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Goals for this Talk

1. General Rosetta Concepts:
• How do I run basic Rosetta applications?
• Input/Output: file types, options, etc. 

2. Learn where things are in Rosetta

3. Introduce RosettaScripts for custom protocol design

Please ask questions as they come up!



Notice these files are located outside of Rosetta--you do 
NOT want to store your input/output files in the Rosetta 
directories

Tip: Open each file in your favorite text editor (gedit, vim, 
emacs, etc.) as we introduce them through the talk

This talk is located in:
~/rosetta_workshop/tutorials/short_talks/navigating_rosetta_IO.pptx

Example files are located in:
Files for this talk are in ~/rosetta_workshop/tutorials/short_talks/RosettaIO/



How do I get Rosetta?

▪ https://www.rosettacommons.org/software/license-and-download

▪ Weekly Releases: (e.g. “2020.07”)

▪ Latest version of the code, released roughly every week

▪ Every revision passes scientific performance tests

▪ Numbered Releases (e.g. “3.12”)

▪ A weekly release that’s relabeled, released roughly every 6 months

▪ All tutorials use version 3.12 

▪ Links to documentation, forum and demos:

▪ https://www.rosettacommons.org/docs/latest/Home

▪ https://www.rosettacommons.org/demos/latest/Home

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/demos/latest/Home
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Every command has the same basic layout:

<path_to_rosetta>/main/source/bin/<app_name>.default.linuxgccrelease –arg1 –arg2

Arguments consist of multiple things:

1. Point to input files

2. Point to where you want output files to go

3. Other arguments are protocol-dependent

How do I run a Rosetta command?

Arguments/flags/optionsPath to the Rosetta application



A simple Rosetta command:

▪ cd ~/rosetta_workshop/short_talks/RosettaIO/

▪ Scoring 1qys (https://www.rcsb.org/structure/1QYS)

▪ Crystal structure of Top7: A computationally designed protein with a novel fold

7Kuhlman B, Dantas G, Ireton GC, Varani G, Stoddard BL, Baker D. Design of a novel globular protein fold with atomic-level 
accuracy. Science. 2003;302(5649):1364-1368. doi:10.1126/science.1089427

<path_to_rosetta>/main/source/bin/score_jd2.default.linuxgccrelease –in:file:s 1qys.pdb -out:pdb > 1qys_score.log 

▪ Inputs:
▪ Running score_jd2 application, which simply scores in the input protein

▪ -in:file:s 1qys.pdb : tells Rosetta we’re inputting the 1qys.pdb PDB file

▪ -out:pdb argument tells Rosetta that we want to save the output PDB file of the scored protein

▪ > 1qys_score.log : print terminal output to file called 1qys_score.log

▪ Outputs: 
▪ 1qys_0001.pdb : output PDB

▪ score.sc : default name for output scorefile

▪ 1qys_score.log: tracer of run AKA what is output to the terminal screen when running command

https://www.rcsb.org/structure/1QYS


PDB files Silent files

• International standard 

• Readable by PyMol, MOE, Chimera, etc

• One line per atom

• Useful for small number of structures

www.wwpdb.org/documentation/file-format

• Specific to Rosetta

• Compact

• One line per residue

• Useful for archiving many 
structures

• Binary silent files: more compact, 
but not human-readable

https://www.rosettacommons.org/doc
s/latest/rosetta_basics/file_types/silent
-file

Reading structures into Rosetta

Common problem

We make LOTS of structures – PDBs are too big!

http://www.wwpdb.org/documentation/file-format
http://www.wwpdb.org/documentation/file-format
http://www.wwpdb.org/documentation/file-format
https://www.rosettacommons.org/docs/latest/rosetta_basics/file_types/silent-file
https://www.rosettacommons.org/docs/latest/rosetta_basics/file_types/silent-file
https://www.rosettacommons.org/docs/latest/rosetta_basics/file_types/silent-file
https://www.rosettacommons.org/docs/latest/rosetta_basics/file_types/silent-file


Common command line arguments

▪ Common input options:

