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In contrast to the prenatal development of the cerebral cortex,
when cell production, migration, and layer formation dominate,
development after birth involves more subtle processes, such as
activity-dependent plasticity that includes refinement of synaptic
connectivity by its stabilization and elimination. In the present
study, we use RNA-seq with high spatial resolution to examine
differential gene expression across layers 2/3, 4, 5, and 6 of the
mouse visual cortex before the onset of the critical period of
plasticity [postnatal day 5 (P5)], at its peak (P26), and at the mature
stage (P180) and compare it with the prefrontal association area.
We find that, although genes involved in early developmental
events such as cell division, neuronal migration, and axon guidance
are still prominent at P5, their expression largely terminates by P26,
when synaptic plasticity and associated signaling pathways become
enriched. Unexpectedly, the gene expression profile was similar in
both areas at this age, suggesting that activity-dependent plasticity
between visual and association cortices are subject to the same ge-
netic constraints. Although gene expression changes follow similar
paths until P26, we have identified 30 regionally enriched genes that
are prominent during the critical period. At P180, we identified sev-
eral hundred differentially expressed gene isoforms despite subsiding
levels of gene expression differences. This result indicates that, once
genetic developmental programs cease, the remaining morphoge-
netic processes may depend on posttranslational events.
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The cerebral cortex in most mammals develops region-specific
cytoarchitecture, including establishment of basic neuronal

connections, before birth. Neurons in all neocortical areas are
generated and migrate into appropriate layers before or shortly
after birth but then refine their synaptic connections by the
process of activity-dependent plasticity (1–3). The visual cortex
in mice has several well-defined periods under which various
developmental processes take place. The period from birth to
postnatal day 14 (P14) is characterized by the development of
retinotopy and the creation of binocular responses (4, 5) whereas
the period of P21–P35 is known as the “critical period” for ocular
dominance plasticity where binocularity and binocular matching
develop, with its peak at P26 (4, 6). Although great progress has
been made in elucidating changes in connectivity and function
during the postnatal maturation of the mouse visual cortex, the
transcriptional programs enabling these developmental events
are still unknown.
We previously established a pipeline, using Next-Gen se-

quencing, to determine transcriptional programs at high spatial
resolution in embryonic tissue (7). More recently, work by Fer-
tuzinhos et al. (8) has compared gene expression differences
both temporally (P4–P180) and spatially (cortical layers) in the
somatosensory cortex to provide a comprehensive view of the
maturation process between and within layers in this region.
However, very little is known about the transcriptional profiles
that govern the development of the occipital and frontal cortices.
In the present study, we mapped the transcripts involved in the

various maturation processes of these neuronal populations and
identified the unique set of genetic markers that defines them in

the adult brain. Toward this end, we dissected layers 2/3, 4, 5,
and 6 of the cerebral cortex in both the occipital visual and
frontal association cortices at P5, P26, and P180. These ages
were chosen because they span the critical period of the visual
cortex. Indeed, we found many interesting gene candidates that
may be involved in critical developmental processes, including
several genes enriched during the critical period that have layer-
or area-specific expression.

Results
RNA Collection, Sequencing, and Differential Gene Expression. Tissue
from layers 2/3, 4, 5, and 6 of the frontal cortex (FC) (prospective
association) and occipital cortex (OC) (prospective visual) were
obtained at P5, P26, and P180 by laser capture microdissection
from six mouse brains (Fig. 1 A and B). As evident below, bi-
ological replicates were highly correlated (R2 > ∼0.95) so that
additional animals for this particular experiment were deemed
unnecessary. To augment these results, we sequenced gross-dis-
sected tissue from these same cortical regions as well as the
hippocampus (HC) and olfactory bulb (OB) from two additional
animals. Pairwise comparisons were made between layers and
regions and across time points to identify significantly differen-
tially expressed genes (DEGs). Genes with a Benjamini–Hoch-
berg-corrected P value (bhp) of <0.05 and fold changes greater
than ±2× were considered to be differentially expressed. Because
many comparisons were made between biological replicates, we
created seven clusters of DEGs depending on whether they were
differentially expressed across layers, regions, or time (Table S1).
In total, 1,032 genes were differentially expressed between lay-
ers, 1,768 across regions, and 4,161 over time. The number of
genes that were differentially expressed over a combination of
layers, regions, and time can be seen in Fig. 1E. It is evident that
there is a larger difference in gene expression across time than
between regions and cortical layers. A covariance principal
component analysis (Fig. 1 C and D) was performed on all
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samples to determine clustering of biological replicates. The
analysis revealed three components that corresponded well to the
three variables that differed between replicates. Component 1
corresponds to age, component 2 to laser microdissection (LMD)
versus whole-region dissections, and component 3 to cortical layer
for laser-microdissected samples. These data show that the laser
microdissection protocol can accurately isolate layers of the
cortex from one another and that replicates from different animals
and litters are well-correlated.

