Supplementary information for:

Macromolecular modeling and design in Rosetta: new methods and frameworks

Rosetta is licensed and distributed through www.rosettacommons.org. Licenses for academic, non-profit and government laboratories are free of charge, there is a license
fee for industry users.

The main documentation page can be found at https://www.rosettacommons.org/docs/latest/Home.

Tutorials, demos and protocol captures are documented at https://www.rosettacommons.org/demos/latest/Home.

RosettaScripts documentation is available at https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/RosettaScripts.
PyRosetta tutorials are available at http://www.pyrosetta.org/tutorials.

Method

Use Developer(s)

Protein structure prediction

fragment picker’

RosettaCM?

iterative
hybridizet.7

Loop modeling

NGK (next-
generation KIC)®

LoopHashKIC

Consensus_Loop_
Design'213

GenKIC
(generalized KIC)
18

picks protein Dominik Gront
fragments for
various modeling

tasks
comparative
modeling from
multiple templates
recombination of
model
substructures for
de novo modeling

Yifan Song

Sergey
Ovchinnikov,
Hahnbeom Park

Next Generation  Amelie Stein
Kinematic loop

closure

uses a loop Xingjie Pan

database and KIC
for loop design

uses sequence
profiles of known
loops to design
new ones
Generalized
Kinematic loop
Closure: robotics
based approach to
sample non-
canonical loop
conformations

Enrique Marcos,
Tom Linsky

Vikram Mulligan

Lab developed

Dominik Gront***

formerly David
Baker

David Baker,
Sergey
Ovchinnikov

Tanja Kortemme

Tanja Kortemme

David Baker

Richard Bonneau*

Documentation Protocol capture / demo Limitations

https://www.rosettacommons.org/docs/latest/applicati Rosetta/demos/public/fragment_picking
on_documentation/utilities/app-fragment-picker

https://www.rosettacommons.org/docs/latest/applicati Rosetta/demos/public/lhomology_modeling_threa model quality depends on manual

on_documentation/structure prediction/RosettaCM  ding_basic adjustment of sequence alignment, which
Supp to 2 can take time to do well

https://www.rosettacommons.org/docs/latest/Iterative

Hybridize

https://www.rosettacommons.org/docs/latest/applicati Rosetta/demos/tutorials/loop_modeling
on_documentation/structure prediction/loop _modelin

a/next-generation-KIC

https://www.rosettacommons.org/docs/latest/applicati

on_documentation/structure prediction/loop_modelin

g/loopmodel-kinematic

(for -vicinity_sampling)

https://www.rosettacommons.org/docs/latest/scripting
documentation/RosettaScripts/Movers/movers page

s/LoopModelerMover

https://www.rosettacommons.org/docs/latest/scripting Rosetta/main/tests/integration/tests/ConsensusL
documentation/RosettaScripts/TaskOperations/tasko oopDesign
perations_pages/ConsensusLoopDesignOperation

performance deteriorates for loops longer
than 12 residues, as all loop modeling
methods do

https://www.rosettacommons.org/docs/latest/scripting https://www.rosettacommons.org/demos/latest/tu generality requires more setup and can be
documentation/RosettaScripts/composite protocols/ torials/GeneralizedKIC/generalized kinematic cl less efficient than more biased methods;
generalized kic/GeneralizedKIC osure 1, parameter tuning can require some
https://www.rosettacommons.org/docs/latest/scripting https://www.rosettacommons.org/demos/latest/tu experience
documentation/RosettaScripts/Movers/movers page torials/GeneralizedKIC/generalized kinematic cl

s/GeneralizedKICMover osure 2,

https://www.rosettacommons.org/docs/latest/scripting https://www.rosettacommons.org/demos/latest/tu
documentation/RosettaScripts/composite _protocols/ torials/GeneralizedKIC/generalized kinematic cl

generalized kic/GeneralizedKICperturber osure 3,

https://www.rosettacommons.org/docs/latest/scripting https://www.rosettacommons.org/demos/latest/tu
documentation/RosettaScripts/composite _protocols/ torials/GeneralizedKIC/generalized kinematic cl

generalized kic/GeneralizedKICfilter osure 4

https://www.rosettacommons.org/docs/latest/scripting Supp to 1819

documentation/RosettaScripts/composite protocols/

generalized kic/GeneralizedKICselector

Competing methods

MODELLERS, iTasser*,
HHpred®

MODELLER®
Sphinx10, DiSGro'!

LOOPY?4, PLOP'5, PS116,
PS217

molecular dynamics
simulation packages


http://www.rosettacommons.org/
https://www.rosettacommons.org/docs/latest/Home
https://www.rosettacommons.org/docs/latest/Home
https://www.rosettacommons.org/demos/latest/Home
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/RosettaScripts
http://www.pyrosetta.org/tutorials
https://www.rosettacommons.org/docs/latest/application_documentation/utilities/app-fragment-picker
https://www.rosettacommons.org/docs/latest/application_documentation/utilities/app-fragment-picker
https://www.rosettacommons.org/docs/latest/application_documentation/structure_prediction/RosettaCM
https://www.rosettacommons.org/docs/latest/application_documentation/structure_prediction/RosettaCM
https://www.rosettacommons.org/docs/latest/IterativeHybridize
https://www.rosettacommons.org/docs/latest/IterativeHybridize
https://www.rosettacommons.org/docs/latest/application_documentation/structure_prediction/loop_modeling/next-generation-KIC
https://www.rosettacommons.org/docs/latest/application_documentation/structure_prediction/loop_modeling/next-generation-KIC
https://www.rosettacommons.org/docs/latest/application_documentation/structure_prediction/loop_modeling/next-generation-KIC
https://www.rosettacommons.org/docs/latest/application_documentation/structure_prediction/loop_modeling/loopmodel-kinematic
https://www.rosettacommons.org/docs/latest/application_documentation/structure_prediction/loop_modeling/loopmodel-kinematic
https://www.rosettacommons.org/docs/latest/application_documentation/structure_prediction/loop_modeling/loopmodel-kinematic
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/movers_pages/LoopModelerMover
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/movers_pages/LoopModelerMover
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/movers_pages/LoopModelerMover
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/TaskOperations/taskoperations_pages/ConsensusLoopDesignOperation
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/TaskOperations/taskoperations_pages/ConsensusLoopDesignOperation
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/TaskOperations/taskoperations_pages/ConsensusLoopDesignOperation
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/composite_protocols/generalized_kic/GeneralizedKIC
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/composite_protocols/generalized_kic/GeneralizedKIC
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/composite_protocols/generalized_kic/GeneralizedKIC
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/movers_pages/GeneralizedKICMover
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/movers_pages/GeneralizedKICMover
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/movers_pages/GeneralizedKICMover
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/composite_protocols/generalized_kic/GeneralizedKICfilter
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/composite_protocols/generalized_kic/GeneralizedKICfilter
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/composite_protocols/generalized_kic/GeneralizedKICfilter
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/composite_protocols/generalized_kic/GeneralizedKICselector
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/composite_protocols/generalized_kic/GeneralizedKICselector
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/composite_protocols/generalized_kic/GeneralizedKICselector
https://www.rosettacommons.org/demos/latest/tutorials/GeneralizedKIC/generalized_kinematic_closure_1
https://www.rosettacommons.org/demos/latest/tutorials/GeneralizedKIC/generalized_kinematic_closure_1
https://www.rosettacommons.org/demos/latest/tutorials/GeneralizedKIC/generalized_kinematic_closure_1
https://www.rosettacommons.org/demos/latest/tutorials/GeneralizedKIC/generalized_kinematic_closure_2
https://www.rosettacommons.org/demos/latest/tutorials/GeneralizedKIC/generalized_kinematic_closure_2
https://www.rosettacommons.org/demos/latest/tutorials/GeneralizedKIC/generalized_kinematic_closure_2
https://www.rosettacommons.org/demos/latest/tutorials/GeneralizedKIC/generalized_kinematic_closure_3
https://www.rosettacommons.org/demos/latest/tutorials/GeneralizedKIC/generalized_kinematic_closure_3
https://www.rosettacommons.org/demos/latest/tutorials/GeneralizedKIC/generalized_kinematic_closure_3
https://www.rosettacommons.org/demos/latest/tutorials/GeneralizedKIC/generalized_kinematic_closure_4
https://www.rosettacommons.org/demos/latest/tutorials/GeneralizedKIC/generalized_kinematic_closure_4
https://www.rosettacommons.org/demos/latest/tutorials/GeneralizedKIC/generalized_kinematic_closure_4