▪ -in:file:s example.pdb ## input a PDB structure file

▪ -parser:protocol example.xml ## RosettaScripts XML file

▪ -in:file:fasta example.fasta ## input a FASTA sequence file

▪ -in:file:silent example.silent ## input a Rosetta silent file

▪ -nstruct 42 ## produce 42 outputs

▪ Common output options: 

▪ -out:file:silent example_out.silent ## output structures to silent file

▪ -out:file:scorefile example_out.sc ## output scorefile for run



Examples of output: the scorefile

score.sc
• One output per line—name of output is in the very last column

• Each column defines a specific score term for the respective output structure

• Second column is the “total_score”

• The following columns are individual scoreterms (described in detail in later talk)

• Excerpt of example scorefile here, but recommend you look at your own score.sc output file



Examples of output: the output PDB
1qys_0001.pdb
• One atom/line just like normal PDBs

• Scroll to the bottom and there is per residue score information



Examples of output: Tracer output (log files)
1qys_score.log
• Shows exactly the command line you are running at the beginning

• Which databases are being used, calling protocols, warnings, errors, etc.

• Very useful for debugging to figure out where problems are coming from

• Makes your protocol reproducible!! 



Examples of output: Tracer output (log files)

Options to control tracer output *these files can get very long!*:

▪ Silence certain tracers: 

-mute core.chemical.ResidueTypeSet

▪ Change verbosity level (Error/Warning/Info/Debug/Trace)

-out:levels all:Warning core.init:Info

1qys_score.log



▪ Span File: Defines which residues are in the membrane

▪ Loops File: Identifies the loop residues for loop closure

▪ Params File: Custom parameters for small molecules or non-canonical amino acids

▪ Constraint File: Experimentally derived restraints 

▪ Fragment File: Short protein segments used for comparative modeling and de novo folding

▪ Res Files: Indicates which residue positions should be designed

Other files: application-specific



$ROSETTA/main/source/bin/AbinitioRelax.linuxgccrelease -database 

../../rosetta_database -in:file:fasta ./input_files/1elwA.fasta -

in:file:native ./input_files/1elw.pdb -in:file:frag3 

./input_files/aa1elwA03_05.200_v1_3 -in:file:frag9 

./input_files/aa1elwA09_05.200_v1_3 -abinitio:relax -relax:fast -

abinitio::increase_cycles 10 -abinitio::rg_reweight 0.5 -

abinitio::rsd_wt_helix 0.5 -abinitio::rsd_wt_loop 0.5 -use_filters

true -psipred_ss2 ./input_files/1elwA.psipred_ss2 -kill_hairpins -

out:file:silent 1elwA_silent.out 

-nstruct 10

OR

$ROSETTA/main/source/bin/AbinitioRelax.linuxgccrelease @options.txt

Protocols can get complicated…



$ROSETTA/main/source/bin/AbinitioRelax.linuxgccrelease @options.txt

-in:file

-fasta ./input_files/1e1wA.fasta

-native ./input_files/1e1w.pdb

-frag3 ./input_files/aa1elwA03_05.200_v1_3 

-frag9 ./input_files/aa1elwA09_05.200_v1_3 

-psipred_ss2 ./input_files/1elwA.psipred_ss2 

-abinitio:relax

-relax:fast

-abinitio::increase_cycles 10 

-abinitio::rg_reweight 0.5 

…

-out:file:silent ./output_files/1elwA_silent.out 

-nstruct 10

Use an options file for your runs

Why?
• Easier to read/organize
• Reproducibility! 



Any Questions?
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Rosetta applications do not cover all protocols

meilerlab.org 19

ls /rosetta-3.11/main/source/bin/



Why use a protocol interface to Rosetta?

meilerlab.org 20

• Rosetta applications are specifically developed for a use case

• For a certain scientific task, you might want to:

• Modify an existing protocol

• Combine two protocols

• Make an entire novel protocol



How to Make Custom Protocols

meilerlab.org 21

• C++ - Directly modify the Rosetta source code

• PyRosetta – Python bindings for directly interacting with Rosetta functions 
(http://www.pyrosetta.org/)

• RosettaScripts – XML based interface for creating protocols

http://www.pyrosetta.org/


meilerlab.org 22

A Fair Warning

• Scientific:
• New protocols must be tested and show evidence that they

fulfill their task (benchmarking)