Novel Transcriptionally Active Sites. We chose to examine novel
transcriptionally active regions (nTARs) in an attempt to classify
the temporal and regional variation in RNA expression within
areas of the genome outside of coding regions. Because such
areas potentially contain gene enhancers, promoters, and long-
noncoding and micro-RNAs, differential transcription of these
regions could have a variety of effects on the cell. nTARs were
identified based on lack of overlap with known genes and minimum
0.5-bp coverage with 100-bp minimum length. Comparisons were

Fig. 1. Region and layer-specific expression. (A) The brain regions sampled with bulk dissections (with coarse dots) and regions that were also microdissected
(with fine dots). (B) In these areas, layers were isolated by laser microdissection. All sampled tissue was then converted to cDNA and sequenced on an Illumina
HiSEq 2000 sequencer. (C) Two-dimensional plot of the two principal components of all samples, separating by age as well as layer- from region-dissected
samples, where component 1 corresponds to age and component 2 corresponds to LMD versus whole-region dissections. (D) Three-dimensional principal
component analysis (PCA) plot showing a third component (z axis) that divides LMD samples by cortical layer. (E) Venn diagram of genes differentially
expressed across time, region, or cortical lamina. The majority of differentially expressed genes (DEGs) are differentially expressed across postnatal time
points, with relatively few genes being uniquely differentially expressed across regions or layers. The majority of DEIs are differentially expressed across
postnatal time points, but with a larger proportion of total isoforms differentially regulated either uniquely by age or in combination with layer and/or
region. (F) Layer, region and age-specific enrichment for neuronal, astrocyte, and oligodendrocyte genes. Upper layers are particularly enriched in neuronal
genes, with increasing contributions from astrocytes and oligodendrocytes through the deeper layers. Neuronal genes also dominate in the cortex whereas, in
the hippocampus and olfactory bulb, there is a more equal distribution. Finally, the transcriptional profile at P5 is enriched in oligodendrocyte genes whereas,
at P26, there is a greater proportion of astrocyte and neuronal genes. P180 is not shown because it was not particularly enriched in any cell-specific genes due
to the overall similarity of gene expression to P26.
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made across layers, regions, and time, and the resulting differen-
tially expressed nTARs (dnTARs) were merged across these same
groupings to reveal a total of 3,029 dnTARs. There were 1,090
region-specific dnTARs, 1,031 layer-specific dnTARs, and 908
dnTARs across time. A total of 798 nTARs were differentially
regulated between P5 and P26, and 825 between P26 and P180,
which indicates that, although there is not much difference in the
transcriptional profile of protein-coding genes between P26 and
P180, there is a substantial shift in expression of noncoding tran-
scripts after P26. There were two region-specific, two layer-specific,
and two dnTARs over time that overlapped with known enhancers
and 65 region-specific, 114 layer-specific, and 62 temporal dnTAR
regions that overlapped with known promoters. The majority of
nTARs, including 731/1,090(67.1%) of region-specific dnTARs,
672/1,031 (65.2%) of layer-specific dnTARs, and 574/908 (63.2%)
of temporal dnTARs were comprised of long noncoding RNA
(lncRNA) (Fig. 2).

Functional Analysis of DEGs by Layer. All functional analyses were
performed using the Bingo application within Cytoscape soft-
ware for Genomic Ontogeny (GO) annotation or the Database
for Annotation, Visualization and Integrated Discovery (DAVID)
for Kyoto Encyclopedia of Genes and Genomes (KEGG) path-
way analysis. All terms and pathways listed were significant at
P < 0.05. Table S2 shows a sample of highly significant GO terms
that are enriched for each layer, divided by FC and OC areas.
Briefly, layer 2 was enriched for such terms as phosphorylation
(OC), nitric oxide-mediated signal transduction (OC), and positive
regulation of actin filament bundle assembly (FC); layer 4 for po-
tassium ion transport (FC), negative regulation of appetite, and
cerebral cortex radially oriented cell migration (OC); layer 5 for
intermediate filament bundle assembly (FC), regulation of exo-
cytosis (OC), and regulation of cyclic nucleotide biosynthetic pro-
cess (frontal cortex); and layer 6 for cell adhesion (occipital cortex),
integrin-mediated signaling pathway (occipital cortex), and neuron
recognition (frontal cortex).
Briefly, layer 2 was enriched for calcium signaling pathway

