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Lead Clone Selection Assistant

Lead clone selection is a pivotal step in biopharmaceutical development, involving the identification
of clones that can efficiently produce therapeutic proteins at scale. This process, though essential, is

notoriously time-consuming, resource-intensive, and fraught with challenges.

The Tetra Lead Clone Selection Assistant offers a transformative solution. It combines the Tetra Scientific
Data and Al Cloud™ with advanced Al models like NVIDIA's VISTA-2D and Geneformer. As a result, it
enables biopharma organizations to reduce lead clone selection timelines from months to weeks while

improving stability and productivity.

This solution brief outlines the key challenges in lead clone selection, demonstrates how the Lead Clone
Selection Assistant tackles these hurdles, and highlights its impact on bioprocess development.

The Challenge

The primary objective of lead clone selection is to identify a single cell

line capable of consistently producing a therapeutic protein at high yield,
purity, and quality. Typically, the process entails generating a diverse

pool of clones, screening them for critical attributes such as productivity,
stability, and product quality, and progressively narrowing the pool through
iterative testing and evaluation. This rigorous selection ensures that the
final clone can withstand the demands of large-scale manufacturing while
meeting regulatory standards for safety and efficacy.

However, the process is fraught with technical, operational, and regulatory
hurdles that can impede timelines and inflate costs. Below, we explore
them in detail.

1. Time Constraints and Resource Intensity

The time required for lead clone selection—roughly 8 months—is a
critical bottleneck in biopharma development.! Traditional methods for
cell line development are time-consuming and require a large number
of experiments to identify the best candidate.? Screening hundreds to
thousands of clones over several months often consumes extensive
resources and drives up costs. The labor-intensive nature of these
processes not only delays development timelines but also diverts
resources from other critical areas of drug development.
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2. Cell Line Instability

Even after a promising clone is identified, genetic and phenotypic
instability during cell culture expansion—due to factors such as epigenetic
drift, environmental stress, and prolonged passage—can compromise

its performance. This instability may adversely affect productivity,
glycosylation patterns, or other critical quality attributes (CQAs).2

To mitigate these risks, robust screening strategies and long-term
stability studies are essential. One effective approach is to initially
evaluate a diverse pool of high- and medium-producing clones to ensure
a balance between productivity, stability, and product quality. However,
these measures come at a cost, extending development timelines and
increasing resource demands.

3. Scalability

Process scaling adds further complexity, as critical process parameters
(CPPs)—such as temperature, pH, and nutrient feed—must be optimized
without jeopardizing product quality.* Clone phenotypes can vary
significantly across different scales. Inadequate characterization of the
lead clone during initial screening can result in unexpected variability,
causing costly delays and setbacks during scale-up.
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4. Data Utilization

Advances in high-throughput screening, omics technologies, and
bioreactors have significantly expanded the availability of online, at-line,
and offline measurements. Despite the growing volume and complexity
of data generated during cell line development, much of it remains
underutilized in lead clone selection. Effectively integrating and analyzing
these vast datasets remains a challenge, as many scientists still rely on
manual processes.?

The sheer scale and fragmentation of data often lead to missed
opportunities to extract actionable insights, limiting its potential to drive
informed decision-making. Without robust tools for data harmonization
and Al-driven analysis, critical patterns and predictive markers may

go unnoticed, unnecessarily slowing progress in clone selection and
optimization.

The Solution

5. Regulatory Considerations

Regulatory agencies, including the U.S. Food and Drug Administration
(FDA) and European Medicines Agency (EMA), require rigorous
documentation and validation of the lead clone selection process.
Demonstrating monoclonality, genetic stability, and consistent production
over multiple generations is non-negotiable.® However, meeting these
standards can be resource-intensive.

The Tetra Lead Clone Selection Assistant, a Tetra Data App, overcomes these challenges by helping scientists in
development identify “super clones” with optimal traits, including high titer, viability, and stability. Using phenotypic and
genotypic data combined with advanced analytics and Al models, the assistant enables early prediction of these critical

attributes.
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The Tetra Scientific Data and Al Cloud automatically collects data from a wide range of instruments and software
used in lead clone selection, centralizes it in the cloud, and engineers it into Al-native Tetra Data.

These large-scale, liquid, and compliant datasets are ideal for powering advanced Al models, such as NVIDIA's
VISTA-2D and Geneformer:

» VISTA-2D specializes in cell segmentation. It processes high-resolution microscopy images to enable
analysis of cell shape, size, and other morphological traits. By uncovering subtle yet crucial phenotypic
differences, it accelerates the identification of optimal clones.

+ Geneformer analyzes single-cell RNA sequencing data to deliver advanced gene expression insights. Even
with limited data, Geneformer constructs gene networks, predicts regulatory relationships, and identifies
key genes driving biological processes. This powerful Al model enables scientists to better understand the
genetic mechanisms behind high-performing clones.

« Additional in silico models use a diverse range of inputs to predict titer and cell viability:

« Cell culture metrics, including titer, cell viability, and key metabolite levels (e.g., glucose, lactate,
glutamine, and ammonia)

« Environmental conditions such as pH, osmolarity, PCO,, and PO,
» Cell morphological features from segmented images

Beyond predicting the long-term performance of clones, these models provide actionable
recommendations for adjusting process parameters, enabling scientists to optimize culture conditions early
in studies and drive better outcomes.
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As an application within the Tetra Data and Al Workspace, the Lead Clone Selection Assistant provides scientists
with a browser-based environment for analyzing Tetra Data as well as Al outputs. This app eliminates the need for
manual data handling or programming expertise, allowing scientists to focus on extracting insights and making data-
driven decisions with speed.

