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Part 1
About AlphaFold predictions



Predicting models with AlphaFold

Alphalold: a solution to a
50-year-old grand
challenge in biology
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Sequence

Multiple sequence alignment 3D prediction



Predictions come with confidence measures

1. pLDDt(predicted Local Distance Difference Test)

A pLDDtidentifies where errors are more likely.
A Perresidue confidence measure.
A Scales from @ 100 pLDDt> 90: predicted with high accuracy’
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Data from 7mjs, Cater, R.J., et al. (2021). Nature 5953 1b



Predictions come with confidence measures

7mijs (3A, EMDB 23883)

£

— AlphaFolc

Residues 10420

Low sequence coverage, low
confidence, low accuracy

Residues 100

High sequence coverage and
confidence

Data from 7mjs, Cater, R.J., et al. (2021). Nature 59533 %



Predictions come with confidence measures

1. pLDDt(predicted Local Distance Difference Test)

A pLDDtidentifies where errors are more likely.
A Perresidue confidence measure.
A Scales from @ 100 pLDDt> 90: predicted with high accuracy

AlphaFoldconfidence| Median prediction| Percentage with
(pLDDY error (A) error over 2A

80-90 1.1 22
70-80 1.5 33
<70 3.5 4

Terwilliger et al. (2023), AlphaFold predictions are valuable hypotheses, and accelerate but do not replace exper
structure determination. Nature Methods 2023tps:// doi.org/10.1038/s41592023-0208 %4



Predictions come with confidence measures

1. pLDDt(predicted Local Distance Difference Test)

Blue: pLDDt > 90
Green: pLDDt 80 - 90

AlphaFold
confidence
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AlphaFold prediction for RNA helicase
(PDB entry 6L5L)



Predictions come with confidence measures

2. Predicted aligned error (PAE)

A Certainty of relative positions between two residues.
A ldentifies accuratelpredicted domains.
A Dark blue: uncertainty in relative positions 45

Residue j

—.. /" M(SER)

A Suggests 2 domains
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Using predicted models:-fActors

Color by pLDDT Color by BEractor

high pLDDT (high confidence)

low pLDDT (low confidence, uncertaiP

hSTWSENRBRIYA = t 20K NVOEaAdeS| R wwWZ £ SMBAEdHinioSd Bn & |
Ki G R2 X kg X np PpT DY OHHAMANHC

high Bfactor (disordered, uncertair

low B-factor (ordered)



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:-fActors

high pLDDT (high confidence) ﬁ high Bfactor (disordered, uncertair
In

low pLDDT (low confidence, uncerta low B-factor (ordered)

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

A Convert pLDDT to pseudef&tors.

- 8m2A?

A =1.5exp[4(0.7 — pLDDT)] B 3

hSTWSENRBlRYA = t 2K NVOEaAdeSl R wwWZ £ SMBAEdrindoSmd Bn & |
Ki G R2 X kg X np PT DY OHHAMANHC
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AlphaFold predictions are great hypotheses

AlphaFolanodels
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Terwilliger et al. (2023), AlphaFold predictions are valuable hypotheses, and accelerate but do not replace experinatmtal stru
determination. Nature Methods 2028ttps:// doi.org/10.1038/s41592023-0208 74



Part 2
Using predicted models in Phenix



What can predicted models be used for?

Incorporate predictions into the typical cryieM workflow.

Data quality
assessment

Map improvement

Docking

Model (Re)building

Refinement

]
Validation
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Incorporate predictions into the typical cryieM workflow.

Data quality
assessment

Map improvement

A

Docking 5201 t NBRAQUGSR
Build missing parts
Refinement Reference model restraints

Validation



1. Use a prediction for crygM docking




1. Use a prediction for crygM docking
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‘L. Find translation
' & orientation

Docked model

Model assumed to look like
the sample.



Use a predicted model for cryieM docking

Example:
CrycEM map (3016Q 7brm)
3.6 A

=chain ' A’

MO OO X XXX CLTAPPKEAARPTLMPRAQSYKDLTHLPAP
TGKIFVSWVYNIOQDETGOFKPYPASNFSTAVPOSATAMLVTALEDS
RWFIPLERQGLOMLLNERKIIRAAQENGTVAINNRIPLOSLTAAN
IMVEGSIIGYESNVESGGVGARY FGIGADTOYOLDOIAVMLENVVM
VSTGEILSSVNTSKTILSYEVQAGYFRFIDYQRLLEGEVGYTSNE
PVMLCLMSAIETGVIFLINDGIDRGLWDLONKAEROMDILVEYRH

MS

sequence

cryo-EM map
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Process prediction

