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Figures

Figure S1. Evaluation of FACS sorted single cells and single nuclei using fluorescence
microscopy. Single cells and nuclei were sorted onto a slide containing 100 ul of 1X PBS. Imaging
was done by phase contrast microscopy (a,c) and epifluorescence microscopy (b,d). (a,b): Sorted
NPC cells (400X). (¢,d): Sorted NPC nuclei (600X), stained with propidium iodide (d) (600X).
White line is a 25 um calibration ruler.
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Figure S2. Heat map of TagqMan Ct values for the sorted NPC-EYFP nuclei and whole cells.
Samples were FACS sorted corresponding to (1, 2, 5, 10, 100 cells or nuclei), sorted negative
microspheres of NPC-YFP whole cells and nuclei (1, 2, 5, 10, 100 beads), and non-template controls
(NTC). The heat map scale ranges from 12 to 47 Ct (representing high to low expression). Gray
sections in the heat map indicate no Ct detection. Eight replicates were tested for single cells or
nuclei and only one sample was tested for the 2, 5, 10 and 100 cells or nuclei. A single positive event
obtained from one control microsphere sort was associated with a Ct value of 39, which is a marginal

value for reliable detection, and about 13 cycles later than Ct values obtained when a single cell or
nucleus was sorted.
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Figure S3. Absence of contaminating transcripts transmitted through flow sorting. FACS was
employed to recover 2 um fluorescent microspheres spiked into the NPC whole cells and the nuclear
preparations. Biparametric flow analysis of (a): a diluted sample of the fluorescent microspheres (b):
whole cells (¢): whole cells containing spiked microspheres and (d): PI-stained nuclei containing
spiked microspheres. The gate employed for sorting the microspheres (box) does not overlap the
positions of the whole cells or the nuclei. Ten replicates were tested for single negative microspheres
of cells or nuclei and only one sample was tested for the 2, 5, 10 and 100 cells or nuclei.
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Figure S4. Confirmation of cDNA synthesis by qPCR. qPCR was employed to detect Gapdh
transcripts within cDNA derived from biological triplicates of 1, 10 and 100 nuclei and cells. A
linearized plasmid containing the Gapdh sequence was used as positive control. Triplicate wash
buffer and triplicate qPCR no template controls (NTCs) lacked signals.
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Figure S5. Unique sequencing read distributions for single cell and single nuclei replicates. All
unique reads that map to the genome were counted and divided into three categories showing that the
single nucleus samples have more intronic and intergenic reads than in the single cells (on average
16.7% more). A read was labeled as intronic if it mapped completely within an intron, as exonic if it
was completely contained within an exon (as defined by the reference genome) and intergenic if it
did not overlap a gene. All reads mapping to 5’- and 3’- untranslated regions were categorized as
exonic.
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Figure S6. Exon-specific plot coverage of exemplar genes. The housekeeping gene eukaryotic
translation elongation factor 2 (Eef2) and the neural progenitor cell-specific gene Vimentin (Vim) are
illustrated. Reads map to exons and not to introns, indicating accurate mapping of processed
transcripts from single nuclei.



Read Hits Per Intron Across Mouse Genome
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Figure S7. Intronic artifact reads are minimal and can be identified bioinformatically. Reads
to annotated introns from the mouse genome (build mm9) are plotted against location of the
chromosome. In this example, the 687,233 reads mapped to a single intron near a polyTC enriched
island of 28 nucleotides in length (TTTGTCTTTCTCCTCTCCTCTCCTCTCC), indicating a
mapping artifact. Based on all intronic reads, 95% of the introns have less than 200 reads (on
average 82 reads per intron). Therefore, intronic reads arising from mapping artifacts can be
identified and removed bioinformatically.