Method Use Developer(s) Lab developed  Documentation Protocol capture / demo Limitations Competing methods

https://www.rosettacommons.org/demos/latest/tutorial
s/GeneralizedKIC/generalized kinematic closure 1
https://www.rosettacommons.org/demos/latest/tutorial
s/GeneralizedKIC/generalized kinematic closure 2
https://www.rosettacommons.org/demos/latest/tutorial
s/GeneralizedKIC/generalized kinematic closure 3
https://www.rosettacommons.org/demos/latest/tutorial
s/GeneralizedKIC/generalized kinematic closure 4

Protein-protein docking

RosettaDock4.02 protein-protein Nick Marze, Jeffrey Gray https://www.rosettacommons.org/docs/latest/applicati Rosetta/demos/tutorials/Protein-Protein-Docking global docking requires two orders or InterEVDock?!, ClusPro2,
docking Shourya Roy on_documentation/docking/docking-protocol https://www.rosettacommons.org/demos/latest/tu magnitude more sampling than local GalaxyTongDock?3,

Burman torials/Protein-Protein-Docking/Protein-Protein-  docking — in these cases RosettaDock is  HADDOCK2, PPI3D%

Docking slower than FFT-based methods; like for
other tools, large conformational changes
make docking difficult
Rosetta docking of Shourya Roy (formerly Ingemar  https://www.rosettacommons.org/docs/latest/SymDoc SymDock is sensitive to quality of input GalaxyTongDock2,
SymDock2% symmetric proteins Burman André), Jeffrey kProtocol monomer; as with other algorithms, SAM27, HSYMDOCK2
Gray performance deteriorates for higher-order
symmetries

Small molecule ligand docking

RosettaLigand?-%' 'small molecule ~ Sam DeLuca, Jens Meiler https://www.rosettacommons.org/demos/latest/tutorial Rosetta/demos/tutorials/ligand_docking not as fully a dynamic approach as MD  AutoDock Vina®2,
docking to proteins Darwin Fu, slligand_docking/ligand docking_tutorial simulations; performs worse in more GlideScore33

Shannon Smith, solvent-exposed pockets or small (Schrodinger),

Rocco Moretti pockets; requires ligand conformers to be DrugScore®, Molecular
pre-generated; assumes ligand binding  Operating Environment
site is known (MOE)? from Chemical

Computing Group,
GOLD3®

RosettaLigandEns docks ligand Darwin Fu, Jens Meiler https://www.rosettacommons.org/docs/latest/scripting Rosetta/demos/protocol_capture/rosettaligand_e 'same limitations as RosettaLigand; HybridDocks38

emble3’ ensembles into  Rocco Moretti documentation/RosettaScripts/Movers/movers page nsemble assumes ligands in ensemble follow similar
proteins s/HighResEnsembleMover binding modes

pocket samples binding  David Johnson John Karanicolas  https://www.rosettacommons.org/docs/latest/applicati Supp to 3840 competitors use small

optimization3940  pocket on_documentation/utilities/pocket-relax probe molecules
conformations https://www.rosettacommons.org/docs/latest/applicati (FTMap#) or molecular
during docking on_documentation/analysis/pocket-measure dynamics#

DARC#-45 Docking Approach Ragul Gowthaman, John Karanicolas  https:/www.rosettacommons.org/docs/latest/applicati Rosetta/demos/public/darc there are numerous
using Ray Casting: Karen Khar on_documentation/docking/DARC Supp to 4345 approaches (f.ex.
identifies binding DOCKTITE“ in MOE) for
pockets small-molecule docking /

virtual screening, but none
really comparable to how

DARC works
Modeling of antibodies and immune system proteins
RosettaAntibody47- antibody homology Jeliazko Jeliazkov, Jeffrey Gray https://www.rosettacommons.org/docs/latest/applicati Rosetta/main/tests/integration/tests/antibody_cc performance deteriorates for loops longer  SAbPred!, PIGS®2,
50 modeling and Nick Marze, Brian on_documentation/antibody/antibody-protocol than 12 residues; unusual CDR loops are  BIOVIA Discovery
docking Weitzner, hard to model because they are likely not  Studio%3, MOE®4,
Jared Adolf- represented in the database Schrodinger®®
Bryfogle,
Sergey Lyskov,
Daisuke Kuroda
AbPredicts6.57 antibody structure Christoffer Norn,  Sarel Fleishman  https://www.rosettacommons.org/docs/latest/applicati https://www.rosettacommons.org/demos/latest/tu performance deteriorates for loops longer  SAbPred!, PIGS®2,
prediction Gideon Lapidoth on_documentation/structure prediction/AbPredict2  torials/AbPredict/AbPredict than 12 residues; unusual CDR loops are  BIOVIA Discovery
hard to model because they are likely not  Studio®3, MOE®4,
represented in the database Schrodinger®®


https://www.rosettacommons.org/demos/latest/tutorials/GeneralizedKIC/generalized_kinematic_closure_1
https://www.rosettacommons.org/demos/latest/tutorials/GeneralizedKIC/generalized_kinematic_closure_1
https://www.rosettacommons.org/demos/latest/tutorials/GeneralizedKIC/generalized_kinematic_closure_2
https://www.rosettacommons.org/demos/latest/tutorials/GeneralizedKIC/generalized_kinematic_closure_2
https://www.rosettacommons.org/demos/latest/tutorials/GeneralizedKIC/generalized_kinematic_closure_3
https://www.rosettacommons.org/demos/latest/tutorials/GeneralizedKIC/generalized_kinematic_closure_3
https://www.rosettacommons.org/demos/latest/tutorials/GeneralizedKIC/generalized_kinematic_closure_4
https://www.rosettacommons.org/demos/latest/tutorials/GeneralizedKIC/generalized_kinematic_closure_4
https://www.rosettacommons.org/docs/latest/application_documentation/docking/docking-protocol
https://www.rosettacommons.org/docs/latest/application_documentation/docking/docking-protocol
https://www.rosettacommons.org/demos/latest/tutorials/Protein-Protein-Docking/Protein-Protein-Docking
https://www.rosettacommons.org/demos/latest/tutorials/Protein-Protein-Docking/Protein-Protein-Docking
https://www.rosettacommons.org/demos/latest/tutorials/Protein-Protein-Docking/Protein-Protein-Docking
https://www.rosettacommons.org/docs/latest/SymDockProtocol
https://www.rosettacommons.org/docs/latest/SymDockProtocol
https://www.rosettacommons.org/demos/latest/tutorials/ligand_docking/ligand_docking_tutorial
https://www.rosettacommons.org/demos/latest/tutorials/ligand_docking/ligand_docking_tutorial
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/movers_pages/HighResEnsembleMover
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/movers_pages/HighResEnsembleMover
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/movers_pages/HighResEnsembleMover
https://www.rosettacommons.org/docs/latest/application_documentation/utilities/pocket-relax
https://www.rosettacommons.org/docs/latest/application_documentation/utilities/pocket-relax
https://www.rosettacommons.org/docs/latest/application_documentation/analysis/pocket-measure
https://www.rosettacommons.org/docs/latest/application_documentation/analysis/pocket-measure
https://www.rosettacommons.org/docs/latest/application_documentation/docking/DARC
https://www.rosettacommons.org/docs/latest/application_documentation/docking/DARC
https://www.rosettacommons.org/docs/latest/application_documentation/antibody/antibody-protocol
https://www.rosettacommons.org/docs/latest/application_documentation/antibody/antibody-protocol
https://www.rosettacommons.org/docs/latest/application_documentation/structure_prediction/AbPredict2
https://www.rosettacommons.org/docs/latest/application_documentation/structure_prediction/AbPredict2
https://www.rosettacommons.org/demos/latest/tutorials/AbPredict/AbPredict
https://www.rosettacommons.org/demos/latest/tutorials/AbPredict/AbPredict

Method
RosettaMHCS8

TCRModel6s

SnugDocks®

Use Developer(s) Lab developed
modeling and Santrupti Nerli Nik Sgourakis
docking of antigen

/ MHC-1/

(chaperone or T-
cell receptor)

structure prediction Ragul Gowthaman Brian Pierce
of T-cell receptors

docking of Jeliazko Jeliazkov, Jeffrey Gray
antibody-antigen  Nick Marze,
complexes Brian Weitzner

Design of antibodies and immune system proteins

RAbD?2 (Rosetta
AntibodyDesign)

