant for all five iris characteristics. These dyads were not
included in the model fitting procedure.
Sex Differences and Age Effects

The parameter estimates from the four models are reported
in Table 4 and the parameter estimates and 95% confidence

intervals for the best fitting model are given in Table 5.
The relative importance of genetic effects was the same in
males and females for all iris characteristics, although the
male specific parameter was significant for frequency of
nevi. Nevertheless, the most parsimonious model for frequency of nevi suggested that there were no qualitative
genetic differences between males and females and that the
parameter estimates were the same.
Model 4, where the additive genetic, and non-shared
environmental factors were constrained to be the same for
both sexes, and the shared-environmental factor or the
non-additive genetic factor were fixed at 0 for both sexes
provided the most parsimonious explanation of the data for
all five iris characteristics but eye color and distinction of
white dot rings. The shared environmental parameters for
males and females for eye color in Model 3 could not be
constrained to be 0 without a worsening in fit (change in
c 21 between Models 3 and 4 = 4.63, p < .05). The shared
environmental parameters were significant primarily due to
the relatively high female DZ and the opposite sexed DZ
correlations. Likewise, the non-additive parameter for distinction of white dot rings in Model 3 could not be constrained to be 0 without a worsening in fit (change in c 21
between Models 3 and 4 = 5.93, p < .05). Distinction of
white dot rings was the only variable where a model with
non-additive genetic and non-shared environmental effects
obtained the best fit.
Distinction of white dot rings was the only iris characteristics where age effects were evident. The older cohort
had a significantly larger heritability (90%) than the
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Table 4
Parameter Estimates and Goodness of Fit Statistics for the Five Iris Characteristics of Interest
Males

Females

a2

c2 or d 2

Fit Statistics

Model

a2

c2 or d 2

e2

e2

a’m2 or d’m2

c2

Crypts
1
2
3EQ
4EQ

df

p

.62
.62
.66
.66

.051
.051
.021
—

.33
.33
.32
.34

.64
.64
.66
.66

.011
.011
.021
—

.35
.35
.32
.34

.002
—
—
—

–2.97
–4.97
–10.61
–12.61

13.03
13.03
13.39
13.39

8
9
12
13

.11
.16
.34
.41

Nevi
1
2
3EQ
4EQ

.00
.49
.58
.58

.07
.10
.00
—

.43
.41
.42
.42

.52
.00
.58
.58

.08
.41
.00
—

.40
.59
.42
.42

.50
—
—
—

–9.41
–3.03
–13.74
–15.74

6.59
14.97
10.26
10.26

8
9
11
12

.58
.09
.59
.67

Color
1
2
3EQ
4EQ

.84
.84
.51
.85

.00
.00
.34
—

.16
.16
.15
.15

.52
.52
.51
.85

.34
.34
.34
—

.14
.14
.15
.15

.00
—
—
—

–2.67
–4.15
–6.00
–3.37

13.33
13.33
18.00
22.63

8
9
12
13

.10
.15
.12
.05

White dot rings
1
2
3EQ
4EQ

.02
.02
.00
.77

.761
.761
.781
—

.22
.22
.22
.23

.19
.19
.00
.77

.591
.591
.781
—

.22
.22
.22
.23

.002
—
—
—

–6.98
–8.98
–14.62
–10.69

9.03
9.03
9.38
15.31

8
9
12
13

.34
.44
.67
.29

Cont. furrows
1
2
3EQ
4EQ

.30
.34
.81
.78

.121
.411
.001
—

.25
.25
.19
.22

.43
.81
.81
.78

.381
.001
.001
—

.19
.19
.19
.22

.332
—
—
—

–11.89
–13.33
–18.32
–18.84

4.11
4.67
5.68
7.16

8
9
12
13

.85
.86
.93
.89

AIC

Note: Best fitting model when comparing the models is in bold.
1
Modeled as d 2.
2
Modeled as d’m2.
Model 1: all parameters freely estimated.
Model 2: a’m2 or d’m2 fixed at 0 all other parameters freely estimated.
Model 3EQ: the same parameter values (a 2, c2 or d 2, e2) were required for male and females, a’m2 or d’m2 fixed at 0.
Model 4EQ: c2 or d 2 fixed at 0 for both males and females, the same parameter values (a2, e2) were required for male and females, a’m2 or d’m2 fixed at 0.

younger (73%) (see Table 5). The change in fit between
model 1 (constraining the parameter estimates to be the
same for the older and the younger cohorts) and the sum of
the chi-squares for models 2 and 3 (separate parameter estimates for the younger and older cohort), was significant,
change in c 22 = 7.30, p < .05.
Discussion
The heritabilities of five characteristics of the human iris
were substantial and ranged from .51 to .90. Heritability for
distinction of white dot rings was greater for an older
(25–72 years) than a younger (4–24 years) cohort. The set
of genes that influenced the iris traits as well as their relative
importance was the same in males and females for all traits.
Candidate genes responsible for variation in iris texture
may be different alleles of Pax6, and its downstream
target gen es, COX-1 , C OX-2, NF1, VEGF, Ezrin,
IR 185/OPTC, FOXC1, TIGR/GCL1A/ Myocilin, UBL5,
RIEG1, BARX1, CB1, TRP-1, TRP-2, OCA1, OCA2,
EYCL1, EYCL2, EYCL3, TYRP1 the P gene, and QNR-71
(Aksan & Goding, 1998; Anderson et al., 2002; Boissy
& Nordlund, 1997; Chang et al., 1999; Damm et al., 2001;
Friedman et al., 2001; Friedman et al., 2000; Gould & Walter
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2000; Huang & Wenhu, 2000; Jaworksi et al., 1997; Kim et
al., 1999; Kivelä et al., 2000; Kulak et al., 1998; Lowings et
al., 1992; Lu et al., 1998; Orlow & Brilliant, 1999; Oetting
& King, 1999; Procella et al., 2000; Ragge et al., 1993;
Rebbeck et al., 2002; Shen et al., 1996; Simpson & Price,
2002; Wang et al., 2001; Zehavi et al., 1986) and other
genes that expressed in the iris (Wistow et al., 2002; Wistow,
2002). Mutations in the Pax6 gene lead to aniridia, a malformation of the eye, chiefly characterized by iris hypoplasia,
and disturbances in the development of the lens, cornea and
retina (Glaser, 1992; Gronskov, 2001). This gene is also recognized as one of the most important control genes for the
CNS and its expression pattern in the iris and throughout
the CNS has been reported elsewhere (Chalepakis et al.,
1993; Jaworksi, et al., 1997; Mansouri et al., 1994;
Simpson & Price, 2002; Stoykova & Gruss, 1994; Walther
& Gruss, 1991; Warren et al, 1999; Van Heyningen &
Williamson, 2002). Most noteworthy is Pax6 expression in
the amygdala and involvement in the production of
dopamin and noradrenaline neurons (Jaworski & Wistow,
1997; Stoykova & Gruss 1994). Family members with a
mutation in Pax6 show high rates of unusual behavior
including disinhibition, impulsive behavior, impaired social
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Table 5
Variance Component Estimates from Best-fitting ACE, ADE and AE Models with 95% Lower and Upper Confidence Intervals
Scale/Iris characteristics

Additive genetic
variance a 2 (95% CI)

Non-additive genetic
variance d 2 (95% CI)

None-shared environmental
variance e 2 (95% CI)

1. Frequency of crypts1

66% (55–75%)

—

33% (25–50%)

2. Frequency of nevi1

58% (45–68%)

—

42% (32–55%)

3. Iris color1

51% (29–81%)

34% (3–55%)2

15% (11–21%)

4. Distinction of white dot rings1

0% (0–75%)

78% (15–84%)

22% (16–31%)

Young cohort (4–24 years old)

73% (61–82%)

—

27% (19–39%)

Old cohort (25–72 years old)

90% (80–94%)

—

10% (5–20%)

5. Distinction of contractional furrows1

78% (70–84%)

—

22% (16–30%)

Note: 1 No quantitative or qualitative sex difference in the estimates
2
d 2 was modeled as c 2

understanding and impaired verbal inhibition (Heyman
et al., 1999). Thus, different alleles of Pax6 may be responsible for a potential genetic correlation between iris patterns
and personality.
The heritability estimates for eye color in the present
study and the Louisville twin study (Bito, 1997) differed
somewhat from each other. The heritability for iris color
in the Louisville study was 98% for both males and
females. This high heritability is in line with recent linkage
findings that suggest that much of the genetic variance for
eye color is explained by the OCA2 genes and the P gene
(Duffy et al., 2003; Rebbeck et al., 2002). In our study the
heritability was 85% for both males and females when the
shared environmental parameter was fixed to 0. However,
the shared environmental parameter is significant, primarily
due to relatively high female DZ and opposite sexed DZ
correlations. One potential explanation for this unlikely
finding could be assortative mating for eye color, which
would lead to elevated DZ correlations. However, Hasstedt
(1995) found little evidence for assortative mating for eye
color nor were spouses similar for eye color in another
sample (N. G. Martin, personal communication, March 21,
2003). Furthermore, an artifact in the model can occur in
small samples for traits caused by a major single locus with a
large non-additive genetic effect, which is plausible for eye
color as demonstrated by Bito (1997), Rebbeck (2002), and
Duffy (2003). When the pattern of intra-class correlations
between MZ and DZ twins determines the type of model
that is used (i.e., for variables were rDZ > 1/2 rMZ , d 2 was always
modeled as c 2), rather than more refined knowledge about
the nature of the genetic effects, d 2 sometimes can come out
as c 2. The risk that the intra-class correlations do not reflect
the true nature of the genetic effects in large samples is
usually very small, but as can be seen in our sample for eye
color, this is apparently not completely negligible. The
results from the larger Lousiville twin study in conjunction
with the linkage findings lead us to believe that shared environmental effect is due to a sampling effect.
Another difference between the two studies was that the
Louisville twin study found age differences for eye color,
but we did not. Ten to 15% of the white subjects in
the Louisville sample had changes in eye color throughout
adolescence and adulthood. The heritability estimates were

