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Cerebellum has
been implicated in
Autism-spectrum
disorder,
schizophrenia,
Fragile X mental
retardation, and
Dyslexia.

Cerebellar Neuronal types

Granule cells — Glutamatergic (excitatory)

Purkinje cells — GABAergic (inhibitory)

Interneurons — Inhibitory (Basket cells, stellate cells,
Golgi cells) and excitatory (Unipolar brush cells)
Cerebellar nuclear neurons — glutamatergic and
GABAergic
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All the time series samples were prepared in triplicates with timed pregnancy with 4 hr
time window to minimize sample variability. C57BL/6 strain is a recombinant inbred strain
with the most genetic and genomic information available next to men.



Hierarchical Clustering

HelicoCAGE mouse cerebellum time series

Minimum Similarity = 0.500 # of Clusters =2 # of Alones = 0
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Glutamatergic Rhombic Lip Lineage — Granule cell

hCAGE Illumina microarray

C57BL/6 WT Series 3.2
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Glutamatergic Rhombic Lip Lineage — Granule cell
hCAGE Allen Atlas in situ data ZENBU tracks
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Rora as a Purkinje cell marker
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Pvalb is expressed in both cerebellar lineages

lllumina microarray

C57BL/6 WT Series 3.2
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All tracks pooled [38 exps]

Qcerebellum, adult : CNhs10494 ctss [tpm]

Qcerebellum, embryo E11, biol_rep1 (E11R1)
Qcerebellum, embryo E11, biol_rep2 (E11R2)
O cerebellum, embryo E11, biol_rep3 (E11R3)
Ocerebellum, embryo E12, biol_rep1 (E12R1)
Ocerebellum, embryo E12, biol_rep2 (E12R2)
Ocerebellum, embryo E12, biol_rep3 (E12R3)
Ocerebellum, embryo E13, biol_rep1 (E13R1)
Ocerebelum, embryo E13, biol_rep2 (E13R2)
Ocerebelum, embryo E13, biol_rep3 (E13R3)
Ocerebelum, embryo E14, biol_rep1 (E14R1)
Ocerebelum, embryo E14, biol_rep2 (E14R2)
Ocerebelum, embryo E14, biol_rep3 (E14R3)
Qcerebellum, embryo E15, biol_rep1 (E15R1)
Qcerebellum, embryo E15, biol_rep2 (E15R2)
Qcerebellum, embryo E15, biol_rep3 (E15R3)
Qcerebellum, embryo E16, biol_rep1 (E16R1)
O cerebellum, embryo E18, biol_rep? (E16R2)
Ocerebellum, embryo E16, biol_rep3 (E16R3)
Ocerebellum, embryo E17, biol_rep1 (E17R1)
Ocerebellum, embryo E17, biol_rep2 (E17R2)
Ocerebellum, embryo E17, biol_rep3 (E17R3)
Ocerebelum, embryo E18, biol_rep1 (E18R1)
Ocerebelum, embryo E18, biol_rep2 (E18R2)
Ocerebelum, embryo E18, biol_rep3 (E18R3)

Ocercbelum, neonate NOB, bio_rep1 (PER1)

Ocerebelum, neonate NOO, biol_rep1 (POR1):
Ocerebelum, neonate NOO, biol_rep2 (POR2) :
Qcerebellum, neonate N0O, bio|_rep3 (POR3) :
Qcerebellum, neonate N03, bio_rep1 (P3R1}:
Qcerebellum, neonate N03, bio|_rep2 (P3R2) :
Qcerebellum, neonate N03, bio|_rep3 (P3R3):

Ocerebellum, neonate N0S, biol_rep2 (P6R2) :
Ocerebellum, neonate N0S, biol_rep3 (P6R3) :
Ocerebellum, neonate N0, biol_rep1 (PSR1) :
Ocerebellum, neonate N0, biol_rep2 (PSR2) :
Ocerebelum, neonate N0OS, biol_rep3 (PSR3) :
Ocerebelum, neonate N30 : CNhs11135 ctss [tpm]

CNhs12956 ctss [tpm]
CHhs13002 ctss [tpm]
CHhs13014 ctes [tpm]
CNhs12957 ctss [tpm]
CNhs13003 ctss [tpm]
CHhs13015 ctss [tpm]
CNhs12958 ctss [tpm]
CNhs13004 ctss [tpm]
CNhs13016 ctss [tpm]
CNhs 12960 ctss [tpm]
CNhs13005 ctss [tpm]
CNhs13017 ctss [tpm]
CHhs12981 ctss [tpm]
CHhs13006 ctss [tpm]
CHhs13018 ctss [tpm]
CHhs13000 ctss [tpm]
CNhs13007 ctss [tpm]
CHhs13019 ctss [tpm]
CNhs12818 ctss [tpm]
CNhs13008 ctss [tpm]
CNhs13020 ctss [tpm]
CNhs12962 ctss [tpm]
CNhs13009 ctss [tpm]
CNhs13021 ctss [tpm]
CHhs12963 ctss [tpm]
CHhs13010 ctss [tpm]
CNhs13022 ctss [tpm]
CNhs13001 ctss [tpm]
CNhs13011 ctss [tpm]
CNhs13024 ctss [tpm]
CHhs12819 ctss [tpm]
CHhs13012 ctss [tpm]
CHhs13025 ctss [tpm]
CHhs12820 ctss [tpm]
CHhs13013 ctss [tpm]
CHhs13026 ctss [tpm]

