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DeepMind just made every specialized genomics model obsolete in a single release.
AlphaGenome processes 1 million DNA base pairs at once—and it trained in 4 hours using
half the compute of its predecessor.

The News: DeepMind Ships a Unified Genomics
Foundation Model

On June 25, 2025, Google DeepMind released AlphaGenome as a non-commercial API

preview, marking the first Al system capable of simultaneously predicting across 11 genomic
modalities from a single DNA sequence input. The model processes up to 1,000,000 base
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pairs in a single forward pass at single-nucleotide resolution—meaning it can detect the
functional impact of changing just one letter in a million-character genetic string.

The benchmark results speak for themselves: AlphaGenome outperformed the best
external models on 22 of 24 single-sequence prediction evaluations and matched or
exceeded top models on 24 of 26 variant-effect prediction benchmarks. This wasn't a
marginal improvement across a few tasks. This was a unified model systematically
dismantling specialized competitors across nearly every category.

The 11 modalities AlphaGenome predicts simultaneously include gene expression levels,
chromatin accessibility, histone modifications, transcription factor binding sites, RNA
splicing patterns, and 3D genome structure. Previously, researchers needed separate
models—often from different research groups with incompatible data formats—to predict
each of these properties. AlphaGenome collapses that fragmentation into a single API call.

Training data came from the foundational multi-omic datasets that define modern
genomics: ENCODE, GTEx, 4D Nucleome, and FANTOMS. The model was trained on both
human and mouse data, enabling cross-species transfer learning that strengthens
predictions for conserved regulatory elements.

The Compute Efficiency Story

What makes this release architecturally significant isn't just the capability expansion—it's
the efficiency gains. AlphaGenome trained in approximately 4 hours on TPUs using 50% of
the compute budget of Enformer, DeepMind'’s previous sequence model released in 2021.
Enformer processed 200,000 base pairs. AlphaGenome processes 5x that context window
while using half the training compute.

This efficiency comes from a hybrid architecture combining convolutional neural networks
for local sequence motif detection with transformers for capturing long-range interactions
across the full IM-bp context. The convolutions handle the high-frequency
patterns—transcription factor binding motifs, splice site signals, promoter
sequences—while the transformer layers model the distant regulatory relationships that
determine whether a gene actually gets expressed.
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Why This Matters: The End of Genomics Model
Fragmentation

For the past decade, computational genomics has operated on a specialist model
paradigm. Need to predict gene expression? Use one model. Chromatin accessibility?
Different model. Splicing? Yet another. This fragmentation created three systemic
problems that AlphaGenome directly addresses.

First, it eliminates integration overhead. Research groups spent enormous effort
reconciling outputs from different models with different training data, different resolution,
and different coordinate systems. A lab studying how a variant affects gene regulation had
to run multiple inference pipelines, normalize outputs, and hope the predictions were
internally consistent. Now that’s one API call.

Second, it enables joint reasoning. The 11 modalities AlphaGenome predicts aren’t
independent—they're deeply interconnected. Chromatin accessibility affects transcription
factor binding. Transcription factor binding affects gene expression. 3D genome structure
determines which enhancers contact which promoters. By predicting all modalities
simultaneously, AlphaGenome can learn these relationships rather than treating them as
separate prediction tasks.

Third, it democratizes access to state-of-the-art genomics Al. Building and maintaining
competitive models in each modality required substantial computational resources and
domain expertise. Most research groups couldn’t afford to stay current across all relevant
prediction tasks. A single unified API levels that playing field.

The 98% Problem Gets a Real Solution

AlphaGenome specifically targets non-coding regulatory DNA—the approximately 98% of
the human genome that doesn’t directly encode proteins. This “dark matter” of the genome
has been notoriously difficult to interpret because its function depends on context, cell
type, and long-range interactions that shorter-context models couldn’t capture.

Most disease-associated genetic variants identified by genome-wide association studies
(GWAS) fall in these non-coding regions. We've known for years that these variants affect
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gene regulation somehow, but predicting exactly how—and which genes they affect—has
been largely guesswork. AlphaGenome'’s IM-bp context window finally spans the typical
distances between enhancers and the genes they regulate.

The variant-effect prediction benchmarks are the key metric here. Scoring 24 of 26 on
variant-effect benchmarks means AlphaGenome can take a specific genetic variant—say, a
single nucleotide polymorphism identified in a patient’s genome—and predict its regulatory
consequences with accuracy that matches or exceeds specialized tools built specifically
for that task.

Technical Architecture: How 1M Base Pairs Fitin a
Forward Pass

Processing 1 million base pairs at single-nucleotide resolution presents a fundamental
computational challenge. A naive transformer approach would require attention matrices of
10A12 elements—completely intractable. AlphaGenome's hybrid architecture solves this
through hierarchical feature extraction.

