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Part 1
About AlphaFold predictions



Predicting models with AlphaFold
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Predictions come with confidence measures

1. pLDDt(predicted Local Distance Difference Test)

Å pLDDtidentifies where errors are more likely.
Å Per-residue confidence measure.
Å Scales from 0 ς100 (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 pLDDtidentifies where errors are more likely.
Å Per-residue confidence measure.
Å Scales from 0 ς100 (pLDDt> 90: predicted with high accuracy).

AlphaFoldconfidence 
(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 



Predictions come with confidence measures

1. pLDDt(predicted Local Distance Difference Test)

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

Blue: pLDDt > 90

Green: pLDDt 80 - 90

AlphaFold prediction for RNA helicase 
(PDB entry 6L5L)



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)

hŜŦŦƴŜǊw5Σ /Ǌƻƭƭ¢LΣ aƛƭƭłƴ/ Σ tƻƻƴ .YΣ {ŎƘƭƛŎƪǎǳǇ/WΣ wŜŀŘ wWΣ ¢ŜǊǿƛƭƭƛƎŜǊ ¢/Φ !Ŏǘŀ /ǊȅǎǘΦ 5Σ нлнн όтуύΥмолоπмомпΤ 
ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦммлтκ{нлрфтфуоннлмллнс

https://doi.org/10.1107/S2059798322010026
https://doi.org/10.1107/S2059798322010026
https://doi.org/10.1107/S2059798322010026
https://doi.org/10.1107/S2059798322010026
https://doi.org/10.1107/S2059798322010026
https://doi.org/10.1107/S2059798322010026


Using predicted models: B-factors

hŜŦŦƴŜǊw5Σ /Ǌƻƭƭ¢LΣ aƛƭƭłƴ/ Σ tƻƻƴ .YΣ {ŎƘƭƛŎƪǎǳǇ/WΣ wŜŀŘ wWΣ ¢ŜǊǿƛƭƭƛƎŜǊ ¢/Φ !Ŏǘŀ /ǊȅǎǘΦ 5Σ нлнн όтуύΥмолоπмомпΤ 
ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦммлтκ{нлрфтфуоннлмллнс

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.

ĄConvert pLDDT to pseudo B-factors.

https://doi.org/10.1107/S2059798322010026
https://doi.org/10.1107/S2059798322010026
https://doi.org/10.1107/S2059798322010026
https://doi.org/10.1107/S2059798322010026
https://doi.org/10.1107/S2059798322010026
https://doi.org/10.1107/S2059798322010026


AlphaFold predictions are great hypotheses

5ƛǎǘƻǊǘŜŘ

AlphaFoldmodels 
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 



Part 2
Using predicted models in Phenix



What can predicted models be used for?

Incorporate predictions into the typical cryo-EM workflow.



²Ƙŀǘ Ŏŀƴ ǇǊŜŘƛŎǘŜŘ ƳƻŘŜƭǎ ōŜ ǳǎŜŘ ŦƻǊΚ

Incorporate predictions into the typical cryo-EM workflow.

5ƻŎƪ tǊŜŘƛŎǘŜŘ ƳƻŘŜƭ

Build missing parts

Reference model restraints



1. Use a prediction for cryo-EM docking



1. Use a prediction for cryo-EM docking

Model assumed to look like 
the sample.

/Ǌȅƻπ9a ƳŀǇ
Docked model

/Ǌȅƻπ9a ƳŀǇǎ ǘȅǇƛŎŀƭƭȅ ƭŀŎƪ ǘƘŜ ƴŜŎŜǎǎŀǊȅ ǊŜǎƻƭǳǘƛƻƴ ŀƴŘ ǉǳŀƭƛǘȅ ŦƻǊŀō 
ƛƴƛǘƛƻƳƻŘŜƭ ōǳƛƭŘƛƴƎΦ 
ĄŘƻŎƪ ŀ ǇǊŜπŜȄƛǎǘƛƴƎ ƳƻŘŜƭ ƛƴǘƻ ǘƘŜ ƳŀǇΦ

Find translation 
& orientation



cryo-EM map

Use a predicted model for cryo-EM docking

Example:
Cryo-EM map (30160 ς7brm)
3.6 Å

sequence



DŜǘ ŀ ǇǊŜŘƛŎǘƛƻƴ

ǎŜǉǳŜƴŎŜ

AlphaFold 
model



Process prediction

Remove low confidence parts

ǎŜǉǳŜƴŎŜ

AlphaFold 
model



tǊƻŎŜǎǎ ǇǊŜŘƛŎǘƛƻƴ

Processed 
AlphaFold 
model

phenix.process_predicted_model



Dock processed model

Processed 
AlphaFold 
model

cryo-EM map



Docking in Phenix

Dock in map (T. Terwilliger)



