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Abstract Although much is known about college students as a special sample in
terms of their behavioral traits such as intelligence and academic motivation, no
studies have examined whether college students represent a “biased” sample in
terms of their genotype frequencies. The present study investigated this issue by
examining the Hardy—Weinberg equilibrium of genotype frequencies of 284 SNPs
covering major neurotransmitter genes in a sample of 478 Chinese college students,
comparing these frequencies with those of a community sample (the 1000 Genomes
dataset), and examining behavioral correlates of the SNPs in Hardy—Weinberg
disequilibrium. Results showed that 24 loci showed Hardy—Weinberg disequilib-
rium among college students, but only two of these were in disequilibrium in the
1000 Genomes sample. These loci were found to be associated with mathematical
abilities, executive functions, motivation, and adjustment-related behaviors such as
alcohol use and emotion recognition. Generally, genotypes overrepresented in the
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college sample showed better performance and adjustment than under-represented
or non-biased genotypes. This study illustrates a new approach to studying genetic
correlates of traits associated with a socially-selected group—college students—and
presents the first evidence of genetic stratification in terms of education attainment.

Keywords Hardy—Weinberg disequilibrium - Adjustment - College students -
HapMap - 1000 Genomes

Introduction

College students are probably by far the most often studied human subjects, because
they are easily accessible to researchers, most of whom work at universities. This
convenience, however, comes with a cost, namely, this group’s uncertain represen-
tativeness of the populations at large. For decades now, critics (Sears 1986; Henry
2008) have leveled serious complaints against relying on the “narrow data base” of
“college sophomores”. Indeed, college students are expected to differ from others in
many aspects. By definition, they have different educational experience. They are also
typically within a narrow developmental range from late adolescence to early
adulthood. They are likely to be healthy. Due to the nature of the college admission
process, college students on average also score higher on intelligence tests, display
better academic performance, and have higher achievement motivation. Because of
close associations between school performance and other behaviors such problem
behaviors, college students are also likely to have displayed fewer problem behaviors
(at least pre-college). Similarly, college students may also differ from others in their
personality traits, social attitudes, and family backgrounds. The latter’s importance in
school achievement and educational attainment has been clearly demonstrated by
sociologists and psychologists for half a century since the Coleman Report (Coleman
et al. 1966).

Decades of human behavioral genetics research have shown that individual
differences in most human traits such as those mentioned above (intelligence,
motivation, personality, social cognition, and psychopathology) are, at least to a
moderate extent, due to genetic factors (Greven et al. 2009; Haworth et al. 2009;
Petrill et al. 2009). Putting together the non-representativeness of college students
and the genetic bases of traits relevant to being college students, an obvious
question arises as to whether college students would show biases in their allele
frequencies. The current study is the first attempt to examine whether college
students lack representativeness in their genetic makeup. It uses two approaches: the
Hardy—Weinberg equilibrium test and a comparison with a community sample.
Finally, when biased phenotypes were discovered, this study further examined
whether the relevant genotypes were linked to behaviors relevant to being college
students.

More than a century ago, English mathematician Hardy (1908) and German
physician Weinberg (1908) independently came to the conclusion that gene pool
frequencies should be stable or in equilibrium from generation to generation in
absence of disturbances. Mathematically, if alleles A and a of a locus have
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frequencies of p and ¢, respectively, then the expected frequencies of genotypes AA,
Aa, and aa can be calculated as p?, 2pg and ¢>. When genotype frequencies of a
given sample show deviations from this equilibrium (thus Hardy—Weinberg
disequilibrium or HWD), it is likely that this sample is different from the larger
population from which it was drawn or the large population had experienced (within
the generation of the sample) disturbances such as inbreeding or severe non-random
mating, mutation, and selection. Because most research samples are diverse and
large enough, inbreeding and non-random mating should not be a major problem.
Mutation rates are typically too low to account for biases in HWD in humans.
Similarly, with rare examples such as alleles linked to sickle cell anemia, natural
selection within one generation is an unlikely explanation of HWD in humans.
Therefore, HWD has been used in recent decades for three purposes. First, it may
indicate genotyping errors (Gomes et al. 1999; Hosking et al. 2004). Second, it
suggests that a biased nonrandom sample was selected from the larger population.
Third, it may indicate that the sample was not biased because of a sampling
problem, but “biased” because it is a special sample (e.g., patients). The last
possibility has been explored recently to discover disease genes (Feder et al. 1996;
Nielsen et al. 1998; Jiang et al. 2001; Lee 2003; Li and Li 2008).