(both areas), MAPK signaling pathway (both areas), and long-
term potentiation (FC), perhaps reflecting increased synaptic
plasticity in this layer; layer 4 for neuroactive ligand–receptor
interaction (OC); and layer 5 for tight junction pathway (occip-
ital) and amyotrophic lateral sclerosis pathway (frontal). Layer 6
had no significantly enriched pathways (Table S3).

DEGs by Region. Frontal cortex was enriched for such terms
as gamma-aminobutyric acid secretion, sleep, and regulation of
fatty acid beta-oxidation; olfactory bulb for generation of neu-
rons, negative regulation of cell differentiation, and gliogenesis;

occipital cortex for peptidyl-serine phosphorylation, synaptic
vesicle transport, and intermediate filament bundle assembly;
and hippocampus for neurogenesis, central nervous system
neuron differentiation, and regulation of exocytosis. Few path-
ways were differentially enriched between regions, suggesting
that the functional differences between these regions may be in
the activity regulation of such pathways rather than in the ex-
pression levels of their constituents. No pathways were enriched
for frontal cortex or hippocampus, but the olfactory bulb had
several, including the ribosome, gap junction, and alanine, as-
partate, and glutamate metabolism pathways; and occipital cor-
tex was enriched for the ErbB signaling and glioma pathways
(Table S4).

DEGs by Age. Terms such as cell motility, RNA splicing, and
chromatin modification were enriched at P5, and regulation
of synaptic plasticity, glycolysis, and sodium ion export were
enriched for P26. No terms were significantly enriched for P180,
indicating that there is little further refinement of gene expres-
sion in development after P26. The ribosome, axon guidance,
and terpenoid backbone synthesis pathways were all highly
enriched at P5 whereas Alzheimer’s disease, oxidative phos-
phorylation, and phosphatidylinositol signaling system pathways
were all highly enriched at P26 (Table 1). Once again, no path-
ways reached significance at P180. Overall, although the list of
genes differentially expressed between P5 and P26 was largely
similar between FC and OC (2,165/3,265 or 66.3%), only 3/30
critical-period genes were commonly differentially regulated
between cortical areas. However, the general transcriptional
profile of these regions at P26 was still highly similar (Table S5).

Table 1. Critical period-regulated genes by region

Gene Enrichment region ABA confirmed?

Fabp7 O4 N/A
Hba-a2 F6 N/A
Dcakd O2 N/A
AK217863 O4 N/A
Tubb2a F6 N/A
Serf1 O4 N/A
Scrt1 F6 N/A
DQ712046 O6 N/A
Cldn5 F2,O4,O5,F6 N
Tfrc F2 N/A
Apc O4,O5 N
AK205190 F2 N/A
Apcdd1 F2,F4,F6 N/A
AK215842 F6 N/A
Trp53i11 F6 Y
Gatm F5 N/A
Nnat F5,F6 Y
Peg5 F5,F6 Y
Prss12 F6 Y
Marcksl1 O2,F2,F4,O5,O6,F6 Y
Ptn O2 N/A
Cd9 F6 Y
Zfp580 O2 N/A
Hbb-b1 F6 N/A
Beta-s F6 N/A
Slc25a22 F6 N/A
Defb1 O6 N/A
Mir715 O6,F6 N/A
Id3 F6 N

The final column indicates whether the pattern of expression was confirmed
by the Allen Brain Atlas.

