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The brain-derived neurotrophic factor Val66Met
polymorphism is associated with age-related change in

reasoning skills.

Harris SE, Fox H, Wright AF, Hayward C, Starr JM, Whalley LJ, Deary
1J.

Department of Psychology, University of Edinburgh, Edinburgh, UK.
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A polymorphism (Val66Met) in the gene encoding brain—derived
neurotrophic factor (BDNF) has previously been associated with
impaired hippocampal function and scores on the Logical Memory
subtest of the Wechsler Memory Scale—Revised (WMS-R). Despite its
widespread expression in the brain, there have been few studies
examining the role of BDNF on cognitive domains, other than memory.
We examined the association between BDNF Val66Met genotype and
non-verbal reasoning, as measured by Raven’ s standard progressive
matrices (Raven), in two cohorts of relatively healthy older people,
one aged 79 (LBC1921) and the other aged 64 (ABC1936) years. LBC1921
and ABC1936 subjects had reasoning measured at age 11 years, using
the Moray House Test (MHT), in the Scottish Mental Surveys of 1932
and 1947, respectively. BDNF genotype was significantly associated
with later life Raven scores, controlling for sex, age 11 MHT score
and cohort (P = 0.001). MHT, Verbal Fluency and Logical Memory ‘
scores were available, in later life, for LBC1921 only. BDNF
genotype was significantly associated with age 79 MHT score,
controlling for sex and age 11 MHT score (P = 0.016). In both
significant associations, Met homozygotes scored significantly

- higher than heterozygotes and Val homozygotes. This study indicates
that BDNF genotype contributes to age-related changes in reasoning
skills, which are closely related to general intelligence.
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The SNAP-25 gene is associated with cognitive ability:
evidence from a family-based study in two independent Dutch

cohorts.

Gosso MF, de Geus EJ, van Belzen MJ, Polderman TJ, Heutink P,
Boomsma DI, Posthuma D.

Department of Biological Psychology, Vrije Universiteit, Amsterdam,
The Netherlands. mf. gosso@vumc. nl

The synaptosomal-associated protein of 25 kDa (SNAP-25) gene plays
an integral role in synaptic transmission, and is differentially
expressed in the mammalian brain in the neocortex, hippocampus, .
anterior thalamic nuclei, substantia nigra and cerebellar granular
cells. Recent studies have suggested a possible involvement of
SNAP-25 in learning and memory, both of which are key components
of human intelligence. In addition, the SNAP-25 gene lies in a
linkage area implicated previously in human intelligence. In two
independent family-based Dutch samples of 391 (mean age 12. 4 years)
and 276 (mean age 37.3 years) subjects, respectively, we genotyped
12 single-nucleotide polymorphisms (SNPs) in the SNAP-25 gene on
20p12-20p11.2. From all individuals, standardized intelligence
measures were available. Using a family—based association test, a
strong association was found between three SNPs in the SNAP-25 gene
and intelligence, two of which showed association in both
independent samples. The strongest, replicated association was
found between SNP rs363050 and performance 1Q (PIQ), where the A
allele was associated with an increase of 2. 84 PIQ points (P=0. 0002).
Variance in this SNP accounts for 3.4% of the phenotypic variance
in PIQ. '

Publication Types:

¢ Research Support, Non-U.S. Gov t
e Twin Study

PMID: 16801949 [PubMed - indexed for MEDLINE]



o Comparative Study
¢ Research Support, N.I.H., Intramural
e Research Support, Non-U.S. Gov' t

PMID: 17202556 [PubMed - indexed for MEDLINE]

Am J Psychiatry. 2004 Jan;161(1):125-32.
Related Articles, Links

Fuli Text
T Am | Psychiatry

Genetic and neurochemical modulation of prefrontal

cognitive functions in children.

Diamond A, Briand L, Fossella J, Gehlbach L.

