
Specific Aims
Microscopy has emerged as one of the most powerful and informative ways to analyze cell-based high-throughput
screening (HTS) samples in experiments designed to uncover novel drugs and drug targets. However, many dis-
eases and biological pathways can be better studied in whole animals–particularly diseases that involve organ
systems and multicellular interactions, such as metabolism and infection. The worm Caenorhabditis elegans
is a well-established and effective model organism that can be robotically prepared and imaged, but existing
image-analysis methods are insufficient for most assays.

We propose to develop algorithms for the analysis of high-throughput C. elegans images, validating them
in three specific experiments to identify chemicals to cure human infections and genetic regulators of host re-
sponse to pathogens and fat metabolism. Novel computational tools for automated image analysis of C. elegans
assays will make whole-animal screening possible for a variety of biological questions not approachable by cell-
based assays. Building on our expertise in developing image processing and machine learning algorithms for
high-throughput screening, and on our established collaborations with leaders in C. elegans research, we will:

Aim 1: Develop algorithms for C. elegans viability assays to identify modulators of pathogen infection
Challenge: To identify individual worms in thousands of two-dimensional brightfield images of worm pop-

ulations infected by Microsporidia, and measure viability based on worm body shape (live worms are curvy
whereas dead worms are straight).

Approach: We will develop algorithms that use a probabilistic shape model of C. elegans learned from
examples, enabling segmentation and body shape measurements even when worms touch or cross.

Impact: These algorithms will quantify a wide range of phenotypic descriptors detectable in individual
worms, including body morphology as well as subtle variations in reporter signal levels.

Aim 2: Develop algorithms for C. elegans lipid assays to identify genes that regulate fat metabolism
Challenge: To detect worms versus background, despite artifacts from sample preparation, and detect

subtle phenotypes of worm populations.
Approach: We will improve well edge detection, illumination correction, and detection of artifacts (e.g. bub-

bles and aggregates of bacteria) and enable image segmentation in highly variable image backgrounds using
level-set segmentation. We will also design feature descriptors that can capture worm population phenotypes.

Impact: These algorithms will provide detection for a variety of phenotypes in worm populations. They will
also improve data quality in other assays, such as those in Aims 1 and 3.

Aim 3: Develop algorithms for gene expression pattern assays to identify regulators of the response of
the C. elegans host to Staphylococcus aureus infection

Challenge: To map each worm to a reference and quantify changes in fluorescence localization patterns.
Approach: We will develop worm mapping algorithms and combine them with anatomical maps to extract

atlas-based measurements of staining patterns and localization. We will then use machine learning to distin-
guish morphological phenotypes of interest based on the extracted features.

Impact: These algorithms will enable addressing a variety of biological questions by measuring complex
morphologies within individual worms.

In addition to discovering novel anti-infectives and genes involved in metabolism and pathogen resistance,
this work will provide the C. elegans community with (a) a versatile, modular, open-source toolbox of algorithms
readily usable by biologists to quantify a wide range of important high-throughput whole-organism assays, (b)
a new framework for extracting morphological features from C. elegans populations for quantitative analysis of
this organism, and (c) the capability to discover disease-related pathways, chemical probes, and drug targets in
high-throughput screens relevant to a variety of diseases.

Primary collaborators
Gary Ruvkun and Fred Ausubel, MGH/Harvard Medical School: Development, execution, and follow-up of
large-scale C. elegans screens probing metabolism and infection. Polina Golland and Tammy Riklin-Raviv,
MIT Computer Science and Artificial Intelligence Lab: Illumination/bias correction, model-based segmentation,
and statistical image analysis. Anne Carpenter, Broad Imaging Platform: Software engineering and support.
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Specific Aims Narrative 

•  Summarize knowledge 
•  Identify knowledge gap/need 
•  Identify problem associated with 

gap/need 
•  Introduce project to address gap 
•  Identify long-range goals 
•  Introduce qualifications of team 
•  Conclusion 

-- emphasize significance and goals 
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