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Attentional Blink; The Attentional Blink phenomenon (AB) describes a transient deficit in temporally selective visual
Genetics; attention regarding the processing of the second of two target stimuli in a rapid serial visual
ng;"gg;‘% presentation (RSVP) task. The AB is a very prominent paradigm in the Cognitive Neurosciences that

has been extensively studied by diverse psychophysiological techniques such as EEG or fMRI.
Association studies from molecular genetics are scarce although the high heritability of higher
cognitive functioning is proven. Only one seminal study reported an association between AB
magnitude and the dopamine receptor D2 (DRD2) C957T polymorphism (Colzato et al., 2011). This
functional polymorphism influences striatal D2 receptor binding affinity and thereby the efficacy of
dopaminergic neurotransmission which is important for working memory and attentional processes.
Colzato et al. (2011) reported that DRD2 C957T T/T-carriers exhibit a significant smaller AB than
C-allele carriers. In the present study this influence of the DRD2 SNP on the AB could not be
replicated in N=211 healthy participants. However, a significantly larger lag 1 sparing was observed
for homozygous T/T-carriers. Moreover, carriers of at least one T-allele showed a significantly poorer
performance in the identification of T1. In general, these results support the notion of a role of the
dopaminergic system on the AB. However, as our results do not parallel previous findings the exact
nature of this influence and its dependence on task parameters will have to be examined in further
genetic association studies.

© 2012 Elsevier B.V. and ECNP. All rights reserved.
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1. Introduction
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If the two targets appear in a short time window (200-500 ms)
the detection accuracy of the second target is severely
impaired (Raymond et al., 1992). According to cognitive
theories of the AB (for review, see Dux and Marois, 2009),
the AB is thought to arise from a depletion of attentional
resources after the successful detection of the first target (T1),
that prevents the encoding of the second target (T2) into the
capacity limited working memory (WM) system. As the success-
ful encoding of the second target (T2) in WM is a necessary
prerequisite for its successful report later on, this capacity
limit severely constraints task performance in the face of a
rapid serial stream of distracting stimuli. Views differ with
respect to the mechanism by which this attentional depletion
interferes with task performance: for instance, it is still under
debate whether the AB stems from a limitation of processing
capacity during encoding (Chun and Potter, 1995) or of
disturbed retrieval (Shapiro et al., 1994). What all theories
have in common, however, is the assumption that cognitive
processes at the interface between attention and WM lead to
the AB (cf. Dux and Marois, 2009). Prominent theoretical
accounts for WM highlight the role of attention in WM as the
means by which the executive control component (“central
executive”) exerts control over representations in WM during
encoding, maintenance and retrieval (Baddeley, 1996; Cowan,
1999; Dehaene et al., 1998). Following this logic, the control
component of WM is a feasible candidate to explain perfor-
mance in the AB paradigm. And indeed, high WM control has
been associated with a smaller AB (Akyiirek et al., 2007).
While behavioral approaches and the neurophysiological
underpinnings of the AB such as for instance differences in
oscillatory alpha and beta band activity and event-related
potentials (ERPs) are under extensive research (see for
instance Gross et al., 2004; Janson and Kranczioch, 2011;
Kranczioch et al., 2003, 2007; Marois et al., 2004; Sergent
et al., 2005), studies focusing on the neurochemical back-
ground including the molecular genetics are scarce. In
general, the neurotransmitter dopamine plays a crucial role
in complex cognitive functions such as WM and cognitive
control (Brozoski et al., 1979; Cools et al., 2008; Kimberg
et al., 1997; Luciana et al., 1992). Individual differences in
dopaminergic genetic markers which affect dopaminergic
neurotransmission such as the DRD2 gene which codes for
the dopamine D2 receptor, have been linked to WM control
processes (for a review, see Cools and D’Esposito, 2011).
In line with this there is only one genetic association study
investigating the promising role of different dopaminergic
polymorphisms in the AB performance so far (Colzato et al.,
2011). In this study only the dopamine D2 receptor (DRD2)
C957T polymorphism revealed significant impact on AB task
performance in the way that the T-allele was associated with
a better performance resulting in a smaller size of the AB.
The C957T polymorphism (rs6277) of the human DRD2 gene
located on chromosome 11g23 constitutes a single nucleotide
polymorphism (SNP) which causes a synonymous coding C—T
transition in exon 7. The SNP changes the receptor’s affinity
and regulates DRD2 availability in vivo, but its effect differs
depending on the brain region under investigation (Hirvonen
et al., 2004, 2009a,b). A recent PET study provides further
evidence for a role of striatal dopamine in the AB (Slagter
et al., 2012), even though it raises some doubt about the
direction of the relationship. Here, greater D2-like receptor
binding in the striatum was associated with a larger AB (ergo