=chain " A'
R O O O O X CLTAPPKEAARPTLMPRAQSYKDLTHLPARP
IFGWVYNAOQDETGOFEPY PASNFSTAVPOSATAMLVTALKDS

é S IJ dZS &?1@11 LLNERK I IRAADENGTVAINNRIPLOSLTAAN
EGSTIC T EENVKSGGVGARYFGIGADTOYOLDOT AVNL RV
VSTGEILSSVNTSKTILSYEVOAGVFRFIDYQRLLEGEVGYTSNE

PVMLCLMSAIETGVIFLINDGIDRGLWDLONKAERONDILVEYRH
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AlphaFold: Predicted models with Crystals or Cryo-EM

How to use AlphaFold in Phenix
Documentation for using AlphaFold2 models in Phenix

AlphaFold model prediction

Predict the chains in a sequence file with AlphaFold

' Process Predicted Model

Replace B-factor field in model and optionally split into domains phenlx' proceSS_p red ICted_mOdeI

Predict and Build: Crystallography
lterative AlphaFold prediction, MR/docking, and rebuilding

v Predict and Build: Cryo-EM
* lterative AlphaFold prediction, docking, and rebuilding

Processec
AlphaFold
model




Dock processed model

Processec
AlphaFold
model



Docking in Phenix

Dock in map (T.

@® Phenix home

erwilliger)

O A ?

< & F 5 @

Quit  Preferences Help Citations ChimeraX Coot PyMOL KiNG Hélp Chat
| Actions | Job history
Projects Validation
Show group: Al groups Manage Map and structure factor calculation
- Map comparison and analysis
Zs, New project &s. Import project ﬁi Settings
Cryo-EM
ID Last modified # of jobs R-free _ . =
apoferritin_chim... Oct 14 2025 05:26 ... 4 Map analysis and manipulation
+” tst_fit_loops Oct 14 2025 04:22 ... 26 -—- Map improvement
AF_POMGNT2 Oct 012025 08:59... 15 -
T Docking and model building
apoferritin_den... Oct01202508:36... 8 -
apoferritin_mod... Sep 05202501:40 ... 0 - .|\, EM Placement (dock model with likelihood target)
o ” o 3 i -
apoferritin_den... Sep 05 2025 01:15 ... 1 WLhtth i —.
tests Jul 29 2025 04:39 ... 105 0.2650 o Dock in map
groel_dock_refi.. Jul 09 202512:56... 5 -— 1% Dock models into cryo-EM map
test_ligand Jul 08 2025 04:19... 3 0.2638 « _ Predict and Build: Cryo-EM
rnase-s Jul 08 2025 03:37 ... 3 0.2555 Iterative AlphaFold prediction, docking, and rebuilding
b.-CA-m'r Jul 06 2025 08:43 .. B -—- s Map to Model
Ti4r_xtriage Jul 06 2025 03:00 ... 3 T “%% Model-building into cryo-EM and low-resolution maps
L Sequence From Map
" Determine a sequence from a map
Fit Loops
Fit missing loops in a model
"7 » Rebuild a model in place
’,_,‘ Adjust a model to match a map without changing atoms or connectivity
- Douse (Add waters)

Current directory:

[Users/dcliebschner/Desktop/tutorials/test_fit_loops

Browse... =)

Phenix version dev-svn

Project: tst_fit_loops




Docking in Phenix

Likelihoodbased EM docking (R. Read)
A Use likelihood scores to dock a model into a map
A Works at low resolution (8.8)

@® Phenix home

© A ?

»

Quit  Preferences Help Citations ChimeraX Coot PyMOL KiNG Tools Help Chat
| Actions | Job history
Projects Validation
Show group: Al groups B Manage Map and structure factor calculation
- Map comparison and analysis
Zs, New project &s. Import project &9 Settings
Cryo-EM
ID Last modified # of jobs R-free _ . =
apoferritin_chim... Oct 14 2025 05:26 ... 4 Map analysis and manipulation
«” tst_fit_loops Oct 14 2025 04:22 ... 26 --- Map improvement
AF_POMGNT2 Oct 012025 08:59... 15 -—-
T Docking and model building
apoferritin_den... Oct01202508:36... 8 -
apoferritin_mod... Sep 05 2025 01:40 ... 0 — .1/ EM Placement (dock model with likelihood target)
I <5 q
apoferritin_den... Sep 052025 01:15.... 1 4 Dock one modal Into a cryo-EM map
tests Jul 29 2025 04:39 ... 105 0.2650 . Dock in map
groel_dock_refi.. Jul 09 202512:56... 5 -— "% Dock models into cryo-EM map
rnase-s Jul 08 2025 03:37 ... 3 0.2555 Iterative AlphaFold prediction, docking, and rebuilding
b.-CA-m'r Jul 06 2025 08:43 . b -— s Map to Model
li4r_xtriage Jul 06 2025 03:00 ... 3 T "% Model-building into cryo-EM and low-resolution maps
'y Sequence From Map
" Determine a sequence from a map
Fit Loops
Fit missing loops in a model
".1 » Rebuild a model in place
5" Adjust a model to match a map without changing atoms or connectivity
Douse (Add waters)

Current directory:

[Users/dcliebschner/Desktop/tutorials/test_fit_loops

Browse... =)

Phenix version dev-svn

Project: tst_fit_loops
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Likelihoodbased EM docking (R. Read)
A Use likelihood scores to dock a model into a map
A Works at low resolution (8.8)
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Docking in PhenixZhimeraX

Likelihoodbased docking can be done waimeraX
Can select the region into which the model should be docked.

