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CASP13 Targets: Overview of the Task

1 Domain-Based Definition of Evaluation Units

e Split targets manually (domain parsers and templates)

e Evaluate server performance on splits with Grishin plots
e Remove some extended regions and domains (tags, etc.)
e Difficult examples

2 Evolutionary-Based Assignment into Categories

e ECOD classification using sequence/structure templates

e Assign “High Accuracy Modeling” (formerly Template
Based Modeling) or “Topology” (formerly Free Modeling)

e CASP12-like difficulty/performance plot
e Boundary cases examined with PCA and score clustering



CASP13 Targets: Example EVU Definition i

Split targets into Check templates
domains for consistency

PDB:1j2bA



CASP13 Targets: Example EVU Definition i

Split targets into Compare performance

domains (Grishin Plot)

Server Model 1

Weighted Sum GDT_TS

Combined GDT_TS

Treat as single EVU



CASP Targets and the Transformation of i
Structure Biology

Growth of Released
Structures in PDB
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CASP Targets and the Transformation of i
Structure Biology

Increasing number, size and CASP13 Target Type

complexity of PDB

* Expanding available Tertiary Structure Prediction 90
templates: 14,622 PDB (all-group) 82
structures in 2018 _

* Transformaing methods: Hetero-Multimer 13
2541 EM structures in Refinement 31
2018

+ More examples of Assisted Prediction 60
protein dynamics, Transmembrane 5*
domain interactions,
molecular complexes EM Targets 7

and membrane proteins

* TO950 exists in soluble AND transmembrane states



Example: T0O950 Multiple Conformations i

T0950: membrane Top Template (4klp):
embedded conformation soluble conformation

Attempted split based on ,
but kept as single EVU



Example: T0953 Complex Interaction Topology !

e S1 adopts an obligate trimer interaction (cyan, pink,
green)

* S2 adopts an intertwined, non-sequential, multidomain
topology with a low sequence complexity domain (blue,
green, and red)

S1 S2



CASP13 Targets: Large Structures

CASP13 Target Size Distribution
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CASP13 Targets: Large Structures

T0999: AroM polypeptide, contains 5

central enzymes of the shikimate pathway
fused in one chain =1589 residues
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T0999: Difficulty in Domain Splitting

Weighted Sum GDT_TS
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T0999: EPSP synthase Conformation Change 1

T0999 Open Closed
Domain 2 template template




T0999: EPSP synthase Conformation Change 1

T0999 Open Closed
Domain 2 template template
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CASP13 Targets: Domains in Numbers i

1102252 4mtk

, ] ] multidomain template
Split Targets into Multiple EVUs ft;
9ot |

e Split 19 Targets
e 52 EVUs (many duplications)

Multidomain Targets not Split

e 13 Targets (3 EVUs)
e 37 Unsplit Domains (6 unsplit EVUs)

Single Domain Targets

e 46 Targets

¢ Include extended segments, many
with elaborations

Target not split




CASP13 Targets: Multidomain Not Split 1

y wy 1095752
T1000




CASP13 Targets: Single Domain EVUs 1

T0949

T0973

CASP:
Image redacted
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10962
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CASP13 Targets: Single Domain EVUs 1
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CASP13 Targets: Position in Evolution

2

ECOD: PMID: 25474468

ECOD Classification Level

Homolog

(H-group)
35%

Possible
Homolog

(X-group)
11%

Engineered
2%




CASP13 Targets: Homology Level Classification Z

Fast evolving RelE Nuclease Toxins

T0957s1 T0968s1 T0980s1




CASP13 Targets: 6 Potential New Folds 2

T0968s2

1101752 TO953

CASP:
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CASP13 Targets: Position in Evolution

ECOD Architectures (130 Domains)

a+b two layers

a/b three-layered sandwiches

beta barrels

beta sandwiches

a+b complex topology

alpha arrays

alpha bundles

a/b barrels

beta duplicates or obligate multimers
alpha superhelices

beta complex topology

few secondary structure elements
alpha complex topology

fibers*

a+b duplicates or obligate multimers
a+b four layers

a+b three layers

alpha duplicates or obligate multimers
alpha complex topology

beta meanders

mixed a+b and a/b

Cradle

Only 63 unique
evolutionary folds




CASP13 Targets: Assign EVUs into Categories 2

CASP12-Like Plot
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CASP13 Targets: Establish Classification Bounds 2

doi: 10.1093narlgkv468

ClustVis: a web tool for visualizing clustering of

multivariate data using Principal Component Analysis
and heatmap

Tauno Metsalu and Jaak Vilo®

W566-W570 Nucleic Acids Research, 2015, Vol. 43, Web Server issue Published online 12 May 2015

Engine, Transmission
@ straight, automatic
W straight, manual

A V-engine, automatic
& V-ergine, manual
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CASP13 Targets: ClustVis Clustering Methods

2

Choose Measures from Prediction Center:

HHPRED Probability

HHPRED Coverage

HHscore (Probability*Coverage)
LGA template
Performance (Top20 Server First Models: average GDT_TS)
Performance (All server models: average GDT_TS)
Performance (Top server model GDT_TS)

