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A Journey From Sequences to Sentences
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Data Scientist & ML Engineer / scieneers GmbH
PhD Stud. / University Hospital RWTH Aachen

#riE martin.danner@scieneers.de

Short Introduction

Looking forward to the exchange!

CV

M.Sc. Neural Engineering
2018-2019

August-Wilhelm Scheer Institute
2019-2021

scieneers GmbH
since 2021

Center for Human Genetics and
Genomic Medicine
since 2024

Technological Focus

Machine Learning / Deep
Learning / Generative Al

* Machine Learning Operations
* Development Operations

* Cloud based Data Platforms
« Data Driven Products

e MS Azure & Databricks
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Genome sequencing
In rare diseases
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Genome sequencing in rare diseases

-

Rare diseases

350 million, almost 5% of the world's population,
live with a rare disease

More than 7,000 rare diseases are known to date

~4 million affected individuals in Germany

About 75% of rare diseases affect children

On average, nearly 5 years pass before a correct
diagnosis

~

80% of these diseases are caused by a single genetic change and can be
diagnosed through genome analysis.
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The cost of sequencing genomes is dropping
Analysis is the bottleneck

DNA sequencing costs over time

$100,000,000.00

$10,000,000.00 2003
Human
genome
SEQUEnce
completed
g £1,000,000.00
g 2005
o Mext-generation
2 Sequencing
; introduced 2014
a $100,000.00 "$1,000 genome”
sequencer
announced
£10,000.00
51,000.00
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Year 3
N
Avg. Cost per Mb Data source
0,01 $4.000,00 . NHGRI data
$2.000,00 $6.000,00 . Meoore's law calculation

Decline in real costs compared to expected declines based on Moore's Law.
Trend line: Cost per human genome. Line width: Cost per megabase (Mb)
(Data: NHGRI https./www.genome. gow27541954/dna-sequencing-costs-data)
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Genome research:The tip of the iceberg

Only a fraction of our genome is understood so far

o
.o.’.
g
.....

genome (non-coding

region) are so far not,
or barely, interpretable

These many segments
- about 98 % of the
genome - currently
elude assessment!

Genes, or the coding
region, make up only
about 2% of our Genome

The dark genome harbors alarge
number of regulatory elements, such as
short openreading frames

Variants inthe 22,000 genes
are comparatively well understood
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We are all familiar with LLMs

LLMs are already well established in our daily life @

‘@; how to merge dictionaries in python?

@ To merge two dictionaries in Python, you can use the “update()"
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But have you come across GLMs yet?

Let’s talk about Genomic Language Models &
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https://arcinstitute.org/news/blog/evo2

Evo 2 is the largest artificial intelligence model in biology to date, trained on over 9.3 trillion nucleotides and
100,000 species across the entire tree of life
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Genomforschunq: Die Spitze des Eisbergs

Nur ein Bruchteil unseres Genoms ist pislang yerstanden

MEAQRRNQLPGD

yarianten im

Dark Genome
(Non-Coding Region)
bislang nicht oder
\aum interpretierbar:

Diese vielen
Abschnitte das sind
etwa 98% des Genoms
antziehen sichbisiand
der BDWE".baMe\\!

Gene bzw. Coding
Region nur etwa 2%
von unserem 6enom

Molec
ular Functi %
ion? @

+ beherbergt eine Viezel!
Variantenin den22-000 6enen e Elemente wiez 8. shott
<ind vergleichsweise Ut

verstanden
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Why not ask an LLM directly? &

Inspired by other MLLLMs - Translating between Text and Images

azaipromotionmd

i A @ ?
Microsoft Foundry | Azure OpenAl azaipromotionmd ¢ Images playground ® ) New Foundry All resources ) ¢

® < Transform generations with model-specific APls

(A Home

Get started

@ Model catalog

Playgrounds

Q) Chat

& Assistants

(A Video rreview

@ Audio s
Images

Tools

O Fine-tuning

x Azure OpenAl
e
Evaluation
Stored
completions

@ Batch jobs

C&| Monitoring

Shared resources

& Deployments

<9 Quota

@ Guardrails + Controls

(> Risks + alerts PReview "A high-tech digital illustration showing an open silver laptop displaying a ‘'TALK DIRTY
GENOMIC TO ME' website interface. The laptop has code and charts, with a large, translucent,
fragmented DNA double helix structure made of glowing blue cubes coiling around it against
Q Assistant w a white background with floating genomic data points and graphs.”

vector stores

@ Data files

2 Inpaintregion = B> Generate

Messages in the image playground are visible to anyone with access to this resource and using the API




Why not ask an LLM directly? e
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Combining GLMs and LLMS - Translating Between Sequences and Sentences

Could the given protein structure contain sites compatible with
direct interaction with RNA-protein complexes?

