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I ntroduction

Research on the determinants of entrepreneurskip feng history (Parker, 2009). The most recedt an
promising approaches include the investigationiololgical determinants, such as genes, hormones and
brain activity measures (electroencephalographyagnetic resonance imaging). The present chapter
reviews several recent endeavors to connect ger@sxies of entrepreneurship, in particular self-
employment. It should be read as an overview oftiw@tcomings and potential of two research methods
candidate gene studies and genome-wide assoc{@WMA) studies.

There are two popular views on what makes an gr@neur. The first is that anyone can learn the
necessary skills, provided they dedicate sufficiené and effort. The second view is that peopéeather
born with the right personality and skills or theng not, and developing these traits is impossivleich of
these two views — the nurture or the nature hymishe- is true, or the interplay between the twe, faa-
reaching implications for individual behavior artbeomic policies. Evidence suggests that inherited
qualities play a role in occupational choice, withent scientific advances showing different patsva
through which genes can influence entrepreneuelaabior. The current view in this debate concluties
neither nurture nor nature alone are responsiblbdbavioral outcomes such as entrepreneurial ehoic
Rather, it is a complex interplay of both.

Self-employed parents may transfer relevant s&itid a familiarity with entrepreneurial behavior to
their children. Alternatively, inherited characgigcs that can affect the tendency to become aem@eineur
may also explain the observed intergenerationatedf Examples of such characteristics include
preferences for risk-seeking, altruism in dictajames, job satisfaction, vocational interests, waikes,
novelty-seeking, gambling, general cognitive apiind intelligence, educational attainment and
overconfidence. Moreover, several twin studies ssgg genetic influence on the propensity to become
self-employed (Nicolaou et al., 2008a, 2008b; Nicol and Shane, 2009; Zhang et al., 2009). In these
studies, the heritability of proxies for entreprership is consistently estimated to be in the raofgtO to

60 percent.



Entrepreneurship — which is proxied by self-empleynt in the present chapter — has been the
target of attempts to identify specific geneticymobrphisms underlying its heritable variation. Tées
attempts have been unsuccessful so far becausantdalate gene studies were not replicable, while
genome-wide association studies did not have seifficample sizes for genetic discovery, and the
available proxy for entrepreneurship (i.e., selipsgment) is too broad. In this chapter, the resoftboth
the candidate gene and the genome-wide associifmoach are presented. These two approaches tmake i
possible to find individual genetic variants asatex with entrepreneurship, and complement othénads
that consider (scaled) combinations of geneticavds simultaneously, such as twin studies and genrom
relatedness-matrix restricted maximum likelihoodRE/L) studies (Benjamin et al., 2012).

Before presenting the dos and don’ts of the quershi entrepreneurial gene, it is important teenot
that, in contrast to popular views, a genetic ifice would not imply determinism or the irrelevantéhe
environment or free will; a genetic influence omhyplies a shift in an individual's probability okkibiting

a behavior, such as the tendency to become seliogath

Basic genetic concepts

When a trait is heritable, it is, in principle, pdse to locate the sites in the human genomeitiflagnce it.
The human genome consists of all of the genetarimétion in human cells and is composed of 23
chromosomal pairs; half of the chromosomes areritgtefrom the mother and half from the father. 3ée
chromosomes ‘package’ DNA molecules and encodgéhetic information along two DNA strands. A
DNA strand is a polymer of nucleotides. Each nuiidieois a building block containing a base, whielm be
adenine (A), cytosine (C), guanine (G) or thymimg ¢hus, there are four distinct nucleotides. DNA
structured as a double helix, where two DNA straar@sheld together by weak hydrogen bonds. Hydrogen
bonding occurs between the bases of opposing rniddsalong the two strands: adenine always biods t
thymine, and cytosine always binds to guanine. Eguently, two DNA strands of a DNA duplex have
complementary sequences, and the sequence of oAesP&hd can easily be inferred if the DNA sequence
of its complementary strand is already known. DN&sences are usually described by writing the
sequence of the bases for only one strand. For@eaan individual may have inherited the AA
nucleotides for one particular position on a paiclmomosomes (i.e., a genotype). This inheritamceld
imply that the individual inherited an A base fréime paternal chromosome and an A base from the
maternal one. Another individual may have inheriteel AG nucleotides at the same position, i.e., a
different base from each of the two parents, whiteird may have inherited both GG nucleotides femnh
parent. Alternative bases in a nucleotide at tineesphysical locus are called alleles. A DNA seqeent

one position of the genome that exhibits at ledsparcent variation between members of a spesieallied

a single nucleotide polymorphism (SNP). The mirl@lafrequency (MAF) refers to the frequency aof th

less common allele of a SNP in a population.