Epitope
removal’s76

AbDesign79.:80

Protein design

design of antibody- Jared Adolf-
antigen interfaces  Bryfogle,
Brian Weitzner

Bill Schief,
Roland Dunbrack

identifies and Indigo King David Baker,
removes Cyrus
immunogenic Biotechnology
epitopes

antibody design  Gideon Lapidoth  Sarel Fleishman

Documentation
https://github.com/snerligit/mhc-pep-threader

https://www.rosettacommons.org/docs/latest/applicati
on_documentation/structure prediction/TCRmodel

https://www.rosettacommons.org/docs/latest/applicati
on_documentation/antibody/snugdock

https://www.rosettacommons.org/docs/latest/applicati
on_documentation/antibody/RosettaAntibodyDesign

https://www.rosettacommons.org/docs/latest/scripting
documentation/RosettaScripts/Movers/movers_page
s/GreedyOptMutationMover
https://www.rosettacommons.org/docs/latest/scripting
documentation/RosettaScripts/xsd/filter NMerSVME
nergy type
https://www.rosettacommons.org/docs/latest/scripting
documentation/RosettaScripts/Movers/SpliceOut
https://www.rosettacommons.org/docs/latest/scripting
documentation/RosettaScripts/Movers/SpliceOutAnti
body
https://www.rosettacommons.org/docs/latest/scripting
documentation/RosettaScripts/Movers/SplicelnAntib
ody
https://www.rosettacommons.org/docs/latest/scripting
documentation/RosettaScripts/Movers/Spliceln
https://www.rosettacommons.org/docs/latest/scripting
documentation/RosettaScripts/Movers/SpliceQutTalil
https://www.rosettacommons.org/docs/latest/scripting
documentation/RosettaScripts/Movers/SplicelnTail

Protocol capture / demo
https://github.com/snerligit/mhc-pep-

threader/tree/master/examples

Rosetta/main/tests/integration/tests/tcrmodel

Rosetta/main/tests/integration/tests/SnugDock

Rosetta/main/tests/integration/tests/antibody_de
signer

Rosetta/main/tests/integration/tests/splice_out_H
1_H2_longer
Rosetta/main/tests/integration/tests/splice_out_H
1_H2_same
Rosetta/main/tests/integration/tests/splice_out_H
1_H2_shorter
Rosetta/main/tests/integration/tests/splice_out_H
3_longer
Rosetta/main/tests/integration/tests/splice_out_H
3_same
Rosetta/main/tests/integration/tests/splice_out_H
3_shorter
Rosetta/main/tests/integration/tests/splice_out_L
1_L2_longer
Rosetta/main/tests/integration/tests/splice_out_L
1_L2_same
Rosetta/main/tests/integration/tests/splice_out_L
1_L2_shorter
Rosetta/main/tests/integration/tests/splice_out_L
3_longer
Rosetta/main/tests/integration/tests/splice_out_L
3_same
Rosetta/main/tests/integration/tests/splice_out_L
3_shorter

competitors: review$4, MOE (CCG, Montreal) can be used for manual, not automated, protein design. Supports live energy minimization during design. No appropriate publications

SEWINGS586

Structure Tim Jacobs, Brian Kuhimann
Extension With ~ Sharon Guffy,
Native- Frank Teets

https://www.rosettacommons.org/docs/latest/scripting
documentation/RosettaScripts/composite protocols/
sewing/SEWING

3

Limitations

the binding energies cannot fully
discriminate best binders from average
binders

challenging to model long CDR loops

performance deteriorates for loops longer

than 12 residues; cannot predict large

backbone motions from unbound to bound

state in antigen

antigen structure must be known or
predicted; well-behaved starting antibody
must be given for de novo design

different scores scale differently with size,

so top-scoring outputs of a particular run

show limited size diversity; restricted to o-

Competing methods

bioinformatics-based
methods5: NetMHCPane®,
MHCFlurrys!
structure-based
methods®2; AutoDocks?,
DINCs4

LYRASS, ImmuneScapes’

usually for FFT methods
developers design Ab/Ag
specific potentials or
paratope/epitope
predictions and then
combine this with docking
methods: ClusPro®,
PatchDock™, Antibody |-
patch™

OptCDR?, OptMaven™

EpiSweep” as part of
DisruPPI78

deep-learning based
methods81-83

Sibes?, CCBuilders®


https://github.com/snerligit/mhc-pep-threader
https://github.com/snerligit/mhc-pep-threader/tree/master/examples
https://github.com/snerligit/mhc-pep-threader/tree/master/examples
https://www.rosettacommons.org/docs/latest/application_documentation/structure_prediction/TCRmodel
https://www.rosettacommons.org/docs/latest/application_documentation/structure_prediction/TCRmodel
https://www.rosettacommons.org/docs/latest/application_documentation/antibody/snugdock
https://www.rosettacommons.org/docs/latest/application_documentation/antibody/snugdock
https://www.rosettacommons.org/docs/latest/application_documentation/antibody/RosettaAntibodyDesign
https://www.rosettacommons.org/docs/latest/application_documentation/antibody/RosettaAntibodyDesign
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/movers_pages/GreedyOptMutationMover
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/movers_pages/GreedyOptMutationMover
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/movers_pages/GreedyOptMutationMover
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/xsd/filter_NMerSVMEnergy_type
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/xsd/filter_NMerSVMEnergy_type
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/xsd/filter_NMerSVMEnergy_type
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/SpliceOut
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/SpliceOut
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/SpliceOutAntibody
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/SpliceOutAntibody
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/SpliceOutAntibody
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/SpliceInAntibody
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/SpliceInAntibody
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/SpliceInAntibody
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/SpliceIn
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/SpliceIn
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/SpliceOutTail
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/SpliceOutTail
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/SpliceInTail
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/SpliceInTail
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/composite_protocols/sewing/SEWING
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/composite_protocols/sewing/SEWING
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/composite_protocols/sewing/SEWING

Method

RosettaRemodel8d

LooDo®

RECON¢!

curved B-sheet
design’2

biased forward
folding'2

fold_from_loops%

FunFolDes®”

Use

substructure
Graphs:
recombination of
protein
substructures to
create new
designs
framework for
custom protein
remodeling

LOOp-directed
DOmain insertion

REstrained
CONvergence for
multi-state design

design of curved
B-sheets

consistency check
for designs

designs topology
around starting
loops

FUNctional
FOLding and
DESign: design
topology around a
functional motif

Protein interface design

FlexDDG*

Coupled Moves'®

flexible backbone

Developer(s)

Possu Huang

Kristin Blacklock

Alex Sevy,
Marion Sauer

Enrique Marcos,
Benjamin Basanta

Daniel Silva,
Enrique Marcos

Bruno Correia

Jaume Bonet,
Andreas Scheck

Kyle Barlow,

AAG prediction for Shane O’Connor

interfaces

couples flexibility in Noah Ollikainen,

backbone,
sidechains, and
ligand for interface
design

Rene M. de Jong

Lab developed

Possu Huang***

Sagar Khare

Jens Meiler

David Baker

David Baker

Bruno Correia***

Bruno Correia

Tanja Kortemme

Tanja Kortemme & https://www.rosettacommons.org/docs/latest/coupled- Rosetta/main/tests/integration/tests/coupled_mo

DSM
Biotechnology
Center

Documentation

https://www.rosettacommons.org/docs/latest/applicati

Protocol capture / demo

on_documentation/design/rosettaremodel

https://www.rosettacommons.org/demos/latest/protoc Rosetta/demos/protocol_capture/loodo

ol_capture/loodo/README

https://www.rosettacommons.org/docs/latest/applicati https://github.com/sevya/msd analysis scripts

on_documentation/RECON-multistate-design

https://www.rosettacommons.org/docs/latest/applicati https://github.com/basantab/DeNovoCurvedShee although the fragment assembly should

on_documentation/design/curvedsheetdesign

https://www.rosettacommons.org/docs/latest/scripting

documentation/RosettaScripts/xsdffilter_StrandCurv

atureByLevels type

https://www.rosettacommons.org/docs/latest/scripting

documentation/RosettaScripts/xsdffilter HelixBendFi

lter_type

https://www.rosettacommons.org/docs/latest/Biased-

forward-folding

https://github.com/emarcos/biased forward folding/
replaced by FunFolDes below

https://www.rosettacommons.org/docs/latest/scripting https://github.com/Ipdi-epfl/FunFolDesData

documentation/RosettaScripts/composite protocols/f https://www.rosettacommons.org/docs/latest/scri

old from loops/FunFolDes

https://github.com/Kortemme-Lab/flex ddG_tutorial

pting_documentation/RosettaScripts/composite
protocols/fold from loops/RunningFunFolDes

https://qithub.com/Kortemme-

Lab/flex_ddG tutorial

moves

Limitations

helical chimerizable regions; starting point
must be single chain; to build from point to
point requires additional loop closure step;
precludes sampling of backbone motion
resulting in high false negative rate

computational requirements; overestimates
https://github.com/sevya/parallelized RECON pr sequence conservation of the native
sequence; under-samples mutations
tolerated in related PSI-BLAST profiles

during design

Competing methods

competitors are Remodel,
any homology modeling or
de novo design package;
few are specialized for
domain insertion in loops
no direct competitor;
RosettaBackrub®; MSD-
FASTER®3, dead-end
elimination®, CLASSY9

no known competitors

allow construction of arbitrary protein folds, outside of Rosetta

the scripts referenced are limited to NTF2-
like proteins; similar setups have been used
for generation of de novo B-barrel proteins

not suitable for ab initio structure prediction no known competitors

or exhaustive conformational sampling

FunFolDes supersedes fold_from_loops

FunFolDes aims to be of use when
transferring highly divergent structural
motifs, but when the motif and the target
region are structurally similar, one would
recommend MotifGraft. FunFolDes makes
sense to use when the structural

outside of Rosetta

no known competitors
outside of Rosetta; main
competitor is MotifGrafto®
in terms of incorporating
structural motifs into a
topology, even though

divergence is such that it is unavoidable for their goals are different

chain breaks to appear in the final designs.

