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Summary 
Attention is required for most higher-order cognitive functions, but despite extensive and 
careful study, central unifying principles have been challenging to elicit. To provide a new 
perspective, we took a forward genetics approach to identify genes with large 
contributions to attentional performance. We studied 200 genetically diverse mice on 
measures of pre-attentive processing and through genetic mapping identified a small 
locus on chromosome 13 (95%CI: 92.22- 94.09 Mb), driving substantial variation (19%) 
in this trait. Further characterization of the locus revealed a causative gene, Homer1a, a 
synaptic protein, whose down-regulation specifically in prefrontal excitatory cells during a 
developmental critical period (<p14) led to significant improvements in multiple measures 
of attentional performance in the adult. Subsequent molecular and physiological studies 
revealed that prefrontal Homer1 down-regulation is associated with GABAergic receptor 
up-regulation in those same cells and an overall inhibitory tone in prefrontal cortex. This 
inhibitory tone was relieved during task performance, where large increases in locus- 
coeruleus (LC) to prefrontal cortex (PFC) coupling led to sustained elevations in PFC 
activity, specifically prior to cue-onset, predicting short-latency correct responses. Notably 
high-Homer1a, low-attentional performers, exhibited constantly elevated LC-PFC 
correlations and PFC response magnitudes both at baseline and during task. Thus, rather 
than overall increases in neural activity, a scalable dynamic range of LC-PFC coupling 
and of pre-cue PFC responses supported attentional performance. We thus identify a 
gene with outsized contributions to attentional performance - Homer1 - and link this with 
prefrontal inhibitory tone as an important component of dynamic task-dependent 
neuromodulation during attention. 
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Attention is the process of directing cognitive resources to particular stimuli and is a pre- 
requisite for higher-order cognition, such as short-term memory. It is a complex cognitive 
process that can be constant or fluctuating, occurring on slow or rapid time-scales, and 
can be broadly distributed in the brain but also highly specific to particular stimuli1-5. Years 
of foundational research have highlighted the importance of enhanced prefrontal activity 
in mediating attention. It is also well appreciated that the PFC interfaces with a broader 
neuroanatomically distributed network to enable attention. For instance, long-range 
recurrence with PFC, i.e., via thalamus6,7, and neuromodulation8-12, i.e., via adrenergic, 
dopaminergic and other systems, are thought to be key mediators of attention. Indeed, 
many ADHD medicines target these circuits13. However, there exist important limitations 
in our understanding of the specific circuits, cell-types, and underlying molecular 
pathways involved in this cognitive process. More importantly, we lack an understanding 
of which nodes in these complex pathways are most critical, which if identified, can inform 
more unifying models and therapeutic strategies for attentional processing. 

 
In the past, unbiased genetic mapping approaches enabled the identification of genes 
with outsized contributions to a behavioral trait14-17. Further investigations of these genes 
identified critical cell types and circuits that led to unifying cellular models of behavior. 
Toward this goal, we recently performed genetic mapping in mice and identified a single 
gene with strong outsized contributions to short-term memory18. Building on the fruition 
of this previous work, we studied a cohort of genetically diverse mice on a pre-attentive 
processing task and identified a significant genetic locus on chromosome 13 linked to 
variation in this trait. Further characterization of the locus revealed a causative gene, 
Homer1a, a synaptic protein, whose chronic down-regulation in PFC during development, 
enhances attentional performance in adults. Notably, low-Homer, high-attention mice 
were associated with increased baseline GABAergic tone in PFC, but rapid adrenergic 
facilitation of prefrontal activity during task performance. We thus identify a single gene 
with outsized contributions to attentional performance – Homer1a – and link this with 
increased dynamic range, rather than overall magnitude, of adrenergic coupling to PFC 
as an important component of attention. 