Moreover, the app enables scientists to continuously validate predictions and provide iterative input throughout the
process as necessary. This science-in-the-loop approach is crucial for ensuring the accuracy and reliability of
Scientific Al.

The Results

By leveraging replatformed and engineered datasets (Tetra Data) and advanced Al models such as NVIDIA's VISTA-
2D and Geneformer, the Lead Clone Selection Assistant can deliver transformative results in cell line development,
including:

» Faster speed to clinic: The app accelerates selection and stability studies, reducing timelines from 8
months to just 2.5 months.

« Lower costs: Identifying super clones with optimal traits—high titer, viability, and stability—can increase
titer production by 10x (from 0.5 to 5 g/L) and cut production costs by 85%.

« Reduced risk: Timely, actionable insights from high-fidelity, accessible data help mitigate the risks of
delays, regulatory setbacks, and scale-up challenges from R&D to production.
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Case Study: 60-Day Selection and Stability Study

Toillustrate the functionality of the Lead Clone Selection Assistant, consider a combined selection and stability study
spanning 60 days. In the first phase, scientists track 24 clones of a Chinese hamster ovary (CHO) cell line expressing
a monoclonal antibody, evaluating their performance over 10 generations. The top two clones then advance to

the second phase for an additional 10 generations of evaluation. Perfusion, phenotypic, and genotypic assays are
performed to gather key data throughout the study.
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At the midpoint (generation 10, day 30), the scientists open the Lead Clone Selection Assistant to help identify the
top-performing clones.
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Overview Panel
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Cell Imaging

To delve deeper, the scientists retrieve the latest cell images in the app. At first glance, there are troubling signs

for clone 8: fewer cells and irregular shapes. However, a comprehensive analysis requires examining hundreds of
images. Performing this manually would be incredibly time-consuming, but NVIDIA's VISTA-2D model simplifies the
process.

Raw cell culture images from a plate reader are immediately ingested into the Tetra Scientific Data and Al Cloud. With
a single click in the app, the images can be analyzed for cell morphology. VISTA-2D first generates segmentation
masks (shown in colors). Then, a Tetra pipeline calculates cell metrics such as number, size, and shape. Together,
TetraScience and NVIDIA offer an out-of-the-box solution for cell segmentation and feature extraction.

The high-throughput image analysis results for clone 8 confirm fewer cells, shrinking sizes, and potentially damaged
membranes—alarming signs that the clone is less likely to produce antibodies effectively.
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While valuable, these metrics provide only a partial view. Cell morphology offers limited insight into cell behavior, and
the data primarily reflects population-level trends, potentially masking critical individual variability. Over successive
generations, cells from the same clone can diverge genetically and phenotypically due to mutations, epigenetic
shifts, and environmental stress.
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Single-cell RNA-seq

To achieve a deeper, more granular analysis, the scientists turn to single-cell RNA sequencing (scRNA-seq), which
captures gene expression at the individual cell level. With fresh sequencing data available, they submit it for analysis
through the app.

Behind the scenes, the Tetra Scientific Data and Al Cloud sends the annotated dataset containing aligned gene
expression counts to Geneformer for inference. After processing, the resulting embeddings are sent back to
TetraScience, where they undergo uniform manifold approximation and projection (UMAP). This streamlined
approach makes it easier to interpret highly dimensional data and extract actionable insights.
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Beyond antibody genes, the
scientist can explore biomarker
expression for deeper insights.
For example, SCD2, a gene
involved in fatty acid synthesis,
provides insights into cellular
metabolic activity. In cluster

2, SCD2 is downregulated,
indicating that these cells
have reduced their metabolic
activity in response to stress.

The ability to rapidly analyze
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differential biomarker expression helps detect stability risks early, uncovering subtle gene dynamics. While scRNA-

seq is costly, it serves as a strategic tool for biomarker discovery—enabling scientists to track key genes using more
cost-effective assays like quantitative PCR. With TetraScience and NVIDIA's Geneformer, this powerful analysis

becomes efficient, scalable, and accessible—even for those without bioinformatics expertise.

Predictive Modeling

The data collected in the
Tetra Scientific Data and Al
Cloud does more than reveal
what happened in the past
or present; it can also enable
prediction of future outcomes.
With TetraScience's in silico
models trained on data from
bioreactors, cell counters,
and cell culture analyzers,
scientists can predict titer
stability over generations.

For instance, while clone

8 initially performed well,
projections indicate a
continued decline. In contrast,
clones 3 and 22 are expected
to sustain or even increase
their high titers over the
course of the study, making
them strong candidates for
advancement.
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Conclusion

The Tetra Lead Clone Selection Assistant redefines cell line development by making Scientific Al readily accessible to
bioprocess development teams. Harnessing the combined power of the Tetra Scientific Data and Al Cloud, NVIDIA's
Al models, and advanced predictive tools, this solution transforms the way clone selection and stability studies are
conducted. It empowers biopharma organizations to break through traditional bottlenecks, significantly accelerating
timelines while improving the success rate and efficiency of lead clone selection.

Ready to transform your lead clone selection? Get Started
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