The convolutional layers operate first, scanning the raw sequence for local patterns. DNA
has strong local structure: promoters have characteristic motifs, splice sites have
consensus sequences, transcription factor binding sites are typically 6-20 base pairs.
Convolutions are computationally efficient for detecting these patterns and can reduce the
sequence representation dimensionally before the transformer layers engage.

The transformer layers then operate on the compressed representation, modeling long-
range dependencies. A enhancer 500,000 base pairs away from its target gene doesn’t
interact with every nucleotide in between—it interacts with specific regulatory elements.
The attention mechanism learns which positions matter for which predictions.

The 4-Hour Training Surprise

The 4-hour training time on TPUs initially seems implausible for a model of this capability.
Context matters here: this is training time for the full model given optimized
hyperparameters, architecture decisions, and data preprocessing pipelines. The R&D to
arrive at those decisions consumed vastly more compute. But once you know what works,
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reproducing the model is remarkably efficient.

This has implications for iteration speed. If AlphaGenome fine-tuning or domain adaptation
takes hours rather than weeks, researchers can customize the model for specific cell types,
species, or experimental conditions without massive infrastructure investments.

The 50% compute reduction compared to Enformer, while processing 5x more context,
suggests architectural innovations beyond simple scaling. DeepMind hasn’t released the full
technical details, but the efficiency gains likely come from sparse attention patterns,
improved positional encodings for long sequences, and better utilization of the

convolutional-transformer interface.

The Contrarian Take: What Coverage Gets Wrong

Most reporting on AlphaGenome frames it as a breakthrough in understanding the genome.
That framing undersells the significance while overselling the immediate applications.

The undersell: AlphaGenome isn't primarily a scientific discovery tool—it’s infrastructure.
The same way GPT models became the substrate for thousands of applications nobody
anticipated, AlphaGenome establishes a new foundation for computational biology tooling.
The 11-modality predictions aren’t the end product; they're inputs to downstream analyses
we haven't built yet.

Variant interpretation pipelines, drug target identification systems, cell type classification
tools, synthetic biology design platforms—all of these can now incorporate richer
regulatory predictions than previously possible. The value creation will happen in the
application layer, not from the model itself.

The oversell: AlphaGenome doesn’t understand biology. It predicts correlates of biological
function based on sequence patterns learned from training data. The model has no notion
of causality, no understanding of molecular mechanisms, and no ability to reason about
interventions.

Winning benchmarks means the model predicts held-out data well. It doesn’t mean the
model’s predictions are mechanistically correct, that they’ll generalize to novel contexts
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not represented in training, or that they're suitable for clinical decision-making without
extensive validation.

The non-coding genome isn’t “solved.” We now have better predictions. Better predictions
enable better hypotheses. Those hypotheses still require experimental validation.

The Non-Commercial Limitation

The APlis currently restricted to non-commercial research use. This matters enormously

for adoption and impact.

Pharmaceutical companies can’t integrate AlphaGenome into production drug discovery
pipelines. Diagnostic companies can't build clinical products on top of it. Biotech startups
can’t use it as core infrastructure. The model's immediate commercial value is locked.

This creates a strange competitive dynamic. Academic researchers get free access to
state-of-the-art predictions. Commercial entities must either license the technology from
Google (terms unknown), build competing models (expensive), or work with academic
collaborators under restricted use agreements (legally complex).

DeepMind has done this before with AlphaFold. The pattern suggests eventual commercial
licensing, but the timeline and terms remain unclear. For companies making infrastructure
decisions today, this uncertainty is material.

Practical Implications: What to Do Monday Morning

If you're leading a computational biology team, a genomics platform company, or a
research group with sequencing data, here’s the concrete action list.

For Research Teams

Apply for APl access immediately. The preview program will inform which research
directions DeepMind prioritizes. Early adopters shape roadmaps. If your work involves
variant interpretation, regulatory element annotation, or cross-modality prediction,
AlphaGenome can accelerate your pipeline today.
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Inventory your existing model dependencies. If you're running Enformer, Baseniji, or other
sequence-to-function models, map out where AlphaGenome could replace them. The
unified predictions across 11 modalities may enable analyses you previously avoided due to
integration complexity.

Design validation experiments now. The benchmark results are impressive but abstract.
Which AlphaGenome predictions matter for your specific biological questions? Design
experiments that test those predictions in your system before building pipelines that
assume the predictions are correct.

For Platform Companies

Evaluate competitive positioning. If your product includes genomic interpretation,
AlphaGenome raises the baseline expectation for prediction quality. What does your
differentiation look like when state-of-the-art predictions are available via free API?

