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  A central motivation in cognitive neurogenetics is to reveal the molecular substrates 
of normal cognitive function. In the present study, we tested 270 healthy participants 
with an experimental paradigm based on a rigorous computational model of visual 
attention (Theory of Visual Attention, (TVA), Bundesen, 1990). We obtained DNA 
from all participants and genotyped the samples for a limited set of single-nucleotide 
polymorphisms (SNPs) derived from a set of genes that has been shown to be up-
regulated by brain-derived neurotrophic factor (BDNF) in a functional convergent 
genomic approach (Le Hellard et al. 2009b). Preliminary analyses revealed that 
several of the genetic markers, in particular those within the genes DCLK1 and NRN1, 
were strongly associated with TVA parameters. We tentatively conclude that genes 
up-regulated by BDNF are promising candidates for association with cognitive traits 
in healthy human individuals.     

 
 
 

INTRODUCTION 

  Cognitive neuroscience has been remarkably successful in the effort to reveal the 
spatiotemporal properties of brain networks underlying visual attention. However, 
traditional methods such as functional magnetic resonance imaging and event-related 
potentials cannot speak directly to the neurochemical innervation of these networks or how 
molecular mechanisms influence the networks’ development, maintenance, and decline 
through gene expression. During the last decade the field of cognitive neurogenetics, 
conceived as a merger between cognitive neuroscience and genetics, has developed 
considerably (see Bellgrove & Mattingley, 2008; Green et al. 2008; Parasuraman & 
Greenwood, 2004, for recent reviews). A central motivation within this field is to 
characterize the molecular substrate of normal cognitive function. In the present study we 
used a functional convergent genomics approach in which candidate genes are identified by 
expression studies in biologically relevant models to select a set of genes implicated in the 
brain synaptic plasticity. We used an experimental paradigm based on Bundesen’s TVA 
(Bundesen, 1990). 
 
 

 



METHODS 

Participants 
  We obtained informed consent from 270 healthy participants (185 females) aged 19-81 
years (Mean = 48, SD = 17) to acquire DNA and cognitive data. Their mean IQ was 120 
(Range = 88 – 146, SD = 9.7). All participants underwent cognitive testing and contributed 
DNA for genetic analysis. 
 
Behavioral task 
  All participants completed the TVA based experimental attention task. TVA describes 
visual attention as a capacity limited process in which selection of objects in the visual 
environment is considered to depend on conscious representation in visual short-term 
memory (VSTM). Perceptual representations of objects compete for a limited number of 
slots in VSTM through a parallel processing race, the outcome of which depends on a 
number of factors as modeled in TVA (see Bundesen, 1990 for mathematical details). We 
used an experimental procedure involving a letter recognition task with varied stimulus 
display durations followed by pattern masks. This paradigm allows for estimation of two 
correlated but independent TVA indices of visual attention capacity; (1) visual processing 
speed (C), interpreted as the total number of visual objects processed per second, and (2) the 
storage capacity of VSTM (K), interpreted as the maximum number of objects that can be 
reported from a brief visual display. In addition, the temporal threshold of conscious 

perception (t0), attentional selectivity (α), and attentional weight allocated to left versus 
right visual fields (wR) are estimated. All of these estimates are independent from 
variability in motor response. The TVA parameters have been shown to have excellent 
psychometric properties (Bundesen & Habekost, 2008) and should be very well suited to 
serve as cognitive phenotypes in genetic association studies. 
 
Genotyping and genetic markers 
  In functional convergent genomics approaches, gene expression-based models are use to 
identify set of candidate genes for association studies or as biomarkers. This approach has 
been successful to identify new genes for psychiatric disorders, side effects of medication, 
and cognitive performance (Le-Niculescu et al. 2007a; 2007b; Le Hellard et al. 2009a; 
2009b; 2010).  Le Hellard et al. (2009b) developed a functional convergent genomics 
approach to characterize genes up-regulated by BDNF (see Wibrand et al. 2006), and their 
implication for episodic memory and general cognition (IQ). Haplotype-tagging SNPs were 
selected for five of most strongly differentially expressed genes (ARL4L, NRN1, DCLK1, 
KLF10 and NPTX2) together with BDNF and ARC. SNPs of the DCLK1 gene were 
associated with both memory and IQ in three independent samples (see Le Hellard et al. 
2009b for details). DCLK1 is believed to be involved in cortical neurogenesis, neuronal 
migration and axonal wiring (Vreugdenhil et al. 2007). Gene expression analysis described 
in Le Hellard et al. (2009b) revealed that short DCLK1 was strongly expressed particularly 
in the neocortex and hippocampus, indicating that DCLK1 may be a promising marker for 
several cognitive phenotypes.  
  Our sample with TVA based data has recently undergone a genome wide scan genotyping 



(Christoforou and Le Hellard, data under analysis) with the Illumina 610 CHIP. This 
genome wide scan is currently under analysis, but we extracted from this scan specific 
genotyping information for this sub-sample of 270 individuals for the genes: ARC, BDNF, 
ARL4L, NRN1, DCLK1, KLF10 and NPTX2.  
 