lower level of endogenous dopamine). Slagter et al. (2012)
concluded that striatal dopamine may determine the AB by
regulating the threshold for WM updating.

Genetic association studies provide considerable evidence
that allelic variations in the functional DRD2 C957T influence
WM. For instance, C957T interacted with COMT Val158Met in a
word serial position test, where subjects with the C/C-
genotype showed the poorest performance. This was further
strengthened in interaction with COMT (Xu et al., 2007). The
C957T was also linked to executive control, with homozygous
T/T-carriers performing better on a verbal WM task (Jacobsen
et al., 2006). Furthermore, dysfunctional impulsivity is
enhanced in T-homozygotes measured by self-report and an
experimental stop-signal paradigm (Colzato et al., 2010), and
general cognitive ability measured by five cognitive tests of
different domains was lower in C/C-carriers (Bolton et al.,
2010). Moreover, an epistatic interaction of DRD2 C957T and
CHRNA4 on visuospatial and phonological WM capacity was
reported, where carriers of the DRD2 C/C-genotype showed a
higher visuospatial and phonological WM capacity, but only if
they were also homozygous for the T-allele of CHRNA4
rs1044396 (Markett et al., 2010, 2011). The gene CHRNA4
codes for the subunit alpha-4 of the nicotinic acetylcholine
receptor and exerts pleiotropic effects among others on
cognitive functions (Bellgrove and Mattingley, 2008; Markett
et al., 2010, 2011). In sum, there is plenty of evidence for an
association between C957T and phenotypes in the domain of
WM and executive control, yet results are inconsistent with
respect to the effect’s direction. Carriers of the C/C-genotype
show better performance on some tasks while performance on
other tasks is impaired. A feasible explanation for these
inconsistencies might be the non-unitarity of executive con-
trol processes (Miyake et al., 2000) and the partly opposing
demands of diverse executive control tasks on cognitive
stability (i.e. WM maintenance) and flexibility (i.e. WM
updating) which are both thought to be mediated by dopami-
nergic transmission in different neural structures (Cools and
D’Esposito, 2010). Therefore, it is imperative to the field of
behavioral molecular genetics to apply a rigorous analysis of
the cognitive task at hand and a careful psychometric
characterization of the phenotype when studying the effect
of polymorphisms on cognitive control (Green et al., 2008).

A further problem in the field is that in general, findings
on the molecular genetics of cognitive phenotypes replicate
not that easily. Given the repeated association of the DRD2
C957T polymorphism with performance in tasks that aim at
WM and attentional control and the inconsistencies regard-
ing the effect’s direction, it is of major importance to assess
whether independent replications of the reported results
can support the initial finding. In the present study, we
sought to investigate whether the reported association
between the AB and the DRD2 C957T polymorphism by
Colzato et al. (2011) can also be found in a large indepen-
dent data set on the AB from our laboratory.