Expression of Gene Features at Various RPKM Thresholds
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Figure S8. Expression of gene features at various RPKM thresholds. The annotated exons and
introns of the transcripts and the intergenic regions from the mouse genome (build mm9) are plotted
against the expression levels, over an interval starting at RPKM of 0 and ending at 100,000. Intron
and intergenic reads have a peak RPKM of 0.10 (blue and green lines), which differs from exons
detected at higher RPKM values (peak RPKM of 10). The intergenic regions can serve as controls
for background mapping signal. Nearly all mapped exons have an RPKM value between 0.1 and
1000 confirming a dynamic range of 4 logs and a sensitivity approaching a single transcript per cell.
N-1, N-10, and N-100 refer to 1, 10 and 100 nuclei respectively and C-1, C-10, and C-100 refers to 1,
10 and 100 cells respectively.
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Figure S9. External confirmation of cell-type specific sequencing of NPC nuclei. Comparison
of single nuclei and cell samples to external RNA-Seq comparators (GSE33060 from (1),
GSMS818956 (NPC), GSMS818951 (Neuron biological replicate 1) and GSMS818952 (Neuron
biological replicate 2). (a) heat map of highly expressed genes, (b) hierarchical clustering, (c)
principal component (PCA) and (d) pairwise scatter plot analysis determines that NPC single nuclei
and cells are more similar to the external NPCs than to DG and Str controls. Log, transformation and
quantile normalization of all samples was performed. Due to the differences in technical preparation
between data sets, we do not expect 100% correlation of all NPC samples. However, these technical
differences do not account for all of the differences as the DG (prepared as for NPC single nuclei)
cluster further away from single NPCs than the GSE33060 data set.
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RPKM change with subsampling of reads
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Figure S10. Transcripts with 5 or more copies are successfully interrogated. The ordinate is a
term reflecting the variation of RPKM relative to the total reads. As the number of reads approaches
46 million (abscissa), the different RPKM bins (see colored lines and key) are saturated at 100%
indicating that sequencing to a greater depth will not improve the confidence level. Genes with
RPKM of 1 or greater (or about 5 transcripts per cell) are well addressable in this cell type under the
probed conditions.
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Figure S11. Single sample biological replicates display more variability than pooled replicates.
(a): Principal Component Analysis (PCA). The first principal component (PC1) captures 21% of the
gene expression variability and the second principal component (PC2) captures 16% of the
variability. Together these principal components account for 37% of the gene expression variability
in all samples and all replicates. Symbols: The N1 (single nucleus) populations are depicted by red
icosahedra, N10 (10 nuclei) by green icosahedra, the N100 (100 nuclei) by blue icosahedra, the C1 (1
cell) by red spheres, the C10 (10 cells) by green spheres and the C100 (100 cells) by blue spheres.
(b): Pairwise scatter plots of biological replicates within a group. The replicates represented here are
a single nucleus, ten nuclei and one hundred nuclei (see Supplementary Fig. 12a and b for
comparisons of all samples). Every point in a pairwise scatter plot represents the gene expression
level (RPKM) of a transcript in two samples. The horizontal projection corresponds to the expression
level in the first sample and the vertical projection corresponds with the expression level in the
second sample. The more similar two samples are, the more points in the scatter plots group near the
diagonal. Lines parallel to the diagonal indicate a 2-fold difference in expression. A log, scale was
used and the Fisher’s correlation coefficient (R) was calculated with respect to the total number of
transcripts (21,611) in the dataset.
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Figure S12. A decrease in variability is associated with sample pooling, as indicated by
pairwise scatterplots of biological triplicates within a group. The replicates used to perform the
pairwise scatter plots were: (a): N1-1 through -3, N10-1 through -3, N100-1 through -3, (b): CI1-1
through -3, C10-1 through -3, C100-1 through -3. These are some (18) pairwise scatter plot
comparisons within 6 sample sizes (N-1, N-10, N-100, C-1, C-10 and C-100). Every point in a
pairwise scatter plot represents the gene expression level of a transcript in two samples. The
horizontal projection corresponds to the expression level in the first sample and the vertical
projection corresponds with the expression level in the second sample. The more similar two samples
are, the more points in the scatter plots group near the diagonal. Lines parallel to the diagonal indicate
a 2-fold difference in expression. A log, scale was used and the Fisher’s correlation coefficient (R)
was calculated with respect to the total number of transcripts (21,611) in the dataset.
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Figure S13. Heat map of transcripts that are highly variable among the single cells and single
nuclei. Variability decreases with pooled samples. The color bar codifies the gene expression in log,