The current study used a large sample of Chinese college students (N = 478) and
examined the frequencies of their genotypes based on 284 SNPs that cover major
neurotransmitter genes (those in the dopamine, serotonin, glutamate, and GABA
systems). We first investigated whether any of the SNPs showed HWD. The SNPs
with HWD were then compared with a community sample (the 1000 Genomes
dataset) to see if the HWD was population-wide. Finally, we examined behavioral
correlates of the SNPs with HWD in our college sample.

Materials and methods
Participants

Participants were 480 healthy Chinese college students (average age = 19.9 years,
standard deviation = 0.9; 208 males and 272 females) from Beijing Normal
University, Beijing, China. All were Han Chinese and in good health (i.e., no history
of neurological and psychiatric disorders based on self-reports). This experiment
was approved by the IRB of the State Key Laboratory of Cognitive Neuroscience
and Learning at Beijing Normal University, China. Written consent form was
obtained from each subject after a full explanation of the study procedure. Two
participants were excluded from final analysis because of poor genotyping results
(see below).

Genetic analysis
We initially selected 332 single nucleotide polymorphisms (SNPs) of well-

characterized genes related to neurotransmitters (dopamine, serotonin, GABA,
glutamine, VMAT, as well as related enzymes including COMT, MAOA, and
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MAOB) because these genes are mostly expressed in the human brain and are good
candidates for associations with behaviors of interest. In order to cover as much
genetic diversity as possible and to include genes shown to be under recent selection
(Wang et al. 2006), we selected SNPs with two approaches: first we selected the tag
SNPs (tSNPs) defined by the HapMap project (http://hapmap.ncbi.nlm.nih.gov
(phase 3), The International HapMap Consortium 2007), which are the minimum set
of SNPs needed to sample most genetic diversity through linkage disequilibrium
(LD). The tSNPs were defined by HapMap in 2007 using the four populations
investigated at that time (Europeans, African-Yorubans, Chinese, and Japanese),
and used a general 7 value of 0.8 for identification. Additional SNPs were added for
some genes in regions of high LD uncovered in genomic searches for recent
adaptive selection (Wang et al. 2006; Hawks et al. 2007). These SNPs covered both
coding and regulatory regions (for the latter up to 10 kb beyond the coding region).

Subjects donated a blood sample through venipuncture. DNA was extracted and
purified following the standard procedure. The SNPs were genotyped using the
standard Illumina Golden Gate Genotyping protocol (see Illumina Golden Gate
Assay Protocol for details, www.southgene.com.cn, Shanghai South Gene Tech-
nology Co., Ltd, Shanghai, China).

Gene data preprocessing

In addition to automatic calling of genotypes, Illumina genotyping platform
supplied a quantitative quality measure known as the GenCall score. It measures
how close a genotype is to the center of the cluster of other samples assigned to the
same genotypes, compared with the centers of the clusters of the other genotypes.
This measure ranges from O to 1, with a higher score indicating a more reliable
result. The conventional cutoff point is 0.25 (Guan et al. 2009). Two subjects (1
male and 1 female) with more than 10 % null genotyping were excluded. Eighteen
SNPs had no genotype calls and were thus excluded. Additional data cleaning
included the treatment of low-frequency alleles. Seventeen SNPs that showed no
polymorphisms and 12 SNPs that showed too low minor allele frequencies (10 or
fewer participants with the minor genotype) were also deleted. In the end, 478
subjects with genotype data on 284 SNPs were retained for this study. Of the
remaining SNPs, 779 (0.57 %) genotypes across all subjects had low Gencall <0.25
and were assigned as missing data. Details of genotyped SNPs can be found in
Online Supplementary Table S1.

Behavioral measures

To detect potential behavioral correlates of alleles that might have been over-
represented among college students, we used a battery of behavior measures
covering 12 major aspects of human behaviors: (1) perception, (2) memory, (3)
executive function, (4) intelligence, (5) emotion, (6) personality, (7) social
relationships, (8) coping style, (9) problem behavior, (10) mathematical abilities,
(11) language abilities, and (12) others (e.g., simple reaction times, lowa Gambling
Task). In general each construct was measured with several cognitive tasks or
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psychological inventories, with a total of 49 tasks. The specific instruments were
selected because they have been widely used in previous research and proved to
have good psychometric properties. A detailed list of the measures (domain, tool
name, a brief description, measurement index, number of subjects who completed
the test, and references) is in the online supplementary materials (Table S2). To
avoid potential biases due to a few outliers (values outside of the mean £+ 3 SD),
these values were converted to the nearest values within 3 SD.