2. Experimental procedures
2.1. Participants

A total of 211 healthy subjects (n=166 women, n=45 men, mean
age M=22.7 years, SD=4.7) provided buccal swaps for genotyping
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the DRD2 C957T polymorphism and gave written consent to participate
in the present study. All subjects were compensated with course credits
for their efforts. The high proportion of female participants reflects the
gender distribution in German psychology classes. Before testing,
subjects were screened for neurological and psychiatric disorders.
All participants reported normal or corrected-to-normal vision. The
study was carried out in accordance with the ethical principles of the
Declaration of Helsinki of the World Medical Association and was
approved by the local ethics committee of the University of Bonn.

2.2. Genotyping

DNA extraction and genotyping of the DRD2 C957T polymorphism
(#rs6277) was conducted as described previously (Markett et al., 2010).

2.3. Procedure

In the dual-target RSVP task target and distractor stimuli were
presented in 36-point font size centrally on a 19in. CRT monitor
with a presentation frequency of 10 Hz on a white background.
Distractors were black capital consonants (except F, K, Q, X, Y). The
first target (T1) was a green letter, which could either be a vowel
(except I) or a consonant (except F, K, Q, X, Z). The second target
(T2) was a black capital X. After reading the instructions comprising
two demo trials, participants underwent 13 practice trials before
starting the experiment, which included three blocks of 36 trials.
Each trial started with a red fixation cross for the duration of 900 to
1100 ms and was followed by 31 stimuli with 80 ms duration each
and an inter-stimulus interval of 20 ms. T1 was presented after 14
to 17 distractors. In 66.67% of all trials, T1 was followed by T2,
either with no (lag 1), one (lag 2) or six (lag 7) intervening
distractors. After T2, 7-16 distractors followed until the trial ended.
After presentation of the RSVP sequence, participants had to
respond via the left or right mouse button if T1 was a vowel or
not and whereas T2 (the X) appeared after the green letter.

2.4, Statistical analyses

Percentage of correct T1 and T2 identifications were computed for
each lag condition. T2 accuracy includes only trials were T1 was
identified correctly (T2/T1). First, we tested for possible associations
between age, gender and AB task performance. Because age was
negatively correlated with performance on lag 1 (lag 1: r=—.155,
p=.023; lag 2: r=—.020, p=.770; lag 7: r=—.116, p=.091), it was
included as covariate into all further analysis of variance (ANOVA)
models. Omitting age as a covariate, however, led to virtually identical
results. Separate univariate ANOVAs with gender as fixed factor and T2
accuracy on each lag, lag 1 sparing (measured as T2/T1 at lag 1 minus
T2/T1 at lag 2), T1 accuracy, or AB size (measured as T2/T1 at lag
7 minus T2/T1 at lag 2) as independent variables revealed no significant
associations. Second, the effect of the DRD2 C957T polymorphism on AB
task performance was analyzed by repeated measures ANOVA with lag
(1, 2 and 7) as within-subjects factor and genotype as between-subjects
factor. Lag 1 sparing and the AB size were included in separate ANOVA
models as AV and genotype as between-subjects factor. All statistical
tests were conducted at a p<.05 threshold. All analyses were carried
out using SPSS 20.0 (SPSS Inc., Chicago, IL, USA).

3. Results

3.1. Genetic analyses

The genotype frequency of the DRD2 C957T polymorphism
(T/T: n=66, C/T: n=100, C/C: n=45) did not deviate from
the Hardy-Weinberg equilibrium (;%=.38, df=1, ns) and did

not differ between gender groups (;%=.196, df=2, ns).
There were no differences in allelic distributions (men: T:
52.2%, C: 47.8%; women: T: 55.7%, C: 44.3%) between both
gender groups (y2=.69, df=1, ns).