not designed for AAG prediction for protein
stability even though it outperforms
ddg_monomer which was created for

stability prediction


https://www.rosettacommons.org/docs/latest/application_documentation/design/rosettaremodel
https://www.rosettacommons.org/docs/latest/application_documentation/design/rosettaremodel
https://www.rosettacommons.org/demos/latest/protocol_capture/loodo/README
https://www.rosettacommons.org/demos/latest/protocol_capture/loodo/README
https://www.rosettacommons.org/docs/latest/application_documentation/RECON-multistate-design
https://www.rosettacommons.org/docs/latest/application_documentation/RECON-multistate-design
https://github.com/sevya/msd_analysis_scripts
https://github.com/sevya/parallelized_RECON_protocol_capture
https://github.com/sevya/parallelized_RECON_protocol_capture
https://www.rosettacommons.org/docs/latest/application_documentation/design/curvedsheetdesign
https://www.rosettacommons.org/docs/latest/application_documentation/design/curvedsheetdesign
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/xsd/filter_StrandCurvatureByLevels_type
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/xsd/filter_StrandCurvatureByLevels_type
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/xsd/filter_StrandCurvatureByLevels_type
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/xsd/filter_HelixBendFilter_type
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/xsd/filter_HelixBendFilter_type
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/xsd/filter_HelixBendFilter_type
https://github.com/basantab/DeNovoCurvedSheetDesign
https://github.com/basantab/DeNovoCurvedSheetDesign
https://www.rosettacommons.org/docs/latest/Biased-forward-folding
https://www.rosettacommons.org/docs/latest/Biased-forward-folding
https://github.com/emarcos/biased_forward_folding/
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/composite_protocols/fold_from_loops/FunFolDes
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/composite_protocols/fold_from_loops/FunFolDes
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/composite_protocols/fold_from_loops/FunFolDes
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/composite_protocols/fold_from_loops/FunFolDes
https://github.com/lpdi-epfl/FunFolDesData
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/composite_protocols/fold_from_loops/RunningFunFolDes
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/composite_protocols/fold_from_loops/RunningFunFolDes
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/composite_protocols/fold_from_loops/RunningFunFolDes
https://github.com/Kortemme-Lab/flex_ddG_tutorial
https://github.com/Kortemme-Lab/flex_ddG_tutorial
https://github.com/Kortemme-Lab/flex_ddG_tutorial
https://github.com/Kortemme-Lab/flex_ddG_tutorial
https://www.rosettacommons.org/docs/latest/coupled-moves
https://www.rosettacommons.org/docs/latest/coupled-moves

Method Use
Parametric bundle and
design'9.101 supercoil design

from custom
parameters

Peptides and peptidomimetics
FlexPepDock02103 docking of a

Developer(s)
Vikram Mulligan

Barak Raveh,

flexible peptide into Nir London,

a target protein

PIPER-
FlexPepDock 04

flexible peptide

based approach

PeptiDerive!! identifies peptide
segment that
mediate PPls
simple_cycpep_pr sample peptide
edict'819.113 conformations
through cyclization
MFPred14 mean field
approach to predict
peptide binding
sites for multi-
specificity
RosettaSurface'"’- peptide modeling
19 on biomolecular
surfaces

Modeling with experimental data

cryoEM de novo'?5 assigns sequence
to density de novo

cryoEM:

RosettaES'2 to density de novo,
but via
enumerative
sampling

Lior Zimmerman

Nawsad Alam,

docking using FFT-Alisa Khramushin

Yuval Sedan,
Orly Marcu

Vikram Mulligan

Aliza Rubenstein

Michael Pacella

Ray Wang

assigns sequence Brandon Frenz

Lab developed
Richard Bonneau*

Ora Schueler-
Furman

Ora Schueler-
Furman

Ora Schueler-
Furman

Richard Bonneau*

Sagar Khare

Jeffrey Gray

Frank DiMaio,
David Baker

Frank DiMaio

Documentation

https://www.rosettacommons.org/docs/latest/scripting
documentation/RosettaScripts/Movers/movers page
s/MakeBundleMover
https://www.rosettacommons.org/docs/latest/scripting
documentation/RosettaScripts/Movers/movers page
s/BundleGridSamplerMover
https://www.rosettacommons.org/docs/latest/scripting
documentation/RosettaScripts/Movers/movers page
s/PerturbBundleMover
https://www.rosettacommons.org/docs/latest/scripting
documentation/RosettaScripts/Filters/filter pages/Bu

ndleReporterFilter

https://www.rosettacommons.org/docs/latest/applicati Rosetta/demos/public/flex_pep_dock_abinitio

on_documentation/docking/flex-pep-dock

https://www.rosettacommons.org/docs/latest/applicati
on_documentation/docking/flex-pep-dock

https://www.rosettacommons.org/docs/latest/applicati Rosetta/main/tests/integration/tests/peptiderive

on_documentation/analysis/PeptiDerive

https://www.rosettacommons.org/docs/latest/structure Rosetta/main/tests/integration/tests/simple_cycp generality requires more unbiased
ep_predict and many related demos adjacent,

prediction/simple_cycpep predict

https://www.rosettacommons.org/docs/latest/scripting Rosetta/main/tests/integration/tests/mf_fixbb_sc
documentation/RosettaScripts/Movers/movers _page Rosetta/main/tests/integration/tests/mf_flexbb_s

s/analysis/GenMeanFieldMover

https://www.rosettacommons.org/docs/latest/applicati Rosetta/demos/public/surface_docking_cpp

on_documentation/docking/surface-docking

https:/dimaiolab.ipd.uw.edu/software/

https:/dimaiolab.ipd.uw.edu/software/

Protocol capture / demo
Supp to 1®

Limitations Competing methods

huge parameter space to sample: D¥ with D CCBuilders?
being number of discrete steps and N being

number of parameters. For 5 parameters

per helix, 10 steps for each parameter and

3 helices, this would be 105 combinations;

parameter sampling is only good for

topologies that fall within the parameter

space

Both for local refinements, and in particular

Rosetta/demos/public/abinitio_fold_and_dock_of for ab initio docking into a binding site,

_peptides_using_flexpepdock

FlexPepDock is much more CPU expensive

Rosetta/demos/public/global_dock_ssrA_peptide than comparable methods. Receptor

_against_sspB

backbone flexibility has been calibrated for

Rosetta/demos/public/peptide_specificity_using_ minimization only and therefore

FlexPepBind

Rosetta/demos/public/refinement_of_protein_pe

ptide_complex_using_FlexPepDock
Supp to 103

Supp to 18113

c

Supp to 117

https:/dimaiolab.ipd.uw.edu/software/

https://dimaiolab.ipd.uw.edu/software/

conformational changes are of limited
extent.

