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Outline

• General numbers on the Assembly Category

• Assembly scoring

• Scoring metrics

• CASP15 vs. previous CASPs

• Z-score based ranking of CASP15

• Case highlights

• Sampling & scoring of top 5 groups

• Perspectives



Easy → complete template for subunit AND assembly →

Medium → partial template for subunit AND/OR assembly →

Hard → no template for subunit AND assembly →

TBM

TBM/FM

FM

Classical Target Classification
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design
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CASP15 Assembly Overview



51%  homomers

27%EM

89# groups

270models/target

>2-mer 44%

37Shared with CAPRI

CASP15 CASP14
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22 targets
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CASP15 vs. CASP14 stats
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CASP15 Assembly Cases
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Heteromers (10)
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Nanobody-target complexes (5)

Antibody-antigens (3)
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Intertwined cases (14)



Oligomeric lDDT

TM Score (Topological similarity)

Interface Contact Score (ICS)

Interface Patch Score (IPS)

Interface/Local:Assembly/Global:

CASP15 scoring

For z-score >0:

∑Zscore(ICS) + ∑Zscore(IPS) + ∑Zscore(TM) + ∑Zscore(lDDToligo)
4

Sum of (Z-Scores >0 ) =
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ICS 
1.00.80.60.40.20.0

DFolding-refine
0.40
0.67

Model
ICS 
TM score

BeijingAIProtein
0.61
0.78 

Model
ICS 
TM score

Venclovas
0.83 
0.98 

Target H1143

Panlab
0.23
0.73 

Models are 
superimposed on the 
largest monomer of 
the reference

How ICS and TM behaves



Venclovas
0.83 
0.98 



over best ICS models

ICS vs. IPS in CASP15



ICS vs. IPS in CASP14 & CASP15

CASP14 CASP15

ICS>=0.5
CASP15: 86%!!
CASP14: 31%

ICS>=0.8
CASP15: 47%!!
CASP14: 7%



CASP vs. CASP



bootstrapped by 
leave one-out

human
server
NBIS-AF2-multimer

Top 5 groups
1. Zheng – G374
2. Venclovas – G494
3. Wallner – G037
4. Yang-Multimer – G239
5. Yang – G439

Z-Score based group ranking

(Elofsson)



Best ICS vs. naïve AF2-Multimer (NBIS-AF2-Multimer)
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Special cases

Cases as good as naïve AF2-M (44%) target vs. model



Minority of 
dimers

Cases where naïve AF2-M failed (DICSAF2 > 0.6) 

Some of the 
big complexes

Antibody & 
nanobody 
complexes

Mutation-
induced 
changes



T1113 hardX-Ray 2.63Å CAPRI id: T194

Bacteriophage protein taking a role in phage replication

Best ICS model
Target

bacterial

Top ICS naive AF2 model

GDT of Tertiary Structure Predictions

Top 3 ICS
Manifold

Yang-Multimer
Yang
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Bacterial 
membrane 
protein

Dimers



What went wrong in naïve AF2-M?

Wrong level of compaction

180o rotated solution

Wrong interface

easy

medium

hard



Big Complexes
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bacterial

ICS TM



Asymmetric unit modeling 
was not enough to explain 

the assembly geometry

What went wrong in naïve AF2-M?
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DICSAF2=0.75 DICSAF2=0.72 DICSAF2=0.45
DICSAF2=0.00

DICSAF2=0.65

template!!
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Antibody Cases Real human antibodies against SARS-CoV-2 (Nter domain)
from Japan, during early stages of the pandemic
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DICSAF2=0.13
template!!



Templates

7dxx 7dxy

RMSD = 1.7Å

easy

CAPRI ids: T213-T214
design

Reconstruction of a missing link in ancient fold evolution
(design from DPBB to RIFT)

Mutation-induced Rearrangements



Top 3 ICS
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Kozakov-Vajda

DICSAF2=0.41 DICSAF2=0.56

T1160 T1161

Mutation-induced Rearrangements



nonpaired MSA

Improved sampling

Custom MSA

Modified loss function

Number of templates Increased # of models

Docking?

What made the difference?
improved AF2-M!



nonpaired MSA

Improved sampling

Custom MSA

Modified loss function

What made the difference for top 5 groups?

Number of templates Increased # of models

Docking?



How distinct is the sampling of top 5 groups?



AF2-M scoring seems to 
work very well!

How distinct is the scoring of top 5 groups?



medium

CAPRI ids: T224
bacteria

T1176
A8

X-Ray
2Å

● Reflection of AF2-M to Assembly
○ All methods utilize/optimize AF2-M
○ Assembly accuracy spikes to 

■ ~90% success rate (was 31%)
■ ~50% native-like predictions (was 7%)

○ Templates and stoichiometry do not define target difficulty
○ Intertwined cases are almost done!

● TS quality correlates with quaternary structure quality!

In summary



Z-Score based group ranking of interdomain cases

Top 5 groups
1. UM-TBM (Zheng) – G162
2. Yang-server – G229



Pooling models from 
different AF2-M-based 

approaches

What is the future of assembly modeling?

Clustering based on structural 
similarity and AF2-M scores 

(pLDDT, pTM, ipTM)

Convergence?

YES NO

Data-driven 
docking

Interaction SIG

Discussion session

3:30 PM

6:10 PM

Resources MSA selection
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Big Thanks!

Assessors & Organizers!

Burcu Ozden

Shoshana Wodak

Andriy Kryshtafovych

Marc Lensink



Group 
name

Target ids
T1109 H1129 H1140 H1141 H1144

Zheng x x x x

Venclovas x x x

Wallner x x x

Yang-
Multimer x x x

Yang x x

Which targets contributed the most to the success of top 5?



Cancelled Targets

● T1119o (stoichiometry A3)

● T1184 (the oligomeric state is given as A3)



Mutation-induced Rearrangements: Case 2
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RMSD = 11.2Å

Isocyanide Hydratase 



DICSAF2=0.34

Top 3 ICS

Wallner
Yang-Multimer

Yang

Top 3 ICS
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T1109 T1110

Mutation-induced Rearrangements: Case 2



From TS to Assembly-like
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T1165 - Modified ligase Tom1
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