scale. The highly expressed genes are red.
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Figure S14. Coverage of pri-miRNA. Deep coverage of the 5’ end of pri-miRNA demonstrates
full-length cDNA synthesis (arrow). The lower coverage in the central hairpin region of the pri-
miRNA is presumably an artifact of cDNA synthesis, as the polymerase pauses entering the central
hairpin structure from both polarities, as it copies the first strand and then the second stand cDNA.
However, we cannot formally disprove that some of the 5’ reads were derived from clipped species
via terminal transferase poly-A tailing enabling second strand synthesis. Possibly, if clipped species
are stable, they have novel functions. They could also contribute to the analysis of processing
mechanisms and rates.
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Figure S15. GFP fluorescence and Prox1 antibody co-localize in dentate gyrus cells. Dentate
gyrus tissue from a transgenic mouse expressing GFP under the Prox/ promoter (a) enables the
observation of endogenous Prox1 protein expression (b) in vivo, (¢): merged. Images are displayed as
a 60x z-stack projection.
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Figure S16. Identification of cell types through clustering. (a): Hierarchical clustering indicates
that replicates with 10 or more cells or nuclei tend to cluster, whereas single cells and nuclei do not.
This implies local variation in transcriptional profiles within single cells and nuclei. Clustering of
samples was performed using the correlation metric and the average linkage method. Shorter
horizontal links connecting two branches indicate closer similarities between the populations. (b):
PCA analysis of all samples. The first principal component (PC1) captures 38% of the gene
expression variability, and the second principal component (PC2) captures 12% of the variability.
The first principal separates between N1, N10, N100, C1, C10, C100 samples (negative coordinates)
and dentate gyrus (DG), stromal (Str) samples (positive coordinates). The second principal
separates between N10, N100, C10, C100, DG samples (negative coordinates) and N1, C1, Str
samples (positive coordinates). Symbols: The N1 populations are depicted by red icosahedra, the
N10 by green icosahedra, the N100 by blue icosahedra, the C1 by red spheres, the C10 by green
spheres, the C100 by blue spheres, the DG by black dodecahedra, and the Str by cyan dodecahedra.
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Tables

Table S1. Absence of contaminating transcripts from FACS sorted spike-in microsphere controls in
whole cell and nuclei samples, based on gPCR.

g5 e e s fas 1o )|a 1 |2 |s |10 | 100
é ActB ND |ND |ND [ ND | ND [ ND | ND ND | ND | ND | ND | ND
‘E Hsp90ab | ND | ND [ ND | ND | ND | ND | ND ND | ND | ND | ND | ND
‘é Eef2 ND |ND |ND [ ND | ND [ ND | ND ND | ND | ND | ND | ND
é Rpl13 ND |ND |ND [ ND | ND [ ND | ND ND | ND | ND | ND | ND
<
é’ Vim ND |ND |ND | ND | ND [ ND | 381 ND | ND | ND | ND | ND
z Fabp? ND |ND |ND [ ND | ND [ ND | ND ND | ND | ND | ND | ND
§ H2afz ND |ND |ND [ ND | ND [ ND | ND ND [ ND | ND | ND | ND
© [apon | np | ND |ND | ND | ND | ND | ND ND | ND | ND | ND | ND
3 1. Ja. la. Fa. 1. b3 |3 1 (2 |5 |10 |100
§ ActB ND |ND |ND [ ND | ND [ ND | ND ND | ND | ND | ND | ND
E Hsp90ab | ND | ND [ ND | ND | ND | ND | ND ND | ND | ND | ND | ND
g Eef2 ND |ND |ND [ ND | ND [ ND | ND ND [ ND | ND | ND | ND
% Rpl13 ND |ND |ND [ ND | ND | ND | ND ND [ ND | ND | ND | ND
<_§ Vim ND |ND |ND [ ND | ND [ ND | ND ND | ND | ND | ND | ND
é, Fabp? ND |ND |ND [ ND | ND [ ND | ND ND | ND | ND | ND | ND
.g H2afz ND |ND |ND [ ND | ND | ND | ND ND [ ND | ND | ND | ND
-
O |capoH | ND [ ND [ ND [ ND [ ND | ND | ND ND [ ND | ND | ND | ND
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Table S2. Sequencing read distribution of each sample.