3.2. Experimental data

The AB phenomenon could be reproduced. T2 accuracy (T2/T1)
varied as a function of lag in trials where T1 was reported
correctly. Mean T2 accuracy decreased from lag 1 (57.5%) to lag
2 (31.6%) and then increased again reaching 79.7% at lag 7.
Accordingly, a repeated measure ANOVA with lag as within-
subjects factor revealed a significant lag effect showing that at
least one of the tested lag pairs differed significantly from each
other (F2,418=18.9; p<.00001; 5*=.083). We conducted three
paired T-tests, which revealed that lag 1 differed significantly
from lag 2 (f41)=18.48, p<.001), lag 2 differed significantly
from lag 7 (tp11)=—24.75, p<.001) and lag 1 differed sig-
nificantly from lag 7 (t11)=—10.36, p<.001). Mean correct T1
identification was 93.2% when T2 appeared at lag 1, 92.1% at
lag 2 and 93.7% at lag 7 (p>.05). To visualize the AB
phenomenon the percentage values and SEM of correct T1
and T2/T1 can be seen in Figure 1.

The genetic effects analyzed by repeated measure ana-
lysis of variance revealed no significant main effect of
genotype on T2 accuracy. The mean percentage correct
T2/T1 as a function of DRD2 genotype and lag is illustrated
in Figure 2. Furthermore, there was no evidence for an effect
of allelic or genotype group on T1 performance, lag 1 sparing,
or AB size. Descriptive mean values and genotype frequencies
are reported in Table 1.

However, with respect to lag 1 sparing we detected a
significant genetic effect on the allelic level (Figure 3).
Homozygote T/T-carriers (C-) showed a significantly stron-
ger lag 1 sparing than carriers of at least one C-allele (C+)
(F1,208=4.71; p=.031, 4*=.022). On the allelic level also a
significant result was obtained for T1 accuracy. Carriers with
at least one T-allele (T+) showed a significantly lower
correct T1 identification (Fy 208 =5.94; p=.016, n?=.028).
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Figure 1 Mean T1 and T2 detection rate +SEM at lags 1, 2 and
7 (n=211). Only trials where T1 has been identified correctly
are included in T2 accuracy.
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4. Discussion

The present study investigated the association between DRD2
C957T and the AB. We could not replicate the main finding
of a recently published study by Colzato et al. (2011), who
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Figure 2 T2 accuracy for each lag as a function of DRD2 C957T
polymorphism.

Table 1
T1 accuracy, lag 1 sparing and max AB size.

observed that T/T carriers exhibited a significantly smaller AB
than C/T and C/C carriers. If at all, homozygous T/T-carriers
showed a somewhat larger blink compared to C-allele
carriers, however only on a descriptive level. Interestingly,
on the allelic level carriers of at least one T-allele exhibited a
significantly reduced correct T1 identification. T/T-homozy-
gotes showed a significantly stronger lag 1 sparing effect than
C-allele carriers, which was due to a concurrent better
lag 1 and worse lag 2 performance in the group of T/T-
homozygotes. That is, in contrast to the results of Colzato
et al. (2011) our findings indicate that the T-allele is detri-
mental to the ability to pick a target from an RSVP stream, and
that in a dual-task dual-target context it is the C-allele, which
determines how this affects the processing of a subsequent
target. In conclusion, our study provides support for the finding
that DRD2 C957T is associated with the AB phenomenon, while
it remains unclear what aspect of the AB is influenced by the
associated individual differences in the dopaminergic system.
Two issues, however, warrant further discussion: first, that -
compared to the Colzato et al. study - other aspects of the AB
are affected by DRD2 C957T in the present study and second,
that the present effects point into a different direction. With
regard to the first issue, it is important to keep in mind
what the two measures (AB size and lag 1 sparing) represent:
lag 1 sparing constitutes the largely unimpaired recognition of
the second target when both targets occur consecutively
(Potter et al., 1998; Visser et al., 1999), while the size of the

Genotype as well as allelic frequencies and respective descriptive mean values (%) of T2 accuracy (at lags 1, 2, 7),