Data analysis

First, Hardy—Weinberg equilibrium (HWE) index was calculated using the y* test
and setting df to 1 on all 284 SNPs to identify those loci that showed HWD. For
SNPs on autosomes, HWE was calculated with all subjects as well as with males or
females separately. For the SNPs on the X chromosome, HWE was calculated for
females only. For SNPs that showed HWD, the original genotype results were
visually examined to confirm the automatic calling by the machine to rule out
obvious genotyping errors. Next we compared our data with those of a community
sample (the 1000 Genomes Project, http://www.1000genomes.org, whose Chinese
sample came from the HapMap Project http://hapmap.ncbi.nlm.nih.gov). Finally,
we examined behavioral correlates of the HWD loci using ANOVA.

Results

Of 284 SNPs, 24 autosomal loci showed HWD (P < 0.05), and none of the X
chromosome SNPs showed HWD for females. Half of them (12 SNPs) showed
consistent HWD for both males and females. Of the remaining SNPs, six showed
HWD for females only and two for males only. Finally four SNPs were significant
for the total sample but not when males and females were analyzed separately
(although there was one marginal effect for each gender), mainly because the effects
for the whole sample were barely significant and the splitting by gender reduced the
statistical power.

As Table 1 shows, ten of the 24 SNPs are of genes related to the serotonin
system, followed by six related to the dopamine system and two additional SNPs of
the dopamine-modulating neurotensin system, and the remaining six are related to
the other systems such as GABA, glutamine, monoamine, and VMAT.

If the HWD of the above SNPs indeed reflect the specialness of the college
sample, we would expect the same SNPs to show HWE, not HWD, in a community
sample. Table 2 shows the genotype frequency distribution of the Chinese sample in
the 1000 Genomes database. As expected, only two of the SNPs that showed HWD
in our sample showed significant HWD (and an additional marginal one) in the 1000
Genomes Projects’ Chinese-Beijing (CHB) sample (Table 2).

To investigate what behavioral correlates were linked to the overrepresented
genotypes among college students, we ran ANOVA on behavioral measures by the
three genotypes. This analysis was conducted for 19 of the above 24 loci because
five of the loci had too few cases (0-3) for the under-represented genotype to allow
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Table 2 Genotype frequency and HWE in the 1000 Genomes Project’s Chinese sample (CHB) for the
SNPs included in Table 1

SNP Chr.  Gene System Major N  Heter. N Minor N HWEP
1s6962356 7 DDC Dopamine AA 25 AG 39 GG 33 0.06
rs10033951 4 DRDS5 Dopamine GG 13 AG 52 AA 32 0.26
rs1850744 4 DRDS5 Dopamine GG 61 AG 31 AA 5 0.68
154102942 4 DRD5 Dopamine GG 27 AG 41 AA 29 0.13
157685396 4 DRD5 Dopamine CC 67 AC 29 AA 1 0.26
rs10053602 5 SLC6A3 Dopamine AA 69 AG 25 GG 3 0.69
rs4930046 11 TH Dopamine AA 65 AG 28 GG 4 017
rs12502104 4 GABRG! GABA GG 45 AG 43 AA 9 0.78
1s2832411 21 GRIK1 Glutamate AA 24 AC 55 CC 18 0.17
rs1309822 5 NLN Neurotensin ~ AA 28 AG 42 GG 27 0.19
rs2405254 12 NTS Neurotensin ~ TT 16 AT 55 AA 26 0.15
rs655888 13 HTR2A Serotonin GG 22 AG 53 AA 22 0.36
rs6589400 11 HTR3B Serotonin AA 69 AC 25 CC 3 0.69
rs10937159 3 HTR3D Serotonin AA 50 AC 36 CC 11 026
rs7733401 5 HTR4 Serotonin CcC 24 AC 50 AA 23 0.76
rs10917509 1 HTR6 Serotonin AA 68 AG 29 GG 0 0.08
rs4912138 1 HTR6 Serotonin AA 27 AG 49 GG 21 0.89
rs140701 17 SLC6A4 Serotonin AA 70  AG 21 GG 6 0.02
rs4583306 17 SLC6A4 Serotonin GG 70  AG 21 AA 6 0.02
rs10488683 11 TPHI1 Serotonin AA 30 AG 45 GG 22 0.36
rs11179000 12 TPH2 Serotonin AA 29 AT 47 TT 21 0.74
1s3779671 8 SLC18A1 VMAT GG 49 CG 40 CC 8 097
rs952858 8 SLCI8Al VMAT GG 53 CG 37 CC 7 0.88
154752045 10 SLC18A2 VMAT GG 38 CG 40 CC 19 0.16