 
Identification of a QTL linked to pre-attentive processing. 
The Diversity Outbred (DO) resource is a mouse population that is derived from eight 
founder strains, whose genetic diversity, i.e., SNP density and allelic heterozygosity, is 
comparable to that of the human population, providing an ideal platform for high- 
resolution genetic mapping (Fig. 1a). Based on our previous work characterizing the DO 
founders, 19th and 25th generations, we determined that successful mapping would 
require 1) An automated and robust behavioral assay with minimal training, thus 
narrowing the observed variance to genetic and task-associated features, and 2) 
Approximately 200 mice to detect a quantitative trait locus (QTL) that shifts the trait mean 
by 1 standard deviation at 95% confidence. Since traditional tasks of attention require 
extensive training, reward-associations, and other potential confounds for genetic 
mapping, we selected and optimized a simple, robust assay for pre-attentive process, i.e., 
pre-pulse inhibition of startle response (PPI). 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 18, 2023. ; https://doi.org/10.1101/2023.03.17.533136doi: bioRxiv preprint 

https://doi.org/10.1101/2023.03.17.533136
http://creativecommons.org/licenses/by-nc-nd/4.0/


3  

Briefly, we measured the acoustic startle response of each DO mouse after a 120 dB tone 
(the startle stimulus) as well as when the startle stimulus is preceded by a weaker tone 
(the pre-pulse, 3, 6, or 12 dB), and then calculated the ratio as the measure of pre- 
attentive processing (PPI). Notably, while the startle to pulse is considered a “bottom-up” 
process19, the inhibition of this startle is a “top-down” process20 that has been linked to 
downstream measures of cognition, including selective21 and sustained22 attention. 

 
We tested 191 mice (Methods) for performance on this PPI task and first confirmed that 
the phenotypic variability of the DO greatly surpassed that of the C57BL/6J (B6) classical 
inbred line, as would be expected from the underlying genetic variation (Fig. 1b). To 
minimize potential confounds in PPI performance that may not be due to pre-attentive 
processing, i.e., deficits in sensory or motor impairments, we assessed and excluded 15 
mice that exhibited greater PPI3 than PPI12, suggesting potential hearing impairment. 
With the remaining mice, we assessed and found no significant correlations between PPI 
and startle response, gross motor activity, or body weight (Extended Data Fig.1b-e). 

 
We next genotyped the 176 DO mice using the GigaMUGA platform (114,184 loci had 
variability in our cohort) and performed QTL mapping for pre-attentive processing based 
on pre-pulse inhibition (PPI) scores using R/qtl223 (Extended Data Fig. 1f-g). As in our 
previous DO study18, founder haplotype reconstructions showed extensive allelic 
heterozygosity genome-wide (Extended Data Fig. 1a) and we observed approximately 
equal founder contributions across our cohort. The QTL analysis revealed a statistically 
significant locus for PPI6 on chromosome 13 with a genome-wide p value of ≤0.01 (LOD 
score = 8.22, 95%CI: 92.22- 94.09 Mb). This locus was also confirmed to be statistically 
significant using a second mapping approach, miQTL (Fig. 1c). QTL mapping of PPI3 and 
PPI12 did not reveal any loci that surpassed significance thresholds, but a suggested 
peak for PPI3 indeed mapped to the same Chr 13 QTL (Extended Data Fig. 1g, left; LOD 
score = 5.88, 95%CI: 90.51-94.09 Mb), further adding confidence to the functional 
significance of this locus. 