Center for Developmental Cognitive Neuroscience, Eunice Kennedy
Shriver Center Campus, University of Massachusetts Medical School,
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OBJECTIVE: The catechol O-methyltransferase (COMT) gene affects
how long dopamine acts in the prefrontal cortex. The Methionine
polymorphism, which results in a slower breakdown of prefrontal
dopamine, is associated with better adult prefrontal cortex
function. The authors investigated the relation between the COMT
gene polymorphism and cognitive performance in children. METHOD:
Children were tested on cognitive tasks that depend on the
dorsolateral prefrontal cortex and seem to be sensitive to the level
of dopamine there (dots—mixed task), depend on that neural region
but appear insensitive to its dopamine content (self-ordered
pointing), and depend on other neural systems (recall memory and
mental rotation). After data collection, cheek swabs were obtained
fromall children. DNA was extracted and genotyped for the COMT gene
with polymerase chain reaction. RESULTS: Children who were
homozygous for the Methionine polymorphism performed significantly
better on the dots-mixed task but not on others. CONCLUSIONS: The
findings provide an existence proof that genotypic differences can
relate to differences in cognitive performance in typically
developing children. The authors-achieved a level of specificity



executive functions have been described in adults and prepubescent
children, but there is a paucity of research assessing these
relations in adolescent samples. METHODS: In this study, 70
children aged 9-17 were genotyped for COMT and completed measures
of working memory, attention, fine motor coordination, and motor
speed. RESULTS: COMT genotype modulated all but the motor speed
measures. The Val-Met genotype was optimal for performance in this
adolescent sample. CONCLUSIONS: Results are discussed within the
context of developmental changes in the dopaminergic system during
adolescence.
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Association between the CHRMZ gene
and intelligence in a sample of 304
Dutch families
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Abstract:

The CHRMZ gene is thought to be involved in neuronal excitability,
synaptic plasticity and feedback regulation of acetylcholine release and
has previously been implicated in higher cognitive processing. In a
sample of 667 individuals from 304 families, we genotyped three
single—nucleotidepolymorphisms(SNPS)in1ﬁmaCHRM?gene(n17q31—35,From
all individuals, standardized intelligence measures were available.



Methods: The genotypes were determined with polymerase chain reaction and
allele-specific restriction enzyme analysis. Patients suffering from
depression (n=184) and sex and age-matched controls (n=158) were compared
in this study.

Results: The frequencies of 5-HTTLPR SS and GN[beta]3 825TT genotypes and
5-HTTLPR S and GN[beta]3 825T alleles in patients suffering from
depression were significantly higher than those in the controls (P<0.01).
Combined genotype analysis showed that individuals with both 5-HTTLPR S
and GN[betal]3 825T alleles (odds ratio=3.25, P=0.002) had a risk of
depressive disorder higher than those with 5-HTTLPR S (odds ratio=1. 817,
P=0.01) or GN[beta]3 825T alleles (odds ratio=2.214, P=0.001) alone.

Conclusions: These results indicated that the etiology of depressive

disorder is associated with 5-HTTLPR and GN[beta]3 C825T polymorphisms.
Qur data also suggests that an interaction effect may exist between the
5-HTTLPR S allele and GN[betal]3 825T allele in increasing the risk of
depressive disorder.

(C) 2007 Lippincott Williams & Wilkins, Inc.
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Background Childhood shyness can predate social anxiety disorder and may be
associated with biased discrimination of facial expressions of emotions.

Objective To determine whether childhood shyness, or the serotonin transporter
promoter polymorphism genotype, can predict participants’ visual event-related
potentials in response to expressions of children of similar ages.
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Dopamine D4 receptor (D4DR) exon lil polymorphism
associated with the human personality trait of Novelty

Seeking
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Human personality traits which can be reliably measured by any of a number of rating
scales, show a considerable heritable component"z. The tridimensional personality
questionnaire (TPQ) is one such instrument and was designed by Cloninger to measure four
distinct domains of temperament — Novelty Seeking, Harm Avoidance, Reward Dependence
and Persistence — that are hypothesized to be based on distinct neurochemical and genetic
substrates. Cloninger proposed that individual variations in the Novelty Seeking trait are
mediated by genetic variability in dopamine transmission”. Individuals who score higher ‘
than average on the TPQ Novelty Seeking scale are characterized as impulsive, exploratory,
fickle, excitable, quick-tempered and extravagant, whereas those who score lower than
average tend to be reflective, rigid, loyal, stoic, slow-tempered and frugal. We now show that
higher than average Novelty Seeking test scores in a group of 124 unrelated Israeli subjects
are significantly associated with a particular exonic polymorphism, the 7 repeat allele in the
locus for the D4 dopamine receptor gene (D4DR). The association of high Novelty Seeking
and the 7-repeat allele was independent of ethnicity, sex or age of the subjects. This work,
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Abstract