greater in the older cohorts, (Bito et al., 1997). In our
study, the MZ intra-class correlations were slightly larger in
the older cohort (rMZYOUNG = .83 versus rMZOLD = .93), but the
parameter estimates did not differ significantly. This probably reflects our relatively small sample size as well as the
broad age range. Furthermore, the Louisville study was longitudinal, and could evaluate true age effects rather than
cohort differences.
The only iris characteristic where significant age differences in heritability and non-additive genetic effects rather
than additive genetic effects could be observed was distinction of white dot rings (see Table 5). The patterns for the
DZ correlation for the young and old cohort followed the
pattern that was observed for eye color in the Louisville
Twin Study, with smaller DZ correlations in the older
cohort (r DZYOUNG = .29 versus rDZOLD = .09). One possible
explanation for why we found age differences for white dot
rings but not for iris color may be that the scale for distinctiveness of white dot rings records much smaller changes in
quantities of pigmentation than the iris color scale. Even
small changes in pigmentation that cover white dots
(making the white dots darker and more distinct) are
detectable by the scale measuring the distinctiveness of
white dot rings. On the other hand, small pigment quantity changes in iris color may stay undetectable, since much
lager quantities of pigment are needed in order to influence
the rating for this iris characteristic. Thus, even very small
changes in pigmentation that occur over time may decrease
the similarity for white dots rings within the DZ twin
pairs, and result in a greater heritability for white dot rings
in the older cohort.
Our capability to observe sex and age differences in heritability was limited by the relatively small sample size.
Nevertheless, is it striking that so few age and sex differences in parameter estimates for the iris characteristics were
found. It may be that most iris characteristics generally
reach their genetically influenced appearance before adulthood, and then do not change much over time. Further
investigations assessing iris characteristics other than eye
color in large longitudinal twin samples with more power
than the present study need to be performed in order to
confirm this assumption.
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The present study analyzed the same material as
Burkhardt (1992). However, the results presented in the
earlier German study did not allow for estimation of the relative importance of genetic effects. Furthermore, the rater
was not blind to zygosity. Therefore, we chose to repeat the
rating process, with raters blind to zygosity and using standardized scales that covered the whole range of variability
for each iris characteristic in the sample. Another advantage
was that two independent judges rated each photograph,
which made it possible to test inter-rater reliability. Interrater reliability was substantial, greater than .90 for each of
the five scales. The most important factor contributing to
the high inter-rater reliability was probably the use of the
rating catalog and references photos which exemplified in
great detail what the raters should do when they were confronted with photos that fell between two scale steps. The
second most important factor was probably feedback given
to the raters concerning their inter-rater reliability score
after each rating session. Furthermore, all pictures that not
all raters judged the same way were discussed with the test
leader. This led to a higher score in the next rating session.
Despite these methodological differences, there were striking
similarities in the results of Burkhardt (1992) and the
present study. The iris characteristics that were estimated to
have highest heritability in the present study were also considered to be highly heritable by Burkhardt (i.e., eye color,
crypts in the main stroma leaf, distinction of white dots and
distinction of contractional furrows).
The random influences on how the iris texture grows
and develops over time were combined with measurement
error in the non-shared environmental parameter (e 2),
which ranged from .10–.42. The frequency of nevi and
crypts in the iris were most influenced by random factors
(Table 5). For most of the characteristics, we believe that
measurement error is the most important source of e 2. In
the case of nevi, however — which has the largest e 2 —
developmental changes which can reflect disease later in life
(Habour et al., 1995), may be another source of e2.
Methodological Implications for Behavioral Research

The main purpose of the present study was to estimate the
heritability of the iris features that had shown the strongest
relationship with personality (Bruno, 1990; Larsson, 1998).
An additional purpose was to develop a method for
training raters to secure the reliability of the iris tissue
texture estimate. Given the high inter-rater reliabilities
and heritabilities for the iris characteristics reported here,
we suggest that it may be fruitful to perform additional
studies that replicate the associations found by Larsson
(1998) and Bruno (1990), but that include both personality and iris data collected from twins in order to evaluate
whether the associations reflect genetic correlations among
the traits. Due to the ethnic stratification of eye color and
personality (and putatively also of other iris characteristics), will it be necessary to conduct within-family tests of
a potential association.
If the genes that are expressed in the iris tissue explain
substantial amounts of the genetic variation in iris characteristics, and if there is a substantial genetic correlation
between personality and iris characteristics, then the iris
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characteristics may be considered as biomarkers of personality. Such findings may give the old expression “it was all
in the eyes” a new meaning in the future.
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Genetic correlations among texture characteristics in the human
iris
Mats Larsson,1 Nancy L. Pedersen2

Purpose: To estimate the magnitude of genetic correlations among five general textural characteristics of the human iris.
Methods: Color photographs of iris were available from 100 monozygotic and 99 dizygotic twin pairs. Comparative
scales were constructed based on ratings of the subjects’ left iris. To explore the genetic and environmental covariation
among frequency of Fuchs’ crypts, frequency of pigment dots, iris color, the extension, and distinction of Wolfflin nodules, and contraction furrows, a structural equation model with Cholesky decomposition was applied to variance-covariance matrices for monozygotic (MZ) and dizygotic (DZ) pairs.
Results: Significant genetic correlations fell between -0.22 and 0.44 and accounted almost entirely for the phenotypic
correlations among the iris characteristics. No evidence for individual specific environmental effects in common to the
characteristics was found.
Conclusions: The modest genetic correlations indicate that there is little overlap in the genetic influence for these characteristics. Candidate genes with embryological and histological expression patterns in the eye could potentially influence
the iris characteristics’ variability.

stance, the Pax6 gene may influence both the crypt frequency
on the iris surface, and the extension and distinction of contraction furrows. Pax6 is expressed both early [21] and late
[4] in iris development. Family members with aniridia, which
originates from Pax6 deficiencies [20], have been observed
with a broad spectrum of iris abnormalities, including abnormal crypt and contraction furrow structure [22]. One could
therefore imagine that different alleles of Pax6 could impact
several aspects of the iris tissue in normally developed eyes.
However, the extent to which there is overlap of genetic effects (i.e., a genetic correlation) among different iris characteristics is not known.
The purpose of this study is to estimate the genetic correlations among five general textural quality characteristics in
the human iris. The genetic contributions to the observed phenotypic correlation among frequency of Fuchs’ crypts in the
main stroma leaf, frequency of pigment dots, iris color, the
extension, and distinction of Wolfflin nodules as well as contraction furrows were examined in a sample of monozygotic
(MZ) and dizygotic (DZ) twins.

Despite hundreds of molecular studies investigating genes
that influence the health and function of the human iris, there
are only few studies available that have evaluated the relative
importance of genes for variation in iris textural qualities in
normally developed eyes. In the few studies reported, the relative importance of genetic influences (heritability) on iris characteristics is substantial. The heritability for eye color in the
Louisville Twin Study was 98% [1], whereas the heritability
for Fuchs’ crypts in the main stroma leaf, pigment dots,
Wolfflin nodules, and contraction furrows in a German twin
sample were, 66, 58, 78, and 78 percent, respectively [2]. There
were no sex differences in heritability in these studies. The
only iris characteristics for which heritability differs as a function of age are eye color and Wolfflin nodules, for which greater
estimates were observed in the older cohorts. These findings
suggest that iris characteristics in populations with normal eye
development are moderately to highly heritable and generally
show no sex specific genetic influences.
Potential candidate genes responsible for variation in iris
texture characteristics are different alleles of Pax6 and its
downstream target genes [3], COX-1, COX-2, VEGF, Ezrin,
IR 185/OPTC, FKHL7/FOXC1, FOXC2, TIGR/GCL1A/
Myocilin, RIEG1/PITX2, Lmx1b, Hox-7.1, Hox-8.1, the P gene
[4-17] as well as other genes that are expressed in the human
iris [18,19]. Many of these genes influence more than one eye
phenotype [20], which suggests that there may be pleiotropic
effects on different textural characteristics in the iris. For inCorrespondence to: Mats Larsson, Center for Developmental Research, Department of Behavioral, Social, and Legal Sciences (BSR),
Örebro University, 701 82, Örebro, Sweden; Phone: (+46) 19 303415;
FAX: (+46) 19 303484; email: mats.larsson@bsr.oru.se
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METHODS
Sample: Data for this study came from a German sample of
100 monozygotic twin pairs reared together (54 male-male,
46 female-female), and 99 dizygotic pairs reared together (27
male-male, 33 female-female, 39 male-female) [23]. The mean
age was 20.1 (5-70 years, SD=12.4), and 20.5 (4-72 years,
SD=12.3), respectively. All were volunteers with good ocular
health who were recruited through advertising in the town
Braunschweig close to Hanover, Germany. The human subjects committee at Braunschweig University reviewed the research protocol. Black and white photographs were taken of
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the face (front and profile), mouth, eye area, nose, and ears,
and close-up color photographs were taken of the subjects’
iris.
Zygosity was determined by comparing intra-pair similarity for 10 physical characteristics of the head, including eye
color, hair type, and shape of the ears. The attributes were
selected on the basis of the diagnostic rules developed by
Nichols and Bilbro, 1966 [24], which have been shown to predict zygosity as determined by red blood cell polymorphism
analysis with at least 94% accuracy [25]. Two of the twin pairs
who claimed to be monozygotic had too large intra-pair differences to be accepted by the algorithm and were excluded
from the sample.
Material:
A stereomicroscope (ZEISSUniversalspaltlampe 30 SL/M, Oberkochen, Germany) with
an attached camera (Pentax 1000, Tokyo, Japan) with a 125

mm lens was used to obtain color photographs of the subjects’
iris. The exposure time was <1/1000 s and set automatically
by the flash exposure control. The shutter speed on the camera was set to 1/60 and the aperture was set to 32. To assist
focus adjustment and to standardize the extent the iris was
dilated, a lamp with the same voltage was shone into the subjects’ iris during the time it took to adjust the focus of the lens
and take the photos. All rolls of film used for the twins had the
same charge number. Close-up color photos (where the diameter of the iris on the slide was about 22 mm) were taken of
both irises from all subjects. The photo slides of the subjects’
irises were placed on 12 CD-ROM discs. The quality of the
transformation from slide positives to the images on the CDROM was chosen through Kodak’s Photo-CD (5 levels, 3072
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Figure 1. Frequency of Crypts. Photos 1-5 created a 5-point scale,
which were used to measure the frequency of Fuchs’ crypts. Photo 1
in the scale contains no Fuchs’ crypts. The fibers lay parallel to each
other and form a dense uniform tissue texture. Photo 2 was dense but
compared to photo 1 was slightly more open in tissue texture. In
photo 3, a minimum of 4 Fuchs’ crypts in the main stroma leaf are
clearly visible. In photo 4, the tissue texture was more permeable
and the Fuchs’ crypts are larger. In photo 5, Fuchs’ crypts of different
sizes cover nearly the entire iris spot.
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Figure 2. Frequency of Pigment Dots. A 5-point scale were used to
measure the frequency of pigment dots. The numbered arrows that
point towards different pigment dots illustrate the judgement categories of melanin accumulation. For example, melanin accumulations
most similar to the pigment dots that have an arrow pointing towards
it with the attached number 1, should be judged as category 1. Pigment dots with the attached number 2, should be judged as category
2 etc. Based on standardized rules of how many pigment dot classified for each category, the most appropriate scale step for each subject were determined. Raters judged all melanin accumulations visible on the iris photo.
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1

3

leles within (dominance) and across (epistasis) different loci.
Environmental influences may also be important for individual
differences and are typically subdivided into nonshared, and
shared components. Nonshared environmental influences are
unique to each individual and therefore contribute only to differences within twin pairs, regardless of their genetic similarity. Errors of measurement, which contribute to twin differences, are included in the nonshared environmental component. Shared environmental components, such as family environments, make members of a twin pair similar regardless of
their genetic similarity. If genetic influences are important for
a trait, MZ correlations should be approximately twice the
magnitude of DZ correlations. Analogous comparisons can
be made to evaluate sources of covariation among the traits.
We distinguish between the “twin correlation”, which is the
within pair correlation for a single scale (e.g., correlation of
Twin 1’s crypt score with Twin 2’s crypt score), and the cross-

1

2

3

4

5

2

4

Figure 3. Iris color. Photos 1-4 created a 4-point scale, which was
used to measure iris color. The color of the iris in photos 1, 2, 3 and
4 are gray, blue, hazel, and brown, respectively.
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Figure 4. Wolfflin Nodules. Photo 1 in the scale has no Wolfflin
nodules at the periphery of the iris. In photo 2, a ring of clumped
nodules extends from 3 to 10 o’clock. In photo 3, the white nodules
are more visible and distinct from each other. In photo 4, the nodules
lager, are lighter and are closer together. In photo 5, the Wolfflin
nodules have formed a uniform white ring that is much thicker and
distinct than in the previous scale steps. A corresponding scale, showing what the Wolfflin nodules look like when partly covered by pigment was used to assist the raters judgments.