 
Next, to increase confidence in this locus we performed an allele effects analysis 
(Methods) and found that the B6 haplotype (henceforth referred to as Chr13QTLB6) was 
associated with high performance while the WSB/EiJ haplotype (henceforth referred to 
as Chr13QTLWSB) was associated with low performance (Fig. 1d-e). We then asked 
whether new strains of recombinant inbred Collaborative Cross (CC) lines, which have 
the same multi-parent origins as the DO (Fig. 1f), that possess either Chr13QTLB6 or 
Chr13QTLWSB would separate into high and low performers, respectively. We analyzed 
the genomes of existing CC lines and selected two that were homozygous for our desired 
Chr13QTLB6 (CC083) or Chr13QTLWSB (CC025) haplotypes, while maintaining distinctive 
mosaic representations of the founder genomes at other loci. We compared PPI 
performance between CC083 and CC025 and found that CC083 have significantly 
greater PPI than CC025 (Fig. 1g, n(CC083)=27, n(CC025)=24, p(PPI6)=0.05, two-way 
ANOVA with Sidak’s test for multiple comparison; Extended data Fig. 2a, Welch-corrected 
t-test, p < 0.001) which, similarly to the DO, was not due to differences in peak startle, 
body weight, or gross motor behavior (Extended Data Fig. 2b-d). These data further 
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support that the genotypic differences at the Chr13 locus, specifically WSB vs B6 
genotype, drive significant variation in pre-attentive processing. 

 
Since pre-attentive processing is linked to downstream measures of attention, we next 
asked whether the Chr 13 QTL drives differences in attentional performance, as 
measured by an operant signal detection task (SDT). Here, mice are trained to nose-poke 
in response to a 5s auditory cue within 10s of cue onset to receive a food reward. Once 
the mice have sufficiently learned the task (Methods), their attentional load is then 
challenged by decreasing the length of the cue to 1s and reducing the response window 
to 6s from cue onset (Fig. 1i). Similar signal detection tasks have been widely used to 
assay attention24. They provide multiple metrics to track attention including accuracy, 
latency of response, and trial omissions. During the initial 5 s cue training, there were no 
significant differences in learning the task, but CC083’s were already exhibiting fast 
latency responses, and after increased attentional load during the 1s trials, the CC083s 
significantly outperformed the CC025s in all of measures of attention including accuracy, 
latency to all responses, proportion of delayed responses, latency to correct responses 
(Fig. 1j-m). Notably, the strains did not differ in other cognitive measures such as short or 
long term memory, nor in measures of motor, motivational, or social behavior (Extended 
Data Fig. 2e-h). We did observe differences in measures of anxiety (Extended Data Fig. 
2i), which requires further consideration given important dependencies between anxiety 
and attention. In sum, these data together suggest that genetic variation at the Chr 13 
locus drives differences in attentional performance. 

 
Chr 13 QTL effects on attention are driven by Homer1 
With a QTL in hand, we next wanted to understand which gene within the locus was 
driving the changes in attentional performance. Thus, we performed bulk RNA 
sequencing from DO high and low performers, focusing on the prefrontal cortex (PFC) for 
its central role in attentional processing, but also including related brain areas such as 
mediodorsal thalamus (MD), and the ventral tegmental area (VTA). We found that 
samples stratified by performance in PFC and MD, but not in VTA (Extended Data Fig. 
3a), leading us to then ask which locus genes (Extended Data Table 1) were differentially 
expressed in MD or PFC between high and low performers. Of all locus genes, only 
Homer1 was significantly differentially expressed, with substantial downregulation in PFC 
in high-performers (Fig. 2a, n=3 each, adjusted p<0.001). Homer1 has several transcript 
variants due to alternative splicing25 (Extended Data Fig. 3b), and thus we assessed 
whether differential expression was uniform across splice isoforms. Strikingly, only the 
short, activity-dependent isoforms, Homer1a26,27 and Ania325, were differentially 
expressed between DO high- and low-performers (Fig. 2b, p(Homer1a)=0.003, 
p(Ania3)=0.007, two-way ANOVA with post hoc Holm-Sidak test for multiple 
comparisons). Furthermore, bulk RNAseq from high- (CC083) and low- (CC025) 
performing CC strains also confirmed significant differences in Homer1, as well as gene 
ontologies (GOs) relating to Homer1’s function in excitatory neurotransmission and 
activity (Fig. 2c). Similar to the DO mice, the differential Homer1 expression in CC’s was 
driven by downregulation of Homer1a and Ania3 isoforms in the high performing CC083s 
(Fig. 2d, 2-way ANOVA p<0.001, Holm-Sidak test for multiple comparisons 
p(Homer1a)<0.001, p(Ania3)<0.001). 
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Since Homer1a is better characterized and conserved than Ania325,28, we next assessed 
whether Homer1a manipulations could drive behavioral changes in attentional 
performance (Fig. 2e; Extended Data Fig. 4). To knock down Homer1a, we designed and 
tested AAV-based short-hairpin RNAs (shRNAs) to target the Homer1a isoform in vitro 
(Extended Data Fig. 4a) and selected the most effective shRNA for bilateral PFC 
injections in vivo and behavioral testing (Fig. 2e; Extended Data Fig. 4). To over-express 
Homer1a, which has endogenous expression primarily in excitatory pyramidal neurons, 
we cloned the Homer1a coding sequence into an AAV-based CamKII(1.3)-eYFP vector 
(Extended Data Fig. 5a) for bilateral PFC injection and behavioral testing (Fig. 2f; 
Extended Data Fig. 5b-d). To our surprise, we did not see any significant behavioral effect 
for either the knockdown or overexpression experiments (Fig. 4e & 5f; Extended Data 
Fig. 4f & 5e). 