Docking in Phenix

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 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)

wŜŀŘ wWΣ aƛƭƭłƴ/Σ aŎ/ƻȅ !WΣ ¢ŜǊǿƛƭƭƛƎŜǊ ¢/Φ [ƛƪŜƭƛƘƻƻŘπōŀǎŜŘ ǎƛƎƴŀƭ ŀƴŘ ƴƻƛǎŜ ŀƴŀƭȅǎƛǎ ŦƻǊ ŘƻŎƪƛƴƎ ƻŦ ƳƻŘŜƭǎ ƛƴǘƻ ŎǊȅƻπ9a ƳŀǇǎΦ !Ŏǘŀ /ǊȅǎǘΦ 5 нлно нтмςулΦ
aƛƭƭłƴ/Σ aŎ/ƻȅ !WΣ ¢ŜǊǿƛƭƭƛƎŜǊ ¢/Σ wŜŀŘ wWΦ [ƛƪŜƭƛƘƻƻŘπōŀǎŜŘ ŘƻŎƪƛƴƎ ƻŦ ƳƻŘŜƭǎ ƛƴǘƻ ŎǊȅƻπ9a ƳŀǇǎΦ !Ŏǘŀ /ǊȅǎǘΦ 5 нлно !ǇǊ мΤтфόtǘ пύΥнумςфΦ 



Docking in Phenix/ChimeraX

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



Dock processed model

{ƻƳŜ ǇŀǊǘǎ ŘƻƴΩǘ Ŧƛǘ ƛƴǘƻ ǘƘŜ ƳŀǇ

5ƻŎƪŜŘ όǇǊƻŎŜǎǎŜŘύ 
!ƭǇƘŀCƻƭŘ ƳƻŘŜƭ



Use predicted model as hypothesis for missing parts.

нΦ ¦ǎŜ ŀ ǇǊŜŘƛŎǘƛƻƴ ǘƻ ŎƻƳǇƭŜǘŜ ŀ ƳƻŘŜƭ



AlphaFoldmodel: 
A hypothesisabout 
this structure 128

147

118

139
.ŜŦƻǊŜ !ƭǇƘŀCƻƭŘΣ 
wκwŦǊŜŜҐ лΦнтκлΦнф

Jamie Wallen, Western 
Carolina University

!ŦǘŜǊ !ƭǇƘŀCƻƭŘΣ 
wκwŦǊŜŜҐ лΦнмκлΦнп
όƛǘ ǿŀǎ ŀ ƎƻƻŘ 
ƘȅǇƻǘƘŜǎƛǎύ

Can AF predictions help if the structure is already solved?

Repressor-DNA complex, solved with 2.6 Å SeMetSAD data & refined against 3.1 Å
native data



Provide restraints 

3. Use a prediction as reference model



Restraints: a prioriknowledge

ÅwŜǎǘǊŀƛƴǘǎ ƛƴŎǊŜŀǎŜ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƻōǎŜǊǾŀǘƛƻƴǎΦ

ÅwŜǎǘǊŀƛƴǘǎ ƳƻŘƛŦȅ ǘƘŜ ǘŀǊƎŜǘ ŦǳƴŎǘƛƻƴ ōȅ ŎǊŜŀǘƛƴƎ 
ǊŜƭŀǘƛƻƴǎƘƛǇǎ ōŜǘǿŜŜƴ ƛƴŘŜǇŜƴŘŜƴǘ ǇŀǊŀƳŜǘŜǊǎΦ

Å9ȄŀƳǇƭŜΥ ǊŜǎǘǊŀƛƴŜŘ ōƻƴŘ ƭŜƴƎǘƘǎ

Å the coordinates of the two atoms are 
independent

Å restraint keeps their distance within a certain 
target value 

Å imposes a penalty if it deviates too much.



IŜŀŘŘ WW Ŝǘ ŀƭΦΣ нлмнΣ !Ŏǘŀ /ǊȅǎǘΦ 5суΥоумπофл

Reference Model Restraints

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 anglein the working model to the corresponding 
torsion angle in the reference model.

Å Allows for structural differences.

If no high resolution homologue available, could use AF model for 
reference model (AF models have good geometry).

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


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

wŜŦŜǊŜƴŎŜ aƻŘŜƭ wŜǎǘǊŀƛƴǘǎ

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



wŜŦŜǊŜƴŎŜ ƳƻŘŜƭ wŜǎǘǊŀƛƴǘǎ

How to use
Supply a reference model in phenix.real_space_refine; check the 
corresponding box.
(Oleg Sobolev: working on finding reference model automatically)


