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We have developed LOOS (Lightweight Object Oriented  Lightweight - Easy to use Defining The Systemi(Model) Tracking Motion of/Two]RroteintSegments)
Structure-analysis) as a tool for making new tools to analyze - Tool developers only need 4 core classes: - Complex tools with minimal code
molecular simulations. LOOS is an object-oriented library de- Coord, Atom, AtomicGroup, - Python interface to core library —Gour s Pyehon
signed to facilitate the rapid development of new methods for Trajectory - Rapid development of new tools operator import loos
. . . - iage - i operator- import math
structural analysis. LOOS includes over 130 pre-built tools for Few external dependencies: Templates for writing new engi)
common structural analysis tasks. LOOS supports reading the SB\(/)\ZZ;’;I?IM’C?II:IS/ IaPaCkI f|_°°||s for CO'I?';'C’“ cases ra"d°mT° o windacncs oy systen.file - sys.argul1
. . . . et optiona - lools are selt-documentin it . =T L .

native file formats of most common simulation packages and , , (0p ) , , § Atom \? e Read Command Line sel_stringl = sys.argv[3]

: , - All available via package system on Linux (embedded detailed help) GCoor0 updateGroupCoords() sel_string2 = sys.argv[4]
can write NAMD formats (PDB and DCD). A dynamic atom se- pacieags Sy . P . 0 seekFrameimpl( o intﬁs s.argv[5])
lection language, based on the C expression syntax, is included - Consistent command line options =i 0 R gl B

g g .’ ] . P . )’ ’  Extensible across tools charge() /erevﬁ’iﬁﬁ’SB"x() precisior)gc system = loos.createSystem(system_file)
as part of the library and is easily accessible to both the pro- - Polymorphic classes “BB:‘#‘(’) [ AmberNetCDF ] fead”ameg% Create System traj = 1<1>os.createT_rajec_tory(traj_ﬁk}e, szstem) ;
d the end user. LOOS is written in C++ and makes - - : koo ptraj = loos.PyTraj(traj, system, skip = frames_to_skip)
grammer an - - Algorithm encapsulation « Multiplatform Support
extensive use of Boost and the Standard Template Library. - Design patterns for easy extension - Linux e e —— Select "Domains" R e S S
. . . vector<pAtom> crygtaIParams() pressure() i c y ’ — g
Through modern C++ design, LOOS is both simple to use - MacOS X operator) nativeFormat forces0 .
iring k led f only 4 I daf ili * Powerful Wind i CPlByRoticuc e el Loop Over Trajectory for frame in ptraj:
(requiring knowledge of only 4 core classes and a few utility . u | - Windows (cygwin) ) L B o o e
functions) and easily extensible. A Python interface to the core - Rich atom selection language periodicBox() curentbramed e = BRSO
. . . . reimage() _ centroid2 = sel2.centroid()
components of LOOS is also available, further facilitating rapid - Parser built using standard Unix tools * Multipackage Support P AT Compute Distance
. . - Man useful member functions - CHARMM/NAMD . Amber r?;cs;c:?()a oS [ TinkerXYZ | currentName() diff = centroid2 - centroidl
development of analysis tools and broadening the LOOS com- 4 _ . . . a0 principalesl distance = diff.lengthO
munity by making it accessible to those who would otherwise - Shared Atoms via Boost shared pointers - Amber (including NetCDF)
: : : , * Simplifies memory management - GROMACS/MARTINI # Compute angle between principal axes
be deterred by using C++. LOOS also includes a set of libraries , , , , vectorsl = sell.principalAxesO)
. . , * Copies are lightweight - Tinker GROMACS PDB [ PSF ] axisl = vectorsilo
. [@]

and tools for performing elastic network model calculations ie() romarks)

Easy to extend unitCell) Compute Angle

showCharge()

Standard Template Library support e
: vectors2 = sel2.principalAxes()
autoTerminate()

Support for basic periodicity operator<<() axis2 = vectors2[0]
angle = math.acos(axisl * axis2) * 180/math.p1i

that are easily extended to accommodate new methods.