 
To assess whether the effects of Homer1a may be developmental in origin, which was 
supported by prior work on germline knockouts29-32, we profiled the expression of 
Homer1a, Ania3, and Homer1b/c in CC083 and CC025 mice across postnatal 
development. We found that, the expression of Homer1a and Ania3, but not that of 
Homer1b/c, diverged between strains as early as p14 (Fig. 2g; two-way ANOVA p=0.02), 
suggesting possible developmental roles in regulating attentional processing. To test this 
hypothesis, we knocked down Homer1a and Ania3 isoforms during early developmental 
stages (<p14) to evaluate the effect on adult behavior. We injected the AAV shRNA 
targeting Homer1a pooled together with an AAV-based shRNA for Ania3, which we 
validated in vitro (Extended Data Fig. 6) and injected bilaterally into the PFC of B6 pups 
between p0-p2 (Fig. 2h; Extended Data 7a; referred to as KDdev). Despite the 
developmental Homer1a knockdown being less effective than the adult manipulation 
(~80% in adults and ~60% in pups; Extended Data Fig. 4e & Extended Data Fig. 7b), we 
observed a large and significant improvement in measures of pre-attentive processing 
(PPI, Fig. 2h, Extended Data Fig. 7c-f) and attentional performance (SDT, Fig. 2i-l) in 
KDdev mice compared with scramble controls. For instance, when comparing response 
latencies on correct trials, the most sensitive measure of attentional performance, KDdev 
mice exhibited significantly faster response latencies than controls, that persisted 
throughout the extent of both cue length phases (Fig. 2k-l, repeated-measures two-way 
ANOVA p(5s cue)=0.04, p(1s cue)<0.001). As with CC mice, KDdev and controls displayed 
no significant differences in measures of short-term memory or motor behavior, but 
notably in contrast to CC mice, they also displayed no significant differences in measures 
of anxiety (Extended Data Fig. 7g-i). Altogether, these results led us to conclude that 
reducing the expression of Homer1a and Ania3 in PFC during early postnatal 
development (<p14) is sufficient to improve pre-attentive processing and attentional 
performance in adult. This raises two important questions: 1) how does endogenous 
differential expression of short Homer1 isoforms throughout development affect cellular 
functions underlying attention in the adult, and 2) how do these cellular and molecular 
changes influence neural dynamics supporting attention? 
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Low Homer1a expressing neurons up-regulate GABA-receptors. 
To better understand the differences in transcriptional programs associated with Homer1 
we performed single cell RNAseq (scRNAseq) from PFC of adult CC083 and CC025 mice 
(Fig. 3a; Methods). After removing low quality cells (Methods) we obtained 70,920 total 
cells (Extended Data Fig. 8a; 40,897 from CC083 and 30,023 from CC025, n=2 biological 
replicates of 3 mice pooled per strain per replicate). We performed graph-based weighted 
nearest neighbors clustering analysis and identified the major cell types based on cluster- 
wide expression of several canonical marker genes33 (Fig 3b; Extended Data Fig. 8b-c; 
Methods). 