Successful global docking of peptides
(starting from peptide sequence and given
receptor structure, without any information
about the peptide conformation or the CABSDock 8,

peptide binding site on the receptor) is PeptiDock'%, more
limited to instances where an approximate methods are summarized
bound peptide conformation is represented in this book 10

in the fragment set that is rigid body docked

in the first step of the docking protocol.

pepATTRACT1%5,
GalaxyPepDock %6,
HADDOCK107,

LoopFinder?'2

molecular dynamics
sampling, therefore slower; limited to 10-12 simulation packages
residue macrocycles, larger only
reasonable with additional constraints
dependent on free parameters and optimal
parameters depend on the system; no
sampling of receptor backbone flexibility

sequence_tolerance'1s,
PepSpec!16

does not allow 3-body docking methods reviewed in 120,
CHARMM?2!, AMBER2,
GRAPPA'2 Interfacial

Force Field'2

performance gets a lot worse >600
residues; resolution limit around 4.5A

Phenix'26, Buccaneer!?

no real competitors
(maybe de novo tools)


https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/movers_pages/MakeBundleMover
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/movers_pages/MakeBundleMover
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/movers_pages/MakeBundleMover
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/movers_pages/BundleGridSamplerMover
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/movers_pages/BundleGridSamplerMover
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/movers_pages/BundleGridSamplerMover
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/movers_pages/PerturbBundleMover
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/movers_pages/PerturbBundleMover
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/movers_pages/PerturbBundleMover
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Filters/filter_pages/BundleReporterFilter
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Filters/filter_pages/BundleReporterFilter
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Filters/filter_pages/BundleReporterFilter
https://www.rosettacommons.org/docs/latest/application_documentation/docking/flex-pep-dock
https://www.rosettacommons.org/docs/latest/application_documentation/docking/flex-pep-dock
https://www.rosettacommons.org/docs/latest/application_documentation/docking/flex-pep-dock
https://www.rosettacommons.org/docs/latest/application_documentation/docking/flex-pep-dock
https://www.rosettacommons.org/docs/latest/application_documentation/analysis/PeptiDerive
https://www.rosettacommons.org/docs/latest/application_documentation/analysis/PeptiDerive
https://www.rosettacommons.org/docs/latest/structure_prediction/simple_cycpep_predict
https://www.rosettacommons.org/docs/latest/structure_prediction/simple_cycpep_predict
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/movers_pages/analysis/GenMeanFieldMover
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/movers_pages/analysis/GenMeanFieldMover
https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/movers_pages/analysis/GenMeanFieldMover
https://www.rosettacommons.org/docs/latest/application_documentation/docking/surface-docking
https://www.rosettacommons.org/docs/latest/application_documentation/docking/surface-docking
https://dimaiolab.ipd.uw.edu/software/
https://dimaiolab.ipd.uw.edu/software/
https://dimaiolab.ipd.uw.edu/software/
https://dimaiolab.ipd.uw.edu/software/

Method

cryoEM: iterative
refinement!2

cryoEM:
automated
refinement130

NMR: CS-
Rosetta’?

NMR: PCS-
Rosetta, GPS-
Rosetta40.141

RosettaNMR
framework 43

mass-spec: HRF
hydroxyl radical
footprinting 45146

mass-spec:
PYTXMS™7

DNA and RNA
RNA applications

SWWAT50,151

Use Developer(s)

model refinement  Frank DiMaio,
into density map Yifan Song

automated pipeline Ray Wang
for refinement into
density maps

structure prediction (formerly Oliver
using chemical Lange)

shifts and Santrupti Nerli
RDC/NOE

structure prediction Christophe
using PCS and CS Schmitz, Kala
data Bharath Pilla

using Georg Kuenze,
RDC/PRE/PCSIN Julia Koehler
OE/CS for ab initio, Leman
protein-protein

docking, ligand

docking, symmetric

assembly

structure prediction Melanie
with HRF data Aprahamian

modeling
structures and
complexes from
MS data

StepWise
Assembly: RNA
modeling one
residues at a time

Rhiju Das

Hamed Khakzad

Lab developed

(formerly David
Baker), Frank
DiMaio

Frank DiMaio

Nik Sgourakis

Thomas Huber

Jens Meiler,
Richard Bonneau

Steffen Lindert

Lars Malmstroem

Rhiju Das

Rhiju Das

Documentation Protocol capture / demo

https:/dimaiolab.ipd.uw.edu/software/ https:/dimaiolab.ipd.uw.edu/software/

https:/dimaiolab.ipd.uw.edu/software/ https:/dimaiolab.ipd.uw.edu/software/

https://csrosetta.chemistry.ucsc.edu/
https://github.com/RosettaCommons/csrosetta3

https://csrosetta.chemistry.ucsc.edu/
https://github.com/RosettaCommons/csrosettad

https://www.rosettacommons.org/demos/latest/protoc Rosetta/demos/public/gps_rosetta_pcs_nmr_con computational cost for proteins >200

ol _capture/gps rosetta pcs nmr_constraints/READM straints
E https://github.com/kalabharath/pcs driven iterati

https://github.com/kalabharath/pcs driven iterative r ve resampling/tree/master/sample run
esampling

https://www.rosettacommons.org/docs/latest/applicati Rosetta/demos/public/rosettanmr_w_paramagne computational cost for proteins >200

on_documentation/RosettaNMR-with-Paramagnetic- tic_restraints
Restraints Supp to 143

https://www.rosettacommons.org/docs/latest/rosetta Supp to 145
basics/scoring/ms_expdata_score terms

https://www.rosettacommons.org/docs/latest/scripting https://zenodo.org/record/1438111# XIQUORNK
documentation/PyRosetta/PyTXMS hBw

https://www.rosettacommons.org/docs/latest/applicati

on_documentation/rna/rna-applications

https://www.rosettacommons.org/docs/latest/applicati Rosetta/demos/public/swa_rna_loop
on_documentation/stepwise/stepwise assembly/swa- Rosetta/demos/public/swa_protein_long_loop
rna-loop Rosetta/demos/public/swa_protein_main
https://www.rosettacommons.org/docs/latest/applicati

on_documentation/stepwise/stepwise _assembly/swa-

protein-long-loop

https://www.rosettacommons.org/docs/latest/applicati

on_documentation/stepwise/stepwise _assembly/swa-

protein-main

Limitations Competing methods

reasonable-quality starting model needs to no real competitors
be available (maybe de novo tools)

reasonable-quality starting model needs to  Phenix Refine?31, CCP-EM
be available for all methods (also competing REFMAC132

methods) but performance of Rosetta is

better than competing methods'3

depending on the specific needs, setup can competitive methods

be a bit challenging due to lack of good review:'3; Xplor-NIH135,
tutorials or protocol captures CYANA!'36

similar to autoNOE in CS-
Rosetta : ARIA™,
ASDP138 for automated
NOE assignment, NOE
interpretation and
structure calculation; EC-
NMR™39 uses evolutionary
couplings

for larger proteins,
including membrane
proteins, DINGO-PCS'42is
used which assembles
larger super-secondary
structure motifs with PCS
competitive methods
residues can be substantial; for systems  review:'3; Xplor-NIH135,
with many residues, spin-labels, or different CYANA138, HADDOCK44
metal ions, calculation of tensor parameters for docking with

can become time-consuming and slow paramagnetic restraints or
down scoring CS,

residues can be substantial

no known competitors
combine three different
MS acquisition data to
predict PPI; for analyzing
MS/MS samples:
StavroX™48 and Mass Spec
Studio®4®

superseded by SWM


https://dimaiolab.ipd.uw.edu/software/
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https://github.com/RosettaCommons/csrosetta3
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https://github.com/kalabharath/pcs_driven_iterative_resampling
https://github.com/kalabharath/pcs_driven_iterative_resampling
https://github.com/kalabharath/pcs_driven_iterative_resampling/tree/master/sample_run
https://github.com/kalabharath/pcs_driven_iterative_resampling/tree/master/sample_run
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https://www.rosettacommons.org/docs/latest/scripting_documentation/PyRosetta/PyTXMS
https://www.rosettacommons.org/docs/latest/scripting_documentation/PyRosetta/PyTXMS
https://zenodo.org/record/1438111#.XIQUoRNKhBw
https://zenodo.org/record/1438111#.XIQUoRNKhBw
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https://www.rosettacommons.org/docs/latest/application_documentation/stepwise/stepwise_assembly/swa-protein-long-loop
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Method
SWM1E2

FARFAR155-161

ERRASER162163

CS-Rosetta-
RNA164

RECCES

DRRAFTER!®

Use Developer(s) Lab developed

StepWise Monte- Caleb Geniesse  Rhiju Das
carlo: SWA using a Andrew Watkins
faster, Monte-Carlo

approach

Fragment Andrew Watkins
Assembly of RNA  Kalli Kappel
with Full-Atom

Refinement:

fragment assembly

medium resolution

structure prediction

Enumerative Real- Fang-Chieh Chou
space Refinement

ASsisted by

Electron density

under Rosetta:

refinement into EM

density maps

RNA modeling with Parin

chemical shift Sripakdeevong
NMR data

Reweighting of
Energy-function
Collection with
Conformational
Ensemble
Sampling

De novo
Ribonucleoprotein
modeling in Real
space through
Assembly of
Fragments
Together with
Experimental
density in Rosetta:
de novo modeling
of protein-RNA
complexes into EM
densities