[ ] @ ChimeraX

m Molecule Display Nucleotides Graphics Map Medical Image Markers Right Mouse

MEDR &8 g SS /&4 M EILM Q

Open Recent Save Snapshot  Spin Show Hide Show Hide Stick Sphere Ball White Black Simple Soft  Full Inspect
movie stick

File Images Atoms Cartoons Styles Background Lighting Selection

0@- .  Leg

open
/Users/dcliebschner/Desktop/Projects/07_video_tutorials/35_Phenix_ChimeraX 1]
Opened emd 12654 half map l.map as #1, grid size 250,250,250, pixel 1.54,

shown at level 0.0195, step 1, values float32

| open
/Users/dcliebschner/Desktop/Projects/07_video_tutorials/35_Phenix_ChimeraX 1
Opened emd 12654 half map 2.map as #2, grid size 250,250,250, pixel 1.54,

shown at level 0.0197, step 1, values float32

open
/Users/dcliebschner/Desktop/Projects/07_video_tutorials/35_Phenix_ChimeraX 1
Chain information for 3rkoL_trim.pdb #3

Chain Description

E No description available

volume #1 level 0.01947

volume #2 level 0.0261

transparency 50

ui tool show "Local EM Fitting"

marker #4 position 106.273,151.317,194.911 radius 43.3654 color 100,65,0,50
ui mousemode right "move markers"

marker change #4:1 position 88.01,144.1,185.5

marker change #4:1 position 91.3,147.2,168.7

Q6 Models

Name D@ § Close !
emd_12654_half_map_1.map 1 _J :
emd_12654_half_map_2.map 2 _| Hide
3rkoL_trim.pdb Y | Show
markers 4+ 0 @ o

0 @ Volume Viewer

emd_12654_half_map_2.map ;l

@ _| #2 250° step 1 (@ Level .0261 -0.0402-0177 surface @ =

0 [

006 Marker Placement
Marker color __| radius 1 Link color Il radius 0.5 Options

Place markers using mouse modes in the Markers toolbar

Command: phenix location




Dock processed model




Use predicted model as hypothesis for missing parts.



Can AF predictions help if the structure Is already solve

RepressoiDNA complex, solved with ZﬁGSeI\/IetSAD data & refined against 31
native data

P

. STRNBKIZC
lww? NIB ©rn 1P ¢

. AlphaFoldnodel.
| Ahypothesisabout
" this structure

I F3 S NIK IZC 2
ww F N5 win v t
OAG 61 a |
KeLR GKSAaAa

Jamie Wallen, Wester
Carolina University



3. Use a prediction as reference model




Restraintsa prioriknowledge

AwWSAUNIFAYyia AYONBIFrasS 0KS yd
AwSaudNrAyuaa Y2ZRATe 0UKS 4l NH
NEflFIA2YyaKALIA 0S06SSY AVYRS

A9EIF YWINSBAGINI AYSR 02yR f Sy 3

. H A the coordinates of the two atoms are
21 / /108.7 pm iIndependent
C restraint keeps their distance within a certain
target value

‘Ijj- Y pm cp :
H H A imposes a penalty if it deviates too much.



Reference Model Restraints

Concept
A Use a related model to generate a setafsion restraints

A Restraireach torsion anglen the working model to the correspondin:
torsion angle in the reference model.

A Allows for structural differences.

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

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

I ST WW Siin #ud . Sc NB 3 (bbb



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

WSTSNBEYOS az2RSH

The ‘limit’ parameter

default: limit = 15.0°

>> |imit,
no restraint

< limit,
restrain all dihedrals
to reference

HeaddJJ et al., 201 Acta CrystD68381-390



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

Reference model Restraints: example

vD ¢Yo D n
10HV 2.3A

4-aminobutyrateaminotransferase



Reference model Restraints: example

10HV 2.3A 1GTX3.0A

neE YAY 20 tzvBANI2ZHUNT vy AFSNI &S
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How to use
Supply a reference model phenix.real _space refineheck the

corresponding box.
(OlegSobolevworking on finding reference model automatically)
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