# Compute torsion between principal axes

Y ] ] PR e
BundIEd TOOIS SeIeCtlon Language Developlng W|th LOOS Compute Torsion EZ = centroid2 + axis2

tors = loos.torsion(pl, centroidl, centroid2, p2)

Based upon C/C++ expressions * Substring and pattern matching via .
Built using lex & yacc regular expression operator =~ I

Over 130 tools total, including 4 packages and 60 core tools

Core Tools Availabl o f . w; I | N b . print ptraj.currentIndex(), distance, angle, tors
l Optimally ali i ' . J la Tunction r ° mber extraction rator => : : - -
e S e Avalable via function cal for all tools  + Number extraction operator -> + Flat hierarchy + Core library avalable in Python
(o : : * * - . . -
density-dist  Electron, mass, or charge density along the z-axis Ke ect atjongs V|adatom metadata ;DlmP e:j( >€ edctlonshc?ln s stored In - AtomicGroup can be a residue, ¢ Support for shallow and deep copies Benchmarks
merge-traj  Merge, recenter, & subsample trajectories * Keywords bound to atom properties a file and used via shell substitution . : :
order_parameters  Order parameters analogous to *H quadrupolar splitting for lipid chains yc\iN PTOP C . f i . Chaln, molecule, S)’Stem, <o y Contalner classes are |terab|e
rdf  Radial distribution function -1Q, name, resname, ¢ onvenience tunctions iIn ° B e : : : . : M
uilt-in functions recover hierarchy: ¢ STL containers explicitly wrapped
rmsds  All-to-all RMSD - : : i
resi i AtomicGr reduce selection -
svd  Singular Value Decomposition of a trajectory (PCA) S eSI ICiI Seg d to | CG oup - SplltBYMOleCUle (), cen o Use NumP)’ rather than LOQOS for System
5 . . . . . : ° . . .
% xy_rdf  Radial d|str|btéc;vaeu:gc:::emPt‘:\:k)z;zlane peff (iywrfr ) ods - Con;-l? E);lt)’R » ( ) linear algebra/matrlces Task Language LfB Opsin GPCR-
'-E block_average  Block average of arbitrary time-series data - a ’ one, Y °ge Spll e]S-l ui (’) e Use factor)’ functions to read models PYTraJ Wraps a TrajectorY Complex
() coscon  Cosine content of a trajectory Splil tBYMO ecule y ooe . . . lterativelv Alian Struct C 3 58 576
% decorr_time  Decorrelation time of a trajectory e Selecti . h d at and tra]eCtorleS - Use fOI"-lOOP to process tra]eCtorY S AR Se s i ° S °
ﬁ bcom, boot_bcom  Block Covariance Overlap Method for determining convergence & sampling Select non-hydl‘ogen atoms Selec !On IS a copy (S are a’ oms) * Write out a PDB b)l Printing it - Sk|P the first n-frames Python 20s 80s 394s
9 * Selection can occur at any time - . . . . . o
g blobid  Segment a density grid and find non-contiguous blobs of density !hydrogen .S ():Il i d * DCDWriter writes tl"a]eCtOrleS - Stride thr'ough tra]ectory All-to-all RMSD C++ 91s 170s 484s
9 grid.2xplor Convert <‘:Iensity grid to X-plor eIec.tron density map format for visualization ame S)'ntax on command lin€ an e ASCIl Matrix I/O Compatible with o PyAllgnedTraJ wraps Optlma”)’ Python 148s 233s 534s
c gridmask  Apply a binary mask to a density grid inside COde ] . . _ _
near_blobs  Find residues that are near a blob for a trajectory Select CA atoms gnUP|0t and MATLAB/Octave allgned virtual tr'ajector'y Inter-atomic Distance C++ g o soe
water-hist  Density histogram for atoms in a trajectory e " _ : : Pvthon Os 6s 37s
B oo i Models name == "CA | o | Ite.ratlve gllgnment procedure y
anm  Anistropic Network Model * Typical analysis idiom defines system - Align desired subset of atoms Trajectory Size (GB) 0.15 2.25 12.19
i Visualize ENM i b [ j fi ENM soluti . . . )
A Sub:"y‘:::f;ﬂﬁ;‘;:em'"gatra’ecmry or an BT solution Select backbone atoms and loops over trajectory - Apply alignment transformation to System Size (Atoms) 2,746 47,210 276,122
Hydrogen Bonds name =~ "~ (C|O|N|CA)S" - Trajectory class is an iterator frame (or subset) Number of Frames 4,285 4,058 3,678
hbonds  Find occupancies of putative hydrogen bonds in a trajectory U CI . d ” . ) )
hcontacts  Time-series of possible intra- and inter-molecular hydrogen bonds - P atlng S)’Stem UP ates a COPleS Selection Size (Atoms) 24 205 1,076
hcorrelation ~ Time-correlation of putative hydrogen bonds Select heavy atoms from a range of residues (selected atoms)
(resid >= 10 && resid <= 20) && 'hydrogen
. L. . . . . . Simulation Convergence Membrane N ..
System Visualization Water Density Lipid Density Elastic Network Models All-to-All RM S% Properties Principal Components Transition Contacts
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customfsoftware water-=hist water-=hist ANMY7VSAY(rebond) rmsds membranefmap svdi&’porcupine customfsoftware