Rhiju Das

Rhiju Das

Rhiju Das

Fang-Chieh Chou Rhiju Das

Kalli Kappel Rhiju Das

Membrane proteins
limitation: scorefunction models membrane as a symmetric hydrophobic slab of implicit solvent; scorefunctions before franklin2019 do not include pores

RosettaMP
framework 66:
mp_ddg
mp_dock
mp_relax
mp_symdock

Documentation
https://www.rosettacommons.org/docs/latest/applicati

on_documentation/stepwise/stepwise_monte carlo/st sembly

epwise

https://www.rosettacommons.org/docs/latest/applicati
on_documentation/rna/rna-denovo
https://www.rosettacommons.org/docs/latest/applicati
on_documentation/rna/rnp-modeling

https://www.rosettacommons.org/docs/latest/applicati
on_documentation/rna/erraser

https://www.rosettacommons.org/docs/latest/applicati
on_documentation/rna/CS-Rosetta-RNA

Protocol capture / demo Limitations

Rosetta/demos/public/stepwise_enumerative_as generally, greater computational expense
than competitive methods
Rosetta/demos/public/stepwise_monte_carlo_mi
ni_protein
Rosetta/demos/public/stepwise_monte_carlo_pr
otein_loop
Rosetta/demos/public/stepwise_monte_carlo_m
a_loop
Rosetta/demos/public/stepwise_monte_carlo_m
a_multiloop

Rosetta/demos/public/rnp_ddg
Rosetta/demos/public/rp_structure_prediction
Rosetta/demos/public/rna_denovo

generally, greater computational expense
than competitive methods

https://www.rosettacommons.org/demos/latest/p
ublic/erraser/README

Rosetta/demos/public/cs_rosetta_ma

https://www.rosettacommons.org/demos/latest/public/ Rosetta/demos/public/recces

recces/README

https://www.rosettacommons.org/docs/latest/applicati

https://www.rosettacommons.org/demos/latest/p

on_documentation/rna/drrafter

https://www.rosettacommons.org/docs/latest/applicati

ublic/drrafter/README

Rosetta/demos/public/mp_ddg all of these methods could be improved in

membrane protein Julia Koehler Jeffrey Gray
modeling Leman,

framework for Rebecca Alford

AAG prediction,

protein-protein
docking, symmetric
docking, and
refinement

on_documentation/Application%20Documentation#M Rosetta/demos/public/mp_dock various directions

embrane-Proteins

Rosetta/demos/public/mp_relax
Rosetta/demos/public/mp_symdock
Supp to 16

mp_ddg: difficult to get high correlation
coefficients

mp_dock: only works well for small proteins,
needs update to scoring function

mp_relax: slow for large proteins

Competing methods

assessment comparison in
RNA-puzzles 11'53 and
[11154;

SImRNA1S5,
RNAComposer!5,
iFOldRNA'S7, MC-Sym1s

assessment comparison in
RNA-puzzles 153 and
1111%4;

SIMRNA155,
RNAComposer!s,
iFoldRNA'S7, MC-Sym1s

no known competitors

no known competitors

no known competitors

no known competitors

mp_ddg: no known
competitors

mp_dock: TMDock!®7,
MemDock!6s,
PREDDIMER!s®
mp_relax: molecular
dynamics simulations-
based refinement'70
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Method Use Developer(s) Lab developed  Documentation Protocol capture / demo Limitations Competing methods
mp_symdock: interface packing between  mp_symdock: no known
subunits often leads to clashes and high  competitors
scores

RosettaMP accessory toolkit  Julia Koehler Jeffrey Gray https://www.rosettacommons.org/docs/latest/applicati Rosetta/main/tests/integration/tests/mp_transfor 'simple but useful methods that work best in mp_score: useless on its

toolkit'*: for scoring, Leman on_documentation/Application%20Documentation#M m conjunction with major modeling protocols  own, so other methods

mp_score transforming into embrane-Proteins Rosetta/demos/protocol_capture/helix_from_seq require their own scoring
mp_transform membrane uence mp_transform: PPM
mp_mutate_relax coordinates, Supp to 1" (OPM)'72, TMDET
helix_from_sequen mutations, and (PDBTM)17

ce helix modeling mp_mutate_relax: no

known competitors
helix_from_sequence:
MODELLER!™
mp_lipid_acc'®  prediction of lipid Julia Koehler Richard Bonneau  https://www.rosettacommons.org/docs/latest/applicati Supp to 175 requires protein to be transformed into no known competitors
accessibility from  Leman on_documentation/Application%20Documentation#M membrane coordinate system; mapping 2D
structure embrane-Proteins hull into 3D can introduce errors
mp_domain_asse domain assembly Julia Koehler Richard Bonneau  https://www.rosettacommons.org/docs/latest/applicati Rosetta/main/tests/integration/tests/mp_domain_ does not yet work on oligomers no known competitors
mbly!76 of full-length Leman on_documentation/Application%20Documentation#M assembly
membrane embrane-Proteins Rosetta/main/tests/integration/tests/mp_domain_

known structures Supp to 176
or models
RosettaCM for multi-template Brian Bender Jens Meiler https://www.rosettacommons.org/docs/latest/applicati Supp to 77 model quality depends on manual for membrane proteins:
membrane comparative on_documentation/Application%20Documentation#M adjustment of sequence alignment, which  MEDELLER'?8,
proteins'7? modeling for embrane-Proteins can take time to do well MEMOIR?,
membrane mostly for soluble
proteins proteins: MODELLERS,
iTasser, HHpred®
Carbohydrates
RosettaCarbohydr framework Jason W. Labonte, Jeffrey Gray, Bill  https://www.rosettacommons.org/docs/latest/applicati hydrogen bonding is not ideal; charged GLYCAM?82, CHARMM-
ate incorporating Jared Adolf- Schief on_documentation/carbohydrates/WorkingWithGlycan sugars do not score well; lack of PDB GuUItes
framework'8.181  carbohydrates into Bryfogle s standards complicates input; database
modeling: docking, lacks several sugar modifications and
loop modeling, alternative ring sizes; packing is slow for
symmetry, large sugars
refinement into
density maps
Scorefunction
REF2015 Rosetta Energy ~ Hahnbeom Park,  Frank DiMaio, https://www.rosettacommons.org/docs/latest/rosetta less accurate but orders of magnitude faster QW methods: Gaussian®7,
scorefunction8.18 Function from Frank DiMaio David Baker basics/scoring/score-types than QM methods; poor performance for ~ GAMESS!88
2015: optimized on many-body effects, induced dipoles, metals; MD force fields:
structures and less general than molecular mechanics CHARMM?'&, Amber22
thermodynamic force fields (f.ex. CHARMM?86) but better for
observables protein and peptide structure prediction
cartesian_ddG'® predicting AAGs  Brandon Frenz,  Frank DiMaio, https://www.rosettacommons.org/docs/latest/cartesia
for stability in Phil Bradley, Phil Bradley n-ddG
cartesian space  Yuan Liu

HBNet189.1%

HBNetEnergy8®

proteins from

samples hydrogen Scott Boyken,
bonding networks Jack Maguire
for design

score term for Vikram Mulligan

David Baker, Brian
Kuhiman

Richard Bonneau*

assembly_FtsQ

https://www.rosettacommons.org/docs/latest/scripting Rosetta/main/tests/integration/tests/hbnet
documentation/RosettaScripts/Movers/movers _page
s/HBNetMover

https://www.rosettacommons.org/docs/latest/rosetta  Rosetta/main/tests/integration/tests/hbnet_energ

does not consider water molecules

no known competitors

scoring hydrogen basics/scoring/HBNetEnergy

bonding networks

y
Rosetta/main/tests/integration/tests/hbnet_energ
y_rosettascripts_linear
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Method Use Developer(s)
AACompositionEn penalizes Vikram Mulligan
ergy deviations from

custom amino acid

composition during

design
AARepeatEnergy penalizes repeat  Vikram Mulligan

sequences during

design
VoidsPenaltyEnerg penalizes buried  Vikram Mulligan
y voids in a protein

during design

NetChargeEnergy penalizes
deviations from
custom charge

Vikram Mulligan

during design
BuriedUnsatPenalt penalizes buried, Vikram Mulligan
y unsaturated
hydrogen bond
donorso or
acceptors
Interfaces
PyRosetta™2193  Python interface to Sergey Lyskov
C++ codebase
RosettaScripts'77.19 XML-scripts Sarel Fleishman
4 interface to C++
codebase