STUDY II

x 2048 pixels; Kodak, Rochester, New York, USA). The photos were viewed on a high contrast color computer screen
(Model: FlexScan F55; Eizo, Ishikawa, Japan) with 1024 x
768/85 Hz resolution (0.28 mm Dot Pitch CRT; fH:27-70 kHz/
fV: 50-120 Hz) using the software program PhotoShop 4.0.
Iris photographs and other characteristics of the sample were
purchased from Dr. Angelica Burkhardt, Institute for Human
Biology, Technical University Carolo-Wilhelmina in
Brunswick, Germany.
The first author constructed five continuous scales, one
for each iris characteristic of interest. The pictures used for
the scales may be seen in Figure 1 for the frequency of crypts,
Figure 2 for the frequency of pigment dots, Figure 3 for iris
color, Figure 4 for the frequency of Wolfflin nodules, and Figure 5 for contraction furrows. Two independent raters, blind
to zygosity, graded the photos of the subject’s iris characteristics using the reference photos. The raters’ judgments were
scored as continuous variables. Scale construction, the rating
procedure, and results of the reliability test of the procedures
are reported in detail in Larsson et al. [2].
Quantitative genetic models: Monozygotic twins share
in principle all of their genes, while dizygotic twins share, on
average, half of their segregating genes. By comparing how
similar monozygotic and dizygotic twin pairs are on the iris
characteristics of interest, one can assess to what extent genetic and environmental factors contribute to within pair covariances. Quantitative genetic methods subdivide genetic influences into additive and nonadditive components [26]. The
distinction refers to the way in which alleles co-act to influence expression of the phenotype: The additive component
reflects the summed effects of alleles within and across loci,
and the nonadditive component reflects the interaction of al-
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ance for only one twin and excludes shared environmental
influences. Each of the five measures of iris characteristics
loaded on latent additive genetic (A1 through A5) and environmental factors (E1 through E5). All five scales load on the first
genetic and environmental factors. The second latent factor is
orthogonal to the first factor and has loadings on the subsequent four scales. The third and fourth latent factors operate
in the same manner, reflecting influences independent of the
prior factors. The fifth latent factor is unique to the contraction furrow scale. Using this model, the genetic and environmental etiology of the relationships among iris characteristics
can be assessed (i.e., the extent to which the correlations among
the measures are due to genetic and environmental influences).
In addition, estimates genetic and environmental correlations
among the measures can be computed.
The genetic correlation (rA), which can range from -1.00
to 1.00, is an estimate of the extent to which the same genes
influence two variables, reflecting the degree of pleiotropy.
Estimates of genetic and environmental correlations among
the iris characteristics are obtained from the standardized path
coefficients. For example, the product of the paths a11 and a12
estimates the phenotypically standardized genetic covariance:

twin correlation, which is the correlation within a twin pair
across two scales (e.g., correlation of Twin 1’s crypt score
with Twin 2’s pigment dots score). Thus, if genetic influences
are important for the covariation between two traits, the MZ
cross correlation should be twice as large as the DZ cross correlation.
Recent univariate analyses based on this sample [2] demonstrated that genetic influences for all iris characteristics except Wolfflin nodules were additive and therefore we chose to
test models with additive genetic effects (h2). The quantitative
genetic expectations for the covariances among the multiple
measures (assuming additivity of genetic effects) are 1.0 and
0.5 for monozygotic and dizygotic twin pairs, respectively [26].
Associations among the iris characteristics were evaluated using a Cholesky decomposition model, as depicted in
Figure 6. For simplicity, the diagram shows sources of vari-

1

2

3

where h is the square root of the heritability of the indicated
measure and rA is the genetic correlation between the two
measures. The phenotypically standardized genotypic covariance represents the genetic component of the phenotypic correlation (rP). Similarly, e11e12 represents the environmental
component, so:
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Figure 5. Contraction Furrows. This scale measured the extension
and distinction of contraction furrows in the main stroma leaf of the
iris. Photo 1 in the scale had no contraction furrows. In photo 2, a
contraction furrow extends halfway from the periphery of the iris
from 1 to 8 o clock. In photo 3, the contraction furrows are more
distinct and extend around the whole iris. In photo 4, the contraction
furrows are more distinct. In photo 5, a minimum of two full circles
of contraction furrows present. A corresponding scale showing what
the contraction furrows look like in brown colored iris were also
used to assist the rater judgments.

The genetic correlation is calculated by dividing the phenotypically standardized genetic covariance with the product of
the square roots of the two heritabilities:
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The environmental correlation is computed in an analogous
fashion.
A full model and three nested models were tested [26].
The first model estimated additive genetic, shared environmental, and nonshared environmental parameters freely. The
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for gender, age and gender by age using the regression procedure described by McGue and Bouchard [27]. All five scales
were positively skewed, and for this reason the scores were
log transformed. Model fitting analyses using Mx [28] were
based on observed variance and covariance matrices computed
separately for MZ and DZ twin pairs using SPSS [29]. Choice
of the best fitting model was based on the Akaike information
criterion (AIC) [30], which equals the r2 statistic minus twice
the degrees of freedom (df):

This reflects both the goodness of fit and parsimony of
the model. The model with the most negative value for the
AIC was considered the best model.

Figure 6. The factor structure underlying the five iris characteristics. This illustrates the genetic and environmental factor structures for the
five iris characteristics Fuchs’ crypt frequency (Crypts), pigment dot frequency (P. Dots), iris color (Color), extension and distinction of
Wolfflin nodules (Wolfflin), and Contraction furrows (Furrows) for one twin only. Each of the five measures of iris characteristics loaded on
additive genetic (A1 through A5) and environmental latent factors (E1 through E5).
825
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second was like the first except that the potential contribution
from all parameters representing shared environmental effects
were fixed at 0, testing whether shared environmental effects
were significant. The third model was like the second except
that the 10 additive genetic parameters representing genetic
covariation (a12, a13, a14, a15, a23, a24, a25, a34, a35, and a45) were
also fixed at 0, testing whether the genetic influences on the
iris characteristics were independent of each other. In other
words if this model fit well, there is no genetic covariation
and genetic influences do not contribute to the phenotypic
correlation. The fourth model was like the second except that
the 10 nonshared environmental parameters (e12, e13, e14, e15,
e23, e24, e25, e34, e35, and e45) were fixed at 0, testing whether the
environmental influences on the iris characteristics were independent of each other.
In order to remove variance caused by the effects of gender and age in the twin analyses, scores for all twins with complete data on the five iris characteristics (n=398) were adjusted
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RESULTS
Descriptive statistics: Table 1 shows the means and standard
deviations for the five iris characteristics of interest in MZ
and DZ twins. Levene’s Test for Equality of Variances and ttests were carried out to examine mean and variance differences between the two groups. Two of the five scales showed
no significant mean or variance differences between the groups,
satisfying a basic assumption of the twin method. Variance
differences can affect the fit of the models. However, the full
model received an acceptable fit (Table 2), indicating that the
magnitude of the variance differences was too small to obscure the fit to any great extent.
Age was significantly associated with increasing number
of pigment dots (r=0.31, p<0.05), Fuchs’ crypts (r=0.14,
p<0.05), as well as lighter iris color (r=-0.14, p<0.05), and
less distinct contraction furrows (r=-0.12, p<0.05). Males had
a greater number of Fuchs’ crypts than females (t(396)=-2.17,
p<0.05).
Phenotypic correlations: The phenotypic correlations
among the iris characteristics are presented in Table 3. Six out
of ten phenotypic correlations were significant. Darker iris
color, lower frequency of Fuchs’ crypts, and increasing frequency of pigment dots were associated with more extended
and distinct contraction furrows. Increasing number of pig-

ment dots was also associated with darker iris color. Increasing number of Fuchs’ crypts and lighter iris color were associated with more extended and distinct Wolfflin nodules. All
other correlations were non significant and lower than 0.10.
The twin correlations and cross correlations for the five
iris characteristics, separately for MZ and DZ twin pairs, are
reported in Table 4.
The MZ twin correlations were higher than the DZ twin
correlations, providing support for substantial genetic influences as reported previously [2]. The MZ cross correlations
were in most cases greater than the corresponding DZ cross
correlations, at least for the pairs of measures for which the
phenotypic correlation was significant. This pattern of twin
cross correlations suggests that the covariance among the five
iris characteristics is determined largely by genetic influences
shared by the measures.
Model fitting analysis: Table 2 summarizes goodness of
fit statistics for the full Cholesky Model and the three
submodels. Two main findings emerged from these analyses.
First, shared environmental effects were absent and could be
constrained to 0 without a deterioration of the fit to the data
(6r2=6.94, df=15, p=0.96). In fact Model 2 (excluding shared
environmental factors) yielded a better fit than Model 1 (AIC=77.18 versus -54.12). Second, the additive genetic factors were
important for covariation among the five iris characteristics,

TABLE 1. MEANS AND STANDARD DEVIATIONS FOR FIVE SCALES

DESCRIBING IRIS CHARACTERISTICS IN MONOZYGOTIC AND DIZYGOTIC

TABLE 3. PHENOTYPIC CORRELATIONS AMONG THE MEASURES OF THE

TWINS.

Scales
-------Crypts
P. dots*
Color**
Wolfflin
Furrows*

Monozygotic
(100 pairs)
----------Mean
SD
------2.14
0.90
2.03
1.04
2.32
0.90
1.40
0.67
2.25
1.18

FIVE IRIS CHARACTERISTICS

Dizygotic
(99 pairs)
---------Mean
SD
---- ---2.20 0.88
1.76 0.98
2.16 0.78
1.45 0.77
1.85 1.11

Scales
-------Crypts
P. dots
Color
Wolfflin
Furrows

df
-65
80
90
90

p
---0.18
0.39
0.00
0.40

Color
------

Wolfflin
--------

0.13*
0.02
0.13*

-0.19*
0.39*

-0.06

Furrows
-------

-

TABLE 4. TWIN CORRELATIONS AND TWIN CROSS CORRELATIONS FOR
THE FIVE IRIS CHARACTERISTICS BY ZYGOSITY

TABLE 2. GOODNESS OF FIT STATISTICS FOR THE FULL CHOLESKY
MODEL AND THREE NESTED SUBMODELS
chi-sq
-----75.88
82.82
197.51
92.77

P. Dots
-------

The asterisk represents a p<0.05 (by a two tailed test).

Asterisk indicates the significant mean differences between monozygotic and dizygotic twins (p<0.05). Double asterisks indicates the
significant variance differences between monozygotic and dizygotic
twins (p<0.05).