• Technical:
• Not all XMLs/options have been tested in combination​
• Some XMLs require specific options to work​
• Some tinkering expected…



Running Rosetta Scripts

meilerlab.org 23

rosetta_scripts.linuxgccrelease -parser:protocol protocol.xml

The application

Runs whatever procedure is 
dictated in the XML file

The actual protocol

The file that describes your 
experimental steps

Usually, @options file and command line options are added



meilerlab.org 24

RosettaScripts protocol conventions

<ROSETTASCRIPTS>

<SCOREFXNS>

</SCOREFXNS>

<RESIDUE_SELECTORS>

</RESIDUE_SELECTORS>

<FILTERS>

</FILTERS>

<TASKOPERATIONS>

</TASKOPERATIONS>

<MOVERS>

</MOVERS>

<APPLY_TO_POSE>

</APPLY_TO_POSE>

<PROTOCOLS>

</PROTOCOLS>

<OUTPUT />

</ROSETTASCRIPTS>

• XML “eXtensible Markup Language”

• Consists of large level tags and sub-
tags

• Widely used for representing 
hierarchical data

• Everything not in brackets < > is a 
comment

Tip: Run rosetta_scripts without 
options to get template



Learning by example: Ligand Docking

25

<ROSETTASCRIPTS>

<SCOREFXNS>

<ScoreFunction name="ligand_soft_rep" weights="ligand_soft_rep">

</ScoreFunction>

<ScoreFunction name="hard_rep" weights="ligand">

</ScoreFunction>

</SCOREFXNS>

<LIGAND_AREAS>

<LigandArea name="inhibitor_dock_sc" chain="X" cutoff="6.0" add_nbr_radius="true" all_atom_mode="false"/>

<LigandArea name="inhibitor_final_sc" chain="X" cutoff="6.0" add_nbr_radius="true" all_atom_mode="true"/>

<LigandArea name="inhibitor_final_bb" chain="X" cutoff="7.0" add_nbr_radius="false" all_atom_mode="true" Calpha_restraints="0.3"/>

</LIGAND_AREAS>

<INTERFACE_BUILDERS>

<InterfaceBuilder name="side_chain_for_docking" ligand_areas="inhibitor_dock_sc"/>

<InterfaceBuilder name="side_chain_for_final" ligand_areas="inhibitor_final_sc"/>

<InterfaceBuilder name="backbone" ligand_areas="inhibitor_final_bb" extension_window="3"/>

</INTERFACE_BUILDERS>

<MOVEMAP_BUILDERS>

<MoveMapBuilder name="docking" sc_interface="side_chain_for_docking" minimize_water="false"/>

<MoveMapBuilder name="final" sc_interface="side_chain_for_final" bb_interface="backbone" minimize_water="false"/>

</MOVEMAP_BUILDERS>

<SCORINGGRIDS ligand_chain="X" width="20">

<ClassicGrid grid_name="classic" weight="1.0"/>

</SCORINGGRIDS>

<MOVERS>

<Transform name="transform" chain="X" box_size="7.0" move_distance="0.2" angle="20" cycles="500" repeats="1" temperature="5"/>

<HighResDocker name="high_res_docker" cycles="6" repack_every_Nth="3" scorefxn="ligand_soft_rep" movemap_builder="docking"/>

<FinalMinimizer name="final" scorefxn="hard_rep" movemap_builder="final"/>

<InterfaceScoreCalculator name="add_scores" chains="X" scorefxn="hard_rep"/>

</MOVERS>

<PROTOCOLS>

<Add mover_name="transform"/>

<Add mover_name="high_res_docker"/>

<Add mover_name="final"/>

<Add mover_name="add_scores"/>

</PROTOCOLS>

</ROSETTASCRIPTS>

PDB: 2HYY. Image made with PyMOL.



meilerlab.org 26

Breaking down a tag

<MOVERS>

<Transform name="transform" chain="X" box_size="7.0" move_distance="0.2" 

angle="20" cycles="500" repeats="1" temperature="5"/>

... // Some Movers omitted for clarity

</MOVERS>

• Name of mover used

• Name assigned to specific version (can be referenced elsewhere in XML)

• Custom settings

Most tags have required settings or default values, always check documentation!