Almost all human DNA is identical from person terpon. To date, geneticists have identified 27
million SNPs among humans, while the entire humamogne consists of some three billion nucleotides.
These SNPs and other types of genomic variatiomwbet make humans different from each other. Tted to
number and locations of SNP markers that need trehetyped to detect an association between common
genetic variants and an outcome of interest (agtype of an individual) were identified by the Hapiv
project (International HapMap Consortium, 2005).

Until recently, genotyping was performed with ggaf 550,000 SNPs that, after data cleaning,
deliver information about the specific alleles &mproximately 500,000 SNPs. Although these arrays
already give a high-resolution image of the humamogne, the newest generation microarrays allow
researchers to array two to 12 million markersgaenple, including comprehensive coverage of both

common and rare variants.

Candidate gene studies and genome-wide association studies

When the DNA of a sufficient number of individu&las been genotyped, their genotypes for certairsSNP
can be associated with an outcome of interest, asithe presence of a disease, an 1Q score, or the
employment status of an individual. For a binauycome such as entrepreneurship (with 1 for the
individual being an entrepreneur, and 0 otherwise), we can test for an association bylaoting a

logistic regression for each SNP. When 500,000 Shi@swvailable for statistical analyses, 500,000t
regressions must be conducted.

The question is whether it is really necessangsb each SNP for association, or whether the
analysis can be limited to a subset of SNPs? THoge is, in essence, the difference between catelid
gene studies and genome-wide association (GWA)estu@andidate gene studies hypothesize the melatio
between certain genes and the outcome of intggeenptype). Only the hypothesized SNPs are tested f
an association. GWA studies are hypothesis-fre@ssociation between certain genes and a particular
phenotype is hypothesized, and therefore, all ailalSNPs are tested. Hence, the GWA study is an
exploratory method that does not rely on prior higpses.

As the number of independent statistical testeesges, so does the problem of multiple testing. By
pure chance, a number of SNPs will show signifieasiociations, even if there is no actual relakigns
between the SNPs and the phenotype. For exampglenasthat we analyze 500,000 SNPs where none are
truly associated with the phenotype, i.e., thasttaal null hypothesis of no association betwden3$NP
and the outcome is correct. If we adopt a 1 persigmificance level for hypothesis testing, performn
500,000 tests should yield 5,000 incorrect rejastiof the null hypothesis (i.e., false positives).

Following this reasoning, the number of false pesg could be reduced by testing only a small set
of SNPs instead of all available genotyped SNPs. duestion is, however, whether selecting a limsted
of SNPs and, consequently, testing a limited nurobéypotheses is appropriate. Current knowledge of

DNA does not enable us to predict which genes amdrhany are associated with entrepreneurship nar ho
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strong their association is. For example, we krizat &pproximately 70 percent of all genes are esgged
in the brain and that brain function influencesdabr. Thus, it is very possible to derive a seajiyin
plausible hypothesis for practically every gened(tirerefore every SNP), and each of these hypathaag
sound credible for different reasons.

As a consequence, empirical research that foarsassmall subset of these hypotheses, such as
candidate gene studies, is forced to make arbitfapjces regarding these hypotheses. A large nuoiber
false positive results can be expected if thesttedil confidence intervals are not appropriatelysted to
reflect the total number of plausible hypothesearthidis, 2005) and if researchers yield to pubbeabias
sentiments. Such adjustments are typically missiriandidate gene studies because researcherpainty
to their ‘theory’ as a justification for focusingn@ small number of candidates. As a result, modirfgs of
candidate gene studies are not replicable, whilkcagion in an independent study dramatically lcsviine
chance of a false positive. Examples of replicat@lure in the social sciences include geneti¢ loc
associated with personality traits, behavior inatimr games and harm avoidance. For instance] ktraé
(2009) report an association between a variai@fIXTR gene and the dictator game, which Apicetila
al. (2010) failed to replicate. Vormfelde et al0@B) report an association between a variant irsénetonin
transporter gene and anxiety-related traits sud¢taas avoidance, which Lang et al. (2004) failed to
replicate. loannidis (2005) showed that the prelsprobability of a genetic association being tisie
generally extremely low, and consequently, thesgasdy probability is also low.