Models
------------------------------Full model
No shared environmental effects
No genetic correlations
No environmental correlations

Crypts
-----0.00
0.03
0.22*
-0.29*

AIC
------54.12
-77.18
17.51
-87.23

Goodness of fit statistics for the full Cholesky model and three nested
submodels in which all parameters in common to the iris characteristics (e.g. a12, a13, a14, a15, a23, a24, a25, a34, a35, a45) are fixed at zero. The
table lists the r2 statistic (chi-sq), the degrees of freedom (df), the
estimated significance level (p; if p<0.05 then the model does not
fit), and the Akaike information criterion (AIC). The model with the
most negative value for the AIC was considered the best model.
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Scales
-------Crypts
P. dots
Color
Wolfflin
Furrows

Monozygotic twins (100 pairs)
---------------------------------------------Crypts
P. Dots
Color
Wolfflin
Furrows
-----------------------------0.66*
-0.05
0.58*
0.06
0.20*
0.87*
0.22*
-0.05
-0.18
0.75*
-0.23*
0.24*
0.37*
0.03
0.79*

Scales
-------Crypts
P. dots
Color
Wolfflin
Furrows

Dizygotic twins (99 pairs)
---------------------------------------------Crypts
P. Dots
Color
Wolfflin
Furrows
-----------------------------0.34*
-0.12
0.27*
0.06
0.25*
0.53*
-0.10
-0.10
-0.06
-0.20*
-0.16
0.10
0.38*
-0.17
-0.28*

Within pair correlations are shown on the diagonal, and the crosstwin correlations are shown off-diagonal. The asterisk represents a
p<0.05 (by a two tailed test).
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DISCUSSION
The purpose of the present study was to estimate the genetic
correlations among five iris characteristics: frequency of Fuchs’
crypts; frequency of pigment dots; iris color; extension and
distinction of Wolfflin nodules; and contraction furrows. Genetic correlations ranged between -0.22 and 0.44. No evidence
for significant environmental covariation was found. Structural equation models demonstrated that the phenotypic correlations among the iris characteristics were due to genetic
covariation.
TABLE 5. MAXIMUM LIKELIHOOD PARAMETER ESTIMATES FROM
MODEL 2, EXCLUDING SHARED ENVIRONMENTAL INFLUENCES

Scales
-------Crypts
P. Dots
Color
Wolfflin
Furrows

Genetic
---------------------------------------------Crypts
P. Dots
Color
Wolfflin
Furrows
-----------------------------0.66*
-0.06
0.56*
0.06
0.24*
0.84*
0.37*
0.00
-0.22*
0.76*
-0.41*
0.24*
0.44*
-0.05
0.77*

Scales
--------

Environmental
---------------------------------------------Crypts
P. Dots
Color
Wolfflin
Furrows
------------------------------

Crypts
P. Dots
Color
Wolfflin
Furrows

0.34*
0.08
-0.04
-0.13
0.01

0.44*
-0.13
0.07
-0.09

0.16*
-0.05
0.17

0.24*
-0.12

0.23*

Diagonal elements are the heritabilities and environmentalities, elements below are the genetic and environmental correlations. The asterisk represents a p<0.05 (by a two tailed test).
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The significant genetic correlations were relatively few
and low in magnitude, which may not be surprising considering morphological differences during development. One such
difference is the timing of formation. For instance, Fuchs’
crypts are patch like atrophies of the anterior border layer.
The principal distribution and depth of these atrophies are
present at birth [33]. Pigment dots on the other hand, rarely
appear on the surface of the anterior border layer before the
age of six [31]. The genetic correlation between Fuchs’ crypts
and pigment dots is close to zero (rA=-0.06, ns), in keeping
with this developmental difference. Similarly, no genetic correlation could be found between Fuchs’ crypts and iris color
(rA=0.06, ns). The melanocytes, which determine iris color
[34], normally reach their genetically determined amount of
melanin in early childhood and then usually remain constant
in adulthood [1]. These results suggest that morphological differences during development, in this case the timing in the
formation of iris characteristics, tend to preclude a potential
genetic correlation. Similarly, iris characteristics that originate from different processes within the cells generally do not
share any genetic factors in common. Thus, Wolfflin nodules,
which are accumulations of fibrous tissue in the anterior border layer [35,36], did not share any genetic influences with
pigment dots (rA=0.00, ns).
An examination of morphology for iris characteristics with
significant genetic correlations suggests that those originating from the same cell layers, or cell layers that are likely to
contribute to an iris characteristic’s prevalence, generally do
share genetic factors. For instance, contraction furrows become manifest due to a tendency of the iris to fold in the same
location when the iris aperture adapts to different light conditions. Contraction furrows may therefore be influenced by the
overall thickness and density of the iris, which implies that all
five cell layers in the iris i.e., the anterior border layer, stroma,
dilator muscle fibers and the anterior and posterior epithelial
layers, potentially could influence the extension and distinction of contraction furrows. It is therefore not surprising that
all iris characteristics measured in the anterior border layer
except Wolfflin nodules, i.e., Fuchs’ crypts, pigment dots and
iris color, shared significant genetic correlations with contraction furrows. The strongest of these was iris color, for which
the genetic influences contributing to more pigmented iris also
contributed to increased extension and distinction of contraction furrows (rA=0.44, p<0.05). This finding, which suggests
that the amount of melanin in the anterior border layer influences the overall density and thickness of the iris, is supported
by previous published results. Imesch et al. [34] found that
the number of melanosomes and the area they cover in the
melanocyte’s cytoplasm in hazel and brown iris were three to
five times as large as in blue iris. Thus, genes involved in the
differentiation of melanocytes and melanin production may
contribute to the genetic correlation between iris color and
contraction furrows. The gene Mitf is required for the differentiation of melanocytes as well as the onset and maintenance
of melanin production in these cells [37-39]. Moreover, several mutations of the tyrosinase gene TYR and the P gene produce clinical albino phenotypes [18]. Recent linkage findings

STUDY II

whereas the nonshared environmental factors were not. Thus,
Model 4 provided the most parsimonious description of the
relationships among the five iris characteristics. Nevertheless,
we chose to present the results based on Model 2, as they provide important information about nonshared environmental
influences for the individual measures. The maximum likelihood parameter estimates from Model 2 are presented in Table
5. The standardized path coefficients and the 95% upper and
lower confidence intervals of the estimates within parenthesis
after each estimate from Model 2 are depicted in the Cholesky
Model (Figure 7).
The genetic covariances in Table 5 were very similar to
the corresponding phenotypic correlations, indicating that the
genetic influences accounted almost entirely for the phenotypic correlations among the five iris characteristics. The significant genetic correlations ranged from -0.22 to 0.44.
Because pigment dots generally develop before adulthood
and then show little change over time [31,32], we also performed analyses (data not shown) excluding twins under 15
years of age. In these analyses the phenotypic correlations
between pigment dots and the other iris characteristics were
negligible and none of the genetic correlations with pigment
dots reached significance. The remaining correlations were
almost identical to those in the full sample.
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suggest that much of the genetic variance for eye color in normally developed eyes is explained by the P gene [14]. Thus,
Mitf, TYR, and the P are candidate genes for explaining some
of the genetic correlation between iris color and the extension
and distinction of contraction furrows.
The second strongest genetic correlation was between
fewer Fuchs’ crypts and more extended contraction furrows
(rA=-0.41, p<0.05). Increasing number of Fuchs’ crypts decreases the overall density and thickness of the iris and this
may allow the iris to fold in different locations when the pupil
adapts to different light conditions. This, in turn, would give
less extended and distinct contraction furrows. Alternatively,
contraction furrows may still be present in the deeper cell layers of irises with high crypt frequency, but due to the patch
like absence of tissue in the anterior border layer, leave less
extended contraction furrows there.

©2004 Molecular Vision

In turning to the task of identifying plausible candidate
genes that could explain this finding, the embryological and
histological development of Fuchs’ crypts needs to be considered. Fuchs’ crypts may represent local anomalies in the embryonic pupillary membrane where tissue fails to form because of the lack of inductive signals occurring sometime between the third and six month of gestation. By the seventh
month of gestation, the absorption of the embryonic pupillary
membrane is complete and could spill over into the main
stroma leaf [33]. Genes expressed in precursors to the anterior border layer and underlying stroma during this period can
thus be considered to be candidate genes for crypt frequency.
However, due to the interdependence of the variability of
Fuchs’ crypt and contraction furrows mentioned earlier, such
genes could also be considered to be candidate genes for the
covariation between Fuchs’ crypts and contraction furrows.

Figure 7. Standardized path coefficients and 95% confidence intervals from Model 2. All paths representing additive genetic and nonshared
environmental effects were freely estimated. Shared environmental effects were fixed at 0. Statistically significant (p<0.05; based on a chisquare with 1 df) differences are marked with an asterisk.
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there simply is little if any association between pigment dots
and the other iris characteristics.
Methodological implication for molecular iris research:
Given the high inter-rater reliabilities (91%-97%), heritabilities (58%-90%) [2] and relatively low but significant genetic
correlations (0.22 to 0.44) for the iris characteristics reported,
we suggest additional studies are necessary to test to what
extent the candidate genes reviewed above contribute to the
observed heritabilities and genetic correlations. The extent that
alleles in candidate genes explain heritable variation in the
iris characteristics can readily be calculated with a slight modification of the structural equation model used in this study
[55]. Iris data collected from twins may therefore provide a
method to pinpoint how genes interact in the formation of different characteristics in the human iris.
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The gene Mitf, implicated in the development of melanocytes
in the anterior border layer, is an obvious candidate gene for
the genetic correlation between crypt frequency and contraction furrows. But Mitf also negatively regulates the expression of Pax6 [40], a master control gene for iris development,
and decreases or increases over the normal level of Pax6 expression lead to specific eye anterior segment defects [41].
The genetic correlation between crypt frequency and contraction furrows may therefore be dependent on genes that interact with Pax6 (such as Mitf) and downstream targets of Pax6,
such as Six3 as well as Lmx1b, Hox-7.1, and Hox-8. These are
expressed in a subset of periocular mesenchymal cells originating from the neural crest, which during morphogenesis
migrate from the optic cup margin over the lens to form the
embryonic pupillary membrane. These, in turn, will develop
to become the fibroblasts, melanocytes and collagen fibers
(type I and III) in the adult iris [33]. Mis-expression of Six3 in
the chick attenuates proliferation and differentiation of periocular mesenchymal cells of the iris. This implies that Six3,
Lmx1b, Hox-7.1, and Hox-8, may be involved in the formation of Fuchs’ crypts in the anterior border layer [3,15-17].
Other genes that may influence the development of Fuchs’
crypts as well as the variability of contraction furrows in the
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well as other genes which map to this region [54], could from
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frequency and Wolfflin nodules. However, normal individuals with mutations in some of those genes do not have Wolfflin
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may depend on interactions between several genes. Research
including both normal individuals with Wolfflin nodules and
Down’s syndrome patients with Brushfield spots needs to be
performed to find out the extent to which the genetic origin of
Wolfflin nodules differs from, or overlaps with, the genetic
origin of Brushfield spots.
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genetic correlations should have been greater in samples that
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explanation is that the sample size that remained lacked the
power to detect correlations in the 0.10 range. Alternatively,
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Variable and person-oriented analyses were used to explore the associations between personality and three previously untested general iris
characteristics: crypts, pigment dots and contraction furrows. Personality data, as measured by the NEO PI-R and ratings of iris characteristics from
428 undergraduate students were collected. Crypts were significantly associated with five approach-related behaviors, i.e., feelings, tendermindedness, warmth, trust and positive emotions, whereas furrows were associated with impulsiveness. These findings suggest that because Pax6
induces tissue deficiencies in both the iris and the left anterior cingulate cortex, Pax6 may influence the extent people engage in approach-related
behaviors. The results from using a person-oriented analysis suggested that people with different iris configurations tend to develop along different
personality trajectories. Future longitudinal studies, twin-studies and genetic association studies, may benefit from collecting iris data and testing
candidate genes for crypts and furrows.
# 2007 Elsevier B.V. All rights reserved.
Keywords: Personality; Iris characteristics/crypts/pigment dots/contraction furrows; Candidate genes/Pax6/Six3/Lmx1b; Anterior cingulate; Hemispheric
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1. Introduction
The idea that personality differences are related to iris
characteristics is not new. In 1965, Cattell (1965) observed
differences in cognitive styles between blue and brown eyed
subjects and since then eye color has been found to be related to a
great variety of physiological and behavioral characteristics.
Dark eyed people have on average higher scores on extraversion,
neuroticism (Gentry et al., 1985), ease of emotional arousal
(Markle, 1976) and sociability (Gary and Glover, 1976).
However, there are a number of studies that fail to replicate
the personality findings, typically because the effect tends to fade
after early childhood. For instance, Rubin and Both (1989) found
that blue-eyed children in kindergarten and Grade 2 were
overrepresented in groups of extremely withdrawn youngsters,
whereas no association could be found in Grade 4 or between eye
color and extreme sociability in any grade. Furthermore, in
subjects around 20 years of age, eye color failed to account for
any difference between high versus low scorers on personality
measures (Lester, 1987; Rim, 1983). Consequently, it has been
* Corresponding author. Tel.: +46 19 303415; fax: +46 19 303484.
E-mail address: mats.larsson@bsr.oru.se (M. Larsson).
0301-0511/$ – see front matter # 2007 Elsevier B.V. All rights reserved.
doi:10.1016/j.biopsycho.2007.01.007

