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Extended Data Fig. 6 | See next page for caption.
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Extended DataFig. 6 | Hierarchical clustering of high dimensional Pathway forms clusters where the correlation/anti-correlation in morphological
morphological profiles captures physical interactions and signaling pathway profiles recapitulates the known activatory/inhibitory effects of genes, as
relationships in HeLa DMEM data. (a) Ribosomal genes show enrichment annotated. Heatmaps are of Pearson’s correlation between gene profiles after

in clusters that recapitulate known protein complexes as highlighted in the hierarchical clustering using Ward's method.

heatmap. Ribosome image created with Biorender. (b) The PI3K/AKT Signaling
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Extended Data Fig. 7| Morphological signal score is not well correlated with
gene dependency or baseline gene expression. Comparison of the distribution
of morphological signal scores and gene dependency scores for the HeLa DMEM
(a), HeLaHPLM (b) and A549 (c) datasets. The gene dependency score was
estimated using DEMETER2 for HeLa cells and DepMap for A549 cells. The dashed
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Extended Data Fig. 8| Technical summary of the A549 whole genome screen. data, with the shaded region around the regression line indicating the 95%
(a) Thedistribution for the number of cells per gene and per guide present in confidence interval calculated using the standard error of the regression. (f) The
the A549 dataset (not including nontargeting guides). (b) Comparison of the distribution of normalized mean intensity in the mitochondrial channel from
relative abundance of barcodes as quantified by NGS or in situ sequencing guide aggregated profiles in the A549 dataset. Every dot overlaid on the boxplots
(R?=0.84),n=65,000. (c-e) Comparison of the relative abundance of barcodes represents a sgRNA (n=4 for guides targeting the TOMM20 gene and n=450 for
as quantified by in situ sequencing among 3 different biological replicates nontargeting guides). The boxplots display the data as a distribution where the
representing individual viral transductions (Ry;,> = 0.85, Ry05>=0.85, R, =0.94),  boxspans from the first to the third quartile with the median as the center line.
n=80,000. The correlation coefficients in (b-e) are calculated using Pearson The whiskers extend to the maximum range of the distribution within 1.5 times
correlation, and the solid black line represents a linear regression fit of the theinterquartile range.
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Extended Data Fig. 9| Guide representation affects profile strength and
similarity in pooled CRISPR screens. Mean average precision (mAP) was
calculated at different representation levels subsampled from Funk et al.'’ by
scoring each guide's ability to retrieve other guides targeting the same gene from

the pool of all non-targeting guides based on cosine similarity (see Methods for
calculation). mAP is a proxy for profile strength and similarity. Highlighted points
represent mAP at specified mean guide-level representation from the PERISCOPE
datasets for comparison.
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Extended Data Fig. 10 | Examples of single cell images with strong
morphological profiling phenotypes detected in individual channels.
Representative single cellimages showing each of the acquired channels, a
five-color merge, and cell mask for non-targeting control (a) and five specific
perturbations (b-f) from the HeLa DMEM dataset. Representative perturbations
from gene sets highlighted in Fig. 2c were selected for having a large number of

Mask
E.RL Merge  downsample

significantly perturbed features in a specific channel (red box) and therefore
showing a strong phenotype by morphological profiling that may or may not
be visible by eye. Representative cells are shown with light gray shading in Mask
downsample panel and neighboring cells with the same perturbation are shown
withdark gray shading.
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For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings
For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  Phenotypic and 155 images were acquired using a Nikon Ti-2 Eclipse inverted epifluorescence microscope, and included Nikon NIS Elements
AR software (version 5.42.01).

Data analysis We used Cell Profiler bioimage analysis software (version 4.1.3) to process the images using classical algorithms and Fiji (with openjdk-8) for
image stitching and cropping. We processed outputs of Cell Profiler into image-based profiles using scripts available at https://github.com/
broadinstitute/pooled-cell-painting-profiling-recipe. Each dataset is independently welded to the recipe, effectively versioning the recipe,
using a Template, available at https://github.com/broadinstitute/pooled-cell-painting-profiling-template. Code used for further profile
processing is in this paper repository at https:// github.com/broadinstitute/2022_PERISCOPE. The EnrichmentMap application based on the
Cytoscape v3.9.1 software platform was used to visualize the enrichment maps (node cutoff Q-value 0.05).

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.




Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

All code and data are publicly available. Phenotyping and in situ sequencing images and image-based profiles are available at the Cell Painting Gallery on the
Registry of Open Data on AWS (https://registry.opendata.aws/cellpainting-gallery/) under accession number cpg0021-periscope. Instructions for retrieving images
and profiles are available within the Cell Painting Gallery documentation at https://github.com/broadinstitute/cellpainting-gallery. Image based profiling data is
welded to individual datasets using a template available at https://github.com/broadinstitute/pooled-cell-painting-profiling-template. It is processed with a recipe
available at https://github.com/broadinstitute/ pooled-cell-painting-profiling-recipe. The recipe outputs for the datasets that we report here are available at https://
github.com/broadinstitute/CP186-A549-WG and https://github.com/broadinstitute/CP257-Hela-WG. Comparison between pair-wise correlation of perturbations to
other databases was performed using the 28.11.2022 CORUM4.0 database (https://mips.helmholtz-muenchen.de/corum/download) and the STRING v11.5,
“9606.protein.links.v11.5.txt.gz” (https://version-11-0.string-db.org/cgi/download.pl?).
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Reporting on sex and gender N/A

Population characteristics N/A
Recruitment N/A
Ethics oversight N/A
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size No sample size calculation was performed, we screened as many cells as we could fit in 6-8 6-well plates. This number of plates was
determined to be the largest number we could screen concurrently with available personnel and equipment.

Data exclusions  No data were excluded from analysis, except cells that were filtered out because we couldn't assign them a perturbation barcode.
Replication All screens were executed in three independent biological replicates, and all attempts at replication were successful.
Randomization Not applicable. Control and non-control perturbations are measured simultaneously at genome-scale and analyzed in automated fashion.

Blinding Not applicable - Data analysis was performed in an automated manner using pipelines described in the paper.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
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Antibodies
Antibodies used Anti-LAMPI antibody [H4A3] (ab2S630), abeam. Anti-TOMM20 antibody - Mitochondrial Marker (ab78547), abcam. Anti-TMEM251
antibody (HPA048559, Sigma-Aldrich)
Validation anti-lampl validation provided by abcam: ICC, IHC, and Western blot. anti-TOMM?20 validation provided by abeam: ICC, IHC, and

Western blot. anti-LAMPI was additionally checked for specificity against another LAMPI primary antibody (CST), and anti-TOMM?20
was checked against MitoTracker Deep Red. anti-TMEM251 validation provided by Sigma-Aldrich: ICC, IHC, and Western blot.

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) HT1080: ATCC. A549 (male lung cancer): ATCC. Hela (female cervical cancer): lain Cheeseman (MIT/Whitehead), parental line
sourced from ATCC. HEK293FT: Thermo Fisher Scientific.

Authentication All cell lines were authenticated using ATCC's human STR profiling service
Mycoplasma contamination All cell lines tested negative for mycoplasma contamination.

Commonly misidentified lines  No commonly misidentified lines were used in this study.
(See ICLAC register)






