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BAKER-ROSETTASERVER
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trRosetta

residue-residue geometries (6 DoF)

transform-restrained Rosetta
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Improved protein structure prediction using predicted interresidue orientations,
PNAS, 117: 1496-1503 (2020)
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trRosetta+templates

GDT-TS of model 1
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Model rescoring and recombination
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Recombining models with trRefine generally improves their quality
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Submitted models are generally

of better quality than the best ... but some good templates

selected hhsearch template ... were missed
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Recombination of templates
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Recombination of templates

features from
templates

. A
“pixel-wise” attention

[oonad | [conas |
template template template
1 2 25

Ly

]

template
5

]
(=]

top 25 hhsearch hits

residues 81-251

e =
[ ]
=

-
wn

contribution
=} =}
[=]

contribution

=
=
L

0 10 20
template

GDT_TS =
best tmplt =

residue index

residues 571-771

10 0
template

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
I
1

-

next best AGDT_TS =-4.11

residues 621-661

16



v intop 25

f templates were missed

T1091: top hhsearch hits
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Server Summary

« Joint use of templates and MSA worked well
 Templates could have been selected and used better
* No good reason for not using more sequences (metagenomes)

» trRefine does improve model quality but not dramatically



Human Tertiary structure prediction
& Refinement
(BAKER)



T e —I—————————,
Human vs Server:
Contribution from Additional Sequence search for trRosetta

GDT-TS, BAKER
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Example 1: Sequence search & Modeling as a whole Protein

GDT-TS, BAKER
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Server: per-target MSA, Nseq=1~3 (UniRef30)
Human: MSA & modeling on entire protein,
Nseq>2000 (+MetaGenome, IMG/VR DB)

T1031,33,35,39,40,41,42,43

1 1 1 1 1 1 1 1

10

20 30 40 50 60 70 80 90 100
GDT-TS, BAKER-ROSETTA
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Example 2: Chimeric distance map for multi-domain targets

T1085-D1 (gray)

S8 ¢ PPN SN D T1085-D2
o*,‘,.,' ' i : (magenta->cyan)

L3P D (AR 0, GDT-Ts: 60> 83

Distance map on
the entire length

Separate sequence

search on D2
23



Refinement guided by DeepAccNet

Key idea of refinement in CASP14: To use EMA to guide Refinement search

3hixA

Signed distance error predictions from DeepAccNet
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e ———————
Refinement results (colored by size)
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What went wrong -- R1035 aAGDT-HA): -7

_ _ _ T1035: Starting/
Xtal-structure Starting/Refined as domain Refined together with T1033




What went wrong -- R1038-D2  aA(GDT-HA): -6

Xtal-structure Refined as domain




What went wrong -- R1078 A(GDT-HA): -15

/Refined as monomer
Xtal-structure (homo-dimer)

Broken
Disulfide
bond




Bright side: EMA-guided refinement enables improving relatively larger proteins

D1

R1085

R1067

Starting/Refined




Still challenging -- R1068, R1056, etc.

Could not improve significantly when topologies were complicated & sizes were big

Model/Xtal




Take home messages

e EMA-guided refinement tested in CASP14; general challenge
remains

e Refinement in a monomeric context fails;
Information is often more critical than principles
in real practice modeling scenarios
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