Monitor the licensing situation. Commercial terms will eventually emerge. Understanding
your potential costs—or your competitors’ potential advantages—requires tracking
DeepMind'’s business development closely.

Consider hybrid architectures. AlphaGenome predictions can become features in your
proprietary models. Even if you can’'t deploy AlphaGenome directly, you might train on its
predictions as pseudo-labels for your own systems.

For Infrastructure Decision-Makers

Reassess your ML genomics roadmap. If you were planning to build in-house genomic
prediction capabilities, the build-vs-buy calculation just shifted. The question isn't whether
you can build something better than AlphaGenome—you almost certainly can’t. The
question is whether APl dependency on Google is acceptable for your use case.

Benchmark your data against AlphaGenome’s training data. The model was trained on
ENCODE, GTEx, 4D Nucleome, and FANTOMS. If your data comes from the same sources or
similar cell types, expect good performance. If you're working with exotic organisms,
unusual cell types, or non-standard experimental conditions, validate carefully before
trusting predictions.
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Forward Look: Where This Goes in 12 Months

Model Extensions

AlphaGenome’s architecture should transfer to larger context windows without
fundamental changes. Expect a 10M-bp version within 12 months, enabling chromosome-
scale predictions. This matters for predicting the effects of large structural
variants—deletions, duplications, and translocations that reorganize chunks of
chromosomes.

Multi-species models are the obvious next step. AlphaGenome was trained on human and
mouse data, but the same architecture could incorporate data from thousands of species.
Cross-species transfer learning would improve predictions for non-model organisms where
experimental data is sparse.

Commercial Availability

DeepMind will almost certainly offer commercial licensing, following the AlphaFold
precedent. The likely path: research APl now, Google Cloud integration in 6-9 months,
enterprise licensing for on-premises deployment within 12-18 months. Pharmaceutical
companies with existing Google Cloud relationships will get priority access.

Pricing will be interesting. Genomic predictions at scale require substantial compute, but
the value created—especially in drug discovery and clinical interpretation—is enormous.
Expect per-query pricing initially, shifting to subscription models for high-volume users.

Competitive Response

The compute efficiency results should alarm other foundation model labs. Training a
competitive genomics model in 4 hours on TPUs means the iteration cycles for improving
the model are fast. Catching up becomes a moving target.

Meta Al, Microsoft Research, and well-funded biotech Al companies (Recursion, Insitro,
Genentech’s computational groups) will need to respond. The likely responses: open-
source alternatives with permissive licensing, specialized models that exceed

www.arturmarkus.com | 8



Google DeepMind Launches AlphaGenome on June 25—Al
Processes 1 Million DNA Base Pairs at Single-Nucleotide Resolution,
Wins 22 of 24 Benchmarks

AlphaGenome on specific tasks, and proprietary models trained on private datasets with
better coverage of commercial-relevant cell types.

Clinical Integration

The variant-effect prediction capabilities have obvious clinical applications. Rare disease
diagnosis, cancer driver identification, pharmacogenomics—all involve interpreting variants
in non-coding regions. AlphaGenome’s predictions could inform clinical interpretation,
though regulatory approval would require extensive validation.

The 12-month prediction: at least one major academic medical center will publish a study
using AlphaGenome predictions in a clinical context. The FDA will issue guidance on Al-
based variant interpretation that references foundation models. The path to clinical
deployment will become clearer, though full approval will take longer.

The Bigger Picture: Foundation Models Reach Biology

AlphaGenome represents something larger than a genomics tool: it's proof that the
foundation model paradigm transfers to biology.

In language, we learned that one big model trained on diverse text data could be adapted
to countless downstream tasks through prompting and fine-tuning. The same pattern is
now emerging in biology. One big model trained on diverse genomic data can be adapted
to countless downstream prediction tasks.

The implications extend beyond genomics. Proteomics, transcriptomics, metabolomics,
imaging—all of these data modalities could benefit from similar approaches. AlphaFold was
the proof of concept. AlphaGenome extends the evidence. The next 24 months will reveal
how far the paradigm reaches.

For technical leaders, this means updating your mental models about biological Al. The
question isn't whether to adopt these tools—the performance gaps are too large to ignore.
The question is how to integrate them while managing dependency on providers who can
change terms, pricing, and availability.

DeepMind just demonstrated that a single model can process a million DNA letters, predict
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across 11 biological dimensions, and train in 4 hours using half the compute of its
predecessor.

The teams that figure out how to build on this foundation—while hedging against its

limitations and licensing constraints—will define the next era of computational
biology.
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Artur Markus

Software engineer in Basel building Al infrastructure and agentic systems, with a

background in pharmaceutical automation, GxP compliance, and validation. | help teams
turn Al from a chatbot into a reliable operational layer.
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