Fig. 2. Breakdown of novel transcriptionally active regions (nTARs) by type.
Three columns show nTARs that had differential expression across brain regions
and cortical layers and over time, respectively. It can be seen that the majority of
the nTARs in all columns are made up of long noncoding RNA (lncRNA).
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Cluster Analysis. To determine genes that are expressed in func-
tional, regional, and/or temporal groups, we performed a cluster
analysis, which revealed a variety of primarily time-dependent
clusters, highlighting the importance of such modules in de-
velopmental processes. Using the autosome cluster analysis
platform (9), with 100 iterations and a P value of P = 0.05, we
found 25 clusters, 17 of which had more than 50 genes repre-
sented. The average expression levels of each cluster across
samples can be seen in Fig. 3. These clusters have very specific
patterns of expression across samples, which can be summarized
for the top 5 clusters as (i) a high degree of expression over all
samples, with particular enrichment in genes involved in mito-
chondrial and ATP transport-related genes; (ii) expression in-
creasing with time (P180 > P26 > P5), with enrichment in Ras
protein signal transduction genes; (iii) expression higher in P180
and P26 versus P5, with gene enrichment in sodium ion transport
and cell membrane organization; (iv) low expression at P5 and in
olfactory bulb, with enrichment for genes involved in neurotrans-
mitter reuptake and secretion; and (v) high expression at P5 and low
expression at P26 and P180. Similarly specific patterns across time,
layer, and region are seen throughout the gene clusters (Table S6).

Cell-Specific Gene Expression. We used the cell-specific gene ex-
pression data of Cahoy et al. (10) to determine enrichment of
neuronal, astrocyte, and oligodendrocyte genes in our layer, re-
gion, and age-specific lists. It should be noted that the differ-
ences in cell-specific genes across areas (as well as layers and
time), do not represent an increased importance of such genes or
the presence of these cells in these areas, but rather that there
are a larger suite of genes that are specific to the cell types in this
particular region. For example, the fact that there are more
oligodendrocyte-specific genes in the hippocampus versus the
cortex may be interpreted as oligodendrocytes in the hippo-
campus expressing a larger number of genes that are specific to

hippocampal oligodendrocytes and those in the cortex expressing
fewer that are specific to cortical oligodendrocytes. In terms of
temporal differences, at P5, the expression profile is dominated
by oligodendrocyte genes, changing to a more balanced profile at
P26 (Fig. 1F). P180 is not shown here because the paucity of P180-
specific genes led to no overlap with the cell-specific genes identi-
fied in ref. 10. The cortex has a large proportion of neuronal-spe-
cific genes, with little unique contribution from oligodendrocytes,
whereas the olfactory bulb and hippocampus have a roughly equal
contribution from each. Layer 2/3-specific genes are entirely neu-
ronal, with lesser neuronal contributions moving deeper, until oli-
godendrocyte genes become the majority in layers 5 and 6.

Isoform Analysis. Because different isoforms of a gene can be
independently regulated, and as such regulation may be impor-
tant for cell- or developmental-specific processes, we reran all
samples using cufflinks (11), which allowed us to compare dif-
ferent isoforms of the same gene and also determine differences
in overall isoform expression compared with gene expression.
Dividing the differentially expressed isoforms (DEIs) into seven
groups based on pattern of expression as for DEGs, the majority
of isoforms can be seen to be differentially expressed across time
points, as for genes, but a larger proportion of total isoforms are
differentially regulated by layer or region than in the gene data,
indicating that differential splicing may be important in the
definition of different cell types and populations (Fig. 1E and
Table S7). We also ran GO and KEGG analyses with the gene
data to determine whether there are functional differences in
DEIs between regions and cortical layers and over time (Tables
S8–S13). The most significant finding was that there were many
differentially expressed isoforms between P26 and P180, in
contrast to the whole-gene data (Tables S12 and S13). P180
cortical cells were enriched for positive regulation of trans-
lational termination, positive regulation of potassium ion transport,

Fig. 3. Weighted gene coexpression networks. Expression level of each cluster is indicated over each layer/region/age combination. Note that most of these
clusters have unique expression patterns over time, region, layer, or a combination of these variables. Codes in column headings are named by age (P5, P26, or
nil for P180), area (F, O, HC, and OB), and layer (SG, G, IG, or a number). See Table S18 for definitions of sample names.
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and G protein signaling, coupled to cAMP nucleotide second
messenger and for pathways such as alanine, aspartate and glu-
tamate metabolism, pyruvate metabolism, and prion diseases.

