
 

AI helps scientists decipher cellular
structures

February 3 2023, by Annika Grandison

  
 

  

DeePiCt 2D and 3D CNN architecture implemented in an automated workflow
combining compartment segmentations and particle localizations in cryo-ET
data. a, CNN U-Net architecture: the 2D network performs all tensor operations
on the 2D spatial coordinates, with depth (D) = 5 and number of initial features
(IF) = 16; the 3D network performs tensor operations on the 3D spatial
dimensions; architectural hyperparameters in red (D, IF, batch normalization
layers (BN)) can be set by the user. b–e, The DeePiCt pipeline is used to train
and predict various structural features in cryo-ET. b, The DeePiCt pipeline
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consists of two independent CNNs: a 2D network for compartment segmentation
and a 3D network for particle localization. c, Trained networks are applied to
input tomograms, which can be pre-processed with a spectrum-matching filter to
improve image contrast. The example 2D tomographic slice visualizes the
cytoplasm with the endoplasmic reticulum (ER), vacuoles (V), nucleus and
extracellular space (ECS). d, DeePiCt raw predictions for cytosol (from the 2D
CNN, top), membranes, ribosomes and fatty acid synthase (FAS; from the 3D
CNN, bottom) are post-processed by thresholding, cluster size, and centroid
fitting. e, The outputs of the two networks can be combined to include the
cellular context by intersecting particle predictions with cytosol masks (top),
selecting particles (NPC, green) in contact with specific membranes (nuclear
envelope, purple, middle), and to identify particles (for example, ribosomes,
orange) associated with specific organelles (for example, ER). Credit: Nature
Methods (2023). DOI: 10.1038/s41592-022-01746-2

To the untrained eye, a cryo-electron tomogram looks more like traces in
sand than the detailed snapshot of a cell it is.

Specialists trained in powerful microscopy techniques like cryo-electron
microscopy and tomography can use these images to study the location
and shape of cellular organelles and structures of large molecular
complexes. As a result, researchers can gain insight into a cell's inner
workings, both in healthy and diseased states.

This approach has a major drawback, however. While trained specialists
can be very good at recognizing and labeling different cellular structures
in tomograms, the process is extremely time-consuming.

This is why the Zaugg, Mahamid, Kreshuk and Diz-Muñoz groups at
EMBL Heidelberg have created an artificial intelligence-based method
to rapidly and efficiently annotate cellular structures in cryo-electron
tomograms. They described this tool in a recent publication in Nature

2/5

https://phys.org/tags/electron+microscopy/
https://phys.org/tags/electron+microscopy/


 

Methods, and have made it openly available for the scientific community
to access and use.

DeePiCt (Deep Picker in Context), a deep-learning framework, can
recognize and label organelles and molecular complexes substantially
faster than the human eye and without human bias, producing richly
detailed cellular images (like the one in the circle on the right in the
image above).

"DeePiCt—and in particular the trained models that we provide—make
it possible for anyone to detect specific particles and structures of
interest among the noisy background of their own tomograms. For me,
this is one of the best outcomes of our work," said Judith Zaugg.
"Without it, you needed to ask a trained specialist for help with
annotations, and this took potentially very long. I see DeePiCt as an
important step towards enabling high-throughput in cell structural
biology."

The DeePiCt framework allows scientists to easily classify cellular
structures in tomograms based on where in the cell they are located. This
can then be used, for example, to compare the class of ribosomes located
on mitochondria with those located on the endoplasmic reticulum. Such
analyses have already revealed unknown structural details of how
ribosomes bind to these different membranes.

The software combines two types of convolutional neural networks.
These are deep learning algorithms that can find patterns and
differentiate objects in an image. The first was trained to segment
cellular structures like organelles and cytoplasm and operates in 2D
slices. The second was trained to segment a particle of interest (e.g. a
ribosome) and operates in the three-dimensional space of a tomogram.

Importantly, once the network was trained to recognize a specific
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particle in a set of tomograms, it could then identify the same particles in
new tomograms it had never seen before, including those of cells
belonging to a different species. This means DeePiCt can be used by
researchers using cryo-electron tomography on many different sample
types.

  
 

  

Artistic interpretation of a neural network, incorporating a cryo-electron
tomogram (left circle) and the annotation of four cellular structures (red: actin,
green: ribosomes, cyan: microtubules, and purple: membranes) by the DeePiCt
framework. Credit: Joana Gomes Campos de Carvalho/EMBL

In the image shown, the network was trained to detect four distinct
structures (actin, ribosomes, microtubules, and membranes) in cells from
three different organisms to predict these structures in an unseen
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tomogram from a human cell.

"Now we have shown that this works, we are excited about making the
software available to the research community," said Julia Mahamid. "We
hope that such deep-learning approaches will become established as a
gold standard in cryo-electron tomography. And we are providing a set
of 20 well-annotated tomograms in the EMBL-EBI archives, which we
expect to trigger and support further methods development within the
scientific community."

  More information: Irene de Teresa-Trueba et al, Convolutional
networks for supervised mining of molecular patterns within cellular
context, Nature Methods (2023). DOI: 10.1038/s41592-022-01746-2
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