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Complementary notes on the predicted drivers

Together with validated differentiation drivers, many novel candidates emerged from the data. Among the interneurons
predicted drivers, Arl4c represents a compelling example. Arldc belongs to the family of three Arf-like GTPases, namely
Arl4a, Arldc, and Arldd, that were shown in Hela cells to be implicated in the cytohesins-mediated activation of Arf6,
which in turn regulates endocytosis, actin dynamics, and cell adhesion [1]. However, for these proteins nothing is known
in the context of the CNS. Our integrated analysis indicates that Ar/4c is the only member of the family expressed in
interneurons and that its expression significantly drops after the 1st postnatal week. This indicates that Arl4c may be
implicated in the development of neonatal interneuronal circuitry, possibly by the mediation of a change in the GTP-
signaling. In the case of pyramidal neurons, most of our predicted drivers were already directly linked to neurogenesis,
such as Foxp1 [2], while some others have been believed to be linked to neurogenesis for a long time but still lack clear
information about their exact mechanisms. One such example is Nnat, which was firstly observed as regulated in brain
development more than 20 years ago ([3], 1994). For oligodendrocytes and astrocytes the situation is different, as the
largest majority of candidates results to be novel. An interesting example is the gene Nkainl, a protein interacting with
the Na+/K+ Transporting ATPase, which was initially described in Drosphila [4] and was also identified by genome-wide
association as a significant risk factor for alcohol dependence [5]. Overall, the clues about the roles of Nkainl in the CNS
are very scarce and this gene was never directly linked to oligodendrocytes. In our dataset, Nkainl expression is high in
the embryonic forebrain and after that progressively decreases and reaches its minimum at the beginning of the
synaptogenesis phase (around the 2nd postnatal week), which clearly indicates that it has a role in the perinatal stages
of hippocampus development, possibly by a modulation of oligodendrocytes differentiation or behavior. Intriguingly, in
the set of oligodendrocytes predicted drivers we also found the histone coding proteins Hist1h2bc and Hist1h4h; many
studies have confirmed aberrant expression of several histone proteins in bipolar disorders and schizophrenia and here
we provide a clear link between a number of them and hippocampus development. In the case of ependymal cells, the
situation is slightly different because their markers are prone to follow a peculiar decreasing pattern during
development, thus depriving C1-C5 from being the only minor representatives of decreasing genes as it was for the
other neuronal and glial cells. Nevertheless, in C1-C5 we could find the genes Cd24a, Pdpn and Socs3, which have proved
to be involved in ependymal cells survival and differentiation (Tables S5-S11). Other ependymal genes in C1-C5 were
previously linked to neurogenesis and development but not recognized as ependymal markers, such as the
transmembrane receptor Plxnb2 (Tables S5-S11). A number of our predicted ependymal-specific drivers of
differentiation were previously linked to developmental disorders, such as Tspané (intellectual disability[6]) and Tubala
(encephalic malformations[7]) or tumorigenesis, such as Nuf2, a component of a protein complex associated with the
centromere whose knockout caused the suppression of glioma growth [8]. Nuf2 physiological expression is high in

perinatal stages and subsequently drops of approximately 10-fold after in the course of the 1st postnatal week. Once
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again, as it was for astrocytes and oligodendrocytes, aberrant expression of developmentally-expressed genes causes
tumorigenesis in adult tissue. Also in the case of the minor populations of cells, perivascular macrophages and mural
cells, we could identify a number of genes expressed predominantly at earlier developmental stages. However, these
cell types do not exhibit the strong disparity in enrichments seen in the other main cell-types and therefore we cannot
conclude that their early markers are candidates for driving differentiation. However, these genes likely play crucial role
in the developmental program and are of particular interest because they belong to the cell-types that are usually not

considered in hippocampus.

Finally, in just one case a predicted driver appeared in two different cluster. In fact, Bc/l1la, which was previously
involved in axon branching and dendrite outgrowth [9], presents one transcript variant (NM_001242934) which is
clustered in C2 and displays a by a peak of expression in P1 , while the other isoforms all belong to C1 (peak in

embryonic stage). This may imply a specific role for NM_001242934 in the first postnatal days.
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Supplementary Figure 1. (a,b) GO comparisons, Radar plots in which outer rings correspond to higher significance. Each
radar plot includes the two compared clusters plus a third shape (gray) that depicts the highest enrichment found in the
remaining 11 clusters. This layout easily visualizes the differences between the analyzed clusters and, at the same time,
quantifies the overall specificity of their enriched GO terms. C1 and C4 show distinct enrichments in the gene ontology:
patterning and regionalization genes are markedly repressed in the transition from embryo to P1 (C1) while
proliferation/differentiation genes are more gradually de-activated throughout the whole postnatal development (C4).
Similarly, also C6 and C9 show non overlapping enrichments. For instance, the genes implicated in the hexose
metabolism are activated at later stages (C9) as opposed to synaptogenesis genes (C6). (c) Distinct pathways for
developmental and adult neurogenesis. GO enrichments (y-axis, Benjamini corrected p-values in Z-score scale) delineate
the numerous unique functions and pathways, as well as the common properties, that mark developmental and adult
neurogenic genes. (d) Developmental change in the subunit composition of the Kv3 potassium channels. While the
genes of the subunits kv3.1, kv3.3 and kv3.4 reach the peak of expression at P30, the subunit kv3.2 (gene KCNC2, mean
+/- SEM) is expressed earlier in development and reaches the peak already at P15. (e) Mapping statistics for RNA-seq

samples.



All the Supplementary tables can be downloaded from GEO (GSE79380)

TableS1.xlIsx: Complete lists of genes and transcripts of the 13 developmental clusters.

TableS2.xlsx: GO enrichments of the 13 developmental clusters. Bonferroni corrected p-values are represented in Z-score
values.

TableS3.xIsx: Lists of markers of cell types and cell subtypes.
TableS4.xIsx: Developmental profiles of markers.
TableS5.xIsx: Validation of astrocytes drivers

TableS6.xIsx: Validation of ependymal drivers

TableS7.xlsx: Validation of interneurons drivers
TableS8.xIsx: Validation of macrophages drivers
TableS9.xIsx: Validation of oligodendrocytes drivers

TableS10.xIsx: Validation of pyramidal neurons drivers
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SUPPLEMENTARY FIGURE 1

GO enrichment comparison: C1 and C4
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