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Predicting models with AlphaFold
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Predictions come with confidence measures

1. pLDDt (predicted Local Distance Difference Test)

Å pLDDt identifies where errors are more likely.
Å Per-residue confidence measure.
Å Scales from 0 ς 100 (pLDDt > 90: predicted with high accuracy).

Data from 7mjs, Cater, R.J., et al. (2021). Nature 595, 315ς319



7mjs

AlphaFold

Residues 100-120
Low sequence coverage, low 
confidence, low accuracy

Data from 7mjs, Cater, R.J., et al. (2021). Nature 595, 315ς319

Residues 1-100
High sequence coverage and 
confidence

7mjs (3 Å, EMDB 23883) 

Predictions come with confidence measures



Predictions come with confidence measures

1. pLDDt (predicted Local Distance Difference Test)

Å pLDDt identifies where errors are more likely.
Å Per-residue confidence measure.
Å Scales from 0 ς 100 (pLDDt > 90: predicted with high accuracy).

AlphaFold confidence 
(pLDDT)

Median prediction 
error (Å)

Percentage with 
error over 2 Å

>90 0.6 10

80 - 90 1.1 22

70 - 80 1.5 33

<70 3.5 77

Terwilliger et al. (2023), AlphaFold predictions are valuable hypotheses, and accelerate but do not replace experimental 
structure determination. Nature Methods 2023: https:// doi.org/10.1038/s41592-023-02087-4 



2. Predicted aligned error (PAE)

Å Certainty of relative positions between two residues.
Å Identifies accurately-predicted domains.
Å Dark blue: uncertainty in relative positions < 5 Å.

Å Suggests 2 domains

Predictions come with confidence measures



Using predicted models: B-factors

Color by B-factor

high B-factor (disordered, uncertain)

low B-factor (ordered)

Color by pLDDT

high pLDDT (high confidence)

low pLDDT (low confidence, uncertain)
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high B-factor (disordered, uncertain)

low B-factor (ordered)

high pLDDT (high confidence)

low pLDDT (low confidence, uncertain)

B-factor may be used in downstream calculations, e.g. to calculate 
weights for docking. Residues with high B-factors are downweighed.

Ą Convert pLDDT to pseudo B-factors.

https://doi.org/10.1107/S2059798322010026
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AlphaFold predictions are great hypotheses

5ƛǎǘƻǊǘŜŘ

AlphaFold models 
Ŏŀƴ ōŜΧΦ

!ǿŜǎƻƳŜ Wrong

Terwilliger et al. (2023), AlphaFold predictions are valuable hypotheses, and accelerate but do not replace experimental structure 
determination. Nature Methods 2023: https:// doi.org/10.1038/s41592-023-02087-4 



What can predicted models be used for?

Incorporate predictions into the typical cryo-EM workflow.



What can predicted models be used for?

LƴŎƻǊǇƻǊŀǘŜ ǇǊŜŘƛŎǘƛƻƴǎ ƛƴǘƻ ǘƘŜ ǘȅǇƛŎŀƭ ŎǊȅƻπ9a ǿƻǊƪŦƭƻǿΦ

Dock Predicted model

.ǳƛƭŘ ƳƛǎǎƛƴƎ ǇŀǊǘǎ

Reference model restraints



1. Use a prediction for cryo-EM docking

Cryo-EM maps are often insufficiently resolved for reliable ab initio 
model building.
Ą Dock a pre-existing model into the map.



cryo-EM map

1. Use a prediction for cryo-EM docking

9ȄŀƳǇƭŜΥ
/Ǌȅƻπ9a ƳŀǇ όолмсл ς тōǊƳύ
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sequence



DŜǘ ŀ ǇǊŜŘƛŎǘƛƻƴ

sequence

AlphaFold 
model



Process prediction

Remove low confidence parts

ǎŜǉǳŜƴŎŜ

AlphaFold 
model



Process prediction

Processed 
AlphaFold 
model

ǇƘŜƴƛȄΦǇǊƻŎŜǎǎψǇǊŜŘƛŎǘŜŘψƳƻŘŜƭ



Dock processed model

Processed 
AlphaFold 
model

cryo-EM map



Docking in Phenix

Dock in map (T. Terwilliger)



5ƻŎƪƛƴƎ ƛƴ tƘŜƴƛȄ

Likelihood-based EM docking (R. Read)
Å Use likelihood scores to dock a model into a map
Å Works at low resolution (8.5 Å)



5ƻŎƪƛƴƎ ƛƴ tƘŜƴƛȄκ/ƘƛƳŜǊŀ·

Å Likelihood-based docking can be done via ChimeraX. 
Å Can select the region into which the model should be docked.



