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We previously constructed TheCellVision.org, a central repository for visualizing and mining data from yeast high-content imaging 
projects. At its inception, TheCellVision.org housed two high-content screening (HCS) projects providing genome-scale protein abun-
dance and localization information for the budding yeast Saccharomyces cerevisiae, as well as a comprehensive analysis of the morph-
ology of its endocytic compartments upon systematic genetic perturbation of each yeast gene. Here, we report on the expansion of 
TheCellVision.org by the addition of two new HCS projects and the incorporation of new global functionalities. Specifically, 
TheCellVision.org now hosts images from the Cell Cycle Omics project, which describes genome-scale cell cycle-resolved dynamics 
in protein localization, protein concentration, gene expression, and translational efficiency in budding yeast. Moreover, it hosts PIFiA, 
a computational tool for image-based predictions of protein functional annotations. Across all its projects, TheCellVision.org now houses 
>800,000 microscopy images along with computational tools for exploring both the images and their associated datasets. Together with 
the newly added global functionalities, which include the ability to query genes in any of the hosted projects using either yeast or human 
gene names, TheCellVision.org provides an expanding resource for single-cell eukaryotic biology.
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Introduction
Single-cell phenomics, which entails the highthroughput (HTP) 

acquisition of multiparametric phenotypic information from 

individual cells, has emerged as a powerful approach for dissect-

ing the genotype-to-phenotype relationship and decoding the 

system-level functioning of organisms. Single-cell phenotypic in-

formation in phenomics is typically acquired via high-content 

screening (HCS), which combines HTP microscopy with computa-

tional data analysis. This procedure results in the generation of 

large numbers of cell images (often in the range of millions) ac-

companied with vast datasets representing the extracted pheno-

typic features. Together with the logistical challenges associated 

with handling and analyzing this information, comes the chal-

lenge of making the data accessible in biologically meaningful 

ways to end-users and intuitively reusable for subsequent ana-

lyses by other researchers. To address these issues, we previously 

developed TheCellVision.org (Masinas et al. 2020), a centralized 

database and website for hosting datasets associated with yeast 

HCS projects in an easily interpretable and accessible way.

At its inception, TheCellVision.org housed two large-scale data-
sets whose generation was facilitated by the yeast GFP-collection 

(Huh et al. 2003); an array of strains expressing GFP-fusion proteins 

which enables proteome-scale identification of protein abundance 

and localization. Specifically, TheCellVision.org houses CYCLoPs 

(Collection of Yeast Cell and Localization Patterns (Koh et al. 

2015)), which consists of ∼390,000 images from two HCS studies 

from our lab (Chong et al. 2015; Kraus et al. 2017), and their analyses 

describing proteome-scale localization patterns with resolution 

of ∼15 localization classes in reference conditions as well as 

during different genetic or chemical perturbations. Endocytic 

Compartment Morphology, the second large-scale study housed 

in TheCellVision.org, consists of ∼190,000 images depicting the 

morphology of yeast endocytic compartments upon genome-scale 

genetic perturbations (Mattiazzi Usaj et al. 2020). TheCellVision.org

has more than 11,000 unique users worldwide since its launching 

date in 2020 (Fig. 1), highlighting the utility of such HCS resources 

and their accessible dissemination.
We updated TheCellVision.org to include data from two add-

itional large-scale HCS screens that we recently generated 
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(Litsios et al. 2024; Razdaibiedina et al. 2024), which complement 
and extend the biological scope of the currently housed datasets. 
Specifically, TheCellVision.org now houses Cell Cycle Omics, a re-
source that describes the first genome-scale annotation of protein 
localization changes during the cell cycle in any organism (Litsios 
et al. 2024). This resource presents in an integrative way cell 
cycle-resolved yeast multiomics, including protein localization, 
protein concentration, gene transcription, and translational effi-
ciency measurements. Moreover, TheCellVision.org now also 
houses PIFiA (Protein Image-based Functional Annotation), a self- 
supervised machine-learning pipeline that can be used for protein 
functional annotation prediction based on features extracted 
from single-cell imaging data (Razdaibiedina et al. 2024). Finally, 
to enhance the cross-species utility of both the existing and new 
resources, TheCellVision.org now has a series of new global func-
tionalities that facilitate its use by researchers with no familiarity 
with yeast biology.