Total Mapped % Not mapped % Filtered %
INPC cells
1 cell -1 88,997,195 46,364,183 52.10 (39,799,020 44.72 12,833,992 3.18
1 cell -2 130,341,634  |52,390,968 40.20  |76,793,663 58.92 1,157,003 0.89
1 cell -3 47,845,402 21,737,512 45.43 25,440,448 53.17 667,442 1.39
10 cells -1 57,571,578 30,500,820 5298  [26,267,024 45.62 803,734 1.40
10 cells -2 48,498,112 30,645,411 63.19 17,382,824 35.84  |469,877 0.97
10 cells -3 29,458,542 11,842,450 40.20 17,268,045 58.62 348,047 1.18
100 cells -1 37,701,354 21,960,024 58.25 15,467,146 41.03 274,184 0.73
100 cells -2 20,756,129 13,614,385 65.59 16,976,694 33.61 165,050 0.80
100 cells -3 59,111,226 34,141,121 57.76  |24,530,651 41.50 439,454 0.74
INPC nuclei
1 nucleus -1 103,775,925 140,046,520 38.59 60,537,577 58.33 3,191,828 3.08
1 nucleus -2 161,855,470  |47,637,824 29.43 112,932,010  69.77 1,285,636 0.79
1 nucleus -3 33,789,450 7,515,379 22.24 (25,791,447 76.33 482,624 1.43
10 nuclei -1 39,045,664 12,602,634 32.28 14,012,036 35.89 12,430,994 31.84
10 nuclei -2 23,692,971 7,668,648 32.37 15,711,450 66.31 312,873 1.32
10 nuclei -3 26,683,050 12,904,655 48.36 13,577,879 50.89  [200,516 0.75
100 nuclei -1 13,850,974 8,977,623 64.82 4,594,622 33.17  |278,729 2.01
100 nuclei -2 14,663,334 7,796,708 53.17 6,558,245 44.73 308,381 2.10
100 nuclei -3 4,557,367 2,363,315 51.86 (2,084,839 45.75 109,213 2.40
DG nuclei
1 nucleus -1 37,303,022 30,934,184 82.93 6,051,810 16.22 317,028 0.85
1 nucleus -2 86,092,621 70,274,129 81.63 15,102,771 17.54  |715,721 0.83
control 45,676,405 34,547,610 75.64 10,925,111 2392 {203,684 0.45
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Table S3. Neural progenitor cell markers and housekeeping genes with non-intronic (exon specific)

reads.

Gene name Full gene name MGI ID
Actb actin, beta MGI:87904
Aldoc aldolase C, fructose-bisphosphate MGI:101863
Apoe apolipoprotein E MGI:88057
Ascll achaete-scute complex homolog 1 MGI:96919
Atplal ATPase, Na+/K+ transporting, alpha 1 polypeptide MGI:88105
Bex?2 brain expressed X-linked 2 MGI:1338017
Cendl cyclin D1 MGI:88313
Cct3 chaperonin containing Tcpl, subunit 3 (gamma) MGI:104708
Cct5 chaperonin containing Tcpl, subunit 5 (epsilon) MGI:107185
Ccet7 chaperonin containing Tcpl, subunit 7 (eta) MGI:107184
CD15 fucosyltransferase 4 MGI:95594
CD81 CD81 antigen MGI:1096398
CDY CD9 antigen MGI:88348
Chmp2a charged multivesicular body protein 2A MGI:1916203
Dbi diazepam binding inhibitor MGI:94865
Eeflal eukaryotic translation elongation factor 1 alpha 1 MGI:1096881
Eef2 eukaryotic translation elongation factor 2 MGI:95288
Fabp7 fatty acid binding protein 7, brain MGI:101916
Fos FBJ osteosarcoma oncogene MGI:95574
FoxGl1 forkhead box G1 MGI:1347464
Futd fucosyltransferase 4 MGI:95594
H2afz H2A histone family, member Z MGI:1888388
Histlhlc histone cluster 1, Hlc MGI:1931526
Histlhle histone cluster 1, Hle MGI:1931527
Histlh4i histone cluster 1, H4i MGI:2448432
Hsp90abl heat shock protein 90 alpha (cytosolic), class B member 1 MGI:96247
Hspa8 heat shock protein 8 MGI:105384
1d1 inhibitor of DNA binding 1 MGI:96396
1d2 inhibitor of DNA binding 2 MGI:96397
Ldhb lactate dehydrogenase B MGI:96763
Nestin nestin MGI:101784
Olig?2 oligodendrocyte transcription factor 2 MGI:1355331
Pa2g4 proliferation-associated 2G4 MGI:894684
Pou3f2 POU domain, class 3, transcription factor 2 MGI:101895
Pou3f4 POU domain, class 3, transcription factor 4 MGI:101894
PPI4 peptidylprolyl isomerase A MGI:97749
Rpl13 ribosomal protein L13 MGI:105922
Rpl14 ribosomal protein L14 MGI:1914365
Rps2 ribosomal protein S2 MGI:105110
Rps3 ribosomal protein S3 MGI:1350917
Rpsa ribosomal protein SA MGI:105381
Stpq splicing factor proline/glutamine rich MGI:1918764
Sox1 SRY-box containing gene 1 MGI:98357
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Sox11
Sox2
Sox21
Sox3
Strap
Tomm?22
Vim