Using predicted models

Updated approach: Iterate prediction and model building

Crystallography Cryo-EM

Data quality 
assessment

Molecular 
Replacement

Validation

Refinement

Model (Re)building

Data quality 
assessment

Docking

Validation

Refinement

Model (Re)building

Map improvement

Model
prediction

Model
prediction



¦ǎŜ ȅƻǳǊ ǿƻǊƪƛƴƎ ƳƻŘŜƭ ǘƻ ƎŜǘ ŀ ƴŜǿ !ƭǇƘŀCƻƭŘ ǇǊŜŘƛŎǘƛƻƴ 

Why?

.ŜŎŀǳǎŜ ȅƻǳǊ ƴŜǿ ǇǊŜŘƛŎǘƛƻƴ 
ƳƛƎƘǘ ōŜ ōŜǘǘŜǊ ǘƘŀƴ ȅƻǳǊ ƳƻŘŜƭ 



Strategy for structure determination

1. Predict your structure

Design your experiment accordingly 

(choose experimental approach, consider trimming at domain boundaries)

2. Solve your structure

Cryo-EM: docking 

X-ray: MR; SAD

3. Update your prediction

Run AlphaFold again with your best model as a template

4. Improve your structure

Use your new prediction as hypothesis, rebuild parts

LǘŜǊŀǘŜ



Phenix Server for running AlphaFold

No need for a local 
AlphaFold installation



Process predicted model

Predicted model



Iterate with Predict and Build

Number of 
prediction/building 
iterations

Cǳƭƭȅ ŀǳǘƻƳŀǘƛŎ ς !C ǇǊŜŘƛŎǘƛƻƴΣ ǇǊƻŎŜǎǎƛƴƎΣ ōǳƛƭŘƛƴƎΣ ǊŜŦƛƴŜƳŜƴǘΦ



Further reading/material

Documentation:
https://www.phenix-online.org/documentation/

Video tutorials
https://www.youtube.com/c/phenixtutorials 

Tom Terwilliger: AlphaFold changes everything
https://youtu.be/ugMPYdPo8Bc?feature=shared 

https://www.phenix-online.org/documentation/reference/polder.html
https://www.phenix-online.org/documentation/reference/polder.html
https://www.phenix-online.org/documentation/reference/polder.html
https://www.youtube.com/c/phenixtutorials
https://youtu.be/ugMPYdPo8Bc?feature=shared


An NIH/NIGMS funded 
Program Project

¢ƘŜ              tǊƻƧŜŎǘ

LiebschnerD, et al., Macromolecular structure determination using 
X-rays, neutrons and electrons: recent developments in Phenix. 
Acta Cryst. 2019 D75:861ς877

¢ƻƳ ¢ŜǊǿƛƭƭƛƎŜǊΣ [ƛπ²Ŝƛ IǳƴƎ

Matt Baker

Jane Richardson, Christopher
Williams, Vincent Chen

Randy Read, Airlie McCoy,
Alisia Fadini

Paul Adams, Pavel Afonine, 
Dorothee Liebschner, Nigel 

Moriarty, Billy Poon, 
Christopher Schlicksup, 

Oleg Sobolev

Lawrence Berkeley Laboratory

¦ƴƛǾŜǊǎƛǘȅ ƻŦ /ŀƳōǊƛŘƎŜ

UTHealth

5ǳƪŜ ¦ƴƛǾŜǊǎƛǘȅ

Los Alamos National Laboratory
New Mexico Consortium



Example: Fab heavy chain

3.03 Å resolution

L

H

·
A loop that interacts with other 
chains is not correctly predicted.

ŎƘŀƛƴ I



AF2 prediction of chain H

Sequence



AF2 prediction of chain H

Color by pLDDt
(blue: good, red: bad)

Loop predicted with 
low confidence



tǊƻŎŜǎǎ !Cн ǇǊŜŘƛŎǘƛƻƴ

Remove low 
pLDDt residues



5ƻŎƪ ǇǊƻŎŜǎǎŜŘ ƳƻŘŜƭ ƛƴǘƻ ǘƘŜ ƳŀǇ

Dock processed predicted 
ƳƻŘŜƭ ƛƴǘƻ ǘƘŜ ƳŀǇΧ


