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• Protein structure
• CASP, the Critical Assessment of protein Structure Prediction
• Alphafold paper
• Alphafold source code on git hub
• Alphafold database
• Alphafold limitation
• Demo: how to run Alphafold on BioHPC
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• Protein structure
• Protein folding problem

o Sequence of amino acids do not show
how they fold into shape

• Why is protein folding important?
o Protein structure dictates its function
o Scientists can develop drugs based on

known protein structures
• Methods:

o X-ray crystallography
o NMR (Nuclear Magnetic Resonance)
o CryoEM
o AI (Artificial Intelligence)

Ref to 
https://deepmind.com/blog/article/AlphaFol
d-Using-AI-for-scientific-discovery

Protein structure
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https://deepmind.com/blog/article/AlphaFold-Using-AI-for-scientific-discovery


• CASP, Critical Assessment of protein Structure Prediction
• Community-wide, worldwide experiment for protein structure prediction
• Take place every two years since 1994
• Problem:

o Target proteins: structures just been solved and hold by Protein Data Bank
o Neither predictors nor the organizers and assessors know the structures of

the target proteins
o Evaluation: GDT-TS (global Distance Test – Total Score) describing

percentage of well-modeled residues in the model with respect to the
target

CASP
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• Over the course of CASP, template-based modeling get enormous improvement
• The 2014-2018 model accuracy improvement doubled that of 2004-2014
• CASP14 marked an extraordinary increase in the accuracy of the computed

three-dimensional protein structures with the emergence of the advanced deep
learning method AlphaFold2

• AlphaFold2 proved to be competitive with the experimental accuracy
• The accuracy of CASP14 models is significantly higher than the corresponding

average of previous two CASPs

Alphafold in CASP
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Alphafold paper
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Jumper, John, et al. "Highly accurate protein structure prediction with 

AlphaFold." Nature 596.7873 (2021): 583-589.
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Alphafold paper
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A) Deepmind https://github.com/deepmind/alphafold
• Docker:

o Use “root” (administrative account) to run docker
o On HPC, users are not allowed to use “root” to run docker

• Databases:
o full database (2.2TB) /project/apps_database/alphafold/database_full
o reduced database (415GB)

• Running Alphafold: run_docker.py

B) Alphafold non docker https://github.com/kalininalab/alphafold_non_docker
• Conda environment instead of docker
• Download Alphafold git repo
• Databases: full database and reduced database, same as above
• Install as a BioHPC module
• Running Alphafold: run_alphafold.sh calls run_alphafold.py (Deepmind)
run_alphafold -d /project/apps_database/alphafold/database_full -o

/your/path/to/dummy_test/ -m model_1 -f /your/path/to/query.fasta -t 2020-05-14

Alphafold code on github
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python3 docker/run_docker.py --fasta_paths=T1050.fasta --max_template_date=2020-05-14

https://github.com/deepmind/alphafold
https://github.com/kalininalab/alphafold_non_docker


• https://alphafold.ebi.ac.uk/
• collaboration between Deepmind and EMBL-EBI
• Human proteome (98.5%): 58% of residues with a confident prediction, of which

a subset (36% of all residues) have very high confidence
• Will cover over 100 million proteins in UniRef90 in the coming months

Alphafold database
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Tunyasuvunakool, Kathryn, et al. "Highly accurate protein structure prediction for 
the human proteome." Nature 596.7873 (2021): 590-596.

https://alphafold.ebi.ac.uk/


• Current use cases: predicting the structure of a single protein chain with a
naturally occurring sequence

• Limitations:
o Multi-chain prediction (complex)
o Regions that are intrinsically disordered or unstructured in isolation
o AlphaFold has not been validated for predicting the effect of mutations
o Where a protein is known to have multiple conformations AlphaFold

usually only produces one of them
o AlphaFold does not predict the positions of any non-protein 

components found in experimental structures (such as cofactors, 
metals, ligands, ions, DNA/RNA, or post-translational modifications)

Alphafold limitation
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Ref to https://alphafold.ebi.ac.uk/faq#faq-8

https://alphafold.ebi.ac.uk/faq#faq-8


• RoseTTAfold from Baker’s lab in University of Washington in Seattle

Also…
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Baek, Minkyung, et al. "Accurate prediction of protein structures and interactions 
using a three-track neural network." Science 373.6557 (2021): 871-876.