Dopamine D4 receptor (DRD4), serotonin transporter promoter regulatory
region (5-HTTLPR) and catechol O-methyltransferase (COMT) polymorphisms
were examined for association with TPQ personality factors in 455
subjects. Significant interactions were observed by multivariate
analysis, (COMT x 5-HTTLPR: Hotelling' s Trace = 2.3, P = 0.02) and by
subsequent univariate 3-way ANOVA when Novelty Seeking (NS) was the
dependent variable: 5-HTTLPR x D4DR (F = 6.18, P = 0.03) and COMT x
5-HTTLPR (#=4.42, P=0.03). In the absence of the short 5-HTTLPR allele
and in the presence of the high enzyme activity COMT val/val genotype,
NS scores are higher in the presenceiof the DRD4 seven-repeat allele.
The effect of these three polymorphi%ms on NS was also examined using
a within—families design. Siblings whb shared identical genotype groups
for all three polymorphisms (COMT, DRD4 and 5-HTTLPR) had significantly
correlated NS scores (intraclass coefficient = 0.39, F=2.26, P= 0. 008,
n = 49) whereas sibs with dissimilar genotypes in at least one
polymorphism showed no sighificant cofrelation.for'NS scores (intraclass
coefficient = 0. 177, F=1.43, P= 0.@9, n=110). Similar interactions
were also observed between these threé polymorphisms and Novelty Seeking
when the 150 independently recruited and non-related subjects were
analyzed. The current results are consistent with two earlier reports
in which we demonstrated an interaction between the 5-HTTLPR and DRD4
polymorphisms in 2-week—old neonates, in the same children assessed again
at 2 months of age and in adults. Mb]acu]afﬂﬁsychjaZf}’(2000) 5, 96-100.
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aggression, as well as for how MAOA genotype may influence aggressive
behavior in human males.
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Abstract

Epidemiological studies provided a large body of evidence that
personality dimensions are influenced by genetic factors and that the
genetic component is highly complex, polygenic, and epistatic. However,
consistent findings on the genetic basis of personality have yet remained
sparse. In recent years, molecular genetics has begun to identify specific
genes coding in particular for components of the serotonergic and
dopaminergic neurotransmitter systems representing quantitative trait
loci (QTLs) for behavioral traits. The QTL concept suggests that complex
traits are not attributable to single genes. According to this polygenic
model, the genetic basis of personality and behavior and its pathological
variations thus results from additive or nonadditive interactions of
various genes. As the number of suitable candidate genes constantly
increases, the QTL model provides a reasonable explanation for the genetic
basis of personality and its disorders. In this review, the current
knowledge on the impact of a large number of candidate gene polymorphisms
(e.g. variations in serotonin and dopamine receptor and serotonin
transporter genes) on personality and temperament is summarized.
Additionally, investigations of gene - gene and gene - environment
interactions in humans and animals, which currently intensify the
identification of genes that underlie behavioral variations, are examined.
The findings converge on the notion that a probabilistic rather than
deterministic impact of genes on the expression of behavior will
contribute to the demystification of behavioral disorders.

Author Keywords: Behavioral genetics; Candidate genes; Serotonin

transporter; 5~HTT; Dopamine receptor; DRD4; Polymorphism; Quantitative
trait loci
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(ADHD) and the 10-repeat allele of the dopamine transporter gene
(DAT1) has been reported in independent clinical samples using a
categorical clinical definition of ADHD. The present study adopts
a quantitative trait loci (QTL) approach to examine the association
between DAT1 and a continuous measure of ADHD behaviours in a
general-population sample, as well as to explore whether there is
an independent association between DAT1 and performance on
neuropsychological tests of attention, response inhibition, and
working memory. Frmnanepidemiologicalsamph30f872boysaged6~11
years, we recruited 58 boys scoring above the 90th percentile for
teacher reported ADHD symptoms (SWAN ADHD scale) and 68 boys scoring
below 10th percentile for genotyping and neuropsychological
testing. A significant association was found between the DATI
homozygous 10/10-repeat genotype and high-scoring boys