(1) Because the CHB sample size was relatively small, we did not calculate HWE for males and females
separately. (2) There were discrepancies in labeling the alleles between the 1000 Genome Project and our
study because we used the Illumina’s TOP/BOT rule for allele coding, while the 1000 Genome Projects
used the forward strand rule. To allow for easy comparison, we changed the labels of the 1000 Genomes
Project to the Illumina labels as in Table 1 according to the A/T and C/G complementary rule. (3)
Statistically significant values are shown in bold

for ANOVA. As in HWE analysis, we ran ANOVA with the total sample as well as
by gender because some loci showed HWD only for one gender and because a
number of studies (Harrison and Tunbridge 2008; Chen et al. 2011b) have recently
reported gender specificity in gene—behavior associations. Table 3 shows the
significant (P < 0.01) associations between SNPs and behaviors. Significant effects
were found for mathematics performance, executive functions, motivation, and other
behaviors such as alcohol use. We detail the results in the following paragraphs.
First, genotypes overrepresented in our college sample were associated with better
mathematical abilities than were their underrepresented counterparts. Specifically,
heterozygotes of two SNPs (12832411, rs12502104) were overrepresented and they
performed better in two basic mathematical cognition tasks (dot estimation and parity
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judgment, respectively) than did homozygotes. In the numerosity estimation task
(Krueger 1982), subjects were asked to estimate dot arrays, and their performance was
indexed as the mean deviation of their estimates from true values. A low score indicates
better number sense. Overrepresented heterozygotes of 152832411 scored lower than
both groups of homozygotes. In the parity judgment task (Dehaene et al. 1993), subjects
were asked to judge whether a number was odd or even. Faster reaction times indicate
better number sense. Overrepresented heterozygotes of rs12502104 had the shortest
mean reaction times (the differences were significant when compared to major allele
homozygotes, but not when compared to minor allele homozygotes).

Scores on the four widely used executive functions tasks (i.e., the Color Word
Stroop, Stop Signal, Wisconsin Card Sorting, and Reversal Learning tasks) were also
associated with HWD SNPs. The first two tasks reflect response inhibition and the
last two reversal learning (i.e., mental flexibility or breaking away from learnt rules).
In the Color Word Stroop task (Stroop 1935), subjects were asked to name the color
of the words while ignoring their meaning. Smaller reaction time differences
between incongruent (e.g., the word “red” printed in green) and congruent
conditions (e.g., “red” printed in red) reflect better ability to inhibit interference in
incongruent trials and thus better executive function. We found that overrepresented
heterozygotes of rs2832411 had the best performance (i.e., smallest differences in
RT between incongruent and congruent conditions). In the Stop Signal task (Aron
and Poldrack 2006), subjects had to inhibit a response that was already under way.
The Stop Signal Reaction Time (SSRT) was used to index inhibition performance,
with shorter SSRT showing better inhibition. Minor allele homozygotes of
rs6589400, which were overrepresented in our sample, showed a better performance
than the underrepresented heterozygotes. Overrepresented major allele homozygotes
also showed shorter SSRT than heterozygotes, but the difference did not reach
statistical significance.

In the WCST (Berg 1948), subjects were asked to sort cards according to
changing rules. Similarly, in the Reversal Learning task (Cools et al. 2002), subjects
had to find out the changing rules based on feedback. High error rates indicate that
subjects could not unlearn the rules they already learnt and adapt quickly to the
changing rules. Overrepresented heterozygotes of rs4752045 showed lower error
rates than minor allele homozygotes, but overrepresented major homozygotes and
heterozygotes of rs1309822 showed higher error rates in WCST than the minor
allele homozygotes. Finally, overrepresented major allele homozygotes of rs655888
showed lower errors in the Reversal Learning task than minor allele homozygotes,
but did not differ from the underrepresented heterozygotes.

In terms of perceptual abilities, only one significant difference was found. In the
auditory discrimination task adapted from Zatorre (2003), subjects were asked to
differentiate and name musical notes. Overrepresented heterozygotes of rs1309822
performed more poorly than their minor allele homozygotic counterparts.