Protocols

meilerlab.org 27

<PROTOCOLS>

<Add mover_name="transform"/>

<Add mover_name="high_res_docker"/>

<Add mover_name="final"/>

<Add mover_name="add_scores"/>

</PROTOCOLS>

• PROTOCOLS define your order of operations via movers

• Movers can be combined with filters

• Movers can be used more than once in a protocol



meilerlab.org 28

Movers – the core of your protocol

• Movers are the basic building blocks of a RosettaScripts protocol

• Most modify the pose

• Some compute metrics instead (see InterfaceScoreCalculator)

• A single mover can be used more than once

<MOVERS>

<Transform name="transform" chain="X" box_size="7.0" move_distance="0.2" 

angle="20" cycles="500" repeats="1" temperature="5"/>

<HighResDocker name="high_res_docker" cycles="6" repack_every_Nth="3" 

scorefxn="ligand_soft_rep" movemap_builder="docking"/>

<FinalMinimizer name="final" scorefxn="hard_rep" movemap_builder="final"/>

<InterfaceScoreCalculator name="add_scores" chains="X" scorefxn="hard_rep"/>

</MOVERS>



meilerlab.org 29

Score Functions

<SCOREFXNS>

<ScoreFunction name=“ligand_soft_rep” weights="ligand_soft_rep” />

<ScoreFunction name=“hard_rep” weights="ligand”>

<Reweight scoretype="fa_intra_rep” weight="0.004"/>

<Reweight scoretype=”fa_elec” weight="0.42"/>

</ScoreFunction>

</SCOREFXNS>

• Different parts of a protocol can use different score functions

• Standard score functions can be modified (see Reweight)

The Rosetta all-atom energy function for macromolecular modeling and design. JCTC 2018.



Putting it all together

30

<ROSETTASCRIPTS>

<SCOREFXNS>

<ScoreFunction name="ligand_soft_rep" weights="ligand_soft_rep">

</ScoreFunction>

<ScoreFunction name="hard_rep" weights="ligand">

</ScoreFunction>

</SCOREFXNS>

<LIGAND_AREAS>

<LigandArea name="inhibitor_dock_sc" chain="X" cutoff="6.0" add_nbr_radius="true" all_atom_mode="false"/>

<LigandArea name="inhibitor_final_sc" chain="X" cutoff="6.0" add_nbr_radius="true" all_atom_mode="true"/>

<LigandArea name="inhibitor_final_bb" chain="X" cutoff="7.0" add_nbr_radius="false" all_atom_mode="true" Calpha_restraints="0.3"/>

</LIGAND_AREAS>

<INTERFACE_BUILDERS>

<InterfaceBuilder name="side_chain_for_docking" ligand_areas="inhibitor_dock_sc"/>

<InterfaceBuilder name="side_chain_for_final" ligand_areas="inhibitor_final_sc"/>

<InterfaceBuilder name="backbone" ligand_areas="inhibitor_final_bb" extension_window="3"/>

</INTERFACE_BUILDERS>

<MOVEMAP_BUILDERS>

<MoveMapBuilder name="docking" sc_interface="side_chain_for_docking" minimize_water="false"/>

<MoveMapBuilder name="final" sc_interface="side_chain_for_final" bb_interface="backbone" minimize_water="false"/>

</MOVEMAP_BUILDERS>

<SCORINGGRIDS ligand_chain="X" width="20">

<ClassicGrid grid_name="classic" weight="1.0"/>

</SCORINGGRIDS>

<MOVERS>

<Transform name="transform" chain="X" box_size="7.0" move_distance="0.2" angle="20" cycles="500" repeats="1" temperature="5"/>

<HighResDocker name="high_res_docker" cycles="6" repack_every_Nth="3" scorefxn="ligand_soft_rep" movemap_builder="docking"/>

<FinalMinimizer name="final" scorefxn="hard_rep" movemap_builder="final"/>

<InterfaceScoreCalculator name="add_scores" chains="X" scorefxn="hard_rep"/>

</MOVERS>

<PROTOCOLS>

<Add mover_name="transform"/>

<Add mover_name="high_res_docker"/>

<Add mover_name="final"/>

<Add mover_name="add_scores"/>

</PROTOCOLS>

</ROSETTASCRIPTS>



meilerlab.org 31

Filters

<FILTERS>

<ScoreType name=“score_type_filter” scorefxn=“score12” score_type=“total_score” 

Threshold=“-500” />

<AverageDegree name=“avg_deg” threshold=“8” distance_threshold=“10”

task_operations=“rtiv” />

</FILTERS>

• Can pass/fail an output structure

• Stop a run earlier if the output will be bad.