To keep the false positive rate at an acceptalhlével, stringent significance tests must be used
compensate for multiple testing. Even if researslaernot test all SNPs for an association, comgdtr
the existence of these alternative hypothesespsriative. For individuals of European descent, the
consensus is to account for one million indepentksis. Based on this number, the often used $edcal
Bonferroni correction proposes a significance leoféd x 108 to obtain a family-wise significance level of 5
percent (the probability of making one or more typerors among all hypotheses while performing
multiple testing). This significance level is oftegferred to as ‘genome-wide significance,” and/@NPs
that pass this threshold are considered to bepoaiives (Beauchamp et al., 2010). This also maless

that very large sample sizes are needed in GWAestud discover true associations.

Non-replication of a candidate gene study

In a recent paper, Nicolaou et al. (2011) repoats@ynificant association between a SNP in the hapa
receptor D3IPRD3) gene and the tendency to be an entrepreneugrioug of 1,335 British subjects. In this
candidate gene study, SNPs in a set of nine geasstested for an association with the tenden®etan
entrepreneur, resulting in a single significanbagion. The set of candidate genes consistetvef f
dopamine receptor genes associated with noveltyesation-seeking and four genes associated with
attention deficit hyperactivity disorder (ADHD). &ke specific genes were selected based on the
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observation that sensation-seeking and ADHD areermommon among entrepreneurs. The authors claimed
that this is the first evidence of an associatietween variants of a specific gene and entreprghgur

As argued above, the appropriate significancestiolel in candidate gene studies should bel68.
The reported association by Nicolaou et al. (201k) go-value of 0.0002, much higher than the genome-
wide significance level. To evaluate this resuthn\er Loos et al. (2011) tried to replicate tifiedings by
performing an association analysis of the 18 SNPented in Nicolaou et al. (2011), including the
significant association between a SNP inIRD3 gene and entrepreneurship, in three much larger
independent groups of Dutch subjects from the Ridia Study (Hofman et al., 2009).

The Rotterdam Study (RS) consists of three cohby®4 participants in RS-l have been
successfully genotyped, 2,129 in RS-Il and 2,03R$3lll. Because the type of array differs betwten
candidate gene study and the replication studyathd8 reported SNPs were readily available in the
Rotterdam Study cohorts. Therefore, these SNPs finenavailable genotype data were imputed using
MACH (Li et al., 2009).

Van der Loos et al. (2011) constructed a binanaée indicating whether a subject (i) had never
been self-employed or (ii) had been self-employddast once during his/her complete working IRS(I)
or in his/her current or last occupation (RS-1I &fstlll). For RS-I, the individuals with an incorepé
working life history and the individuals who hadvee had a job were excluded, except those who sedfe
employed at least once. The rationale for thiswesioh is that incomplete work life histories could
‘contaminate’ the control group with people who eeelf-employed at least once. Complete SNP arfid sel
employment data were available for 5,374 subjex& Cases, 4,843 controls) in RS-, 2,066 subjd&3
cases, 1,869 controls) in RS-Il, and 1,925 subj@8 cases, 1,716 controls) in RS-1ll. The measiire
entrepreneurship in Van der Loos et al. (2011piswalent to the definition used by Nicolaou et(aD11),
i.e., ‘Have you ever started a business in youkingrlife?’ This equivalence was confirmed by a
correlation coefficient of 0.87 between the twoxmes for self-employment and starting a new busines
(Nicolaou et al., 2008a).

An association analysis was performed by Van deslet al. (2011) for each SNP by logistic regras$io

et al. 2009). For each SNP, two models were estidndfiodel 1, which includes the SNP as an indepande
variable, and Model 2, which controls for sex andgible population stratification by including tirst

four principal components of the genotypic covacewariance matrix. For RS-Ill, a dummy for age%8¥
was included in the latter model. Because Van deslet al. (2011) were replicating previously régdr
associations, it was appropriate to correct ontyttie number of SNPs that are replicated. The Booie
correction results in a significance level of 0.8@R.05/18 tests), which corresponds to a sigmfieaevel

of 0.05 for all tests. This level is much higheairtithe genome-wide significance level of 308. The full
estimation results are given in Van der Loos etZil11): none of the SNPs are even remotely siamitiin

both models.



The estimation results for RS-1 require additiogvgblanation. Nicolaou et al. (2011) reported a
significant association between a certain SNP&DIRD3 gene and the tendency to be an entrepreneur.
This SNP was not significantly associated in R&tha chosen significance level of 0.0028. Moreotie
negative coefficient suggests the opposite assogjavhich demonstrates that the original findinasw
probably a false positive.