SRY-box containing gene 11

SRY-box containing gene 2

SRY-box containing gene 21

SRY-box containing gene 3

serine/threonine kinase receptor associated protein
translocase of outer mitochondrial membrane 22 homolog

vimentin

MGI:98359
MGI:98364
MGI:2654070
MGI:98365
MGI:1329037
MGI:2450248
MGI:98932
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Table S4. Differential accumulation of transcripts between nuclei and whole cells.

Column ID
NM_207261>Kcnkl
8
NM_001080553>Gs

gl

NM_010352>Gsgl
NM_001038590>Cld
nl9
NM_028092>SIc39a
5
NM_053110>Gpnm
b
NM_029326>17000
18L24Rik

NM_016873>Wisp2
NM_172776>D6300
02GO06Rik
NM_001037800>Cd
209b

NM_009880>Cdx1

NM_147073>0Ifr33
NR_027137>Gm105
65

NM_172944>ltgae
NM_001159275>Slc
25a2
NM_027072>Plac8lI
1
NR_033588>AY5129
31

NM_008438>Kera

NM_010611>Kcng2
NM_001079865>Ce
s2f

NR_003248>FoxI20s
NM_147080>0Ifr61
5
NM_001145015>Ar
hgap40
NM_001170851>Klr
a2
NM_001034851>Fa
m134b

NM_008006>Fgf2
NM_001166638_du
p3>Gm4303_dup3
NM_001166639_du
p3>Gm4305_dup3
NM_001166641_du
p3>Gm4307_dup3
NM_001009548>49
30529F22Rik

Gene Symbol
Kenk18

Gsgl

Gsgl

Cldn19
Slc39a5
Gpnmb

1700018L24Rik
Wisp2

D630002G06Rik

Cd209b
Cdx1
Olfr33

Gm10565
Itgae

Slc25a2
Plac8I1
AY512931

Kera

Keng2

Ces2f

Foxl|20s
Olfr615
Arhgap40
Klra2

Fam134b
Fgf2

Gm4303_dup3
Gm4305_dup3
Gm4307_dup3

4930529F22Rik

Transcript
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Table S5. Gene ontology results of genes enriched in nuclei as compared to cells.

Biological Processes

Category

GOTERM_BP_FAT

GOTERM_BP_FAT

GOTERM_BP_FAT

GOTERM_BP_FAT

GOTERM_BP_FAT

GOTERM_BP_FAT

GOTERM_BP_FAT

GOTERM_BP_FAT

GOTERM_BP_FAT

GOTERM_BP_FAT

GOTERM_BP_FAT

GOTERM_BP_FAT

GOTERM_BP_FAT

GOTERM_BP_FAT

GOTERM_BP_FAT

Term

GO:0006355~regulation of transcription, DNA-
dependent

GO:0051252~regulation of RNA metabolic process
GO0:0007155~cell adhesion

G0:0022610~biological adhesion

GO0:0006811~ion transport

GO:0010557~positive regulation of macromolecule
biosynthetic process
GO:0031328~positive  regulation of  cellular
biosynthetic process

GO:0009891~positive regulation of biosynthetic
process

GO:0010604~positive regulation of macromolecule
metabolic process

G0:0045941~positive regulation of transcription
GO:0010628~positive regulation of gene expression
GO0:0045935~positive regulation of nucleobase,
nucleoside, nucleotide and nucleic acid metabolic
process
GO:0051173~positive  regulation of nitrogen
compound metabolic process