assumed that the biological mechanisms that may underlie the
association between eye color and social wariness in early
childhood tends to be ‘‘overcome’’ around age 9 when the
increasing influence of social environmental factors has gained
momentum (Rubin and Both, 1989). To our knowledge, no
research has been reported concerning eye color and its relation
to personality since 1998, when Coplan et al. (1998) found a
significant eye color by gender interaction for social wariness in a
sample of 3.5–5.5-year-old toddlers. This finding raised further
questions regarding the phenotypic penetrance of the suggested
biological mechanism involved. Leading researchers in the field
concluded that eye color cannot be a useful marker for
personality in older ages (Coplan et al., 1998; Rosenberg and
Kagan, 1989; Rubin and Both, 1989).
One of the reasons eye color has been considered to be a
useful biomarker is its high heritability (98%), and the fact that
eye color does not change much over time (Bito et al., 1997).
Other key reasons are that eye color can be linked to biological
mechanisms that provide a somewhat speculative, but still
plausible, biological explanation for the associations found. For
instance, Kagan suggested that melanin production in the eyes
(the pigment that colors the eye brown), may be associated with
norepinephrine and cortisol production, which are biological
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indices of behavioral inhibition (Kagan et al., 1988; Reznick,
1989).
High levels of norepinephrine and cortisol can thus
potentially inhibit melanin production in the eye and increase
responsiveness of the limbic system, which has been associated
with higher scores on inhibition (Rosenberg and Kagan, 1989).
Placental cortisol level during the initial stages of pregnancy
and the gene POMC, which are likely to play an important role
in individuals’ responses to varying levels of arousal
(Kupfermann, 1991) and to the synthesis of melanin (Pawelek
and Korner, 1982), have also been suggested to contribute to the
associations found.
However, if one carefully examines people’s irises, it is clear
that there are other iris characteristics than eye color that
potentially could be associated with personality, such as Fuchs’
crypts, contraction furrows and pigment dots. To take one
example, if the biological mechanisms associated with the
frequency of Fuchs’ crypts (a measure characterized by
different degrees of hypoplasia of the anterior border layer
and underlying stroma in the iris), influence behavior, then
biological mechanisms other than those suggested to be
associated with eye color can be responsible for the
associations. This study explores the association between iris
characteristics other than eye color and personality. Three
general iris characteristics that to our knowledge not have been
considered previously will be tested.
The iris characteristics of interest in this study are depicted
in Fig. 1: frequency of Fuchs’ crypts in the main stroma leaf
(which from now on will only be called ‘‘crypts’’); frequency of
pigment dots; the distinction and extension of contraction
furrows. These iris characteristics are moderately to highly
heritable, show no sex differences and are stable over time
(Larsson et al., 2003).
Crypts and contraction furrows are measures that are related
to the thickness and density of the iris. Crypt frequency is
characterized by different degrees of hypoplasia in the two top
cell layers in the iris (i.e., anterior border layer and underlying
stroma), whereas contraction furrows are characterized by
different degrees of hypoplasia or density conditions in any of
the five cell layers present in the iris (Oyster, 1999). What is
intriguing about these cell layers is that genes that influence the
growth of precursors to these cell layers during the
embryological development also cause tissue loss in the brain.

For example, the genes Pax6, Six3 and Lmx1b have been
recognized as candidate genes for crypts and contraction
furrows (Hsieh et al., 2002; Pressman et al., 2000; Sale et al.,
2002) and the embryological events that make these genes
plausible candidates for crypts and contraction furrows have
been reviewed (Larsson and Pedersen, 2004). In addition, the
most recent studies available confirm that Pax6 is a likely
candidate gene for tissue differences in the iris. Pax6 dosage
influences the muscle-cell differentiation in the iris (Jensen,
2005), and Davis-Silberman et al. (2005) conclude that (p.
2474) iris stroma defects are likely to be due to cell-nonautonomous events, where Pax6 regulates the expression of the
cells that are required for the adhesion of the iris stroma. Thus,
it is possible that Pax6, Six3 and Lmx1b, which influence the
growth of the precursors to the cell layers in the iris, could
influence the variability of crypts and contraction furrows
typically present in people’s irises (Hsieh et al., 2002; Pressman
et al., 2000; Sale et al., 2002; Simpson and Price, 2002).
Furthermore, the expression pattern of these genes in the brain
supports the notion that these iris characteristics can be
associated with personality. In the first study published that
has demonstrated a major genetic contribution to frontal lobe
dysfunction, family members with a mutation in Pax6 showed
high rates of unusual behavior including disinhibition, impulsive
behavior, impaired social understanding and impaired verbal
inhibition (Heyman et al., 1999). In addition, magnetic resonance
imaging (MRI) in this family (Ellison-Wright et al., 2004)
demonstrated local gray and white matter changes in anterior
cingulate cortex (approximate Brodmann areas 24 and 32), as
well as posterior white matter abnormalities in corpus callosum
extending posteriorly into cingulate cortex, which are brain areas
that have been associated with personality (Davidson, 2001;
Johnson et al., 1999; Posner and Rothbart, 1998). Healthy
university subjects with larger right anterior cingulate gyrus
(Brodmann’s areas 24a, 24b and 25), score higher on harm
avoidance, which is associated with emotional responses that
regulate withdrawal-related behaviors, whereas subjects with
larger left cingulate gyrus, score higher on Novelty seeking,
which is associated with emotional responses that regulate
approach-related behaviors (Pujol et al., 2002). Indeed,
anatomical data revealed that hemispheric asymmetry in the
anterior cingulate gyrus was very common (83% of
cases, n = 100) and that surface measures of the right anterior