GPU nodes on BioHPC
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GPU 
Partition

Number of 
CPU/Node

Memory 
Per Node

Number of 
GPU/Node

GPU 
Memory

Number of 
nodes

GPU 32 256GB 1 K20/K40 6GB/12GB 8

GPUp4 72 384GB 1 P4 8GB 16

GPUp40 72 384GB 1 P40 24GB 16

GPUp100 56 256GB 2 P100 16GB 12

GPUv100s 72 384GB 1 V100S 32GB 32

GPU4v100 72 384GB 4 V100S 32GB 12

GPUA100 72 1.5TB 1 A100 40GB 16

Check node availability 



Run alphaFold on BioHPC__webGPU
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Launch a webGPU session through:  https://portal.biohpc.swmed.edu/terminal/webgui/

https://portal.biohpc.swmed.edu/terminal/webgui/
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Run alphaFold on BioHPC__webGPU
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Run alphaFold on BioHPC__webGPU

Usage: run_alphafold.sh <OPTIONS>
Required Parameters:
-d <data_dir>     Path to directory of supporting data
-o <output_dir>   Path to a directory that will store the results.
-m <model_names>  Names of models to use (a comma separated list)
-f <fasta_path>   Path to a FASTA file containing one sequence
-t <max_template_date> Maximum template release date to consider (ISO-8601 format - i.e. 
YYYY-MM-DD). Important if folding historical test sets

Optional Parameters:
-n <openmm_threads>   OpenMM threads (default: all available cores)
-b <benchmark>    Run multiple JAX model evaluations to obtain a timing that excludes the 
compilation time, which should be more indicative of the time required for inferencing many 
proteins (default: 'False')
-g <use_gpu>      Enable NVIDIA runtime to run with GPUs (default: True)
-a <gpu_devices>  Comma separated list of devices to pass to 'CUDA_VISIBLE_DEVICES' (default: 
0)
-p <preset>       Choose preset model configuration - no ensembling and smaller genetic database 
config (reduced_dbs), no ensembling and full genetic database config  (full_dbs) or full genetic 
database config and 8 model ensemblings (casp14)

https://github.com/kalininalab/alphafold_non_docker
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$ run_alphafold -d /project/apps_database/alphafold/database_full -o 
/project/biohpcadmin/s179389/alphafold_test/dummy_test_reduced_database/ -m 
model_1 -f /project/biohpcadmin/s179389/alphafold_test/example/query.fasta -t 2020-
05-14 -p reduced_dbs

Run alphaFold on BioHPC__genetic database

/project/apps_database/alphafold/

└── database_full

├── bfd

├── mgnify

├── params

├── pdb70

├── pdb_mmcif

├── scripts

├── small_bfd

├── uniclust30

└── uniref90
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Run alphaFold on BioHPC__input &output
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Run alphaFold on BioHPC__SLURM Job

submit a SLURM job through:  https://portal.biohpc.swmed.edu/sbatch/#/script

module load alphafold/2.0

# COMMAND GROUP 1

run_alphafold -d /project/apps_database/alphafold/database_full \
-o /project/biohpcadmin/s179389/alphafold_test/dummy_test_slrum/ \
-m model_1,model_2 \
-f /project/biohpcadmin/s179389/alphafold_test/example/query.fasta \
-t 2020-05-14

# END OF SCRIPT

https://portal.biohpc.swmed.edu/sbatch/#/script
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Run alphaFold on BioHPC__SLURM Job__Multiple sequence prediction

submit a SLURM job through:  https://portal.biohpc.swmed.edu/sbatch/#/script

module load alphafold/2.0

# COMMAND GROUP 1
run_alphafold -d /project/apps_database/alphafold/database_full \

-o /project/biohpcadmin/s179389/alphafold_test/dummy_test_slrum/ \
-m model_1,model_2 \
-f /project/biohpcadmin/s179389/alphafold_test/example/query_2.fasta \
-t 2020-05-14 &

run_alphafold -d /project/apps_database/alphafold/database_full \
-o /project/biohpcadmin/s179389/alphafold_test/dummy_test_slrum/ \
-m model_1,model_2 \
-f /project/biohpcadmin/s179389/alphafold_test/example/query.fasta \
-t 2020-05-14 &

wait
# END OF SCRIPT

https://portal.biohpc.swmed.edu/sbatch/#/script


Run alphaFold on BioHPC__test
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Query: 70 AA Query_2: 350 AA



Questions? Comments? Collaborations?

Email: biohpc-help@utsouthwestern.edu

Thanks!
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Run alphaFold on BioHPC__test
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Run alphaFold on BioHPC__test
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>sample sequence consisting of 350 residues

MTANHLESPNCDWKNNRMAIVHMVNVTPLRMMEEPRAAVEAAFEGIMEPAVVGDMVEYWN

KMISTCCNYYQMGSSRSHLEEKAQMVDRFWFCPCIYYASGKWRNMFLNILHVWGHHHYPR

NDLKPCSYLSCKLPDLRIFFNHMQTCCHFVTLLFLTEWPTYMIYNSVDLCPMTIPRRNTC

RTMTEVSSWCEPAIPEWWQATVKGGWMSTHTKFCWYPVLDPHHEYAESKMDTYGQCKKGG

MVRCYKHKQQVWGNNHNESKAPCDDQPTYLCPPGEVYKGDHISKREAENMTNAWLGEDTH

NFMEIMHCTAKMASTHFGSTTIYWAWGGHVRPAATWRVYPMIQEGSHCQC

>dummy_sequence

GWSTELEKHREELKEFLKKEGITNVEIRIDNGRLEVRVEGGTERLKRFLEELRQKLEKK

GYTVDIKIE