ATGCGTACGTTAGGCTAACCTGGATTG

v

The protein structure reveals
surface-exposed basic patches and
conserved motifs that are frequently
observed in proteins capable of
binding RNA-protein complexes,
supporting the possibility of such
interactions.
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Genolator - From Sequences to Sentences

Translating between Life's Code and Natural Language

ATGCGTACCTTAGCGAGTACCGTTAGCATGCCGATTAACG...

Could the given protein contain features that would allow it to
associate with lipid-rich cellular boundaries?

The presence of hydrophobic stretches and predicted transmembrane
domains in the given amino acid sequence suggests the protein may be
capable of associating with lipid bilayers.

Genolator

ATGCGTACCTTAGCGAGTACCGTTAGCATGCCGATTAACG...

Could the features observed in the given protein suggestarolein
metabolic enzymatic catalysis, such as carbohydrate breakdown?

No data indicate that the given protein contains features associated
with metabolic enzymatic catalysis, such as carbohydrate breakdown.

Genolator



UNIKLINIK -y

Generation of a Gene Ontology (QA-Dataset...
...with >360.000 QA pairs using Azure Al Foundry

This gene encodes the erythropoietin receptor whichisa GPT-4.1
member of the cytokine receptor family. Upon
erythropoietin binding, this receptor activates Jak?2
tyrosine kinase which activates different intracellular
pathways including...

{"pairs": [

{"prompt": "What cellular processes could the given protein

be involved in?",

"response”: "The given protein likely participatesin signaling
cascades that regulate cell survival,
proliferation, and differentiation, particularly
within specific cell lineages such as those
involved in blood formation.”

1

{"prompt": "Could the given amino acid sequence indicate a

role in receptor-mediated signal transduction?”,

"response”: "Yes, features commonly found in the given
amino acid sequence....
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Large Language Model Operations
LLMOps using Azure Web Apps & Container Services

£ Search resources, services, and docs (G+/)

rg-lim-ops

¢ lim-ops-phoenix =

Trace Details

< Web App Trace Status Total Cost Latency Jeremias
© OK $0 @rindits =
Search o« 7 Browse [ Stop < Restart [ii] Delete () Refresh
- Trace + |6 um ) generic_qa_dataset_biological_process @  Annotation Summary
& Overview  Essentials © JiE
® 1.17s at8/21/2025 06:47: v @ 1,257
B Activity log @ generic_ga_dataset_biological_.. @ 1,257 N oromioe
Resource group (move) Def Info Annotations ' 1 Attributes Events 0
%( Access control (IAM) f9:llm-ops lim cell cycle checkpoints. It may also play roles in chromatin
@ Tags Status Apl organization, modulation of gene expression, ubiquitination, and
cellular responses to environmental stress. n  RnlHn\n"
Running ap| \
f Diagnose and solve problems J
Location (move) Op! = o T ) .
@ Microsoft Defender for Cloud L role": "user",  Edit Annotations | E
West Europe in| "content": "GO Biological Process Contexts used
Events (preview) Subscription (move) Hed internally:\nThe developmer.ltal ?rocess by whish male germ line
stem cells self renew or give rise to successive cell types
& Log stream Humangenetik No resulting in the development of a spermatozoa."
%. Resource visualizer Subscription 1D Jeremias
c64e571d-e3b2-4f12-8fde-f1c0477424d6 Accepted
> Deployment
v/ Settings Output
{X} Environment variables
Properties Monitoring Logs Capabilities Notifications (0)
11! Configuration —_— v LLM Output
& Authentication @ Web app {
"pairs":
Identity Name lim-ops-phoenix 1

& Backups
Custom domains
g Certificates

3 Networking

@& WebJobs

@, Service Connector

Tracing,

"prompt": "Which broad biological functions could the given v Notes N
amino acid sequence potentially contribute to?",
"response": "The given amino acid sequence could be involved
in processes underlying the development and maturation of male
reproductive cells. This may include the regulation of cell
differentiation events, self-renewal of specialized stem cells, and
mechanisms that ensure the formation of mature spermatozoa during
reproductive development."

Publishing model Container

Container Image arizephoenix/phoenix:latest

E3 Domains

Default domain llm-ops-phoenix.azurewebsites.n

Custom domain Add custom domain

Metadata

Cost Tracking, Evaluation and Annotation of Millions of Generated QA Pairs

< Share | | X

S

<+ Annotation

explain
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Genolator - From Sequences to Sentences
A Multimodal Large Lanquage Model Fusing Natural Lanquage, Genomic, and Structural Tokens
Modality Encoders Virtual Token Projection Virtual Token Scaling Token Concatenation Llama3

Evo2

Evo2
[64,4096]

DNA Tokens Virtual Token Scaling

. [64, 8, 4096]
4096 -> 32768 r 1.L2-Norm

llama_norm = mean(|itext_embedsll)
vtok_norm = mean(|lvtok_embedsll)

2. Scale factors
vtok_scale = llama_norm / (vtok_norm + 1e-8)

ESM?2 ESMZ{PST

[64,2560]

