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CASP14 FM Tertiary Structure Assessment in Numbers

23 FM Target EVUs 15 FM/TBM EVUs

Many FM 
targets have 
homologous 

templates

ECOD Relationships to Templates



FM with Homologous Templates: Indels and SSE shifts 
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New Folds Combine Existing SSE Motifs
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The Ranks: Formula for Regular FM Assessment

• Analysis on the 
models designated 
as "1“

• All groups on 'all 
groups' targets

• Scores and Weights 
for FM and FM/TBM 
domains:
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The Ranks: AlphaFold2 Outranks the Rest

• Analysis on the 
models designated 
as "1“

• All groups on 'all 
groups' targets

• Scores and Weights 
for FM and FM/TBM 
domains:

1 x GDT_TS, 1 x QCS, 
0.1 x MolProb
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The Ranks: AlphaFold2 Outranks the Rest
T1064 SARS CoV2 ORF8

AlphaFold2 Model1
GDT_TS 86.96

xianmingpan Model1
GDT_TS 42.94

BhageerathH-Plus Model4
GDT_TS 36.96

Correct Topology
missing β-strand Interactions

alignment shifts
Poor model quality



Model Quality Should Improve: MolProbity Comparison

Ranks can change 
drastically if we 

consider MopProbity
as Half of the score, 

but not too much for 
the top performers Ra
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too much of a penalty, we chose 1x GTD, 1x QCS, and 0.1x Molprobity



Consistent Top Ranks: Comparison of Chosen Parameters
FM Equation 

CASP 13
TBM Equation 

CASP 13
FM only First

Chosen
Best Model

Chosen
FM/TBM First 

Chosen1xGDT_TS, 1xQCS, 0.1 MolPrb

Best 
vs.

First

Invited



Group 488 Best Models Approach the Top 
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T1070 – Tailspike protein (trimer)

T1080 – Tailspike protein (trimer)

T1047 – Flagellar Ring Complex

Phage tail fiber
protein

trimerization
domain Homolog 

Trends in Difficult Targets: Consider Multichain Assemblies



T1080 – Tailspike protein (trimer)

Phage tail fiber
protein

trimerization
domain Homolog 

Trends in Difficult Targets: Consider Multichain Assemblies

Alpha Fold Model4 Alpha Fold Model3

Can inter vs. intra chain
distances be distinguished?

Bad turn



Top Prediction Models Beat Top Templates

FM Targets FM/TBM Targets

T1
03

7
T1

04
2

T1
09

6-
D1

T1
06

1-
D2

T1
04

7s
1

T1
04

1
T1

04
3

T1
09

0
T1

09
6-

D2
T1

04
9

T1
04

0
T1

09
3-

D3
T1

02
9

T1
03

8-
D1

T1
09

4-
D2

T1
02

7
T1

09
3-

D1
T1

03
9

T1
03

1
T1

07
4

T1
07

0-
D1

T1
03

3
T1

06
4

T1
05

8-
D1

T1
05

3-
D1

T1
04

7s
2-

D1
T1

06
1-

D1
T1

05
5

T1
03

5
T1

04
7s

2-
D3

T1
08

5-
D2

T1
05

3-
D2

T1
08

0
T1

06
5s

2
T1

05
2-

D3
T1

08
2

T1
03

8-
D2

T1
04

6s
1

427 is the only 
group that 

Improved the 
templates for 

phage tailspikes



0

10

20

30

40
Su

m
 Z

sc
or

e
(<

-2
) 

Q
UA

RK

Zh
an

g-
Se

rv
er

Zh
an

g-
CE

th
re

ad
er

Zh
an

g-
TB

M

Zh
an

g_
Ab

_I
ni

tio

tF
ol

d-
Ca

T

BA
KE

R-
RO

SE
TT

AS
ER

VE
R

tF
ol

d

tF
ol

d-
ID

T

Ya
ng

-S
er

ve
r

Ya
ng

_F
M

M
U

LT
IC

O
M

-H
YB

RI
D

Fo
ld

X

M
U

LT
IC

O
M

-D
IS

T

Ya
ng

_T
BM

M
U

LT
IC

O
M

-D
EE

P

FA
LC

O
N

-D
ee

pF
ol

de
r

TO
W

ER

M
U

LT
IC

O
M

-C
O

N
ST

RU
CT

Ra
pt

or
X

Top 20 Server Performance (Ranked by 1xGDT_TS, 1xQCS, 0.1xMolProb)

Colored by Duplicate Groups



140s

187s

351s

209s

324s

042s

0
1
2
3
4
5
6
7
8

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

Co
un

t

GDT_TS

Server Score Distributions: Getting Many Topologies

Quark
Zhang-Server

RosettaServer
Tfold

Yang
Multicom

What if these groups could select their best models?



Server 
Performance:

Top First Model 
Count for FM 
and FM/TBM
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Server Performance: Top First Prediction Models

Quark (Zhang Server) Outperforms

T1093-D1

What if these groups could select their best models?



Single Server Best

What if these groups could select their best models?

Combined
Best
Picks
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80 % of Top Group Server Models 
Score >45 GDT_TS

Server Performance: Combined Top First Prediction Models



Feig-R2 Refined Zhang Server Model1
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Models Improve 
above 60 GDT_TS!

Models Get Worse 
below 60 GDT_TS

What if these groups could select their best models?

Unfair Comparison… Feig-R2 Only refined Zhang Server
Model1. Updated fix on next slide. Thanks chatroom!



Feig-R2 Refined Zhang Server Model1

Models Get Worse 
below 60 GDT_TS
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UPDATE

What if these groups could refine their best models?
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Overall Performance Correlates with MolProbity
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Cluster Data to Compare Group performance

PMID: 25969447

Heatmap with 
hierarchical 
Clustering 

Principal 
Component 

Analysis (PCA)

Data Matrix

Method
Features

Hhscore
LGA_S

Top20server
Dali%self

DaliCoverage
Neff (%max)

%parent Template

Group1
Group2
Group3

Baseline
Server1
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Server3

Filter 
groups 
with 
missing 
scores



Top Group is Distinct in PCA GDT_TS Clusters
Method

Filtered for the Top 50 
Groups (including 

Baseline)

• GDT_TS scores
• SVD with imputation
• No scaling
• Row centeringAlphaFold2

Baker
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Multi-group
Methods

Cluster Together



Groups in Top
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Manual 
Groups 
Select 
Server
Models

No Meta-
genomics;
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Mainly 
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Conclusions

• Group 427 AlphaFold2 outranked the rest: better details and consistent 
performance

• Other groups are getting the topology correct and beating top templates

• Difficult targets are flexible or are obligate multimers

• Servers are performing near the top, could improve with selection and 
refinement of models (similar to what manual groups are doing)

• Model quality is essential: Molprobity correlates with GDT_TS 

EXAMPLES
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