InteractiveRosetta GUI for main Benjamin Walcott

195 PyRosetta
applications
Foldit video game for ~ Seth Cooper,
Standalone’#6-19%9  playing, teaching, Firas Khatib
and modeling
ROSIE server204205 super-server Sergey Lyskov,

Rocco Moretti,
Shane O'Connor

hosting numerous
Rosetta protocols
webservers
Miscellaneous
Metalloproteins2062 structure prediction Vikram Mulligan
07 or design involving
metal ions

Lab developed

Richard Bonneau*

Richard Bonneau*

Richard Bonneau*

Richard Bonneau*

Richard Bonneau*

Jeffrey Gray

Documentation

https://www.rosettacommons.org/docs/latest/rosetta
basics/scoring/AACompositionEnergy

https://www.rosettacommons.org/docs/latest/rosetta
basics/scoring/Repeat-stretch-energy

https://www.rosettacommons.org/docs/latest/rosetta
basics/scoring/VoidsPenaltyEnergy

https://www.rosettacommons.org/docs/latest/rosetta
basics/scoring/NetChargeEnergy

https://www.rosettacommons.org/docs/latest/rosetta
basics/scoring/BuriedUnsatPenalty

http://www.pyrosetta.org

Protocol capture / demo Limitations

Rosetta/main/tests/integration/tests/hbnet_energ
y_symm

Supp to 113191 slows down design by a factor of 2-5 while
raising design efficiency; expertise required
for effective use

slows down design by a factor of 2-5 while
raising design efficiency; expertise required
for effective use
slows down design by a factor of 2-5 while
raising design efficiency; expertise required
for effective use
slows down design by a factor of 2-5 while
raising design efficiency; expertise required
for effective use

slows down design by a factor of 2-5 while
raising design efficiency; expertise required
for effective use

greater programming knowledge and
familiarity with Rosetta C++ codebase

Sarel Fleishman*** https://www.rosettacommons.org/docs/latest/scripting https://www.rosettacommons.org/demos/latest/tu not a complete programming language as

Chris Bystroff

Seth Cooper***,
Firas Khatib***

Jeffrey Gray

Richard Bonneau*

documentation/RosettaScripts/RosettaScripts

www.github.com/BystroffL ab/InteractiveROSETTA
(https://github.com/BystroffLab/InteractiveROSETTA/t
ree/master/InteractiveROSETTA/help )

http://fold.it/standalone

http://rosie.rosettacommons.org/documentation

https://www.rosettacommons.org/docs/latest/rosetta
basics/non_protein residues/Metals
https://www.rosettacommons.org/docs/latest/scripting
documentation/RosettaScripts/Movers/movers _page
s/SetupMetalsMover
https://www.rosettacommons.org/docs/latest/scripting
documentation/RosettaScripts/Movers/constraint ge
nerators/MetalContactsConstraintGenerator

torials/scripting with rosettascripts/scripting wit loops control flow, conditional logic etc. are
h_rosettascripts limited and clunky, yet easy to learn;
https://www.rosettacommons.org/demos/latest/tu intended for linear protocols
torials/advanced scripting with rosettascripts/a

dvanced scripting with rosettascripts

not highly used; error-prone, especially
interface with PyMol; uses outdated version
of PyRosetta; not well supported

207 Schrodinger, Gaussian, GAMESS provide

more accurate modelling of precise metal
geometry and energies but QM methods
are too slow to allow large scale sequence
and conformational sampling that Rosetta
allows

Competing methods

ProteinShop2% (no longer
supported), Coot2* for
electron density, UCSF
ChimeraX2:2 for some
applications, maybe
PyMol203

N/A

Schrodinger®s,
Gaussian'¢’, GAMESS'88
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Method
Waters208

SimpleMetrics

AmbRose

RosettaRC

Use

modeling explicit
water molecules in
conjunction with
beta_nov16
scoring function
framework for
running various
analyses in
RosettaScripts with
output to score
files

Python tool for
interconversion
between Amber
and Rosetta
user-specific
configuration for
Rosetta setup

Developer(s)
Ryan Pavlovicz

Jared Adolf-
Bryfogle

Kristin Blacklock,
Aliza Rubenstein,
Michael Szegedy

Jared Adolf-
Bryfogle

Lab developed
Frank DiMaio

Bill Schief

Sagar Khare

William Schief

Documentation Protocol capture / demo

https://www.rosettacommons.org/docs/latest/scripting
documentation/RosettaScripts/Movers/WaterBoxMo
ver

https://www.rosettacommons.org/docs/latest/scripting
documentation/RosettaScripts/SimpleMetrics/Simple
Metrics

https://www.rosettacommons.org/docs/latest/AmbRos Rosetta/tools/AmbRose
e

https://www.rosettacommons.org/docs/latest/rosetta
basics/running-rosetta-with-options#common-options-
and-default-user-configuration

* the main developer(s) in this lab was/were formerly in the lab of David Baker when this application was developed
** the main developer now has his/her own lab
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Limitations

Competing methods

N/A
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Summary of additional protocols

Predicting protein structures

fragment picker

Since optimizing the fragments for structure prediction can improve model quality, the original fragment picker application
was re-implemented as an object-oriented framework that is vastly more flexible and allows incorporation of various types
of restraints from secondary structure prediction or experimental data, for instance from NMR chemical shifts'.

Small molecule ligand docking

Rosettaligand

Recent improvements to the algorithm rely on a low-resolution sampling step via the TransformMover, which combines
translational and rotational perturbations in a single step, and using scoring grids for energy evaluation®. Further, the
algorithm allows backbone flexibility, mimicking the induced fit hypothesis3'. On a benchmark of 43 complexes, this new
algorithm demonstrated an enhanced docking success by 10-15% with an effective 30-fold speedup over the original
Rosettaligand performance, enabling virtual high-throughput screening (vHTS) of medium-sized ligand libraries in the order
of low hundreds of thousands of ligands.

DARC

Alternatively, these pockets can also be used for Rosetta’s Docking Approach using Ray Casting (DARC*3) method. DARC
uses ray-casting to rapidly position a ligand in the protein surface pocket*3; by iterating over many candidates, DARC
provides a means for very rapid virtual screening. DARC has also been adapted for GPUs*, and the newer implementation*®
includes features that provide improved performance in virtual screening benchmarks.

Protein design

LooDo

Multifunctional proteins such as biosensors, bioswitches and tunable affinity clamps can be designed via loop-directed
domain insertion (LooDo). Loodo allows inserting a domain into another by two flanking linker regions®, which are sampled
via fragment insertion to determine relative positioning of the domains. This is followed by generalized kinematic loop
closure (GenKIC, see below) and enzyme design to optimize the interface.

curved beta-sheet design

De novo protein design is somewhat easier for structures consisting of highly regular helices and sheets as their design
principles are better understood. In contrast, designing curved and twisted -sheets requires a deeper understanding of the
structural irregularities that enable them. These principles were implemented in the curved p-sheet design method to design
a variety of protein folds with curved sheets (Figure 3A), creating pockets suitable for tailoring ligand-binding and enzymatic
active sites'?.

fold_from_loops

This approach has been used for antibodies and for vaccine design® using the fold_from_loops application, where the
functional motif is used as a starting point of an extended structure that is folded following the constraints of a target topology.
Iterative refinement is carried out via sequence design and structural relaxation before filtering and human-guided
optimization.

Protein interface design

CoupledMoves

Designing ligand-binding interfaces in proteins is challenging due to inaccuracies in the energy function (and implicit
solvation), the flexibility of ligands, and the sensitivity of protein-ligand interactions to even subtle conformational changes?®°.
Flexible backbone design methods that use pre-generated ensembles as a starting point for design®?'"® perform poorly in
benchmarks, likely because the ensemble does not accurately describe the unbound-to-bound conformational changes.
The CoupledMoves protocol couples backbone flexibility with changes in sidechain rotamers or ligand orientation or
conformers, and leads to substantial improvements in various benchmarks?'°.

Modeling peptides and peptidomimetics

FlexPepDock

FlexPepDock addresses this problem by allowing targeted sampling of the peptide flexibility during its docking into a given
binding site, either by refining an approximate peptide conformation (FlexPepDock refinement'%?), or by full ab initio
sampling of the peptide conformation (FlexPepDock ab initio'®®). Peptide docking is especially challenging when the binding
site on the receptor is unknown. However, it can be simplified based on the observation that (for peptides built from canonical
amino acids) the bound peptide conformation is often included in the fragments generated by the FragmentPicker.
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PeptiDerive

Many protein-protein interactions (PPI) are mediated by often disordered peptide segments that are responsible for most of
the binding energy'221-213_ pPeptiDerive''! detects such segments in a PPl complex through a sliding window approach.
PeptiDerive was extended to cyclized peptides and is available on the ROSIE?® server.