ESM/PST Tokens 3. Rescale

- [ 64, 8, 4096] vtok_embeds = vtok_embeds * vtok_scale
2560/1280 -> 52768

\IIIIIIJ

PR

. Could the sequence contain sites compatible with
PSIl direct interaction with RNA-protein complexes?
[64,1260]

Tokenizer

v
The sequence reveals surface-
exposed basic patches and
conserved motifs that are
frequently observed in proteins

> capable of binding RNA-protein

"1 Frozen Parameters -, Trainable Parameters complexes
g g —
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Genolator - From Sequences to Sentences

Genolator Achieves Unified Understanding of Language and Biology

Matthews Correlation Coefficient across All Models and GO Aspects

Mean Attention per Token Type

Biological Process

Mean Attention

Evo2 PST Prompt Output
Token Type

...however, attention to structure tokens did not reflect our observation that multimodality
has a strong impact, that's why....



Attention is not Explanation

Deeper dive into transformer layers and attention heads

Transformer Layer

Per-Head Attention to Genomic Virtual Tokens (averaged over 4981 samples)

Attention to EvoZ2 Virtual Tokens Attention to PST Virtual Tokens

Attention Head

1.0

Attention Weight

0.0

Transformer Layer

10

15
Attention Head

20

25

30
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Transformer Layer

L . I N R N

Attention is not Explanation

Ablation study as a causal test

Evo2

Mean Attention per Layer to Each Token Group

PST

Prompt

Output

o
o

Attention Weight

UNIKLINIK -y

Modality Contribution (baseline loss: 1.5418)

Remove Both +3.72%

Remove Evo2

Remove PST

0 1 2 3 4 5

Relative Loss Increase vs Full Model (Evo2 + PST)
[%]



Attention points you where to look.
Causal tests tell you what matters. *
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Genolator - From Sequences to Sentences

Genolator - Translating between Life’'s Code and Natural Language

UNIKLINIK
RWTH

Genolator

from sequences to sentences

Paste a DNA sequence below and ask about biological processes, cellular
components, or molecular functions.

«* Biological Process

@ Specific Question @ Generic Question

@ Cellular Component

@ Specific Question @ Generic Question

@ Specific Question (@ Generic Question

X

& DNASEQUENCE
ATGAAGGTTCTGTGGGCTGCGTTGCTGGTCACATTCCTGGCAGGATGCCAGGCCAAGGTGGAGCAAGCGGTGGAGACAGAGCCGGAGLT

CGAGCTGCGCCAGCAGACCGAGTGGCAGAGCGGCCAGCGCTGGGAACTGGCACTGGGTCGCTTTTGGGATTACCTGCGCTGGGTGCAGA
CACTGTCTGAGCAGGTGCAGGAGGAGCTGCTCAGCTCCCAGGTCACCCAGGAACTGAGGGCGCTGATGGACGAGACCATGAAGGAGTTG

954 bp

Which molecular functions could this protein potentially |
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What did we achieve so far?
Research Only Highlights

Congenital insensitivity to pain
(Exact match of variant in 4 patients)

0 ,

- ) e
Rl ‘
YT & P

ok g

e O
T,i\w Data of > 1,875 unsolved cases processed

% ‘+ \ 1.7% additional diagnostic yield that is > 32 cases

> 140.000 Protein Structures predicted

6 high interest not so far known variants identified
in the Dark Genome

https://www.researchgate.net/figure/ Affected-extremitie s-a-superficial-
inflamation-after-long-transfe moral-amputation-b_fig2_297730928
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What comes next?

Multimodal language models as a new interface for genomic data analysis

AC:GT

Patient's Genomic Profile

=B g
l | | EE uil BN

What is the best therapy for my
patient based on their genm data’ m
Q)
Genolator: Based on the patient's
genomic data, the most

effe'ctive therapy is

targeted therapy using Drug X
to inhibit Gene Y.

,Chatting with patient genomes”
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Al in Healthcare is rapidly growing

Al in Healthcare - A Glimbse into a New Era

Al in Healthcare

« $35-40billionin 2025
« S$56 billionin 2026
« S700 billionin 2035

Breeding healthier and stronger
honeybees

@Microsoft

o

in Bio Science, in der Pi
Al diese Modelle e

AlphaGenome: Al for better
understanding the genome

> z | = = T i3
@ S o« z - x

nnnnnnn

@DeepMind

@ Colossal Laboratories & Biosciences



All great projects are based on team effort

and so is Genolator!
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et In contact!

Looking forward to the conversation
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< [@\n LLMs Predict the Worlq Cup 2;2 >
(4

Martin Danner
Senior Data Scientist & ML Engineer / PhD Student
scieneers GmbH / Uniklinik RWTH Aachen

martin.danner@scieneers.de

in

5Almodels

3 -
predict
Who reasons ° very World Cup match,

b )
est under genuine uncertainty?

=
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