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Poster Design Guide
This PowerPoint template is designed to be fully 
customizable. It has a three-column layout, but the design is
flexible depending on your needs. Large chunks of text,
images or tables can span multiple columns if desired. The 
first slide in this file shows a blank template, while the 
following slides show examples of how it can be used.

Keep font size and type consistent by pasting content without 
formatting. 

Need design assistance? Email vis-id@llnl.gov. 

Visit https://vis-id.llnl.gov for more guidance on Lab logos, 
colors, and fonts. 

Moving Pieces
You are encouraged to move text boxes, figures and tables
around to fit your needs. To preserve consistency, we
recommend you go to VIEW and check the box for GUIDES.
This will allow you to move pieces around but still see the 
basic three column structure. To make sure pieces are 
aligned, select multiple text boxes or images and click
SHAPE FORMAT > ALIGN > ALIGN LEFT.

Poster Size
Printing this poster will result in a 48 inch wide by 36 inch
high page. This template is recommended for high-volume 
(>10) print use.

How to Add Text
The template comes with pre-formatted placeholders for
headers and text boxes. You can add more text boxes by 
copying and pasting the existing ones. Adjust the size of your
text based on how much content you have to present. The 
default template text offers a good starting point—font 
should not go below 8pt. 

How to Add Logos / Seals
For external presentations, PAD logos should not be added.

For internal LLNL presentations, PAD logos can be added in
place of the NNSA logo on the lower right. 

For projects with their own logos or when funding
organizations require the inclusion of their logo, that logo can
also replace the NNSA logo in the lower right.

You can insert a logo by dragging and dropping it from your
desktop, copy and paste or by going to INSERT > PICTURES. 
Logos taken from websites are likely to be low quality when
printed. Zoom in at 100% to see what the logo will look like 
on the final poster and make any necessary adjustments.

https://pdmc.llnl.gov/

How to Add Photographs / Graphics
You can add images by dragging and dropping from your
desktop, copy and paste, or by going to INSERT >
PICTURES. Be careful not to distort your photos when
resizing. Zoom in and look at your images at 100%
magnification. If they look good, they will print well.

How to Add Tables, Graphs and Charts
The example poster slides come with pre-formatted
placeholders for tables that can be duplicated and
adjusted. You can add rows and columns to these by 
clicking the table then selecting LAYOUT > INSERT. 

You can copy and paste charts and graphs into the spaces
created for figures.

Using Color
The Lab’s primary and secondary color palettes can be 
found by scrolling to just above the poster template.

To use these colors, select the object you want to recolor,
go to SHAPE FORMAT > SHAPE FILL or TABLE DESIGN >
SHADING and then select MORE FILL COLORS. Click the 
small eyedropper symbol and then hover over any of the 
palette colors, clicking to select and then pressing OK to
confirm.

How to Remove These Instructions
These details will not print, but you can delete or edit them
by going to VIEW > MASTER.

Save Your Work
Save your template as a PowerPoint document. For
printing, save as PowerPoint or “Print-quality” PDF. 

TIP: There is a downloadable file with instructions for a PDF
job options preset that you can download at XX that will
automatically save your poster with the correct TID Print 
Plant specifications.

Print Your Poster
When you are ready to have your poster printed at TID, go
online to https://pdmc.llnl.gov/. You will receive a
confirmation email letting your know your order was 
delivered. Please allow 3–5 business days for printing.

NOTE: You will need a Project and Task to submit your
order.

Example poster: 48 in x 36 in 

Figure 1. Overview Workflow

Structure-Guided Genetic Algorithms for Rational Vaccine Antigen Design
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The development of novel computational framework that integrates structure-aware genetic algorithms with state-of-the-art protein language models for rational antigen 
optimization. Our approach leverages ProteinMPNN's conditional probability modeling to guide evolutionarily-inspired mutations while preserving critical structural and 
functional constraints. The integration of three-dimensional structural information into genetic algorithm operations represents a paradigm shift in computational 

protein design, offering a scalable and biologically-grounded approach to vaccine development.

INTRODUCTION
This work introduces structure-aware genetic algorithms that 
incorporate three-dimensional protein structural information into 
evolutionary operators for computational vaccine antigen design. 
Unlike traditional methods that treat sequences as linear strings, 
our approach uses PCA, K-means, and DBSCAN clustering to 
partition residues into functionally meaningful groups, ensuring 
crossover operations preserve critical structural relationships. 
Comprehensive evaluation on SARS-CoV-2 spike protein 
optimization demonstrates our best variant achieves 18% higher 
mean fitness scores and 25% faster convergence compared to 
traditional genetic algorithms. These results establish that 
incorporating structural knowledge into evolutionary search 
represents a significant advancement for rational vaccine design.
OVERVIEW WORK

STUDY SCOPE
1. Structure-Aware Genetic Operators: Development of crossover and
mutation operations that explicitly consider three-dimensional protein
structure and preserve functional domains.
2. Binding-Context Optimization: Explicit consideration of antibody-
antigen interactions during optimization, ensuring that designed antigens
maintain immunologically relevant binding properties.

INITIAL SCREENING RESULTS

CONCLUSIONS
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Figure 4. Parent-Template Analysis

Average distance for 5 Nearest Neighbors = 4.78 Angstrom

Methods Avg Best 
Fitness

Avg Mean 
Fitness

Avg runtime 
(s) Total Design

Avg 
Convergence 

Generation

Regular GA -2.704 -2.034 ± 0.345 603.8 47572 22.4

PCA GA -2.681 -2.054 ± 0.354 145.5 64874 16.2

KMEANS GA -2.703 -2.458 ± 0.398 123.4 22928 9.6

DBSCAN GA -2.690 -2.191± 0.133 343.5 31789 5

Standard GA PCA-planar GA

KMEANS GA DBSCAN GA

Figure 2. Template- Guided Sequence of SAR-COV2 Figure 3. Sequence Alignment Approach

Figure 5. Convergence performance Figure 6. Pairwise distance correlation

Table 1. Performance Analysis

DBSCAN GA achieves remarkable convergence efficiency, stabilizing at optimal performance within 5.0 
generations compared to Regular GA's requirement of 22.4 generations a dramatic 78 % reduction in 
convergence time. This rapid convergence reflects DBSCAN's ability to quickly identify and exploit optimal 
structural partitions that facilitate productive crossover operations.

Figure 7. Shannon entropy of KMEANS GA Figure 8. Polar AA ratio of KMEANS GA

Polarity evolution analysis provides additional insights into the biochemical dimensions of diversity 
maintenance. KMEANS GA preserves exploration across different physicochemical property classes 
throughout evolution, maintaining representation of hydrophobic, polar, charged, and aromatic residues. 
This pattern suggests that structure-aware crossover operations respect the biochemical constraints of 
different structural environments rather than converging to a single amino.

By moving beyond the traditional view of proteins as linear strings and instead respecting their three-
dimensional organization, we have developed genetic algorithms that achieve substantially better 
optimization performance while maintaining the population-based advantages that make evolutionary 
approaches attractive for complex design problems.
 Our results demonstrate meaningful advances: the best-performing structure-aware variants achieve 6-
7 % better fitness scores than traditional genetic algorithms, with the PCA-based method delivering 
exceptional computational efficiency through 87% runtime reduction, and the DBSCAN variant maintaining 
significantly higher population diversity throughout the optimization process
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