• Also can be used to compute protein metrics



Fine-Tuning with Task Operations

meilerlab.org 32

<TASKOPERATIONS>

<ReadResfile name=“rrf” filename=“resfile” />

<RestrictToRepacking name=“rtrp” />

<RestrictResidueToRepacking name=“restrict_Y100” resnum=“100” />

</TASKOPERATIONS>

<MOVER>

<PackRotamersMover name=“repack1” taskoperations=“rtrp” />

<MOVERS/>

PackRotamersMover
(repacks by default with every possible side chain, i.e. it does not care about the amino acid 
identity)

PackerTask

TaskOperations
Restrict the Packer to do what you want it to do
(select residues, define design tasks, etc.) 



Residue Selectors

meilerlab.org 33

<RESIDUE_SELECTORS>

<Chain name=“chA” chains=“A”/>

<Index name=“res1to10” resnum=“1-10”/>

</RESIDUE_SELECTORS>

<MOVERS> 

<PackRotamersMover name=“repack1” taskoperations=“rtrp” />

</MOVERS>

• Selects a subset of the system for Rosetta to operate on

• There are overlaps with other XML parts (example: a mover may define residues in its own way)



How RosettaScripts parses protocols

meilerlab.org 34

• At initialization

• Movers, filters, scoring functions, etc. are initialized

• For each input job

• Movers and filters are executed in the order specified in 
PROTOCOLS

• Movers are not aware of one another

• Jobs are not aware of one another

• Only YOU are aware



-parser:script_vars resfile=$arrayfile.resfileVariable substitution

meilerlab.org 35

<ROSETTASCRIPTS>

<SCOREFXNS>

<ScoreFunction name="ref2015" weights="ref2015.wts" >

</ScoreFunction>

</SCOREFXNS>

<TASKOPERATIONS>

<InitializeFromCommandline name="ifcl" />

<ReadResfile name="rrf" filename="%%resfile%%"/>

</TASKOPERATIONS>

<MOVERS>

<PackRotamersMover name="design" scorefxn="ref2015"

task_operations="ifcl,rrf" />

</MOVERS>

<FILTERS>

</FILTERS>

<APPLY_TO_POSE>

</APPLY_TO_POSE>

<PROTOCOLS>

<Add mover="design" />

</PROTOCOLS>

<OUTPUT scorefxn="ref2015" />

</ROSETTASCRIPTS>

/rosetta/main/source/bin/rosetta_scripts.default.linuxgccrelease

-parser:script_vars resfile=A105T.resfile -parser:protocol design.xml -s model.pdb



Other Useful Features

meilerlab.org 36

• Rewrite old Rosetta XML scripts

• tools/xsd_xrw/rewrite_rosetta_scripts.py

• Validate your XML scripts

• https://www.rosettacommons.org/docs/latest/application_documentation/rosetta_scripts/vali
date_rosetta_script

• Automatically runs when RosettaScripts starts

https://www.rosettacommons.org/docs/latest/application_documentation/rosetta_scripts/validate_rosetta_script
https://www.rosettacommons.org/docs/latest/application_documentation/rosetta_scripts/validate_rosetta_script
https://www.rosettacommons.org/docs/latest/application_documentation/rosetta_scripts/validate_rosetta_script


Documentation

meilerlab.org 37

RosettaScripts documentation

https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/RosettaScripts

Descriptions of Movers

https://www.rosettacommons.org/docs/latest/scripting_documentation/RosettaScripts/Movers/Movers-
RosettaScripts

Original reference
Fleishman, Sarel J., et al. "RosettaScripts: a scripting language interface to the Rosetta macromolecular 
modeling suite." PloS one 6.6 (2011): e20161.
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