Materials and methods
Highthroughput imaging screens
At present, TheCellVision.org houses four large-scale projects, 
two existing since the inception of TheCellVision.org, and two 
new ones (Fig. 2): 

i) CYCLoPs (Collection of Yeast Cell and Localization Patterns) 
(Chong et al. 2015; Kraus et al. 2017).

ii) Endocytic Compartment Morphology (Mattiazzi Usaj et al. 
2020).

iii) Cell Cycle Omics. This is a newly added project that de-
scribes genome-scale protein concentration and localiza-
tion dynamics during the yeast cell cycle based on 
protein-GFP fusions (Litsios et al. 2024). Cell cycle-resolution 
has been achieved via in silico synchronization of single 
cells expressing fluorescent cell cycle markers from static 

microscopy images. The proteome data are complemented 
with population-level, cell cycle-resolved gene expression 
and translational efficiency data.

iv) PIFiA. This is another newly added project which provides a 
tool for predictions of protein function, based on 
genome-scale comparative analysis of extracted features 
of images of single cells endogenously expressing each pro-
tein fused to GFP (Razdaibiedina et al. 2024). Along with a 
fully interactive t-SNE map, PIFiA allows users to explore 
micrographs associated with each GFP-tagged protein and 
perform enrichment analysis based on filtered nearest 
neighbors.

Databased development and schema
We use PostgreSQL, a relational database management system, to 
store and organize the data in TheCellVision.org. The database 
schema has been expanded to include two new main clusters— 
one for each of the new research projects: Cell Cycle Omics and 
PIFiA (Supplementary Fig. 1). We have also updated the core clus-
ter and created a table for Human Orthologs wherein we have im-
ported 6,005 unique entries associated with our yeast gene 
collection.

Results and discussion
New projects available on TheCellVision.org
Cell Cycle Omics
Cell Cycle Omics contains genome-scale data for the cell 
cycle-resolved protein concentration, protein localization, gene 
expression, and translational efficiency dynamics in budding 
yeast. The data include 129,525 microscopy images of >20 million 
live cells (Litsios et al. 2024) expressing proteins of interest fused 
with endogenous C-terminal GFP tags (Huh et al. 2003). Cells 
were imaged using HTP microscopy, and proteome localization 
and concentration were quantified using DeepLoc, a deep 

Fig. 1. Geographical distribution of TheCellVision.org sessions. Number of TheCellVision.org active sessions per country from 2020 November 1, until 
2023 December 5. Heatmap was generated using Datawrapper (https://www.datawrapper.de) and data were obtained from Google Analytics.
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convolutional neural network (CNN) for automated classification 
of proteins to different subcellular compartments (Kraus et al. 
2017). Cell cycle-resolution was achieved using CycleNet, a newly 
developed CNN for in silico synchronization of single cells from 
microscopy images of unperturbed cell populations (Litsios et al. 
2024). Cell cycle-resolved gene expression and translational effi-
ciency measurements were obtained at the population level using 
RNA sequencing (Couvillion and Churchman 2017) and Ribosome 
Profiling (Ingolia 2010), after synchronization of cells with the 
α-factor mating hormone (Breeden 1997). All omics datasets 
were scored using the same statistical metrics to identify pro-
teins/transcripts with cell cycle-periodic regulation.

Upon selecting the Cell Cycle Omics project at the landing page 
of TheCellVision.org, the user is prompted to enter a gene/protein 
name of interest into the query box (Fig. 3a). Either yeast or human 
gene names can be used, which is a new global functionality of 
TheCellVision.org described further below. The user is then navi-
gated to the relevant results page, where information about the 
gene name is displayed, along with a brief description of its func-
tion (Fig. 3b). At the upper right side of this page, the user can se-
lect to download all data associated with the query gene in the Cell 
Cycle Omics project (“DOWNLOAD” option). Underneath the de-
scription, the user can select to open the cell viewer, where mi-
croscopy images of single cells are displayed across all available 
biological replicates (Fig. 3c). Here, the protein encoded by the 
gene of interest is displayed in green (GFP channel), and a nuclear 
and cytoplasmic marker (same across all strains) in red (RFP chan-
nel) and blue (FarRed channel), respectively. The overlay of all 
channels is displayed by default, but the user can select to view 
specific channels individually. Moreover, the image’s brightness 
is adjustable and there is an option to magnify regions of interest 
within the image. Next to the cell viewer, the multiomics cell cycle 
profile of each gene is shown, with the option to select and enlarge 
it (Fig. 3d). Underneath the cell viewer and the multiomics profile, 
the actual cell cycle data are presented. These include protein lo-
calization dynamics with resolution of 22 localization classes and 
protein concentration dynamics, all across six cell cycle phases 