High Spatial Resolution RNA-seq and Quantitative Transcriptome
Analysis. RNA-seq is now accepted as the standard for high-
throughput RNA quantification. We decided to leverage our
spatial transcriptome analysis with the differential in situ hy-
bridization data provided by the Allen Brain Atlas (ABA) for the
same brain regions. We took the top 100 enriched genes from the
ABA for the OC, FC, HC, and OB by fold enrichment and
compared them with the level of fold enrichment as well as the
cardinal rank among the top enriched genes for the brain regions
in our dataset. Of the top 100 ABA genes from the OC, FC, HC,
and OB, only 17/100, 2/100, 34/100, and 61/100, respectively,
were also present in our dataset at significant levels of enrich-
ment (Tables S14–S17). At least two factors may contribute to
the low level of concordance: one being differences in defining
boundaries of cortical areas, and the other being inherent to the
qualitative nature of in situ hybridization. However, despite the
somewhat low number of genes in common between the two
datasets based on our enrichment list, we did find that most of
the top genes in the ABA set were in fact enriched in our dataset
(71/100, 32/100, 97/100, and 97/100 for OC, FC, HC and OB,
respectively) at subsignificant levels. Again, upon careful in-
spection, we found that the difference in the FC was due to the
areal boundary, which included the OB on several occasions. In
this respect, we found that our RNA-seq data across regions and
ages could better serve future quantitative analysis and could
augment the data available from the ABA.

Discussion
The mammalian cerebral cortex undergoes important processes
postnatally, such as the refinement of synaptic connections in the
visual cortex, with synaptic pruning continuing until the fourth
postnatal month in mice (12), fifth year in macaque (13), and the
30th year in humans (14). The overproduction of synapses, fol-
lowed by their elimination, is a general property of neural de-
velopment that has been seen in diverse structures, such as the
neuromuscular junction in the chick (15, 16) and the prefrontal
cortex in primates (13). To determine the genes that may be
involved in these processes, we examined the transcriptional
landscape spanning the critical period in the mouse OC visual
area and compared it with the FC association area. We isolated
genetic determinants in specific neuronal populations situated in
the deep, middle, and superficial layers in these regions and
identified molecular pathways that were differentially expressed
not only across development, but also across cortical layers in
these regions. In addition, we discovered several genes that have
a specific layer/regional or temporal expression pattern, which
may play roles in region-specific development.
Our data constitute a significant advance over available gene

expression resources that use alternate methodologies (17). The
advantages of RNA-seq over older methods, such as higher
sensitivity and dynamic range, have been previously established
by several authors (18, 19). A direct comparison between our
data and data generated by qualitative or relative methods that
depend on probe hybridization would not be fair. Still, we found
good concordance across areas when we inspected the top 100
enriched genes as identified by the differential in situ hybrid-
ization data in the Allen Brain Atlas (ABA). Our dataset allowed
quantitative assessments, and we were therefore able to produce
a similar enrichment list for different brain regions. RNA-seq
however, is not limited to known transcripts and allows for the
discovery of nTARs, as well as splice isoform and complex
transcriptome detection. Finally, our quantitative data also rep-
resent an excellent normative resource for future studies in-
volving mouse models of neurological and psychiatric disorders.

Gene expression changes in the prefrontal association and
primary visual areas in the postnatal mouse develop in parallel,
at least until P26. This result may not seem intuitive, but there
are precedents in primates where different sensory and associa-
tion areas develop and eliminate overproduced synapses syn-
chronously (20) and express their major neurotransmitter receptors
on the same schedule (21). It is significant that this schedule is not
related to time of birth or exposure to the visual environment be-
cause it retains the same tempo in prematurely delivered animals.
Despite similar timing of expression changes in the two areas ex-
amined, there are some notable genes that are region-specific, par-
ticularly during the critical period for the visual cortex.
In addition, our data enabled us to characterize the various

cortical layers, regions, and ages by their gene expression profile.
Overall, we found that, although at P5 there are many highly
expressed genes indicating that the cortex is still in an immature
state, most of these developmental processes are complete by P26,
which has minimal differences in gene level expression compared
with the adult P180 cortex. Surprisingly, there were a large number
of differentially expressed isoforms between P26 and P180, which
suggests that further development after the critical period may de-
pend on differential splicing events. In terms of layer-specific gene
expression, we unexpectedly found layer 2/3 to be enriched in
pathways and genes involved in cytoskeletal assembly, calcium sig-
naling pathway, MAPK signaling pathway, and long-term potenti-
ation, which suggest that these neurons may be capable of high
levels of synaptic plasticity. This result stands in contrast to previous
reports indicating that layer 4 is particularly privileged in terms of
plasticity (22, 23). We found also that layer 5 is enriched for such
terms as intermediate filament bundle assembly and regulation of
exocytosis, which may be related to the fact that it contains pro-
jection neurons that are generally larger and have long-range axons
projecting to subcortical targets, necessitating increased production
of axonal proteins. In terms of regional differences, both the hip-
pocampus and olfactory bulb, two regions known for continuing
neuronal production into adulthood, are particularly enriched in
genes related to neurogenesis and gliogenesis, confirming the sen-
sitivity of our analysis to pick up such differences.
We found that, both in adulthood and much more so at P26,