 
Since Homer1 is primarily expressed in neurons34, we sub-clustered the neurons (4,633 
cells) and re-clustered them based on the first 50 principal components, identifying 15 
distinct neuronal clusters (Fig. 3c; Methods). We determined that 14 of the clusters were 
glutamatergic and 1 was GABAergic based on expression of the marker genes Slc17a6, 
Slc17a7, Slc32a1, and Gad1 (Fig. 3d); and consistent with previous studies35,36, Homer1 
expression was primarily restricted to glutamatergic neurons (Fig. 3e). Of the 14 
glutamatergic clusters, 5 showed substantial downregulation of Homer1 in CC083 cells 
compared to CC025 cells (Fig. 3f, referred to as Homer1 DE clusters; t-tests, * indicates 
p < 0.1). To ask how differing levels of Homer1 expression affects transcriptional 
programs and cellular function, we performed differential expression analysis on the 
Homer1 DE clusters between strains using MAST37 (Methods). GO analysis of molecular 
function for genes upregulated in the CC083 cells from the Homer1 DE clusters showed 
an overrepresentation of genes associated with inhibitory GABA signaling, while CC025 
terms overrepresented glutamatergic signaling (Fig. 3g-h; Extended Data 8e). In fact, in 
the Homer1 DE clusters, the CC083 cells uniformly upregulate several GABA receptor 
sub-types while downregulating several glutamatergic receptor subtypes, with almost no 
differential expression of other neurotransmitter receptors or transporters (Fig. 3i). These 
data indicate that lower neuronal expression of Homer1 in a subset of prefrontal excitatory 
neurons yields enhanced GABAergic to glutamatergic receptor balance within those 
same neurons. 

 
We thus turned to assessing the transcriptional programs of upstream GABAergic 
neurons. To do so, we performed differential expression analysis using MAST on the 
GABAergic cluster, in which, interestingly, Homer1 is significantly upregulated in the 
CC083s (Fig. 2f, p = 0.021). Due to the well-studied contributions of neuromodulation in 
attentional processing12, we assessed expression differences of markers for the most 
common neuromodulatory systems and found that CC083 GABAergic neurons had 
higher expression of genes associated with adrenergic and cholinergic signaling than the 
CC025s (Fig. 3j). Furthermore, pathway enrichment analysis38,39 indicated significant 
overrepresentation of genes related to noradrenergic signaling in CC083s (Extended 
Data Fig. 8f). Given its historical significance in attentional regulation4,9,40,41, as well as its 
role as a target of medications to treat ADHD42,43, we further analyzed the adrenergic 
receptors. We found that the higher expression of adrenergic marker genes in CC083 
GABAergic cells is driven primarily by the adrenergic receptor Adra1b (Fig. 3k), which, 
along with Adra1a, appear to be preferentially expressed in the GABAergic cluster 
(Extended Data Fig. 8d). Taken together, these data suggest that prefrontal cells with 
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lower Homer1 expression are associated with increased GABAergic signaling onto those 
neurons, likely supported by adrenergic neuromodulation. With this is mind, we were keen 
to explore the neural dynamics of animals naturally varying in PFC Homer1 expression 
during an attention task. 