(G1 Pre-START, G1 Post-START, S/G2, Metaphase, Anaphase, 
Telophase) and for three biological replicates (Fig. 3e). This is fol-
lowed by cell cycle-resolved gene expression and translational ef-
ficiency data for five cell cycle phases (G1 Post-START, S/G2, 
Metaphase, Anaphase, Telophase) and two biological replicates 
(Fig. 3f). Finally, information about whether the gene/protein 
was scored as cell cycle-periodic upon our statistical analysis is 
presented for each of the omics datasets (Fig. 3e).

Protein Image-based Functional Annotation
The PIFiA computational pipeline offers a tool for predictions of 
protein function based on genome-scale comparative analysis of 
features extracted from images of single cells endogenously ex-
pressing GFP-fusion proteins (Razdaibiedina et al. 2024). It relies 
on a self-supervised learning approach which was applied to 
3,058,961 single-cell images acquired via confocal microscopy, 
from strains of the yeast GFP-collection (Huh et al. 2003) into 
which an additional nuclear and a cytosolic marker were intro-
duced using SGA technology (Tong et al. 2001). The PIFiA workflow 
consists of a feature extraction step performed by a deep neural 
network and subsequent analysis steps on the extracted feature 
profiles. The downstream analysis enables prediction of protein 
localization, identification of functional modules or subsets of 
proteins with related cellular roles (e.g. members of the same pro-
tein complex), and prediction of protein function.

The main page for PIFiA on the CellVision website contains an 
interactive visualization of the extracted feature profiles for each 
protein in a two-dimensional space using t-SNE (van der Maaten 
and Hinton 2008), where each protein (node) is colored according 
to its subcellular localization prediction (Fig. 4a). On the right of 
the t-SNE projection is a list of clickable protein complexes which 
can be toggled on/off to highlight their members on the t-SNE 
map. The user can select their gene of interest by either typing 
the yeast or human gene name in the search bar or by choosing 
a protein node on the map itself. Upon selecting their gene of 
interest, the respective protein is highlighted in the t-SNE map 

Fig. 2. HCS projects housed in TheCellVision.org. Snapshot of TheCellVision.org’s landing page containing an overview of hosted projects. Existing and 
newly added projects are annotated as such. Three projects presented with reduced opacity represent additional projects to be hosted on TheCellVision. 
org soon.
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(Fig. 4a), and a series of related results are presented grouped un-
der three tabs: “Description,” “Images”, and “Analysis” (Fig. 4, b–d).

In the “Description” tab (Fig. 4b), information associated with 
the queried protein is displayed: protein and gene names, human 
orthologs, predicted localization, predicted cell cycle dependency, 
predicted subcompartmental clustering group (Razdaibiedina 
et al. 2024). Next, the “Images” tab (Fig. 4c) displays microscopy 

images from the screen of single cells expressing GFP-tagged pro-
teins that the PIFiA algorithm used to make predictions. Similarly 
to the cell cycle project, we used automated yeast genetics to en-
gineer a version of the ORF-GFP collection, in which the resultant 
strains also carried fluorescent markers of the nucleus 
(td-Tomato-NLS) and cytoplasm (E2-Crimson). The user can click 
on either of the images to open the module that allows them to 

