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Figure 2: Comparison of direct capture Perturb-seq and GBC Perturb-seq for interrogating
gene function and genetic regulation.

(a) Clustering of perturbations from UPR Perturb-seq experiments conducted with GBC
Perturb-seq and direct capture Perturb-seq. Heatmap represents correlations between
pseudo-bulk expression profiles for each perturbation. For visual comparison, the rows and
columns of all three heatmaps are ordered identically based on the hierarchical clustering of
GBC Perturb-seq data. Functional annotations are indicated.

(b) The correlation of pseudo-bulk expression profiles from direct capture Perturb-seq and GBC
Perturb-seq experiments for each perturbation. Profiles were generated from the top 100
differentially expressed genes in GBC Perturb-seq. Grey lines indicate medians.

(¢) Hierarchical clustering of UPR-regulated genes based on co-expression in each of the
indicated Perturb-seq experiments. Colors indicate membership in different UPR-regulated

groups.

(d) Single-cell projections based on 10 independent components followed by t-sne. Colors
indicate annotation of guide identity.
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Supplementary Information
Supplementary Table 1: Capture sequences and sgRNA expression vectors.

Supplementary Table 2: sgRNA and GBC library sequences.
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Supplementary Figure 1: Optimized modification of guide constant regions to enable 3’ direct
capture Perturb-seq.

(a) Schematic of 3’ single-cell RNA-sequencing (3’ scRNA-seq). Polyadenylated mRNAs
from individual cells (top, light blue) anneal to barcoded oligo-dT primers in emulsion
droplets (delivered to droplets on gel beads) and are reverse transcribed into indexed cDNA
(bottom). TSO, template switch oligo. UMI, unique molecular identifier. CBC, cell
barcode.

(b) Schematic of experimental workflows for GBC or direct capture Perturb-seq (3° or 5°)
based on protocols from 10x Genomics. Red indicates generation of sequencing libraries.
Box details construction of index sequencing library for GBC Perturb-seq, which is based
on our previously published protocol’.

(¢) CRISPRI activity of guides carrying the indicated capture sequences (all programmed with
the GFP-targeting protospacer EGFP-NT2) in GFP+ K562 dCas9-KRAB cells 6 or 10 days
post-transduction. Data from guides selected for direct capture experiments (sgRNA®' and
sgRNA®?) are indicated. 30(A) indicates 30 adenines. For comparison, data from standard
guides also programmed with EGFP-NT2, without capture sequences, and expressed from
3 other vectors (indicated) were also included. One of these, indicated as “CROP-seq,” has
a different (previously published)’ constant region and is expressed from a different
promoter. Data was collected in three independently controlled experiments and represents
the average of triplicate measurements normalized to control measurements + standard
error. For reference, the median GFP of transfected controls (relative to the median of
untransfected cells in the same well) were 0.14, 0.14, and 0.11.

(d) Gaussian kernel density estimates of normalized flow-cytometry measurements
representing GFP expression demonstrate CRISPR1 activity of the indicated guide RNAs
(programmed with the GFP-targeting protospacer EGFP-NT2). The negative and positive
control data are the same as in Figure 1d.

(e) Schematic of 5’ single-cell RNA-sequencing (5’ scRNA-seq). Polyadenylated mRNAs
from individual cells (top, light blue) anneal to unbarcoded oligo-dT primers in emulsion
droplets (delivered to droplets as free oligos) and are reverse transcribed. Indexing of
cDNA (bottom) occurs after template switching allows for extension of barcoded TSOs
(delivered to droplets on gel beads).
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Supplementary Figure 2: Cell indexing by direct guide capture is robust and comparable to
indexing by GBC capture.

(a) Boxplot of total index (GBC or guide) UMI counts per cell for all cells (prior to guide
identity mapping). Upper and lower whiskers display the highest and lowest data points
within 1.5 interquartile range of the third and first quartiles, respectively.

(b) Median index UMI counts per cell (capture rate) for cells assigned to each guide identity in
Perturb-seq experiments (n=32 guides per experiment). Across platforms, NegCtrl2 has the
worst capture rate, which may be explained by the fact that this negative control guide has a
protospacer  containing an extended run of guanine nucleotides  (5’-
GCGATGGGGGGGTGGGTAGC-3"). Data plotted here are also plotted in Figure 1h.

(¢) For each pairwise comparison of Perturb-seq experiments, we calculated a correlation of
guide capture rates. Across experiments performed with direct capture Perturb-seq, guide
capture rate is highly correlated (»>0.6), suggesting that protospacer-dependent features
influence guide capture.

(d) Boxplot of median guide UMIs per cell stratified by the 5’ terminal nucleotides of the
protospacer. The displayed data is from Perturb-seq by 5° sgRNA capture; for all platforms,
there is a significant relationship between capture rate and the 5’ terminal nucleotides
(Kruskal-Wallis H-test: p<<0.05 for each platform).