Fig. 1. The numbered arrows point toward the iris characteristics of interest. (1) Furchs’ crypts in the main stroma leaf; (2) pigment dots; (3) contraction furrows.
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et al., 2004), and this hemisphere primarily relates to approachrelated behaviors (Davidson, 1992, 2001; Davidson and Irwin,
1999), we expect that crypt frequency in most cases will be
related approach-related behaviors. Third, because greater
tissue loss in the iris, may reflect greater tissue loss in the left
anterior cingulate cortex, we expect individuals with an open
crypt structure (those with more tissue loss in the iris) to score
lower on traits that relate to approach-related behaviors than
those with a dense crypt structure. Furthermore, in order to
deepen the analysis, the present study combines variable- and
person-oriented approaches. As has been shown repeatedly
within a holistic interactionistic framework, person-oriented
approaches are able to answer different questions than more
traditional variable-oriented approaches (Bergman and Magnusson, 1997; Magnusson and Stattin, 1998; von Eye and
Bergman, 2003). For example, in variable-oriented analysis the
relationship among variables and their way of functioning in the
totality of an individual is assumed to be the same for all
individuals. However, this prerequisite may not be fulfilled in
the present study since most of the genetic variance for each iris
characteristic is independent of the other iris characteristics
(Larsson and Pedersen, 2004). In other words, the behavioral
meaning of having a specific crypt frequency may depend on
which other iris characteristics are present in any one iris
(Lander and Schork, 1994). Person-oriented analysis takes
these possibilities into consideration and is based on the
perspective that the individual organism can be thoroughly
understood in its totality (Bergman and Magnusson, 1997).
Furthermore, this totality is assumed to result from selforganization. This means that although there are, theoretically,
an infinite variety of differences with regard to process
characteristics and observed states at a detailed level, at a more
global level there will often be a small number of more
frequently observed patterns (Bergman and Magnusson, 1997;
Bergman et al., 2003). This principle of self-organization has
been demonstrated in many human biological systems and has
been applied to the development of the neural, sensory and
cognitive systems (Post and Weiss, 1997) as well as personality
(Bosma and Kunnen, 2002; Carver and Scheier, 2002).
Consequently, we expect that from the embryological events
that form the adult iris (detailed level), distinct configurations
of iris characteristics will occur in the population studied.
Furthermore, if the iris characteristics that define these
naturally occurring configurations are associated with personality, then we expect that these configurations will define
subgroups of individuals that differ from each other on
personality in a systematic manner. Developmentally, the
individuals in these subgroups may represent different
trajectories with regard to personality, and subgroups with
more tissue loss in the iris are, just as in the variable-oriented
analysis, expected to score lower on approach-related
behaviors. Moreover, because the relationship among iris
variables and their way of functioning in the totality of an
individual is not likely to be the same for all individuals (Lander
and Schork, 1994; Larsson and Pedersen, 2004), the effect size
in the variable-oriented analysis is expected to be lower than in
the person-oriented analyses.
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cingulate gyrus accounted for 24% of the variance in harm
avoidance. Overall, these findings are consistent with the
assumed specialization of each hemisphere in the control of
individual differences in withdrawal- and approach-related
behaviors (Davidson, 1992, 2001; Davidson and Irwin, 1999;
Pujol et al., 2002).
Moreover, the fact that the production of dopamine (Kohwi
et al., 2005) and noradrenalin neurons (Jaworski et al., 1997)
has been associated with Pax6 functioning provides another
link to personality (Reif and Lesch, 2003; Rosenberg and
Kagan, 1989). But Pax6 is not the only candidate gene for crypt
frequency and contraction furrows that potentially could
influence personality. Lmx1b is required for the survival of
the dopaminergic neurons in the mesolimbic system (Burbach
et al., 2003). It is also essential for the production of
serotoninergic neurons (Ding et al., 2003), and Six3, which
is a downstream target to Pax6 (Simpson and Price, 2002) and
which controls the division of the brain into two hemispheres
(Wallis and Muenke, 2000). Thus, based on these findings we
assume that tissue differences in the iris, such as crypts and
contraction furrows, could be associated with Pax6, Six3 and
Lmx1b, which in turn could be associated with personality.
The links between pigment dots and personality are less well
documented, but nevertheless, pigment dots could potentially be
associated with personality, as the development of pigment dots
is in part regulated by neurotransmitters produced by the
autonomic nervous system (Hu, 2000; Hu et al., 2000; Mukuno
and Witmer, 1977), which in turn is influenced by the extent the
individual engages in withdrawal- and approach-related behaviors (Davidson and Irwin, 1999). Thus, through the expression
patterns of Pax6, Six3 and Lmx1b in the iris and the brain, crypts,
contraction furrows and pigment dots may be associated with
both brain structures and neurotransmitters that influence
personality. However, there is no evidence available that shows
that these genes influence crypts and contraction furrows directly.
In addition, other candidate genes for crypts and contraction
furrows have been recognized (Larsson and Pedersen, 2004).
In order to discriminate between the biological pathways
that theoretically could influence the presumed association
between iris characteristics and personality, and to more fully
evaluate a potential role of Pax6, we test three hypotheses. They
draw heavily on the Pax6 expression pattern in the anterior
cingulate cortex as documented by Ellison-Wright et al. (2004),
in conjunction with the findings made by Pujol et al. (2002),
Davidson (1992, 2001) and Davidson and Irwin (1999). These
hypotheses increase in their specificity. If all three hypotheses
are supported, we believe there is a high likelihood that Pax6,
rather than other candidates, is involved. Thus, based on the
findings reviewed above, we expect, first, that crypts more often
than other iris characteristics will be associated with
personality. Crypts are related to greater tissue loss in the
iris than the other two iris characteristics, which in turn may
reflect greater tissue loss in the brain (which makes it likely that
more measures of personality are associated with crypts than
the other iris characteristics). Second, because the tissue
damage that was due to Pax6 mutations in anterior cingulate
cortex primarily affected the left hemisphere (Ellison-Wright
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To sum up, the purpose of this study is to explore the
association between iris characteristics other than eye color and
personality, using both variable- and person-oriented analyses,
as well as highlight genes expressed in the iris that potentially
could be candidate genes for personality. In performing the
variable-oriented analysis, we test three hypotheses, which
together explore the likelihood that the neurodevelopmental
control gene Pax6 influences personality. In performing the
person-oriented analyses, we test the extent to which selforganizing properties of the developmental system create
configurations of iris characteristics that can identify subgroups
of individuals who differ in their personality. In comparing the
effect size in the variable- and person-oriented analyses, we
explore how efficiently the self-organizing properties of the
developmental system can identify individuals who differ in
their personality.
2. Method
2.1. Participants and recruitment procedure
The participants were all undergraduate student volunteers at Örebro
University, Sweden, recruited from programs in psychology (47%), social
studies (30%), economics (10%), automatic data processing (5%), political
science (4%) and engineering (4%). Most participants were female (80% of 428
participants). The mean age of the sample was 26.6 years (19–52 years,
S.D. = 7.1). The participants were recruited after a regular lecture by the first
author, who was given an opportunity to describe the study. Consenting
participants filled out the NEO PI-R personality questionnaire in a location
where they were not disturbed (Costa and McCrea, 1992). However, psychology
and social studies students responded to a computerized version of NEO PI-R in
a group setting with 15 students. Close-up iris color photography was taken
individually in a lab setting at the university.
There were two waves of data collection. In the first wave of data collection,
all students that volunteered were accepted as participants. In the second wave,
only those individuals with irises that were most similar to scale-step 1 and 3–5
on the crypt frequency scale (see below) were accepted. This was done in order
to arrive at approximately the same number of participants with each level of
crypt frequency.

2.2. Measures
2.2.1. Personality
Personality was assessed with the Swedish version of the NEO PI-R (Costa
and McCrea, 1992), which is considered to be a reliable and valid assessment of
personality based on the Five-Factor Model of Personality. Eight-item scales
measured six specific facets for each of the five broad factors. The internal
consistencies (Cronbach’s alpha) were high overall, ranging from .69 to .85
(mean = .72) and did not differ substantially from what has been found for other
samples with NEO PI-R measured in Sweden (Costa and McCrae, 1985), and
other countries.
2.2.2. Iris characteristics
Close-up photos, where the diameter of the iris on the 36 mm � 24 mm
Fujicolor, Professional 100 ASA slide film was about 22 mm, were taken of
both irises from all subjects. An Olympus OM-4T camera with a double sided
flash device from Lena Medical Photo Design Systems, and an Olympus 50 mm
macro lens with a 1:2 converter was used. The shutter speed was 60 and the
aperture was set to 16. To assist focus adjustment and to standardize the extent
the iris was dilated, a lamp with standard brightness was shown into the
subjects’ irises during focus and photography. To prevent blurring caused by
involuntary movements from the subjects, all participants rested their cheeks on
a stand during the procedure. The iris photos were digitized using Minoltas
35 mm Dimage Scan Dual film scanner. The resolution of the digitized color

Table 1
Distribution of iris characteristics
Iris characteristic and scale description

Number of
observations

Fuchs’ crypt frequency
(1) Only parallel and/or densely packed curly fibres
(2) Spots of wavy fibres and 1–3 two shallow crypts
(3) Four shallow crypts or more

129
169
130

Pigment dots
(1) Absence of, or only minute grains of pigment dots
(2) One pigment dots or more

280
148

Contraction furrows
(1) Extending less than 1/4 circle
(2) Extending between 1/4 and 8/10 of a circle
(3) More distinct, extending 8/10 of one circle or more

106
142
180

pictures was 768 � 512 pixels (96 pixels/in.). A high contrast color computer
screen (Brand: Eizo; Model: FlexScan F55) with 1024 � 768/85 Hz resolution
(.28 mm Dot Pitch CRT; fH: 27–70 kHz/fV: 50–120 Hz) and the software
program Photo Shop 7.0 was used during the rating process.
Three scales, one for each iris characteristic of interest, were constructed:
frequency of crypts, pigment dots and extension and distinction of contraction
furrows. Specially trained raters independently reviewed the photographs of the
right iris and judged which scale step to which each photo was most similar. The
raters’ judgments were scored on an ordinal scale. Scale construction, the rating
procedure and the reliability of the procedures are reported in detail in Larsson
et al. (2003). The pictures used for the scales may be seen at: http://www.molvis.org/molvis/v10/a98/ (or obtained directly from the first author).
2.2.3. Analysis
The first set of analyses was variable-oriented in nature and tested whether
our three expectations derived from Pax6 expression pattern in the anterior
cingulate cortex were correct. This was done by computing Pearson correlations
between the three iris characteristics and the personality measures. Due to the
fact that the facet level traits in NEO PI-R have their own biological basis (Jang
et al., 1998) and the necessity to include as specific measures as possible has
been emphasized in studies, such as ours (Heyman et al., 1999), both facet level
traits and the main domains of personality were included in the analysis. The
distributions of the iris characteristics used in these analyses are presented in
Table 1.
In the second step, we performed the person-oriented analyses. They tested
if the iris configurations that typically exist in early adults can identify
subgroups of individuals that differ in their personality in a systematic manner.
First a cluster analysis based on WARD’s method (Peck and Williams, 2002)
was performed. Only the iris characteristics that were found to be significantly
associated with personality in the correlation analysis were included. A four
cluster solution was chosen which explained 77% of the total variance in the
sample. The variance explanation was higher than the minimum criterion of
67%, recommended by Bergman et al. (2003). One-way analyses of variance
were used to investigate if any mean differences in personality existed between
the clusters (Tukey HSD were used for post hoc tests). Both facet level traits and
the main domains of personality were included in the variance analysis.
Finally, to explore how efficiently the self-organizing properties of the
developmental system could pick out subgroups of individuals that differed in
their personalities, we calculated the effect size d (Cohen, 1988) for all
associations that were found to be significant in the variable- and personoriented analysis.

3. Results
3.1. Variable-oriented analysis
The results of the variable-oriented analyses are presented in
Table 2. We found that two of the five domains were
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Table 2
Pearson correlation between iris characteristics and the personality measures
Personality measure

Iris characteristics
Pigment dots

�.04
�.02
.04
.01
�.05
�.06
�.08

.06
�.01
.07
.07
.08
.02
.04

Extraversion
Warmth
Gregariousness
Assertiveness
Activity
Excitement seeking
Positive emotions

�.09
�.15**
�.05
�.01
�.05
.01
�.13**

�.02
�.04
�.06
�.02
.00
.01
.01

.04
.04
�.01
�.00
.05
.07
.03

.01
.02
.01
�.05
.02
.03
�.03

�.06
�.03
�.06
�.03
�.06
.02
�.08

Openness to experience
Fantasy
Aesthetics
Feelings
Actions
Ideas
Values

�.10*
�.01
�.13**
�.14**
�.03
�.01
�.07

Furrows
.11*
.06
.04
.09
.09
.15**
.07

Agreeableness
Trust
Straightforwardness
Altruism
Compliance
Modesty
Tendermindedness

�.10*
�.11*
�.04
�.06
�.04
�.04
�.13**

�.06
�.05
�.10 *
.01
�.01
�.05
�.03

�.00
�.01
.03
.03
�.02
�.01
�.03

Conscientiousness
Competence
Order
Dutifulness
Achievement striving
Self-discipline
Deliberation

�.07
�.02
.00
�.06
�.08
�.08
�.04

�.05
�.07
�.03
�.09
�.03
�.03
.03

�.09
�.09
�.08
�.01
�.06
�.12**
�.04

*
**

p < .05.
p < .01.

significantly associated with crypt frequency: openness to
experience and agreeableness. In contrast, furrows were only
associated with neuroticism, and pigment dots were not
associated with any of the main domains of personality. Not
surprisingly, most of the correlations between the specific
facets of personality and crypt frequency were found for facets
belonging to the two domains with significant associations.
Thus, our first hypothesis – i.e., that most association should
involve crypt frequency – was confirmed. Furthermore, our
second and third hypotheses – i.e., that crypt frequency in most
cases should be related to approach-related behaviors and that
individuals with a dense crypt structure should score higher on
such behaviors – was also confirmed. Most of the significant
associations with crypt pinpointed behaviors that measure
approach-related behaviors and individuals with a dense crypt
structure scored higher on such behaviors (i.e., warmth, positive
emotions, openness to experience, feelings, agreeableness, trust
and tendermindedness).

