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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).

Sequence coverage Confidence

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
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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.



HeaddJJ et al., 2012, Acta Cryst.D68:381-390

2. Use a prediction as reference model

When to use
Low resolution (worse than 3Å).

Concept

Å Use a related model to generate a set of torsion restraints.

Å Restrain each torsion angle in the working model to the corresponding 
torsion angle in the reference model.

Å Allows for structural differences.

LŦ ƴƻ ƘƛƎƘ ǊŜǎƻƭǳǘƛƻƴ ƘƻƳƻƭƻƎǳŜ ŀǾŀƛƭŀōƭŜΣ Ŏŀƴ ǳǎŜ !C ƳƻŘŜƭ ŦƻǊ 
ǊŜŦŜǊŜƴŎŜ ƳƻŘŜƭ ό!C ƳƻŘŜƭǎ ƘŀǾŜ ƎƻƻŘ ƎŜƻƳŜǘǊȅύΦ

http://dx.doi.org/10.1107/S0907444911047834
http://dx.doi.org/10.1107/S0907444911047834
http://dx.doi.org/10.1107/S0907444911047834
http://dx.doi.org/10.1107/S0907444911047834
http://dx.doi.org/10.1107/S0907444911047834


4-aminobutyrate-aminotransferase

мD¢·Υ оΦл )

1OHV:  2.3 Å

Reference model Restraints: example



1GTX: 3.0 Å1OHV:  2.3 Å

Reference model Restraints: example

пπŀƳƛƴƻōǳǘȅǊŀǘŜπŀƳƛƴƻǘǊŀƴǎŦŜǊŀǎŜ

Rotamer outliers



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

Why?

Because your new prediction 
might be better than your model 



Example: Fab heavy chain

3.03 Å resolution
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! ƭƻƻǇ ǘƘŀǘ ƛƴǘŜǊŀŎǘǎ ǿƛǘƘ ƻǘƘŜǊ 
ŎƘŀƛƴǎ ƛǎ ƴƻǘ ŎƻǊǊŜŎǘƭȅ ǇǊŜŘƛŎǘŜŘΦ

chain H



AF2 prediction of chain H

Sequence



AF2 prediction of chain H

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

[ƻƻǇ ǇǊŜŘƛŎǘŜŘ ǿƛǘƘ 
ƭƻǿ ŎƻƴŦƛŘŜƴŎŜ



Process AF2 prediction

wŜƳƻǾŜ ƭƻǿ 
Ǉ[55ǘ ǊŜǎƛŘǳŜǎ



Dock processed model into the map

Dock processed predicted 
ƳƻŘŜƭ ƛƴǘƻ ǘƘŜ ƳŀǇΧ



AF2 prediction of chain H

Loop predicted with 
low confidence

Does not fit into 
map.



AF2 prediction of chain H

[ƻƻǇ ǇǊŜŘƛŎǘŜŘ ǿƛǘƘ 
ƭƻǿ ŎƻƴŦƛŘŜƴŎŜ