Further inspection of the results indicates thegdtSNPs within thBRD3 gene survive the Bonferroni-
corrected significance level of 0.0028. Howeveg, direction of the associations is opposite to the
associations reported in the original candidateeggudy. Although the hypothesis that BiRD3 gene is
associated with entrepreneurship cannot be rejdxetsed on these results, they do not support thet eiff
the G allele of the SNP reported by Nicolaou ef2011).

Discussion of non-replication

There are several shortcomings in the candidate gerlies, exemplified in Nicolaou et al. (201hgattlead
to the skepticism that a reported associationfédse positive and that all of the results in #iea so far
should also be interpreted with care. These shmitugs are lessons learned from the era of candgtate
studies, usually pursued with ill-defined markersoas genes, small samples and/or lacking repicalihe
fact that the reported associations cannot becagplil underlines several arguments.

First, there is the suspicion that the selectiocandidates, although seemingly sound, is largely
arbitrary. This selection consists of genes preslipthought to be associated with novelty- or stosa
seeking and ADHD, characteristics that are hypdtkeesto be more common among entrepreneurs.
However, there are many other candidate genes,asutife serotonin 2A and 1B transportét$K2A and
HTR2B), dopamine and serotonin transport&sd6A3, SLC6A4), dopamine beta-hydroxylasBBH),
monoamine oxidase BAAOB), and genes associated with testosterone levetthd¥rmore, the majority of
genes are related to either brain function or éoetkpression of proteins in the brain and couldefioee be
candidates. Hence, there may be hundreds of thdssdrpotential candidate loci. This large numkfer o
potential genes makes the candidate gene appraiggtesent, infeasible for the study of complexawétrs
such as entrepreneurship.

Second, the selection criteria of SNPs withindhesen candidate genes are confined to the coding
regions. A complete overview of the selected SNRadking, although Nicolaou et al. (2011) repbéttthe
SNPs from the coding regions of the nine candidatees were selected. SNPs in regulatory non-coding
regions are not considered, although these cowld diabstantial effects on a given phenotype. For an
overview, see www.genome.gov/gwastudies.

Third, the hypothesis that dopamine receptor ganesissociated with novelty- or sensation-seeking
is based on mixed evidence from small-scale stutietscould not always be replicated. For examphe,
study reported a significant association betweear@ant of theDRD4 gene and novelty-seeking, but this

association could not be replicated by a diffestatly. A recent meta-analysis concludes thaDiRB4
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gene may be associated with measures of novelkyrgeand impulsivity, but significant evidence of
publication bias was found (Munafo et al., 2008).

Therefore, unfortunately, the candidate gene stiidyicolaou et al. (2011) should be interpreted
with care because it does not sufficiently adjostiultiple testing. Even the significance leveDod028
used in the replication study is potentially tdzelial. The reported association from Nicolaou e{211) is

likely to be a false positive and, hence, not ésercandidate for replication studies.

A genome-wide association study

In Van der Loos et al. (2013), self-employment {(hg\started, owned and managed a business) isassad
proxy for entrepreneurship. A meta-analysis of G¥lédies of self-employment was performed using 16
studies to identify genetic variants that are rélgwsssociated with self-employment. Together, ¢hatsidies
were composed of 50,627 participants of Europearsiry who are part of the Gentrepreneur Consortium
This study is the first large-scale effort to idBncommon genetic variants that are associated ait
economic variable. A second study is Rietveld e(2413), which analyzed educational attainment.

Theoretical and empirical evidence from entrepuest@p research suggests that there are
differences between males and females with respebe types of businesses they start. These éliftas
also extend to individuals’ motivations, goals aeslources (Verheul et al., 2012) and exist becaoseen
face different — and often more — barriers to gmie@eurship than men (Verheul and Thurik, 2001).
Therefore, both pooled and sex-stratified analyga® performed.

The discovery stage of this study did not idengifly genome-wide significant associations: theee ar
no common SNPs for self-employment with moderatarge effect sizes. Gene-based tests for
approximately 17,700 genes, including several aatdigenes for entrepreneurship that have been
previously suggested in the literature (Shane, 2@ not reveal any significant associations. MPShat
is located in the DRD3 gene and was identified lyoMou et al. (2011) did not correlate with thedency
to be an entrepreneur. Lastly, 58 SNPs in the d&gostage with @-value below 16 (a threshold that was
predefined in the analysis plan) were tested epéication sample of 3,271 individuals, but noneeve
replicated.