In addition, the magnitude of the associations with the iris
characteristics was, as expected, quite modest and ranged from
.10 to .15. No associations between eye color and personality
could be found (results not shown).
We are aware that many correlations are reported in Table 2. If
we were to apply a conservative Bonferroni correction, no
significant correlation would remain. Nevertheless, for two of the
three measures of iris characteristics, the number of significant
correlations obtained is significantly above chance. As for the
associations between crypts and the Big Five measures, we
conducted 35 separate analyses. By chance, we would expect 1.75
analyses with p-values of .05 or lower (35 analyses � .05 = 1.75)
and .35 analyses with p-values of .01 or lower (35 analyses �
.01 = .35). For crypts, we obtain eight significant correlations at
the .05 level and five at the .01. For furrows, we obtain three
correlations with p-values of .05 or lower and 2 at the p-value of
.01 or lower. Hence, for crypts and furrows, the number of significant correlations is well above the chance. For pigment dots, on
the other hand, the findings are not much different from chance
expectations. Moreover, the fact that most of the significant
associations in Table 2 are consistent with our hypotheses
decreases the likelihood that these findings are due to random
effects. The significant results in the person-oriented analysis,
which pinpoint the same behaviors, also support this notion.
In the person-oriented analysis, a four cluster solution was
chosen based on the criteria that each group should differ as
much as possible in their iris morphologically, as well as define
subgroups with a sufficient number of members with a view to
the subsequent analyses of variance. Only the iris measures that
were significantly associated with personality in the variableoriented analysis were included in the cluster analysis. The
result of the analysis, which represents the configurations of iris
characteristic that typically tends to appear in early adults, is
presented in Table 3.
3.2. Person-oriented analysis
Two different types of configurations emerged. The
individuals in clusters 1 and 2 had dense crypt structures,
whereas clusters 3 and 4 contained individuals with open crypt
structures. The amount of furrows that existed in each of these
clusters further differentiated between the clusters. Clusters 1
and 4 individuals had few contraction furrows, whereas subjects
in clusters 2 and 3 had many.
The one-way analyses of variance that tested if any mean
differences emerged between these four clusters, produced
results which were in agreement with our expectations, mean
differences in regards to personality emerged (Table 4). Overall,
individuals in the clusters with more tissue loss in the iris scored
lower on approach-related behaviors, compared with those with a
dense iris structure. For example, the individuals in cluster 3
scored significantly lower than the individuals in cluster 1 on all
approach-related behaviors that in the variable-oriented analysis
were found to be significantly associated to crypts. Hence, tissue
loss in the iris was in the person-oriented analysis, just as in the
variable-oriented analyses, associated with lower scores on
approach-related behaviors.
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Table 3
The configurations of iris characteristic that typically exists in early adults
Cluster 1
(N = 143) 1

Cluster 2
(N = 155) 2

Cluster 3
(N = 73)3

Cluster 4
(N = 57)4

Crypt frequency
(1) Only parallel and/or densely packed curly fibres
(2) Spots of wavy fibres and 1–3 two shallow crypts
(3) Four shallow crypts or more

Yes
Yes
–

Yes
Yes
–

–
–
Yes

–
–
Yes

Contraction furrows
(1) Extending less than 1/4 circle
(2) Extending between 1/4 and 8/10 of a circle
(3) More distinct, extending 8/10 of one circle or more

Yes
Yes
–

–
–
Yes

–
Yes
Yes

Yes
–
–

Iris characteristic and scale description

1
2
3
4

Meancrypts = 1.61/meanfurrows = 1.65.
Meancrypts = 1.52/meanfurrows = 3.00.
Meancrypts = 3.00/meanfurrows = 2.34.
Meancrypts = 3.00/meanfurrows = 1.00.

But the results of the analyses of variance also demonstrated
that furrows were associated with mean differences between
clusters that had the same crypt structure. For example, subjects
in clusters 1 and 2, both of which contained individuals with
dense crypt structures, scored differently on the neuroticism
domain as well as the facet scale Impulsiveness in this domain.
The individuals in cluster 1 who had few furrows, scored
significantly lower than individuals in cluster 2 who had many
furrows. Likewise, subjects in clusters 3 and 4, which both
contained individuals with open crypt structures, scored
differently on the Conscientiousness domain as well as the
facet scales achievement-striving and self-discipline in this
domain. The individuals in cluster 3 who had many furrows,
scored significantly lower than individuals in cluster 4 who had
few furrows. Furrows were thereby associated with mean
differences between clusters that had the same crypt structure,

and the direction of these associations was consistent with the
significant association found between furrows and neuroticism,
impulsiveness and self-discipline in the variable-oriented
analyses.
Especially noteworthy was that mean differences emerged
on behaviors that were not significantly associated with crypts
in the variable-oriented analysis. Mean differences between
clusters 1 and 3 were observed for values in the openness to
experience domain, as well as the conscientiousness domain
and the facet scales achievement-striving and self-discipline in
this domain. These traits were not significantly associated with
crypts in the variable-oriented analysis.
The effect sizes for all associations that were significant in
the variable- and person-oriented analyses are presented in
Table 5. Overall, the effect sizes in the person-oriented analysis
were about twice as large as in the variable-oriented analysis.

Table 4
Means of the personality measures with standard deviations within parentheses in each of the four clusters, with test for mean differences between the clusters (oneway ANOVA, post hoc = Tukey HSD)
Personality measure

Cluster 1
(N = 143)

Neuroticism
Impulsiveness

�.15 (.89)
�.14 (.95)

Extraversion
Warmth
Positive emotions

–
.13 (.97)3
.13 (.92)3
(.99)3
(.96)3
(.94)3
(.97)3

Openness to experience
Aesthetics
Feelings
Values

.17
.21
.22
.12

Agreeableness
Trust
Tendermindedness

.18 (.97)3
.20 (.93)3
.20 (.93)3

Conscientiousness
Achievement striving
Self-discipline

.11 (.94)3
.04 (.93)3
.20 (.95)3

Cluster 2
(N = 155)

Cluster 3
(N = 73)

Cluster 4
(N = 57)

d.f.

F

.16 (1.01)1
.19 (.96)1

.01 (1.08)
�.04 (1.14)

�.11 (1.08)
�.18 (1.11)

3; 423
3; 423

2.63*
3.52*

.03 (.95)
.05 (1.02)

–
�.26 (1.13)
�.26 (1.09)

–
�.13 (.99)
�.11 (.97)

–
3; 423
3; 423

–
2.90*
2.86*

�.30
�.35
�.38
�.34

�.06
�.06
�.15
.07

3;
3;
3;
3;

423
423
423
423

3.82**
5.42**
6.49**
3.67**

3; 423
3; 423
3; 423

2.92*
3.48**
3.57**

3; 423
3; 423
3; 423

3.53*
3.39*
6.84**

–

�.00
�.01
.01
.00

(.98)
(.97)
(1.01)3
(.99)

(1.07)
(1.09)
(1.00)
(1.10)

�.04 (1.01)
�.03 (.98)
�.07 (1.02)

�.18 (1.09)
�.22 (1.17)
�.20 (1.08)

�.02 (.94)
.04 (.97)3
�.08 (.98)

�.31 (1.04)
�.33 (.99)
�.39 (1.00)

(.88)
(.90)
(.96)
(.87)

�.14 (.88)
�.09 (.90)
�.12 (.91)

.17 (1.14)3
.16 (1.15)3
.19 (1.02)3

The table show Z-transformed values. Elevated numbers indicates between which clusters a significant mean difference was observed (post hoc = Tukey HSD).
*
p < .05.
**
p < .01.
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Table 5
The effect size for all associations that was significant in the variable- and person-oriented analysis
Personality measure

Cohen’s d
Variable-oriented analysisa

Person-oriented analysisb

Pearson correlations

Clusters
1 and 2

Crypts furrows

Clusters
1 and 3

Clusters
2 and 3

Clusters
3 and 4

–
–

–
–

–
–

–
.37*
.39*

–
–
–

–
–
–

Crypts furrows
.22*
.30 **

.33 *
.36 *

–
–

Extraversion
Warmth
Positive emotions

–
.30**
.26**

–
–
–

–
–
–

Openness to experience
Aesthetics
Feelings
Values

.20*
.26**
.28**
–

–
–
–
–

–
–
–

.47**
.55**
.62**
.44**

–
–
.40 *
–

–
–
–
–

.20*
.22*
.26**

–
–
–

–
–
–

.36*
.39**
.41**

–
–
–

–
–
–

–
–
.24 **

–
–
–

.42*
.38*
.61**

–
.38 *
–

Agreeableness
Trust
Tendermindedness
Conscientiousness
Achievement striving
Self-discipline

–
–
–

.44*
.49 *
.57**

a

Cohen’s d = 2r/H(1 � r2), where r is the Pearson correlation.
Cohen’s d = M1 � M2/spooled, where M1 is the mean in one of the cluster and M2 is the mean in the other cluster. spooled is the pooled standard deviation for the two
p
clusters (s pooled ¼ ½ðs 21 þ s 22 Þ=2�).
*
p < .05.
**
p < .01.
b

4. Discussion
The introduction in this study reviews several possible
biological pathways that theoretically could explain an
association between iris characteristics and personality. In
order to more fully evaluate a potential role of the
neurodevelopmental control gene Pax6 we tested three
hypotheses by performing both variable- and person-oriented
analysis. These hypotheses draw heavily on the Pax6
expression pattern in the human iris (Davis-Silberman et al.,
2005; Jensen, 2005; Sale et al., 2002) as well as the anterior
cingulate cortex as documented by Ellison-Wright et al. (2004)
in conjunction with the findings made by Pujol et al. (2002),
Davidson (1992, 2001) and Davidson and Irwin (1999). The
specificity of the hypotheses increased. We believed that if all
predictions were supported the likelihood that Pax6 would be
involved would have to be considered high.
Our first hypothesis, that most of the associations with
personality would be found for crypt frequency, was confirmed.
Furthermore, our second and third hypotheses were also
confirmed; crypts were primarily associated with approachrelated behaviors and individuals with a dense crypt structure
scored higher than those with an open crypt structure on such
behaviors.
Thus, the findings in the variable-oriented analyses show
that crypt frequency is associated with the extent in which
individuals engage in approach-related behavior. Furthermore,
since our hypotheses were confirmed, crypt frequency may
likely be caused by subtle Pax6 differences. In turn, these Pax6