(chi (2) square=4. 6, P<0.03; odds ratio=2.4, 95% CI 1.1-5.0). Using
hierarchical linear regression, a significant independent ‘
association was found between the DAT1 10/10-repeat genotype and
measures of selective attention and response inhibition after
adjusting for age, 1Q, and ADHD symptoms. There was no association
between DAT1 and any component of working memory. Furthermore,
performance on tasks of selective attention although associated
with DAT1 was not associated with SWAN ADHD high scores after
controlling for age and IQ. In contrast, impairment on tasks that
tapped sustained attention and the central executive component of
working memory were found in high-scoring boys after adjusting for
age and IQ. The results suggest that DAT1 is a QTL for continuously
distributed ADHD behaviours in the general population and the
cognitive endophenotype of response inhibition.
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Abstract

A recent study demonstrated that treatment of hyperactive mice with
psychostimulants and serotonergic agents produced a calming effect that
was dependent on serotonergic neurotransmission and was not associated
with any changes in extracellular dopamine levels.1 The Complexv
interaction between the serotonergic and dopaminergic neurotransmitter
systems suggests that a balance between the two systems may be necessary
for mediating hyperactive behaviour. Defects in serotonin system genes,
therefore, may disrupt normal brain serotonin function causing an
imbalance between these neurotransmitter systems leading to the
development of attention deficit hyperactivity disorder (ADHD). Using
the transmission disequilibrium test (TDT), the current study assesses
for linkage disequilibrium between polymorphisms in the serotonin HTRZA
receptor gene and ADHD. One hundred and fifteen families with a total
of 143 children diagnosed with ADHD (DSM-IV) were genotyped for the
His*™ Tyrand the T102C polymorphisms in the serotonin HTR2A receptor gene.
TDT analysis revealed a preferential transmission of the "*7yr allele to
the affected offspring (£ = 0.03), suggesting linkage disequilibrium of
this polymorphism with ADHD. This may open a new door in ADHD molecular
genetics research, expanding the existing view of a catecholaminergic
hypothesis to include a serotonergic hypothesis and should help elucidate
the complex interplay among the neurotransmitter systems in the etiology
of ADHD. Molecular Psychiatry (2000) 5, 537-541.
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Association of the glutamate receptor subunit gene GRIN2B

with attention-deficit/hyperactivity disorder.

Dorval KM, Wigg KG, Crosbie J, Tannock R, Kennedy JL, Ickowicz A,
Pathare T, Malone M, Schachar R, Barr CL.

Cell and Molecular Biology Division, Toronto Western Research
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CNTF genotype is associated with muscular strength

and quality in humans across the adult age span

Stephen M. Rothl‘z, Matthew A. Schrager1’3, Robert E, Ferrellz, Steven E. Riechmanz, E.
Jeffrey Metter’, Nicole A. Lynch“, Rosemary S. Lindle’, and Ben F. Hurley'

b ABSTRACT

The relationship between ciliary neurotrophic factor (CNTF) genotype and
muscle strength was examined in 494 healthy men and women across the
entire adult age span (20-90 yr). Concentric (Con) and eccentric (Ecc)
peak torque were assessed using a Kin—Com isokinetic dynamometer for the
knee extensors (KE) and knee flexors (KF) at slow (0.52 rad/s) and faster
(3.14 rad/s) velocities. The results were covaried for age, gender, and
body mass or fat-freemass (FFM). Individuals heterozygous for the CNTF
null (A allele) mutation (G/A) exhibited significantly higher Con peak
torque of the KE and KF at 3. 14 rad/s than G/G homozygotes when age, gender,
and body mass were covaried (P < 0.05). When the dominant leg FFM
(estimated muscle mass) was used in place of body massas a covariate,
Con peak torque of the KE at 3.14 rad/s was alsosignificantly greater
in-the G/A individuals (P < 0.05). In addition, muscle quality of the KE
(peak torque at 3.14 rad » s~ » leg muscle mass ') was significantly
greater in the G/A heterozygotes (P < 0.05). Similar results were seen
in a subanalysis of subjects 60 yr andolder, as well as in Caucasian
subjects. In contrast, A/A homozygotes demonstrated significantly lower
Ecc peak torgue at 0.52 rad/s for both KE and KF compared with G/G and
G/A groups (P < 0.05). No significant relationships were observed at
0.52 rad/s between genotype and Con peak torque. These data indicate that
individuals exhibiting the G/A genotype possess significantly greater
muscular strength and muscle quality at relatively fast contraction
speeds than do G/G individuals. Because of high positive correlations
between fast-velocity peak torque and muscular power, these findings
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A gene for speed: contractile properties of
isolated whole EDL muscle from an
{alpha}l—actinin—-3 knockout mouse.