GO0:0045893~positive regulation of transcription,
DNA-dependent

GO0:0051254~positive regulation of RNA metabolic

process
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Count

32

32

22

22

19

18

18

18

18

16

16

16

16

15

15

%

10.03134796

10.03134796

6.896551724

6.896551724

5.956112853

5.642633229

5.642633229

5.642633229

5.642633229

5.015673981

5.015673981

5.015673981

5.015673981

4.702194357

4.702194357

PValue

0.015191102

0.018575851

4.86E-05

4.99E-05

0.012737724

0.001476793

0.002268093

0.002490561

0.008807094

0.003229158

0.004148375

0.00618514

0.008122409

0.002490023

0.002657817



GOTERM_BP_FAT

GOTERM_BP_FAT

GOTERM_BP_FAT

GOTERM_BP_FAT

GOTERM_BP_FAT

GOTERM_BP_FAT

GOTERM_BP_FAT

GOTERM_BP_FAT

GOTERM_BP_FAT

G0:0006357~regulation of transcription from RNA
polymerase II promoter

GO0:0006812~cation transport
G0:0045944~positive regulation of transcription
from RNA polymerase II promoter
G0:0030001~metal ion transport
GO0:0042127~regulation of cell proliferation
GO:0051094~positive regulation of developmental
process
GO:0007167~enzyme linked receptor protein
signaling pathway
G0:0045597~positive regulation of cell

differentiation

G0:0048568~embryonic organ development
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15

14

13

13

13

11

11

10

10

4.702194357

4388714734

4.07523511

4.07523511

4.07523511

3.448275862

3.448275862

3.134796238

3.134796238

0.056220821

0.032321934

0.005151355

0.024062749

0.082085763

9.72E-04

0.005736057

8.88E-04

0.007593387



Table S6. Categories and numbers of noncoding RNAs identified in nuclei and whole cell sample.

misc processed retained
category antisense lincRNA miRNA RNA  noncoding  transcript intron snRNA snoRNA  total
*All Nuclei 3 146 86 5 2 76 10 1 64 393
Nuclei Average 3 138 51 4 2 71 10 1 43 323
N10 group 3 135 47 4 2 71 9 1 44 316
N100 group 2 120 30 0 2 65 8 0 28 255
N1-1 2 122 34 3 2 67 8 1 23 262
N1-2 3 130 27 2 2 68 9 1 20 262
N1-3 2 86 17 1 2 51 6 0 20 185
N10-1 2 111 24 1 2 58 7 1 19 225
N10-2 1 105 20 0 2 58 6 1 22 215
N10-3 2 122 24 3 2 67 8 0 31 259
N100-1 1 88 20 0 2 52 6 0 19 188
N100-2 2 96 13 0 2 53 8 0 15 189
N100-3 1 76 11 0 1 43 5 0 16 153
*All Whole Cells 3 147 103 2 2 77 10 2 71 417
Whole Cells Average 2 138 48 1 2 72 8 1 27 299
C10 group 3 133 31 1 2 71 9 1 45 296
C100 group 3 138 56 2 2 74 10 1 62 348
C1A 2 118 24 0 2 61 6 1 18 232
C1B 2 118 24 1 2 64 6 1 10 228
Cci1c 2 101 15 0 2 55 6 0 15 196
C10A 2 109 19 1 2 58 6 0 20 217
C10B 2 119 13 0 2 66 8 0 20 230
c10C 2 98 14 0 2 55 6 1 28 206
C100A 3 119 24 0 2 65 8 0 34 255
C100B 1 107 22 1 2 62 7 0 35 237
c100C 3 129 39 2 2 67 10 1 49 302
DG group 1 120 22 1 2 62 6 1 11 226
DG 1-1 1 113 19 0 2 59 4 1 206
DG 1-2 0 100 13 1 2 50 6 0 8 180
fetal stromal bulk 1 115 20 3 2 62 8 1 17 229

* = values represent non-redundant union of all 3 groups (n1,n10,n100 or c1,c10,c100).

group = values represent non-redundant union of 3 replicates within each of 3 groups of nuclei or cells (eg: N1-1,N1-2, N1-3, etc.).
Or 2 replicates in case of DG nuclei

antisense: transcripts overlapping the genomic extent of one or more coding loci on the opposite

strand

lincRNA: long intergenic non-coding RNA. Transcripts do not overlap protein-coding locus on same or

opposite strand.