Neff from Max (psi, Hhblitz) Neff/len per domain

¥

Transform into T-scores (for every Target = 111 EVUs)
Trarger = (Target — Average )/ (St.Dev. /sqrt(111))

L}

Same as Z-score except

measure measure measure



CASP13 Targets: PCA on unscaled T-scores 2

All Server

. GDT
Top20 * *

HHcoverage gpT LGA Top Server
’ GDT

®
HHscore
. LGA

HHprobability Template

Score

o
1

PC2 (32.8%)

clusters with
Performance

Measures

Neff/Length

T T T T
-80 -40 0 40

PC1 (39.2%)



CASP13 Targets: Clustered Heatmap 2

8 Rows and 111 Columns: clustered by Euclidean Distance and Ward Linkage

T-score Scale high to low Main clustering
Q division

Top20GDT
AlLLserverGDT
TOPserverGDT

. LGA

Neff/len MAX

HHScore

Measure Clustering

HHcvg

HHProb

TBM EVU Clustering
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Boundary EVU Clusters Require Inspectionz

Low structure
score cases

Low sequence

SCore cases
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Boundary Cases: Low Sequence Score Examplesz

Homologs

T0960 3/T0963 3  Top LGA: 5nxfB
HPRED 82% (0.54) LGA 83.2

=3 Homologs

T0964 Top LGA: 5t7aA
HHPRED 98% (0.47) LGA 81.2

Homologs
CASP:

Image redacted

T01019s1 Top Hhpred: 6rxnA
(permuted rubredoxin) rubredoxin

HHPRED 95.6% (0.5) LGA 54.3

T0958 Top HHpred: 2kim
(SSE shifts in HTH) HTH

HHPRED 81.4% (0.59) LGA 69.2
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Boundary Cases: Low Sequence Score Examplesz

Homologs

’ il TBM-hard U
T0960_3/T0963_3  Top LGA: Snxwe T0964 Top LGA: 5t7aA

HPRED 82% (0.54) LGA 83.2 HHPRED 98% (0.47) LGA 81.2

Homologs \p

\

CASP: S8 ./

Image redacted - "'
. ¢ b {

%

T01019s1 Top Hhpred: 6rxq 2y \V/ VAV T0958 Top HHpred: 2kim
(permuted rubredoxin) rubredoxin SE shifts in HTH) HTH

HHPRED 95.6% (0.5) LGA 54.3 HHPRED 81.4% (0.59) LGA 69.2
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Boundary Cases: Low Sequence Score Examplesz

Engineered Protein  Top LGA: 2ikfA
HHPRED 39.9% (0.49) LGA (93.4)

A

T1008
Engineered Protein

HHPRED 71.6% (0.85) LGA 73.9

. '- 3 g'\,-..J

~
Top LGA: 5hnwK

T0949 Top HHpred: 1azcB
HHPRED 99.5% (0.67) LGA 72.9

'.

T0957s1_2 Top LGA: 6cudA
Simple Structure  Transmembrane
HHPRED 75.7% (0.85) LGA 88.97




Boundary Cases: Low Sequence Score Examplesz

Engineered Protein  Top LGA: 2ikfA Engineered Protein Tob LGA: 5hnwK
HHPRED 39.9% (0.49) LGA (93.4) HHPRED 71.6% (0.85) LGA 73.9

T0957s1_2 Top LGA: 6cudA
T0949 (requested) Top HHpred: 1azcB Simple Structure  Transmembrane

HHPRED 99.5% (0.67) LGA 72.9 HHPRED 75.7% (0.85) LGA 88.97




Boundary Cases: Low Structure Score Examples Z

10984 HHPRED T0981_3 HHPRED T097 HHPRED

‘ _: B EN CASP:
; Roel” RS N Image redacted

)
g

T1005 HHPRED T0997 HHPRED

Hhscore 83; LGA 50.9 Hhscore 66.4; LGA 51.1 Hhscore 51.1: LGA 53.9
TBM-hard

Relatively small insertions More insertions/SSE shifts
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Assigned Boundary Cases Mapped To Plot 2

e FM e FM/TBM e TBM-hard e TBM-easy

100 T0955
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Performance: (Top20 Server GDT)

0 20 40 60 80 100
Target Difficulty: (average Hhscore and LGA)



FM Boundary EVU Clusters Require Inspection 2

Higher Sequence
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FM Boundary: High Structure Score Examples Z
Templates Identified by Some Servers

T0986s1 Top LGA Template T0970 .
CASP:

Image
redacted

Possible Homologs: TBM/F
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FM Boundary: High Structure Score Examples 2

T0953s2 1  Top HHpred Template T0990 1 Top LGA Ten}?Late
’ L]

HHPRED 20; LGA 83

Analogs: FM

Simple HHPred Structure Poor HHPred Structure
Template Template; Top LGA not found



FM Boundary: High Sequence Score Examples 2

Conformation changes; movement of SSEs; insertions

T0989 1 .  Top LGA Template
CASP: , )

/1
Image redacted ‘

Homologs: FM Homologs: FM
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Assigned Boundary Cases Mapped To Plot 2

e FM e FM/TBM e TBM-hard e TBM-easy
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The END
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