differences may also act as a mediator to approach-related
behavior since Pax6 potentially can induce tissue deficiencies
in the left anterior cingulate cortex.
The results in the person-oriented analysis supported this
notion, as the findings were essentially the same. Clusters with
less tissue loss in the iris were associated with higher scores on
approach-related behaviors and the significant mean differences between clusters 1 and 3 were systematically pinpointing
such traits (i.e., warmth, positive emotion, feelings, agreeableness, trust and tendermindedness) (see Table 4).
But maybe the most intriguing finding was that smaller
tissue differences than crypts were also of major importance.
This was apparent in three different ways. First, the association
between furrows and the facet scale impulsiveness in the
variable-oriented analyses were of the same magnitude as the
strongest association found for crypts. Second, in the personoriented analyses furrows could differentiate between individuals who scored high and low on the neuroticism and
conscientiousness domain, even when the individuals in these
clusters had the same crypt structure. Third, when the combined
effect of having specific configurations of crypts and furrows
was taken into consideration in the person-oriented analyses,
the effect sizes were on average about twice the magnitude of
what was found in the variable-oriented analyses. Thus, it is
apparent that even smaller tissue differences than crypts were of
importance. Naturally emerging configurations of both crypts
and furrows were, as expected, pinpointing subgroups of
individuals that were especially likely to differ in their
personalities. Indeed, when both crypts and furrows were
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taken into consideration in the person-oriented analyses, mean
differences in all main domains of personality emerged.
Overall, these findings support the notion that people with
different iris configurations tend to develop along different
trajectories in regards to personality. Furthermore, the selforganizational properties of the developmental system that are
reflected in the iris appear to be quite efficient in pinpointing the
individuals who differ in their personalities. The effect sizes
between the clusters in the person-oriented analyses ranged
from d = .33 to .62, which is much larger than, for example,
women’s tendency to be more emotional than men, d = .05 to
.30 (Brebner, 2003).
When considering which approach-related behaviors were
most salient in the variable-oriented analyses, it was apparent
that a group of five approach-related traits (i.e., feelings,
tendermindedness, warmth, trust and positive emotions) was
driving the significant associations in the main domains. Both
the significant associations with the facet scales in the openness
to experience and agreeableness domain suggest that.
People with dense structures were more receptive to their
inner feelings and tended to sympathize and feel concern for
other people’s needs more than people with open crypt
structures. Furthermore, the most robust results for crypt
frequency suggest that people with dense structures form
warmer and more trustful attachments to others and experience
and express positive emotions, such as joy, happiness, and
excitement more often than those with open crypt structures.
Crypt frequency was thereby predominately associated with
facet scales that tap the emotional space in the extraversion,
openness to experience, and agreeableness domains. Thus,
tissue loss in the two top cell layers in the iris, as assessed by our
crypt measure, is in this general sense most strongly associated
with the emotional component of personality.
However, contraction furrows, which measure the thickness
and density differences in all five-cell layers in the iris, also
appear to be associated with emotional functioning. Furrows
were primarily associated with impulsiveness, and people with
many contraction furrows were less able than people with few
contraction furrows to control their cravings and urges. Thus,
the variable-oriented analyses revealed that the behavioral
correlates of the two iris characteristics differ. Crypt frequency
is most strongly related to the emotional space in the
extraversion, agreeable and openness to experience domains,
whereas the effect of contraction furrows is more specific and
relates directly to impulse control.
It is, therefore, interesting to note that when the principles of
self-organization were applied in the person-oriented analysis
(Bergman and Magnusson, 1997), the configurations of iris
characteristics that naturally emerge pinpointed clusters of
individuals that scored significantly different on the conscientiousness domain—a domain that was unrelated to the iris
characteristics in the variable-oriented analysis. At first sight
this may not be surprising since the inability to resist impulses,
or poor self-control, generally also influences the active process
of planning, organizing and carrying out tasks, which are basic
tendencies in the conscientiousness domain (Costa and
McCrea, 1992). However, the fact that the relationship with

the conscientiousness domain was only possible to identify
when both crypts and furrows were taken in consideration,
suggests two things that previously have not been recognized.
First, small differences in the extent to which people engage in
approach-related behaviors – as assessed by crypt frequency –
matters for how poor impulse control influences the conscientiousness domain. Second, crypt frequency identifies for
whom poor impulse control most likely also results in a
tendency to score low on the conscientiousness domain. Thus,
given that it has been difficult to replicate associations between
single genes and personality traits influenced by impulsive
behavior (Persson et al., 2000; Reif and Lesch, 2003), and that
single genes generally explain less than 1.5% of the variance for
a personality trait (Comings et al., 2000), our crypt frequency
scale may be helpful to use in future association studies. If not
considered, crypt frequency may mask potential associations
between candidate genes that potentially could influence the
conscientiousness domain, and potentially many other behavioral traits that in part are dependent on the individual’s ability
to exercise self-control (Schmeichel and Baumeister, 2004).
However, if the crypt frequency scale is considered, or even
better, if the genes that determine crypt frequency can be
identified, this may help to find genes that add up in their effect,
which eventually can account for a greater proportion of the
genetic variance that influences personality as well as other
behaviors (Comings et al., 2000; Schmeichel and Baumeister,
2004). Thus, future association studies may be more fruitful,
and their result more applicable on the individual level, if iris
data is considered. The fact that people with different iris
configurations tend to develop along different trajectories, and
that the self-organizational properties of the developmental
system that are reflected in the iris are quite efficient in
pinpointing the individuals who differ more in their personalities, also supports this notion.
The behavioral findings in this study suggest that because
Pax6 induces tissue deficiencies in both the iris (DavisSilberman et al., 2005) and the left anterior cingulate cortex
(Ellison-Wright et al., 2004), it may influence the extent to
which people engage in approach-related behaviors (Pujol
et al., 2002). Indeed, there is a substantial body of research that
supports this notion. For example, positive emotions experienced by monkeys increased the left-sided activation of their
brains (Kosslyn et al., 2002). People with positive dispositions
show greater relative left frontal EEG asymmetry at baseline
and respond more strongly to positive than to negative stimuli
(Sutton and Davidson, 1997; Wheeler et al., 1993). Ten-monthold infants who did not cry when they were separated from their
mothers exhibited more left-brain activation (Fox and
Davidson, 1987). The thresholds for experiencing positive
emotions is lower for people who display left-sided activation
patterns (Fox and Carlkins, 1993). In addition, these left-sided
patterns are stable in both early childhood (Fox et al., 1992) and
adulthood (Davidson, 2003). Thus, the association between
frontal brain asymmetries and approach-related behaviors
exhibits enough stability and consistency to be considered an
underlying biological disposition for personality (Buss and
Larsen, 2005). Overall, these findings correspond well with our
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4.1. MRI-studies
MRI-studies can identify the extent crypts and furrows are
associated with structural differences in the anterior cingulate

cortex. Thus, crypts and furrows could potentially be
biomarkers for developmental brain differences in large
samples, where it would be too expensive and time consuming
to collect MRI data of the brain. In contrast to MRI data, it takes
about 3 min per person to take digital photos, which readily can
be rated automatically by an iris scanner if the algorithm
currently used for personal identification (Daugman, 2003)
were to be modified to fit this purpose (Dougman, personal
communication, July, 2, 1999). Such efforts would make it
possible to study many neurodevelopmental questions that
today are impractical to study in large samples. For example, do
genes that influence the dopamine, serotonin and noradrenalin
systems and their assumed behavioral associations to specific
personality traits (Comings et al., 2000) change, when the
structure of the brain shifts?
4.2. Longitudinal studies
Iris data may be able to map out how impulsive and
approach-related behaviors of genetic origin, in interaction
with environmental factors, influence dyadic relationships
between family members. For example, it would be interesting
to find out if scores on child disclosure, parental solicitation,
parental control, parental support and parents’ bad reactions to
disclosure, differ from what is normal, in parental–child dyads
where there is a low concordance between the child and the
parent iris configurations. The fact that the expression pattern
for Pax6 in the brain overlaps with the cortical foundation for
maternal behaviors (mainly BA 24/32 and 47) and hurtful
rejections (BA 24/32), in conjunction with our results with
regard to approach-related and impulsive behaviors, suggests
that the iris can be useful marker for biological mechanisms that
influence the interaction between such child and parent based
behaviors (Eisenberger and Lieberman, 2004; Kerr and Stattin,
2003; Lorberbaum et al., 2002; Neiderhiser et al., 2004).
4.3. Twin-studies
The monozygotic (MZ) intra-pair twin correlation for
crypts, pigment dots and furrows are .66, .58 and .79,
respectively (Larsson and Pedersen, 2004). Thus, given that
it actually is quite common, at least in some MZ pairs, to
observe intra-pair differences that are relatively large,
especially with regard to crypts and pigment dots, and smaller
iris differences than this were associated with personality
differences in our sample, it is quite possible that small MZ
intra-pair iris differences could be associated with nonsystematic non-shared environmental effects for personality,
that is, random embryological events that make MZ twins less
similar. In any event, since there is a quest for more theory and
research in this area (Plomin et al., 2001; Plomin and Daniels,
1987; Turkheimer and Waldron, 2000). It is worth mentioning
that by collecting iris data from MZ twins it may be possible to
learn more about how non-systematic non-shared environmental effects, influence personality as well as other behaviors.
In conclusion, our hypothesis was largely confirmed. Crypt
frequency is likely, via Pax6, to be associated with tissue
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finding as well as the fact that the principal distribution and
depth of crypts are present at birth (Oyster, 1999).
Furthermore, our conscientiousness and Impulsiveness
findings are also consistent with previously published results.
The anterior cingulate function at large is to integrate
attentional and affective information that is critical for selfregulation and adaptability, and it plays a crucial role in
initiation, motivation and goal-directed behaviors (Devinsky
et al., 1995; Thayer and Lane, 2000). The ventral region (BA
24a–c, 25, 32, 33) is primarily involved in assessing the salience
of emotions, hurtful rejections and romantic love, for example,
as well as the regulation of emotional responses involved in
social interactions which assess one’s own and other people’s
emotions and states of minds (Bartels and Zeki, 2000;
Eisenberger and Lieberman, 2004; Simmons et al., 2006).
The dorsal region (BA 24b0 –c0 , 320 ) is primarily involved in
response selection and the processing of cognitively demanding
information. For example, the cognitions that are activated in
reward-related conflicts and the evaluation of different
outcomes are processed in the dorsal anterior cingulate (Bush
et al., 2000). Furthermore, damage to the anterior cingulate is
associated with a host of social affective impairments including
blunted affect, impulsivity, disinhibition and poor social
judgments (Devinsky et al., 1995; Heyman et al., 1999).
Thus, since processes of planning, organizing and carrying
out tasks as well as resisting impulses are so central for anterior
cingulate functioning at large, as well as for the conscientiousness domain, it is not surprising – given the expression pattern
of Pax6 in the iris and brain – that individuals with different
configurations of crypts and furrows scored differently on this
domain.
These findings in conjunction with our findings indicate that
there are sizeable bodies of research that support the notion that
tissue loss in the iris potentially could be associated with tissue
loss in the brain. However, there are also other biological
pathways that may contribute to the associations found. As
mentioned in Section 1, tissue differences in the iris may be
associated with both brain structures and neurotransmitters that
influence personality. The fact that even small differences in the
monoamine systems during the embryological development of
the brain has the strongest influence on the neural development of
the anterior cingulate cortex, effects that persist into adulthood,
further underscores this possibility (Levitt et al., 1997).
Thus, to elucidate these genetic developmental complexities
additional studies are needed. However, given that the genetic
complexities that underlie the appearances of crypts and
furrows probably are difficult to dissect (Aota et al., 2003;
Davis-Silberman et al., 2005). It may be fruitful to investigate
to what extent crypts and furrows can be useful biomarkers in
their own right. The following highlights three areas were it
may be especially rewarding to further investigate the
usefulness of the iris as a biomarker.
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deficiencies in the left anterior cingulate cortex, which in turn
influences how much individuals engage in approach-related
behaviors. Furthermore, the self-organizing property of the
developmental system that is reflected in the iris appears to be
quite efficient in pinpointing individuals who differ in their
personalities. When both crypts and furrows were taken into
consideration in the person-oriented analyses, mean differences
in all main domains of personality emerged. Furthermore, the
effect sizes in the person-oriented analyses were about twice as
large as in the variable-oriented analyses. Overall, these
findings support the notion that people with different iris
configurations tend to develop along different trajectories in
regards to their personalities. Thus, it may be fruitful to
investigate further the usefulness of the iris as a biomarker
within a holistic interactionistic framework, using both
variable- and person-oriented approaches. Future genetic
association studies as well as MIR-, longitudinal- and twinstudies may benefit from collecting iris data and testing
candidate genes for crypts and contraction furrows.
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