As the heritability of entrepreneurship is coreigly measured between 40 and 60 percent (Nicolaou
et al., 2008a; Zhang et al., 2009; Van der Load.eR2010), a plausible interpretation of theseiltsess that
the molecular genetic architecture of self-emplogme highly polygenic: there are hundreds or maybe
thousands of genetic variants that individuallyeghavsmall effect, which together explain a substhnt
proportion of the heritability. Additionally, a cqiex interplay between genes and the environmegt ma
play a role. Finally, the possibility cannot beedilout that rare genetic variants or other curyamtknown
and unmeasured variants that are insufficientlyetated with the SNPs have large effects on an

individual’'s tendency to be self-employed. Howevkthese genetic variants are rare, they would not



contribute a great deal to the population-base@ree in self-employment, and large samples woald b
required to identify these variants.

The results of Van der Loos et al. (2010) arelsinto those that have been reported for biologjical
more proximate human traits, such as height, asgbgies, such as schizophrenia, for which a polggeni
molecular genetic architecture has also been stegyeSne implication of this similarity is that Wit
sufficiently large sample sizes, SNPs that areaataa with self-employment can, in principle, be
discovered, as has been the case for height (Woaald 2014). A discovery sample of approximatedy(®0
individuals is apparently still too small for a metnalysis of GWA studies on a biologically distal,
complex, and relatively rare human behavior suckefsemployment. Moreover, self-employment is a
fuzzy phenotype, having different meanings in défé environments, i.e., cohorts. Lastly, therthés
possibility of gene-environment interactions (theerplay between nature and nurture), which wouddken
it even more difficult to identify the effects afdividual SNPs in a GWA study that pools resultsrfrvery

different cohorts and environments.

Conclusion

Twin study estimates show that part of the variandée propensity to engage in entrepreneurshigbea
explained by genetic variation. Hence, in princifishould be possible to find the genetic loaitth
influence this propensity. In this chapter, itigwed that GWA studies are the best scientific ea@n given
our current knowledge of DNA. There are severasoea: first, theories for selecting SNPs for caat#id
gene approaches are typically weak and arbitrady twerefore, not convincing. Second, GWA studies
make clear the need to correct for multiple testiftte non-replication of the candidate gene study
illustrates this argument.

Therefore, large-scale GWA studies are the be#tadeo conduct research in the ‘quest for the
entrepreneurial gene.” However, a discovery sarpha Van der Loos et al. (2013) of approximately
50,000 individuals was apparently still too smal & meta-analysis of GWA studies on a biologically
distal, complex, and relatively rare human behasiah as self-employment. A potential opportunity f
future research includes performing GWA studiegodophenotypes such as risk preferences, confidence
and independence. The effect sizes of individugP$Shin these endophenotypes may be larger because of
their greater biological proximity. However, thasgiables are difficult to measure reliably and moé (yet)
available in many genotyped samples. An alternatiag be to use less noisy proxies for entreprehgurs
than just a measurement of self-employment, sudeaal self-employment or successful business
ownership. Finally, very large datasets (some Bayadt least 200,000 individuals are needed) mapuer
the molecular architecture of entrepreneurshipnavieen the measurement is self-employment.

Scholars in the social sciences widely adoptedgthealled standard social science model, which
assumes that the mind is a cognitive device shapedlture and socialization only. The model implibat

variation in economic outcomes, such as human idesisis the result of nurture (the environmentfea



than nature or the interplay of nurture and nattine quest for the entrepreneurial gene is onbeofitst
initiatives to introduce biology into the realmedonomic outcomes.

Why is the role of genetics in explaining entreywnarship interesting? Koellinger et al. (2010) give
various reasons. The first is simple curiosity. &&s can help find the origins of individual diféaces and
how they shape behaviors. Second, genetic diffeieacross populations may be identified that velph
explain aggregate economic outcomes, such as #ne shnascent entrepreneurship. Third, knowledge o
the genetics of economic behavior may improve ouleustanding of the boundaries of economic polices
poor fit between genetic predisposition and ocdopat choice may result in an inferior performaritee
rapid progress in the field of genetics, the adeénbhe so-called bio-banks with their extensiveadats and
the limited progress in the traditional approaabiethe determinants of entrepreneurship point tovear

bright future for the quest for the entrepreneugie.
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