- reverse strand forward strand -=
2.567

1885 0.1
3138 | 0.872
1272 0783
11.111] 025
5273|0784
11.971] 0733
356060 0432
22935 0.28
20.008] 1.053

12.916] 1.02
15738 1152
9.646| 1.354
8.478| 1233

8.349 | 0611
19.988] 0
322244 0163
34,0860 1.008
27.747] 0578

Single prominent start site exists.




Cerebellar Interneuron marker Pax?2
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FANTOMS5 mouse tissue collection as of
Oct 2011 (total N=451)
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Experimental

Currently the cerebellum
time course data comprises
about 8% of the total mouse
CAGE dataset.

2 fold higher in both maximum
and median expression and
max is at least 10 TPM

Group of interest Compared to Specific TSSs
Cerebellar tissues (N=38) Other neural tissues (N=70) 4716
Neural tissues (N=108) Non-neural tissues (288) 766
Cerebellar tissues (N=38) All other tissues (N=413) 91 # Pcp2, Rora,
Pvalb (Purkinje

cells)

Parameter 2 fold Max(CB) > 2 fold and Max(CB) | 2fold, +10 tags and EEASHNM
Med(ALL) is at least 10 tags 2 fold Med(CB) > Neurod1, Cbin1l
Med(ALL) (granule cells).
CB development 9941 7442 2586
enriched Refseq TSS (39.4%) (29.5%) (10.2%)
CB development 161 115 91
specific Refseq TSS (0.64%) (0.46%) (0.36%)



17 Genes with at least one cerebellar enriched transcription start site
(TSS) and one non-enriched TSS

Gene Gene name Cerebellar Non-specific |Cerebellar Expression
symbol Specific TSS TSSs (Allen Brain Atlas)
Ankslb  |Ankyrin 1b 1 2 Purkinje cells

Slc25a22 |solute carrier family 25, member 22 Purkinje cells, granule cells

Chn2 chimerin 2 1 1 Granule cells
Dpp6 dipeptidylpeptidase 6 1 3 Granule cells
Etvl ets variant 1 1 1 Granule cells
Foxp2 forkhead box P2 1 1 Granule cells
Inadl InaD-like 1 1 Granule cells
Kcnipl Kv channel-interacting protein 1 1 1 Purkinje cells
Kcnip4d Kv channel interacting protein 4 1 4 Purkinje cells, granule cells
Mytl myelin transcription factor 1 1 2 Granule cells
Nfia nuclear factor I/A 1 1 Granule cells
Olfm3 olfactomedin 3 1 1 Data not available
Phactr3  |phosphatase and actin regulator 3 1 3 Purkinje cells, granule cells
PId5 phospholipase D family, member 5 1 1 Granule cells
Ptprr protein tyrosine phosphatase, receptor type, R 2 2 Purkinje cells, granule cells
Skorl SKI family transcriptional corepressor 1 1 2 Data not available
1 1
1 1

Tcfap2b  |transcription factor AP-2 beta Interneurons




Nuclear factor I/A and its two transcription start sites
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More information is presented at the Poster Session
by Peter Zhang, Thomas Ha and Dan Goldowitz.

Hamre and Goldowitz, 1997



Biological Validation

5" GATCGGCAGAACTGTCCCTCCTGTCAn

Predicted Networks IELLLLLL T A
3" PAGGITTTTCCGT CTTGACAG GGAG GACGAG

siRNA against TFs

in vivo transfection

Control 4 Htt shRNA

Once we have MARA predictions
on the transcriptional network of
cerebellar development, we will
perform series of validation
experiments with shRNA targeting
the members of the network.

Knockdown of Htt leads to disrupted migration of
cortical neurons during development.



Summary and Future Directions

The Cerebellar Time Course CAGE TPM values are in
agreement with the current knowledge of gene
expression during cerebellar development.

We have observed high correlations between the
Cerebellar Time Course CAGE TPM, microarray
expression data, and in situ data.

The next step is the identification of transcriptional
networks in cerebellar time course data with MARA
analysis.

We will then perform biological validation experiments
including in utero injections of siRNA into the
developing cerebellum.
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