Fig. 3. Layout overview of Cell Cycle Omics results page. a) Prompt to type gene name in Cell Cycle Omics main page (snapshot of respective page). b–g) 
Snapshots of various parts of the results section after the search for an example gene (BNI1 in this case). b) Overview of gene name(s) and functional 
description. c) Cell viewer for examination of microscopy images. d) Integrative presentation of cell cycle-resolved multiomics for the queried gene. e) Cell 
cycle-resolved protein concentration and localization data. Snapshot shows data for one replicate, but the actual results section includes measurements 
from the complete series of three biological replicates. f) Cell cycle-resolved gene expression and translational efficiency data. Snapshot shows data for 
one replicate, but the actual results section includes measurements from the complete series of two biological replicates. g) Information about whether 
the queried gene was identified to be periodic during the cell cycle in any of the omics datasets measured.
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browse through the rest of the associated image set. Moreover, 
other functionalities included are the option to select which chan-
nel(s) to view, download the image set, magnify regions of interest 
within the image and adjust image brightness. Lastly, the 
“Analysis” tab (Fig. 4d) is used to obtain more precise predictions 
for the function of the queried protein, based on PIFiA’s image- 
based self-supervised learning approach. We use a 
“guilt-by-association” approach in which the function of the quer-
ied protein is determined by the function of its neighboring proteins 
(in the feature space). This tab shows a list of proteins with similar 
feature profiles to the protein of interest, along with their Gene 

Ontology annotations and enrichment scores. The nearest neigh-
bors list can be adjusted by changing the value of the similarity 
threshold (correlation is used as a similarity metric). A checkbox 
to mark the neighbors on the t-SNE map is also available.

New global functionalities of TheCellVision.org
Given the importance of yeast as a model for eukaryotic cell biol-
ogy, we added a series of new global functionalities (available for 
all hosted projects) in TheCellVision.org, to facilitate its utilization 
for cross-species research. Specifically, we have added (i) a new re-
sults subsection where the human orthologs are displayed next to 

Fig. 4. Layout overview of PIFiA results page. a–d) Snapshots of various parts of the results section after the search for an example gene (BNI1 in this case). 
a) Interactive T-SNE map generated from PIFiA’s feature profiles, with indication of BNI1’s position. Color-coding denotes subcellular localization. Protein 
complexes that can be selected to display their members in the t-SNE map are shown on the right. At the bottom, there is the option to view b) various 
types of descriptive information related to the queried protein, c) associated microscopy images, and d) other neighboring proteins in the t-SNE map 
(proteins with similar feature profiles with the queried protein) along with their functional enrichments.
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the respective yeast gene, (ii) options to select the displayed hu-
man orthologs and be automatically navigated to https://www. 
alliancegenome.org/ for retrieval of relevant gene information, 
and (iii) searchability of the website directly via the use of human 
gene names, so that the resource can be easily used by scientists 
that have no familiarity with yeast genes.

Conclusions and future directions
The continuous advances in wet-lab and computational ap-
proaches for the generation of image-based omics datasets and 
the HTP phenotypic profiling of single cells, have created a need 
to accessibly store and disseminate the resultant datasets. 
TheCellVision.org serves as a central repository for fluorescence 
microscopy images and associated quantitative data generated 
using high-content screening of budding yeast images. Moreover, 
it provides the tools for meaningfully exploring the data and direct-
ly accessing them for independent analyses. The four large-scale 
projects currently hosted at TheCellVision.org include genome- 
scale information about genetically, chemically, and cell 
cycle-induced protein localization and concentration dynamics, 
as well as a tool for guiding protein functional annotation, and a 
comprehensive characterization of the endocytic compartment 
morphology caused by single gene perturbations. All these re-
sources are now searchable directly via human gene names, facili-
tating their use for cross-species research.

TheCellVision.org will be soon supplemented with three 
additional large-scale phenotypic screens, which include a com-
prehensive morphological analysis of 18 subcellular yeast com-
partments upon genome-wide perturbations, a time-course 
analysis of the morphology of 22 subcellular compartments in 
temperature-sensitive mutants of yeast essential genes, and a 
screen for protein concentration and localization changes in re-
sponse to perturbation of yeast deubiquitinating enzymes. In the fu-
ture, TheCellVision.org is intended to support a global Advanced 
Search function pertaining to all hosted projects, which will harness 
the diversity and complementarity of these projects to provide 
multidimensional biological information for each search query. 
The comprehensiveness, diversity, and accessibility of the datasets 
hosted in TheCellVision.org, provide a resource for eukaryotic cell 
biology that can be readily used for easy exploration of new hypoth-
eses, independent data reanalyses, and dataset benchmarking.
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