In terms of socio-emotional measures, over-represented heterozygotes of
154752045 (for both the total sample and females) showed lower scores on alcohol
abuse [as measured by the alcohol use disorder identification test (AUDIT, Saunders
et al. 1993)] than one or both underrepresented genotypes. For males, overrepre-
sented heterozygotes of rs4102942 showed a medium level of alcohol use between
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the two types of homozygotes. Overrepresented major homozygotes and heterozy-
gotes of rs10033951 showed higher intrinsic motivation (measured with the Work
Preference Inventory, Amabile et al. 1994) and lower temper scores (a brief scale
adapted from the Aggression Questionnaire, Buss and Warren 2000) than the
underrepresented minor allele homozygotes.

Recognition of emotions (measured with scales from Wang and Markham 1999,
and Matsumoto and Ekman 1988) was also associated with one SNP (rs2405254),
for the total sample and females: Overrepresented major allele homozygotes showed
better emotion recognition than did minor allele homozygotes for the total sample
and heterozygotes as well for females.

Finally, highly sensitive personality is characterized as having high levels of
sensitivity and arousal to external stimuli (Aron and Aron 1997). We found that
overrepresented heterozygotes and minor allele homozygotes of rs12502104 were
more sensitive than underrepresented major allele homozygotes.

As mentioned earlier, there was evidence of greater HWD among females than
males (six female-specific vs. two male-specific HWD SNPs). Similarly, genetic
effects were more obvious for females than for males (seven for females and three
for males, see Table 3).

Discussion

This study aimed to examine whether college students, who as a group represent a
biased sample in phenotypes, would also show biases in genotypes (or genetic
stratification in terms of educational attainment). We found that 24 out of 284 SNPs
in a college sample were not in Hardy—Weinberg equilibrium. In contrast, only two
of these SNPs showed HWD (and an additional marginal one) in the independent
community sample used in the 1000 Genomes Project (CHB). Further gene—
behavior association analysis showed that several cognitive and socioemotional
measures were significantly related with the HWD SNPs. In general, overrepre-
sented genotypes among college students showed better performance in these
cognitive and behavioral measures as compared to underrepresented and nonbiased
genotype groups. The biases found appeared to have some gender specificity in both
genotypes and their associations with phenotypes. This finding adds to the growing
literature on gender specificity in gene—behavior associations (e.g., Jazin and Cahill
2010; Chen et al. 2011b; Dmitrieva et al. 2011; Harrison and Tunbridge 2008).
Although neurotransmitter systems have garnered much interest in molecular
behavior genetics, most research has focused on a few well-studied genetic
variations such as the DRD4 VNTR, 5-HTTLPR, and MAOA. Few studies have
examined a broad array of SNPs. A survey of the online PubMed database has
revealed that only a few studies have examined some of the SNPs we identified as in
HWD for college students. Specifically, no prior research was found for 12 of the 24
SNPs included in our Table 1 (i.e., rs6962356, rs4930046, rs12502104, rs2832411,
rs1309822, rs2405254, rs6589400, rs10937159, rs7733401, rs10917509, rs3779671,
and rs952858). In addition, the association between SNP rs4102942 and alcohol
use included in the PubMed database (Chen et al. 2011a) was from the same data
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as the current study. Interestingly, seven of these SNPs (rs2832411, rs12502104,
12832411, rs6589400, rs1309822, rs4102942, and rs2405254) showed one or more
significant (at P < 0.01) behavioral correlates in our study (Table 3). Intuitively
these behavioral correlates seem to be of great importance for college enrollment,
but they have not been studied much in terms of their genetic bases.

For the SNPs that have been examined in previous research, some were studied
as candidate genes for physical illnesses that are of limited relevance to our interest
in normal variations related to college students; and only two found positive
associations: e.g., 1s7685396’s link to serum urate (Yang et al. 2010) and rs140701’s
link to breast cancer (Sangrajrang et al. 2010). Among the five alleles that have been
linked to mental health issues/disorders, the results are generally consistent with our
hypothesis. First, the minor allele (G) of rs140701 of SLC6A4 was linked to major
depression disorder (Dong et al. 2009), and the major allele (A) was linked to panic
disorder (Strug et al. 2008). In our college sample, the homozygotes were
underrepresented while the heterozygotes were overrepresented. Second, the G
allele of SNP rs4583306 of SLC6A4 (in an LD block) has been linked to panic
disorder (Strug et al. 2008) and mood disorder in subjects who experienced
childhood physical abuse (Brezo et al. 2009), whereas the heterozygotes were
overrepresented in our college sample. Third, it was reported that the G allele of
SNP rs10488683 of TPHI was linked to the diathesis for suicide attempts (Brezo
et al. 2009), whereas our study showed a slight overrepresentation of the A allele
homozygotes among college students. Finally, for SLCI18A2 rs4752045, the CC
genotype showed a lower level of depressive symptoms in an elderly population
(Christiansen et al. 2007). In our college sample, as mentioned earlier, the
overrepresented heterozygotes were associated with better executive functions
(WCST) and low or moderate alcohol use. The only real exception to our
observation that better behavioral outcomes are linked to genotypes overrepresented
among college students appears to be SNP rs1850744 of DRDS5. Pal et al. (2009)
found that the A allele was underrepresented among schizophrenia patients and it
was also underrepresented in our college sample. In sum, based on the limited
evidence available from previous studies on mental disorders and our own findings
among a college sample, alleles overrepresented among college students are likely
to be associated with better behavioral outcomes. Our results seem to demonstrate
the utility of using HWD to search for gene variants linked to special groups beyond
patients.