DRD2 C957T N T2 accuracy T1 accuracy Lag 1 sparing Max AB size
Lag 1 Lag 2 Lag 7
cc 45 55.28 31.85 80.66 95.06 23.43 48.81
CcT 100 56.49 32.75 78.06 92.93 23.74 45.31
TT 66 60.44 29.77 81.35 92.62 30.67 51.58
C+ 145 56.11 32.47 78.87 93.59 23.64* 46.40
C— 66 60.44 29.77 81.35 92.62 30.67* 51.58
T+ 166 58.06 31.57 79.37 92.80* 26.49 47.80
T— 45 55.28 31.85 80.66 95.06™ 23.43 48.81
*p<.05.
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Figure 3 Means and SEMs of lag 1 sparing (a) and T2 accuracy (%) at lags 1 and 2 (b) for allelic variants C— and C+.
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AB represents the impairment of recognition of the second
target when presented around 200-500 ms after the first
(Raymond et al., 1992). It has been demonstrated that
processes underlying lag 1 sparing and those resulting in the
AB are independent from each other (Dell’Acqua et al., 2009;
Livesey and Harris, 2011). Accordingly, lag 1 sparing is stimulus-
and task-specific, while the AB is not (Livesey and Harris, 2011).
It is therefore possible that our results differ from those of
Colzato et al. because of the different nature of the tasks:
whereas in the present study a so-called probe task (Kelly and
Dux, 2011) was used, where participants were to detect a
green letter (T1) and a black capital X (T2) amongst black
letters, Colzato et al. employed a categorical task, that is, the
identification of two digits amongst letters. The difference of
the two tasks is for instance apparent in the substantial
differences in T2 lag 1 performance: in Colzato et al.’s study
it is above 95% and thus comparable to T1 performance. For
the present study T2\T1 at lag 1 is at least 30% lower than T1
performance. Moreover, in the present study T1 performance
was not affected by lag, whereas in the study by Colzato and
colleagues T1 performance was significantly reduced when T2
was presented at lag 1. The idea that task-related differences
account for at least some of the differences in the present
results and the results by Colzato et al. (2011) finds further
support in the finding that AB magnitude in a probe task and AB
magnitude in a categorical task are not related intra-
individually (Kelly and Dux, 2011, but see Dale and Arnell,
2011 for contrary findings). Kelly and Dux (2011) suggest that
this might indicate that the two tasks rely on at least partially
different cognitive resources.

In the present study, significant results were restricted
to T1 performance and lag 1 sparing. As common in
the literature, we took the difference in T2 accuracy
between lag 1 and lag 2 as a measure of lag 1 sparing. For
T/T-carriers this approach yielded significantly stronger lag
1 sparing, which was however due to the combined effects
of a better T2 accuracy on lag 1 and a lower T2 accuracy on
lag 2. Interestingly, this stronger lag 1 sparing went along
with a significantly reduced T1 performance. On the other
hand, C/T-carriers also showed poorer T1 performance, but
in combination with smaller lag 1 sparing. Finally, for C/C-
carriers a better T1 detection rate was accompanied by
reduced lag 1 sparing. This pattern of results could be
explained by assuming that carriers of at least one T-allele
(T+) do more strongly inhibit the pre-T1 distracter stream
than participant with the C/C-genotype (T—). Inhibition can
spill over to T1 and would then negatively affect T1
performance. For T/T-carriers reduced T1 performance is
accompanied by increased T2 lag 1 performance. This could
indicate that they are able to invest additional resources to
oppose the spill over of inhibition, from which T2 perfor-
mance at lag 1 benefits. If the lag 1 item is a distracter
however, the representation of the distracter will be
strengthened, and in turn triggers a stronger inhibition of
subsequent items, such as T2 at lag 2. The relevance of
inhibition triggered by the T1+1 item to T2 performance at
short lags has been previously proposed in the boost and
bounce theory of the AB (Olivers and Meeter, 2008). C/T-
carriers might not spend additional resources, thus in spite
of reduced T1 performance, T2 identification at lag 1 does
not improve. Similarly, T2 identification at lag 2 does not
suffer. Due to their less stringent inhibition of pre-T1

distracters C/C-carriers have little difficulty to identify
T1, and also they do not need to devote additional resources
to oppose accidental T1 inhibition. In consequence, lag
1 sparing will not be boosted and remains smaller than in
the T/T-carriers. Put in a nutshell, our findings can be
explained by assuming that the T-allele is detrimental to the
ability to pick a target (T1) from an RSVP stream. In a dual-
task dual-target context it is however the C-allele that
determines how this affects the processing of the subse-
quent target. Its presence appears to be linked to a
relatively weaker representation of items that appear
around 100 ms after the first target and, in parallel, a
reduced inhibition of items that follow the first target with
a somewhat longer delay.