 
Enhanced range of LC-PFC coupling and pre-cue PFC responses support attention 
How do the Homer1a-associated molecular and cellular changes in CC mice contribute 
to changes in neural dynamics underlying attentional processing? Are there roles for long- 
range inhibitory recurrence via thalamus, or neuromodulation via locus coeruleus, or both, 
linked to attentional performance? And are there contributions of non-neuronal cells (i.e., 
oligodendrocyte precursor cells (OPCs) or mature oligodendrocytes (OLs) (Extended 
Data Fig. 9a-d) in regulating prefrontal dynamics and attentional processing? To address 
these and other questions, we moved to an in vivo preparation to record multi-area brain 
activity as mice performed the operant signal detection task. We injected AAV1/9-GCaMP 
or JRGECO1a into locus coeruleus (LC, GCaMP), mediodorsal thalamus (MD, GCaMP), 
PFC oligodendrocytes (OL, GCaMP; creation and validation of OL-specific AAV-MAG- 
GCaMP in Extended Data Fig. 9e-g) and PFC neurons (PFC, JRGECO1a), implanted 
optical fibers above each region, and used a custom dual-color fiber photometry system 
to record bulk calcium signals from these regions simultaneously in behaving mice (Fig. 
4a). Because CC025 mice did not tolerate intracranial implants we used B6 mice as “low 
performers” since they have comparable Homer1a expression and behavioral 
performance to CC025s. Multi-area neural activity recordings from a given animal were 
frame projected onto a camera sensor, and custom Matlab scripts (Methods) were used 
to extract time-series data, regress out motion-related artifacts, and align to behavioral 
data (Example alignment from one trial of a CC083 mouse shown in Fig. 4b). 

 
We first analyzed baseline activity patterns in CC083 and B6 mice and noticed 
substantially elevated LC activity (p<0.01, unpaired t-test), and depressed PFC activity 
(p<0.001, unpaired t-test), in CC083 mice (Fig. 4c). This, together with the scSeq 
observation of increased adrenergic Adra1b reception onto PFC GABAergic cells (Fig. 
3k), suggested that LC may contribute to strong baseline inhibitory tone in PFC through 
feed-forward inhibition. Indeed, we found that LC-PFC functional correlations at baseline 
were close to Pearson’s r=0 in CC083s compared to ~0.7 in B6 (Fig. 4d, p<0.001, 
unpaired t-test). However, as mice started training on the signal detection task, we noticed 
a steady increase in LC-PFC functional correlations in CC083 mice that mirrored their 
steady improvement in task performance and measures of attention, and which was not 
observed in B6 mice, presumably due to already high baseline correlations precluding 
further enhancements during task (Fig. 4e, example raw traces from day 2 and day 11 
are shown). Notably, this improved LC-PFC coupling in CC083 mice was strongest in the 
first four minutes (block 1) of each day’s session (Fig. 4e, left panel), after which these 
correlations reduced back toward baseline (blocks 2-5; Fig. 4e, right panel). Meanwhile, 
block 1 elevations in LC-PFC coupling in CC083s were associated with large elevations 
in PFC pre-cue responses, which strikingly persisted throughout the remaining blocks of 
each day’s session (Fig. 4f). Furthermore, such pre-cue activity was significantly elevated 
on short-latency correct trials compared with long-latency incorrect trials, and specifically 
in CC083 mice (Fig. 4g, example raw traces from correct and incorrect trials shown). 
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Again, these dynamic task- and cue- dependent PFC activity changes were not observed 
in high-Homer1a B6 mice, which exhibited relatively high prefrontal responses throughout 
baseline, early, and late days of the task (Fig. 4c,f,g). 

 
Taken together, these results suggest a model in which low Homer1a mediates high 
baseline inhibitory tone, large dynamic range in LC-PFC coupling, targeted elevations in 
pre-cue activity, for short-latency accurate responses and high attentional performance. 
These results therefore underscore that the critical component of neuromodulation during 
attention may not be overall increases in adrenergic activity, but rather frequent LC-PFC 
resets that enable increased signal to noise and targeted behavioral responses. 