PRELIMINARY RESULTS AND CONCLUSION 

  Patterns of association between tagSNPs from these genes and the TVA parameters C, K, 

t0, α, and wR were analyzed with PLINK (Purcell et al. 2007). The analysis was done with a 
regression model with participant Sex and Age as covariates. There were several strong 
associations between DCLK1 SNPs and parameters C, K, and t0, with some markers 
reaching uncorrected P-values in the 10-4 range for all parameters. In addition, several 
NRN1 markers were associated with the C parameter (P-values ~10-4, uncorrected). There 

were also some significant associations with parameters α, and wR, but these were weaker, 
perhaps consistent with the somewhat more variable psychometric properties of these 
parameters (see Bundesen & Habekost, 2008). Both DCLK1 and NRN1 have previously 
been reported to be associated with cognitive traits such as IQ (Le Hellard et al. 2009b) and 
fluid intelligence (Chandler et al. 2010). We tentatively conclude that genes up-regulated by 
BDNF are promising candidates for association with cognitive traits in healthy human 
individuals. The present results will be analyzed further to reveal the specific sources of the 
association within the genes, and to explore genetic interactions (epistasis). In addition, 
specificity of association with TVA parameters will be further analyzed.   
 
 

 
 

REFERENCES 
 
Bellgrove, M. A., & Mattingley, J. B. (2008). Molecular genetics of attention. Annals of the New York 
Academy of Sciences, 1129, 200-212. 

Bundesen C. (1990). A theory of visual attention. Psychological Review 97, 523-547. 

Bundesen, C. & Habekost, T. (2008) Principles of visual attention – linking mind and brain. Oxford 
University Press Inc, New York. 

Chandler D, Dragović M, Cooper M, Badcock JC, Mullin BH, et al. (2010) Impact of Neuritin 1 (NRN1) 
polymorphisms on fluid intelligence in schizophrenia. American Journal of Medical Genetics Part B-
Neuropsychiatric Genetics 153B, 428-437. 

Green, A. E., Munafò, M. R., DeYoung, C. G., Fossella, J. A., Fan, J., & Gray, J. R. (2008). Using 
genetic data in cognitive neuroscience: from growing pains to genuine insights. Nature Reviews 
Neuroscience, 9, 710-720. 

Le Hellard S, Theisen FM, Haberhausen M, Raeder MB, Ferno J, et al. (2009a) Association between the 
insulin-induced gene 2 (INSIG2) and weight gain in a German sample of antipsychotic-treated 
schizophrenic patients: perturbation of SREBP-controlled lipogenesis in drug-related metabolic adverse 
effects? Molecular Psychiatry, 14, 308–317. 

Le Hellard S, Håvik B, Espeseth T, Breilid H, Løvlie R, et al. (2009b) Variants in doublecortin- and 
calmodulin kinase like 1, a gene up-regulated by BDNF, are associated with memory and general 
cognitive abilities. PLoS One, 4, e7534. 



Le Hellard S, Mühleisen TW, Djurovic S, Fernø J, Ouriaghi Z, et al. (2010) Polymorphisms in SREBF1 
and SREBF2, two antipsychotic-activated transcription factors controlling cellular lipogenesis, are 
associated with schizophrenia in German and Scandinavian samples. Molecular Psychiatry, 15, 463-472. 

Le-Niculescu H, Balaraman Y, Patel S, Tan J, Sidhu K, et al. (2007a) Towards understanding the 
schizophrenia code: An expanded convergent functional genomics approach. American Journal of 
Medical Genetics Part B-Neuropsychiatric Genetics, 144B, 129–158. 

Le-Niculescu H, McFarland MJ, Mamidipalli S, Ogden CA, Kuczenski R, et al. (2007b) Convergent 
Functional Genomics of bipolar disorder: From animal model pharmacogenomics to human genetics and 
biomarkers. Neuroscience and Biobehavioral Reviews, 31, 897–903. 

Parasuraman, R.,  & Greenwood, P. M. (2004) Molecular genetics of visuospatial attention and working 
memory. In M .I. Posner (Ed). Cognitive neuroscience of attention. The Guilford Press, New York. 

 Purcell S, Neale B, Todd-Brown K, Thomas L, Ferreira MA, et al. (2007) PLINK: a tool set for whole-
genome association and population-based linkage analyses. American Journal of Human Genetics, 81, 
559-575. 

Vreugdenhil E, Kolk SM, Boekhoorn K, Fitzsimons CP, Schaaf M, et al. (2007). Doublecortin-like, a 
microtubule-associated protein expressed in radial glia, is crucial for neuronal precursor division and 
radial process stability. European Journal of Neuroscience, 25, 635–648. 

Wibrand K, Messaoudi E, Havik B, Steenslid V, Lovlie R, et al. (2006) Identification of genes co-
upregulated with Arc during BDNF-induced long-term potentiation in adult rat dentate gyrus in vivo. 
European Journal of Neuroscience, 23, 1501–1511. 