MFPred

Multi-specificity is common at protein-peptide interfaces, meaning that the protein can interact with multiple substrates at
the same interaction site. This can be exploited for identifying and designing novel substrates. Multi-specificity can be
modeled with MFPred''4, which is a rapid, flexible-backbone self-consistent mean field theory-based technique. MFPred
can predict experimentally determined peptide specificity profiles for a range of receptors, at equivalent or better prediction
accuracy and a 10- to 1000-fold lower computational cost when compared to other methods.

Loop modeling for structure prediction and design

LoopHashKIC + ConsensusLoopDesign

Most Rosetta loop modeling algorithms were primarily developed for structure prediction. However, design constitutes the
opposite problem, finding low-energy sequence—structure combinations that satisfy certain design goals. LoopHashKIC?'4
addresses this problem and uses the Rosetta LoopHash algorithm?'® to efficiently query a database of loop conformations
based on rigid-body transforms between the first and last loop residues. LoopHashKIC uses LoopHash to identify a suitable
peptide fragment, and then uses KIC to find an exact solution to close the backbone. To improve the local sequence-
structure compatibility in de novo designed loops, the ConsensusLoopDesign task operation accessed through Rosetta
Scripts allows a user to restrict the amino acid identities of loops based on sequence profiles of naturally occurring loops
with the same region of backbone dihedral angle space (Ramachandran bins)'?3,

Modeling antibodies and other proteins in the immune system

RosettaMHC

RosettaMHC?'® utilizes homology modeling and energy minimization to predict structural complexes of antigen/MHC-
I/(chaperone or TCR) molecules. It is able to predict peptide antigens that bind to all known MHC-I%8 alleles and models
peptide/MHC-I structures®. RosettaMHC is implemented in PyRosetta.

RosettaTCR

RosettaTCR®® generates models of TCRs from sequence, via template identification, grafting of loop templates onto
framework regions, and minimization and loop refinement. RosettaTCR permits structural insights into TCRs, for example
those targeting cancer neoepitopes®'’, or to identify feature sets of TCRs from high throughput sequencing. RosettaTCR
can be combined with docking to generate models of TCR-peptide-MHC complexes?'® or TCRs in complex with non-peptide
antigens bound to MHC-like proteins?'®.

Using experimental data to direct modeling

cryoEM de novo

A de novo method described by Wang et al. applies a model building approach'?® for density maps between 3-5A that fits
fragments into densities and scores their match based on secondary structure, fit with density, loop closure, clashes and
consistency between overlapping fragments to assign sequence into densities. While this method requires >70% of the map
to be assigned initially, an updated version of this method, the RosettaES'?® enumerative sampling approach, forgoes this
requirement.

cryoEM iterative refinement

One method'?® iterates between refinement with Phenix in reciprocal space to physically plausible conformations, and
Rosetta in real space, because Rosetta’s all-atom scoring function compensates for the lack of high-resolution data, while
the density map restrains backbone and side-chain sampling in real space. Refinement can also be seeded from homology
models, followed by density-guided rebuilding and refinement of coordinates and B-factors?%°.

Limitations of Rosetta protocols that include experimental data into modeling

Overall limitations of incorporating experimental data into Rosetta are somewhat historical as no single framework combines
the use of all types of experimental data; the restraint framework is the common denominator for some data types. Utilization
of experimental data has been approached by various labs (typically with experimental expertise in these domains) over
many years, with developers having different skill levels in software engineering and preference of user interface, so
unfortunately no single ideal solution exists. For example, cryoEM is implemented into the C++ restraint framework, which
also holds distance restraints, for instance from NMR or EPR. Other types of NMR data were implemented via the CS-
Rosetta framework (typically run through a Python interface), except paramagnetic data, which had a separate C++
implementation. The same is true for mass-spec data, one implementation exists in C++, the other as a Python interface
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outside of Rosetta. Further limitations are that experimental data is often implemented as separate score terms, slowing
down sampling and scoring, and most methods are limited by the size of the biomolecule. However, one of our software’s
advantages is that its fragment assembly approach is capable to handle sparse data.

Modeling nucleic acids and their interactions with proteins

FARFAR

The Fragment Assembly of RNA with Full-Atom Refinement (FARFAR) structure prediction protocol'®®160 also permits
working with chemically modified nucleotides, picking fragments for the most chemically similar base available'®?.
Homologous fragments can automatically be eliminated from fragment sets to give pseudo-blind prediction results'?. As
another connection of Rosetta’s RNA tools to experimental structural biology, 'H NMR data can be used for RNA modeling
via the CS-Rosetta-RNA protocol ¢4,

Scorefunction

AmbRose

Further, a consensus scoring method, which utilizes the semi-orthogonal nature of the Rosetta and Amber energy functions,
was developed for model ranking to identify most near-native models??' from the pool of generated decoys. This approach
led to the development of a Python-based tool (AMBRose) for interconversion between Rosetta and Amber models to
facilitate consensus scoring.

Additional information about user interfaces

command line

Structure input and output was enhanced by the ability to read and write mmCIF files (via an external library) using the same
mechanisms as PDB files, which permits representation of large complexes that are ill-suited for the PDB format (e.g. the
ribosome). This comes with the ability to read the Protein Databank's Chemical Component Dictionary, the description of
the chemical composition of residues in the officially released PDB structures. Multithreading support has been added,
which required a major refactor of its core architecture for thread-safety, allowing shared-memory parallelism. Multithreading
is currently available for specific protocols (simple_cycpep_predict) with planned expansion to other applications (including
the JobDistributor jd3).

RosettaScripts

RosettaScripts' is a popular scripting interface that uses Extensible Markup Language (XML) to build fairly complex
protocols using core machinery??2, Comprehensive knowledge of the codebase is unnecessary since most of the underlying
modules'”” have been thoroughly documented — documentation is now also generated using XML schema, which validates
the RosettaScripts XML files at runtime. RosettaScripts was further extended and generalized to enhance consistency:
ResidueSelectors enable selection of residues based on specific properties such as chain, amino acid, secondary structure,
index, solvent accessible surface area, and others, and can be used in conjunction with MoveMapFactories, which control
a structure’s flexibility during energy minimization. ResidueSelectors are also accepted by TaskOperations which control
side-chain identity and optimization. A more general analysis tool, SimpleMetrics, allows custom analyses of models through
RosettaScripts and writes the output into the scorefile. The SimpleMetrics system is more integrated and robust than
previous tools, such as the InterfaceAnalyzer or the FeaturesReporter.

PyRosetta

PyRosetta'®>'% is a collection of Python bindings to the source code, exposing ~7,400 classes and 88,000 functions.
PyRosetta allows custom protocol development that is flexible and fast, but it requires familiarity with the underlying structure
of the codebase. Not all of options available in RosettaScripts have corresponding API-level configuration, so in order to
take full advantage of those protocols, PyRosetta can now configure objects using RosettaScripts XML. This brings the
added advantage of harmonizing the documentation across multiple interfaces.

InteractiveROSETTA

InteractiveROSETTA'® is a graphical interface for PyRosetta that presents easy-to-use controls for several of the most
widely-used protocols alongside a selection system that uses PyMOL as a visualizer. InteractiveROSETTA is capable of
interacting with remote servers running a standalone Rosetta install, rendering it easy to incorporate more sophisticated
protocols that are not accessible in PyRosetta and/or require significant computational resources.

Foldit Standalone

Foldit Standalone'®®'% is a graphical interface based on the Foldit video game'®" % Foldit Standalone provides several

interactive structure manipulations, including pulling directly on the structure, rigid body docking, and residue mutation,

insertion and deletion. Users can apply hard and soft constraints that guide automated moves such as packing and

minimization, and provides real-time scoring updates as the structure changes. Additional features include multiple

sequence alignments for template-based modeling, along with electron density-, Ramachandran-, and contact-map
13



visualizations. Further, scientists and educators can now run their own custom Foldit puzzles for a group of their choosing,
a new feature called “Custom Contests"?2.

Usability and debugging

Command line executables accept a -info option, which prints relevant options for the current application in RosettaScripts,
and debugging command lines is facilitated by improved error messages. Default, system-wide options (e.g. database
paths) can now be specified in a rosetta.rc file. Lastly, code development in C++ is now easier with the help of available
code templates that create much of the boilerplate code required to extend the software.
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