Chan S, Seto JT, Macarthur DG, Yang N, North K, Head S.

Institute for Neuromuscular Research, Thé Children’ s Hospital at
Westmead, Sydney, 2145 NSW, Australia; and (see.

The actin-binding protein alpha—actinin-3 is one of the two
isoforms of alpha—actinin that are found in the Z-discs of skeletal
muscle. alpha-Actinin-3 is exclusively expressed in fast
glycolytic muscle fibers. Homozygosity for a common polymorphism
in the ACTN3 gene results in complete deficiency of alpha—actinin-3
in about 1 billion individuals worldwide. Recent genetic studies
suggest that the absence of alpha—actinin-3 is detrimental to
sprint and power performance in elite athletes and in the general
population. In contrast, alpha—actinin—3 deficiency appears to be
beneficial for endurance athletes. To determine the effect of
alpha—actinin—B deficiency on the contractile properties of
skeletal muscle, we studied isolated extensor digitorum longus
(fast—twitch) muscles from a specially developed alpha—actinin—3
knockout (KO) mouse. alpha—Actinin-3-deficient muscles showed
similar levels of damage to wild—type (WT) muscles following
lengthening contractions of 20% strain, suggesting that the
presence or absence of alpha-actinin—3 does not significantly
influence the mechanical stability of the sarcomere in the mouse.
alpha-Actinin-3 deficiency does not result in any change in myosin
heavy chain expression. However, compared with
alpha-actinin—-3-positive muscles, alpha—actinin-3-deficient
muscles displayed longer twitch half-relaxation times, better
recovery from fatigue, smaller cross—sectional areas and lower
twitch-to—tetanus ratios. We conclude that alpha—actinin-3
deficiency results in fast—twitch, glycolytic fibers developing

slower—twitch, more oxidative pCitiUS and longius
(faster and longer) with no alpha—actinin—3

in skeletal muscles?
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C.

Department of Physiology, Universidad Europea de Madrid,
Villaviciosa de 0dén, Madrid, Spain. alejandro.lucia@uem.es

The muscle protein alpha-actinin-3 (ACTN3) is normally thought to
be expressed in type 11 muscle fibres and to be necessary for
high-power, high-velocity muscle contractions, such as those
typically seen in speed/power athletes. The authors report the case
of a Spanish elite long jumper (two times Olympian, personal best
of 8.26 m) whose genotype for the ACTN3 gene is 577XX (ACTN3
deficient). These data suggest that there might be notable
exceptions to the concept that ACTN3 is the “gene for speed”.

PMID: 17289854 [PubMed - indexed for MEDLINE]

roperties. These changes in the contractile properties of
fast—-twitch skeletal muscle from alpha—actinin-3-deficient
individuals would be detrimental to optimal sprint and power
performance, but beneficial for endurance performance. Key words:
alpha—actinin-3, extensor digitorum longus.

PMID: 18650267 [PubMed — as supplied by publisher]

%’g
3: Exerc Sport Sci Rev. 2007 Jan;35(1) :30-4.

ACTN3: A genetic influence on muscle

function and athletic performance.

MacArthur DG, North KN.

Institute for Neuromuscular Research, Children’ s Hospital at
Westmead, Westmead NSW, Australia.

A common variant of the ACTN3 gene, R5H77X, results in complete
deficiency of the alpha—actinin-3 protein in the fast skeletal
muscle fibers of more than a billion humans worldwide. We review
the evidence that this genetic variant is strongly associated with



elite athlete status and with normal variation in human muscle
strength and sprinting speed.