Although we aimed to identify significant correlates of HWD SNPs, it is equally
informative to examine the negative findings. For example, we did not find that
HWD SNPs were associated with general intelligence or general personality traits,
but only to more specific cognitive measures and behaviors. There are two possible
explanations. First, because our sample of college students was from a tier 1
university in China, it was thus a highly selected group and had attenuated
variations in traits such as intelligence. For example, the average 1Q of our sample
was 125.6 and the standard deviation was 7.9, as compared to the presumed
population mean of about 100 and standard deviation of 15. Second, the effects of
genes are more likely to be on specific facets of a behavior, rather than general traits
such as intelligence and personality. This idea is consistent with the failed attempts
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to identify specific genes for general intelligence (Davis et al. 2010). Of course
more research is needed to confirm this, especially by meeting the challenge of
identifying the levels of measurements for phenotypes that are most directly
affected by genetic factors.

Our findings have two major implications for the current discussion on culture
and genes. First, as a progressive cultural institution, higher education is supposed
to provide opportunities to all who are qualified and motivated enough to pursue
it. This is the first study to show that, by selecting individuals who have strong
achievement motivation and academic competence, the competitive process of
gaining a higher education (inadvertently) selects genes that are associated with
those behavioral patterns. Through this process of genetic stratification, culture is
acting as a potentially powerful “natural selection” agent. Researchers should begin
to discuss the implications of this finding for our understanding of presumably
social, but likely to be partially genetic, stratification and social policies that deal
with social/genetic stratification.

Second, if culture is a strong selection agent and culture varies greatly from one
nation to another or even within a nation, much more work is needed to delineate how
culture shapes genes in different groups. Our findings show one way (i.e., social
stratification) in which culture can play an active role in the evolution of genes
(Richerson et al. 2010, see also Chiao and Blizinsky 2010). Social stratification can also
take different forms in different societies, which might eventually result in different
genetic structures in different societies. Closer to the topic of the current study, college
admission processes vary across societies. It is thus likely that different societies (even
different higher education institutions) select different behavioral patterns for their
college students, which consequently create different gene pools in their students.
Much more research is needed to examine both culture-general and culture-specific
processes in genetic stratification. Closely related to this point, it should also be noted
that there is growing evidence that genetic effects on behaviors may vary by ethnic/
racial groups (Li et al. 2008; Kimura 2011; Wang et al. 2013). Much more research is
needed to ascertain cultural generality or specificity of conclusions on human behaviors
and their genetic and neural bases (Chiao and Cheon 2010; Henrich et al. 2010).

There are several limitations to the current study. First of all, although we tried to
cover all the major neurotransmitter genes and major aspects of human behaviors, we
were only able to select 332 polymorphism loci (with 284 yielding informative data)
and 12 aspects of behavior (49 tasks in total). It is extensive, but by no means
exhaustive. There are likely other genes outside of the neurotransmitter systems that
may show “biases” (HWD) for college students and are linked to behavioral traits not
measured in the study. Second, little information was available about our comparison
sample—the 1000 Genomes Projects’ Chinese sample from Beijing. All we know is
that it came from the neighborhood around Beijing Normal University. It was not
clear how many if any college students or graduates were included. Future research
should directly contrast college and non-college samples. Third, we analyzed
all significant main effects at the P < 0.01 level, without using more stringent
corrections for multiple comparisons. We deemed this as an exploratory study to see
if there were any behavioral or cognitive correlates of the SNPs in HWD. These
results should provide bases for future confirmatory hypothesis-testing research.
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