there were few differentially expressed genes between the FC
and OC, indicating common expression patterns across these two
functionally distinct areas. However, developmentally regulated
area-specific genes were more enriched at P26. Although these
genes were spread across a variety of functional categories, there
were, unsurprisingly, several involved in synaptic plasticity and
associated pathways (Tubb2a, Marcksl1, Ptn), which may be
important for area-specific processes of synaptic pruning and
activity-dependent plasticity during the critical period. There
were other genes, including transcriptional inhibitors (Id3, Scrt1)
and genes related to processes of neuronal differentiation (Nnat,
Peg5), that could also be related to the final stages of maturation
of specific cell types. More difficult to explain was the presence
of hemoglobin genes (Hba-a2, Hbb-b1, and Beta-s), a tumor
suppressor (Apc), a gene involved in the glycine metabolic
pathway (Gatm), a micro-RNA (Mir715), and a protease (Prss12)
although future research will determine the specific roles these
genes may have in the critical period and associated plasticity.
The frontal cortex was also significantly enriched overall for
GABAergic genes, which could be related to an increased im-
portance of inhibition in this region. Across regions and layers at
P5, cells were found to express genes involved in cell motility,
RNA splicing, chromatin modification, and axon guidance, re-
flecting epigenetic changes, the final stages of cell migration, and
axonal growth in the early postnatal animal. Both cortices at P26
were enriched for genes involved in synaptic plasticity, sodium
ion transport, and the phosphatidylinositol signaling system, sup-
porting previous work indicating that the dominant process at
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this age is synaptic/structural plasticity (24) and the refinement
of cortical and subcortical connectivity.
No terms or pathways were significantly enriched in P180

animals in the gene expression data although several categories
were differentially expressed in the splice isoform data, such as
positive regulation of translational termination, positive regula-
tion of potassium ion transport, and G protein signaling, in-
dicating that posttranscriptional processes may be responsible
for the further refinement of receptor complement and signaling
pathways necessary for the development of the mature cortex.
We found, in general, that there is a large difference between
differentially expressed genes and differentially expressed iso-
forms between the various regions and cortical layers, suggest-
ing that, although gene expression differences were moderate
between cell populations, there were many more differential
splicing events that delineate them. Fig. 1E also indicates region,
layer, and developmental differences in cell-specific genes. At P5,
oligodendrocyte genes dominate, which shows the importance of
developmental myelination processes at this age. By P26, there was
a more balanced profile, with equal contributions from all three cell
types. There were also some significant laminar differences, with
neuronal genes dominating layer 2/3-specific gene expression and
then having a decreasing contribution in layers 4–6, when oligo-
dendrocyte and astrocyte genes became more prominent, indicating
that there may be more layer-specific oligodendrocyte and astrocyte
markers at increasing cortical depth. Not only neurons, but also
astrocytes and oligodendrocytes, may express different genes across
regions as well because there were many region-specific markers in
all three cell types across regions, although more oligodendrocyte
genes were found in the hippocampus and olfactory bulb and more
neuronal genes in the cortex.

The RNA-seq data obtained in the present analysis provide new
insights and a resource for examining region- and cortical layer-
specific development and function in mice. We expect that the
functional significance of some of these genes may help us un-
derstand region-specific synaptic refinement. In addition, as similar
datasets from other species become available, such transcriptional
differences between cortical laminae and areas can provide insight
into how species differences in brain structure and function have
evolved and how they may become dysfunctional.

Methods
High-Resolution RNA-seq. The flash-frozen brains of all animals were sec-
tioned, and cortical lamina were dissected by laser microdissection (LMD).
RNA purification, sequencing, and differential gene expression were per-
formed as described in Ayoub et al. (7) (Fig. 1 A and B). All procedures were
approved by the Institutional Animal Care and Use Committee of Yale
University and conformed to the National Institutes of Health Guide for
the Care and Use of Laboratory Animals (25).

Statistical Methods. Pairwise comparisons were made between layers, be-
tween regions, and across time points to identify significantly differentially
expressed genes (DEGs). A likelihood ratio test was used to calculate P values
for genes between samples, using a conservative Benjamini–Hochberg-cor-
rected P value (bhp) of 10−5 as the cutoff.

Full details on experimental methods can be found in SI Methods.
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