PMID: 17211191 [PubMed - indexed for MEDLINE]
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A gene for speed? The evolution and function
of alpha—-actinin-3.

MacArthur DG, North KN.

The Children’ s Hospital at Westmead, Westmead, Sydney, Australia.

The alpha—actinins are an ancient family of actin—binding proteins
that play structural and regulatory roles in cytoskeletal
organisation and muscle contraction. alpha—actinin-3 is the
most—highly specialised of the four mammalian alpha—actinins, with
its expression restricted largely to fast glycolytic fibres in
skeletal muscle. Intriguingly, a significant proportion

( approximately 18%) of the human population is totally deficient
in alpha—actinin-3 due to homozygosity for a premature stop codon
polymorphism (R577X) in the ACTN3 gene. Recent work in our
1aboratoryhasrevealedzistrongasscciationbetweenRB??Xgenotype
and performance in a variety of athletic endeavours. We are
currently exploring the function and evolutionary history of the
ACTN3 gene and other alpha—actinin family members. The
alpha—actinin family provides a fascinating case study inmolecular
evolution, illustrating phenomena such as functional redundancy in
duplicate genes, the evolution of protein function, and the action
of natural selection during recent human evolution. Copyright 2004
Wiley Periodicals, Inc.

PMID: 15221860 [PubMed - indexed for MEDLINE]
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ACTN3 genotype is associated with human elite athletic performance.

Yang N, MacArthur DG, Gulbin JP, Hahn AG, Beggs AH, Easteal S, North
K.

Tnstitute for Neuromuscular Research, Children’ s Hospital at
Westmead, Sydney, Australia.

There is increasing evidence for strong genetic influences on
athletic performance and for an evolutionary ”trade—off” between
performance traits for speed and endurance activities. We have
recently demonstrated that the skeletal-muscle actin—binding
protein alpha—actinin-3 is absent in 18% of healthy white
individuals because of homozygosity for a common stop—codon
polymorphism in the ACTN3 gene, R577X. alpha-Actinin-3 is
specifically expressed in fast—twitch myofibers responsible for
generating force at high velocity. The absence of a disease
phenotype secondary to alpha—actinin—3 deficiency is likely due to
compensation by the homologous protein, alpha—actinin—2. However,
the high degree of evolutionary conservation of ACTN3 suggests
function(s) independent of ACTN2. Here, we demonstrate highly
significant associations between ACTN3 genotype and athletic
performance. Both male and female elite sprint athletes have
significantly higher frequencies of the 577R allele than do
controls. This suggests that the presence of alpha-actinin-3 has
a beneficial effect on the function of skeletal muscle in generating
forceful contractions at high velocity, and provides an
evolutionary advantage because of increased sprint performance.
There is also a genotype effect in female sprint and endurance
athletes, with higher than expected numbers of 577RX heterozygotes
among sprint athletes and lower than expected numbers among
endurance athletes. The lack of a similar effect in males suggests
that the ACTN3 genotype affects athletic performance differently
in males and females. The differential effects in sprint and
endurance athletes suggests that the R577X polymorphism may have
been maintained in the human population by balancing natural
selection.
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Unique among unique. Is it genetically

determined?

Gonzalez-Freire M, Santiago C, Verde Z, Lao JI, Oiivan ],
Gémez—Gallego F, Lucia A.

Universidad Europea de Madrid, Spain.

The cross—country World championship is one of the best models to
study characteristics needed to achieve top—level endurance
athletic capacity. We report the genotype combination of a recent
cross—country champion (12km race) in polymorphisms of seven genes -
that are candidates to influence endurance phenotype traits (ACTN3,
ACE, PPARGC1A, AMPD1, CKMM, GDF8 (myostatin) and HFE). His data were
compared with those of eight other runners (World class but not
World champions). The only athlete with the theoretically more
suited genotype for attaining World-class endurance running
performance was the case study subject. A favourable genetic
endowment, together with exceptional environmental factors (years
of altitude living and training in this case) seems to be necessary
to attain the highest possible level of running endurance
performance.
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