miRNA: microRNA precursors

misc RNA: miscellaneous other RNA

noncoding: known transcripts with non-coding function confirmed by literature or

experiments

processed transcript: does not contain an open reading frame (ORF) which can be unambiguously
assigned as a CDS

retained intron: has retained intronic sequence compared to a reference variant
snRNA: small nuclear RNA

snoRNA: small nucleolar RNA
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Methods

S1 Micromanipulation of single cells and nuclei

Following isolation of NP cells and purification of nuclei, each sample was diluted to 1,000 objects
(cells, nuclei) per microliter with cold phosphate buffered saline (PBS) (ultrapure-grade phosphate
buffers and saline solutions, 1X concentration is 137 mM NaCl, 2.7 mM KCl, 8 mM Na,HPO, and 2
mM KH,PO, (Ambion)). An aliquot (50 pl) of the diluted sample was transferred onto a cold glass
slide and viewed with an IX70 Olympus microscope under phase contrast and fluorescence
illumination. Cells or nuclei were individually aspirated using a glass micropipette having a 15 pm
inner diameter (Eppendorf) connected to a CellTram® Oil Transferman® (Eppendorf), and serially
expelled and washed three times in cold, nuclease free PBS. The individual cell or nucleus was then
expelled from the micropipette into a 0.2 ml thin-walled PCR tube containing a droplet (1.0 ul) of
cold lysis buffer solution. Each sample was immediately either lysed for cDNA synthesis or flash-

frozen in liquid nitrogen and stored at -80° C.

S2 ¢cDNA synthesis, amplification and TagMan analysis

cDNA synthesis and PCR amplification was done according to previous methods (2, 3). Briefly,
samples were lysed with heat, and mRNA was reverse-transcribed using a poly(dT) primer. First
strand cDNA was polyadenylated with terminal transferase and second-strand cDNA synthesis was
done with a second poly(dT) primer. Double stranded cDNA was amplified, limiting the rounds of
PCR to preserve relative expression levels. The products of the first round of PCR (18 cycles for the

NPCs and 22 cycles for the DGs) were then screened for genes of interest by qPCR.

TagMan loci (Applied Biosystems) qPCR employed a 1:10 dilution of the first round PCR products.
An aliquot (0.5 pl) of TagMan gene expression assay mixed with 5.0 pl of 1x PerfeCTa™ qPCR

FastMix™ (Quanta Biosciences) and brought to a final volume of 10 pl with nuclease-free water
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(Ambion). Real-time thermal cycling conditions were: 95°C for 2 minutes, followed by 50 cycles of

95°C for 10 seconds and 60°C for 30 seconds.

S3 SOLiD sequencing, mapping, and error correction

Fragment libraries were constructed following published protocols for the SOLiD platform (3). In a
single-end, 50 base pair read run, multiplexed samples were sequenced on each of two slides. The
SOLiD Accuracy Enhancement Tool (SAET) and the transcriptome pipelines in the Bioscope ™
Software were used for error correction and high accuracy mapping against the Mus musculus
genome assembly MGSCv37 (mm9) to which the EYFP transgene transcript sequence was added.
The DG nuclei and stromal control were sequenced later with improved protocols (for example in
library production and increased bead density on the sequencing plate), which can account for the

increase in mapping efficiency (SI Appendix, Table S2).

S4 Bioinformatics analysis

Gene expression was quantified using RPKM values (4). Variance was stabilized by log, scaling.
Data post-processing and graphics production was done using Matlab functions developed in-house.
Hierarchical clustering of gene expression and samples was performed with one minus correlation

metric and the unweighted average distance (UPGMA; also known as group average) linkage method

).

Variation of the replicates of each type of sample was quantified using the coefficient of variation
(CV): first, for each group of samples corresponding to the same biological entity, the variation of
each gene was calculated as the CV of its logo RKPM expression across all the replicates of the
group. Second, the variation of all the genes of the group was summarized using the mean values.
Thus, the variation in a group is defined as the mean p(CV) of the coefficient of variation of each

gene expression across all the replicates.
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S5 Gene ontology analysis

Transcripts enriched in the nuclei were calculated using one-way ANOVA with a P-value <

0.05. The list of 352 transcripts (SI Appendix, Table S4) was submitted for functional analysis to the

Database for Annotation, Visualization and Integrated Discovery (DAVID; (6)) to identify categories

that were overrepresented. The functional annotations were retrieved, and a threshold of a minimum

of ten genes per category was set.
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