 
Discussion 
Here we performed unbiased genetic mapping in outbred mice and identified a short 
segment on chromosome 13 that is critical for explaining variation in attentional 
performance. Within this locus, we identified the causative gene to be Homer1a, a 
scaffolding protein with known roles in regulating excitatory glutamatergic synaptic 
transmission. We found that while manipulation of Homer1a in the adult led to no 
significant changes in attentional performance, knockdown specifically in prefrontal 
excitatory cells during a developmental critical period (<p14) led to significant 
improvements in pre-attentive processing and attentional performance in the adult. 

 
A rich history of work on Homer1 and its isoforms have revealed important roles in multiple 
cognitive domains29-32, but little is known about its role in attention. Given strong Homer1a 
association with schizophrenia44,45, autism46,47 and ADHD48,49, it’s possible that Homer1a- 
related early dysfunctions in sensory gating and attention provide common etiology 
driving diverse downstream neuropsychiatric symptoms. Thus, prefrontal Homer1a may 
be a critical hub for deeper mechanistic understanding of attention, indeed it has outsized 
contribution to the trait (19%) and may therefore point us toward unifying cellular models. 

 
In our initial attempts to understand how Homer1a might shape behavioral improvements 
in attentional performance, we explored the molecular programs associated with 
Homer1a expressing neurons as well as their associated circuit physiology in the context 
of their inputs and outputs. Through cellular resolution RNA sequencing analysis, we 
found that low-Homer1a, high attention mice (CC083) only down-regulate Homer1a 
expression in a subset of prefrontal excitatory neurons, which in turn is associated with 
significant upregulation of GABAergic receptors in these same cells. Assuming these 
receptors receive inputs from local GABAergic neurons, we further analyzed these 
inhibitory neurons and found enrichment of a specific adrenergic receptor gene, Adra1b, 
in these cells. These data together suggested that in mice with high attentional 
performance, chronic downregulation of Homer1a may drive homeostatic scaling, 
favoring inhibitory inputs and overall inhibitory tone in prefrontal cortex. Indeed in vivo 
simultaneous neural activity recordings of LC, MD, and PFC revealed strongly reduced 
baseline prefrontal activity in high attention mice. However, during task performance, this 
inhibitory tone was relieved and large increase in the gain of LC-to-PFC functional 
correlations at the start of a task led to sustained elevations in prefrontal activity, 
specifically prior to cue onset, for the remainder of the task session. Notably high- 
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Spz1

Serinc5

Thbs4

Mtx3

Cmya5

Papd4

Homer1
Jmy

Bhmt

Bhmt2

Dmgdh

Arsb

Lhfpl2

Gene Name
mutS homolog 3 (E. coli)

dihydrofolate reductase

ankyrin repeat domain 34B

family with sequence similarity 151, member B

zinc finger, FYVE domain containing 16

spermatogenic leucine zipper 1

serine incorporator 5

thrombospondin 4

metaxin 3

cardiomyopathy associated 5

PAP associated domain containing 4

homer scaffolding protein 1
junction-mediating and regulatory protein

betaine-homocysteine methyltransferase

betaine-homocysteine methyltransferase 2

dimethylglycine dehydrogenase precursor

arylsulfatase B

lipoma HMGIC fusion partner-like 2

Strand
-

-

-
-

-

-
-

-
-
-

+
+

+

+

+

+
+
+

Start (bp) Stop (bp)
92211872 92355003

92354783 92389053

92425896 92441658

92449622 92484168

92487108 92530868

92574631 92576232

92611138 92711947

92751586 92794818

92844787 92858230

93040713 93144724

93147400 93192283

93303757 93404129
93430097 93499808

93616891 93637961

93655720 93674302

93674433 93752831

93771679 93943016

94057796 94195409

a

Extended Data Table 1
Table 1: Protein-coding genes within the 95% CI surrounding the Chr 13 QTL identified by rQTL2. 
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