With respect to the second issue, we would like to point
out that there are mixed findings in the literature regarding
the precise influence of the DRD2 C957T genetic variants on
distinct cognitive processes and on the effect’s direction
respectively. Colzato et al.‘s findings indicate that the T/T-
genotype (associated with high DRD2 availability but lower
levels of striatal dopamine) is linked to a reduced AB. These
findings have been challenged by a recent PET study (Slagter
et al., 2012), where a high D2-like receptor availability in
the striatum was found to be associated with a larger AB.
Our results point in the direction of the PET study as they
suggest that the C-allele (associated with higher striatal
dopamine levels) and in particular the C/C genotype, is
beneficial for performance in RSVP tasks. The only measure
where T/T carriers excelled in the present study was lag
1 sparing, but only because of a combination of relatively
better T2 performance at lag 1 and relatively worse T2
performance (larger AB) at lag 2 as compared to C-allele
carriers. That is, the present results can be seen as partially in
line with previous findings from our group reporting a better
performance of C-allele carriers in a WM task. In these two
studies, however, the effect was only visible in carriers
homozygous for the T/T-genotype of CHRNA4 rs1044396,
implicating that the effect of C957T on WM depends on a
genetic interaction (Markett et al., 2010, 2011). In the
literature, however, most studies report an association
between the C-allele and poorer WM performance and execu-
tive functioning (Xu et al., 2007; Jacobsen et al., 2006). This
apparent contradiction might be solved by taking into con-
sideration that recently, for the C957T genotype a counter-
acting effect in the regional specificity was reported: the
DRD2 genotype leads to differences in binding affinity, respec-
tively availability, in striatal versus extrastriatal regions
(Hirvonen et al., 2009a). In all extrastriatal regions the C/C-
genotype is associated with the highest DRD2 binding potential
whereas in the striatum the C/C-genotype is associated with
the lowest binding potential, respectively availability. As
pointed out above recent findings from experimental psychol-
ogy suggest that on first sight even slightly different AB tasks
may rely on different cognitive resources (Kelly and Dux,
2011). This suggests that AB performance, that is, the
cognitive phenotype, depends on at least in part different
neural circuits. If this is indeed the case then the emergence
of different associations between DRD2 C957T and cognitive
phenotype seems plausible. While behavioral work such as the
present study and the one by Colzato et al. (2011) can point
out that a gene locus is of relevance for a phenotype, only
the combination of a molecular genetic approach with
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neuroimaging and pharmacological challenges can conclusively
delineate the exact interplay between genes, dopaminergic
baseline availability and neural circuits on a complex cognitive
phenomenon as the AB. Future studies are warranted, and
both the present findings and the findings by Colzato at al.
provide evidence that such an endeavor would be reasonable
and promising.

As a final note, replication of results from molecular
genetics often fails because genetically heterogeneous
samples are tested or possible gene-by-environment inter-
actions confound the results (Montag et al., 2012). In the
present study and the one from Colzato et al. (2011) only
Caucasian participants, who were screened for neurological
and psychiatric disorders took part. Moreover, no significant
gender effects were observed. Thus, we are confident that
we can rule out confounding influences of these factors.

In conclusion, even though we were not able to replicate
the findings by Colzato et al. (2011), our results do support
the finding of modulatory role of dopamine on cognitive
processes involved in the AB. The underlying genetic
markers as well as the nature of the modulation have yet
to be elucidated.
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