(e) Boxplot of median guide UMIs per cell stratified by the 5’ terminal nucleotides of the
protospacer. The displayed data is from Perturb-seq by 3’ sgRNA®' capture; for all
platforms, there is a significant relationship between capture rate and the 5° terminal
nucleotides (Kruskal-Wallis H-test: p<0.05 for each platform).

(f) Scatterplot of the median number of UMIs per cell and protospacer GC content for each of
32 guides. The displayed data is from Perturb-seq by 5’ sgRNA capture; for each platform,
we observed no significant correlation between capture rate and protospacer GC content
(p>0.4 for each platform).

(g) Identity assignment rates per guide for GBC Perturb-seq and direct capture Perturb-seq
experiments. Balanced representation among cells assigned to each of 32 guides (with
intentionally 4-fold overrepresented negative controls) was achieved by titering lentiviruses
prior to pooling (see Methods).

24


http://dx.doi.org/10.1101/503367
http://creativecommons.org/licenses/by-nd/4.0/

Target mMRNA

Transcripts per cell

bioRxiv preprint first posted online Dec. 21, 2018; doi: http://dx.doi.org/10.1101/503367. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-ND 4.0 International license.

1.0 7
0.8 4
0.6 4
[ )
0.4 4
°
[ ..

° [ )
0.2 4 ®

o’i ® e ‘e
004 © -Q..y— v

3 GBC 5’ sgRNA 3’ sgRNA®'
Index capture platform
M 3’ capture
B 5’ capture

5000 T
4000
W=
2000
1000 A

CJ (f’q' o‘-’\ oe'\

® oo S W
L &£ T &

3
TMEM167A
ATP5B
EIF2B4
e}

®DAD1

® |[ER3IP1
®DDOST
®SEC61G
®TMED10

D

°c o =
© © o
L L :

(3’ sgRNA®s' Perturb-seq)
o o
[} ~

Classifier accuracy per guide

0.4

(on

0.95 1

P

0.90 +
0.85 +
0.80 1

0.75 1

o etecwne
[}

to GBC Perturb-seq

0.70 4

mRNA profile correlation

0.65
8

Replogle, Supplementary Figure 3

©® 5 sgRNA capture
@ 3’ sgRNA®" capture

0 250 500 750 1000 1250 1500

Number of differentially

25000

Total mMRNA UMils / cell

0 —

expressed genes

[l 3’ capture
B 5’ capture

20000

15000

10000 -
5000

&

¥
SR
&

AN

R
SN
E) %Q?*

Index

-
o
M

o
©
L

o
o
L

o
o
L

Classifier accuracy per guide
(5" sgRNA Perturb-seq)
o o
g 3

0.4

04 05 06 0.7 08 09 1.0
Classifier accuracy per guide

(GBC Perturb-seq)

04 05 06 07 08 09 10

Classifier accuracy per guide
(GBC Perturb-seq)

25


http://dx.doi.org/10.1101/503367
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint first posted online Dec. 21, 2018; doi: http://dx.doi.org/10.1101/503367. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-ND 4.0 International license.

Supplementary Figure 3: Direct capture Perturb-seq performs comparably to GBC Perturb-
seq for phenotypic analysis.

(a) Mean target knockdown (fraction mRNA remaining plotted) for each targeting guide (n=30)
in the indicated experiments. For each guide, the data point represents the mean normalized
expression level of the target gene across cells bearing the corresponding guide divided by
the mean normalized expression level of the target gene in control cells (NegCtrl3).

(b) Scatterplot of the relationship between the number of differentially expressed genes for each
guide (determined by a KS test using GBC Perturb-seq data) and the correlation of pseudo-
bulk expression profiles between GBC Perturb-seq and direct capture Perturb-seq on the
indicated platform.

(c) Boxplot of the number of mRNA UMIs detected per cell for each Perturb-seq experiment
after sequencing depth normalization such that all libraries have the same number of reads
per cell.

(d) Boxplot of the number of mRNA transcripts detected per cell for each Perturb-seq
experiment after sequencing depth normalization such that all libraries have the same
number of reads per cell.

(e) Scatterplots of the balanced accuracy of random forest classifiers trained to distinguish
perturbed and unperturbed (NegCtrl3) cells for each guide on the indicated platforms. Direct
capture Perturb-seq accuracies were highly correlated with GBC Perturb-seq (correlation:
r=0.91 for 3’ sgRNA®' capture; r=0.90 for 5> sgRNA capture). We failed to detect
significant differences in performance between direct capture Perturb-seq and GBC Perturb-
seq (Wilcoxon signed-rank test: p=0.2 for 3° sgRNA®'; p=0.6 for 5° sgRNA capture).
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