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Overview

¥ OEGraphSim Fingerprints
PEMACCS
PILINGO
Pl Path-based

¥ Storing Fingerprints
¥ Similarity Search using OEFPDatabase
¥ Performance & validation

¥ Fingerprint Similarity Measures
Bl Built-in, user-defined

¥ User-defined path fingerprint
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MACCS Keys

¥ 166 bit fingerprint
¥ Each bit is associated with a predefined SMARTS pattern

MACCS FP generation = e E

substructure search ]

@ E

OEMakeFP(fp, mol, OEFPType _MACCS16p
OEMakeMACCS166FP(fp, mol)
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¥ Based on the fragmentation of canonical isomeric SMILES
Into overlapping substrings

¥ Similarity concept (similar SMILES equal similar structures)

LINGO FP generation =

SMILES generation N . N &
Vs | I |
clcc([nH]c1)N clcc([nH]c1)O

OEMakeFP(fp, mol, OEFPType_Lingo )
OEMakeLingoFP(fp, mol)
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¥ No predefined pattern dictionary
¥ Exhaustively enumerate all paths in a molecule

Path FP generation =
enumerating paths

N SO0 s AN
+ hashing

E.é///.%./

_____________ collision

OEMakeFP(fp, mol, OEFPType_Path)
OEMakePathFP(fp, mol)
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#!/usr/bin/env python
import  sys

from openeye.oechem
from openeye.oegraphsim

import  *
import  *

ifs = oemolistream(sys.argv[1])
ofs = oemolostream(sys.argv|[2])
if ofs.GetFormat() '= OEFormat_OEB:

OEThrow.Fatal("

fp = OEFingerPrint()

for mol
OEMakeFP(fp, mol,
mol.SetData(tag, "

Output file has to be an oeb

in ifs.GetOEGraphMols():

OEFPType_ Path)
PATH_FP, fp)

OEWriteMolecule(ofs, mol)
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Create an OEB file
that stores molecules
along with their path

fingerprint.

Import OEGraphSim

module.
7

=

N

Make a path
fingerprint with
default parameters.

Attach the fingerprint
to the molecule as
generic data.

Write molecule +
fingerprint into file
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. Performance - Storage

¥ OEB GZ, OEB (disk space)

" ¥ RSS (size in physical memory)
“ Bl Using compressed OEDBMols
¥ Path FPs are generated with
default parameters
e ' Bl 4096 bit fingerprint
RSS

Size in Mbyte
2 =

. ““ OEB = OEB GZ
OEB Gz % OEB
MACCS LINGO oATH e
Estimated memory usage
¥ Dataset MDDR for 1M compounds

430M 470M 900M
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- Performance — Speed of FP Generation

—

Mintel” Core? 2
Quad CPU Q6600

2 ¥inte’ XEON"
G CPU X5560
E (2.8 GHz)

" Core

XEON
/012"
3+45"

¥ Dataset: MDDR (~110,000) Estimated time to

generate FP for 1M

¥ Path FPs with default parameters compounds (ISM->OEB)
Bl 4096 bit fingerprint
Bl 0-5 path lengths mm

~12min  ~2min ~5min
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Briem-Lessel Benchmark [1]
¥5 activity classes from MDDR
¥Msmall set of decoys

Hert-Willet Benchmark [2]
¥11 activity classes from MDDR
¥entire MDDR used as decoys

Grant Benchmark [3]
¥every activity class in MDDR with more than 100 compounds

¥entire MDDR used as decoys

[1] Briem H.; Lessel U. F.: Perspectives in Drug Discovery and DesignNol. 20, pp. 231D244, 2004.
[2] Hert J.; Willett P.; Wilton D. J.:J. Chem. Inf. Comput. Sci., Vol. 44, pp 117791185, 2004.
[3] Grant J.A.; Haigh J.A.; Pickup B. T.; Nicholls A.; Sayle R. A.: J. Chem. Inf. Model., Vol. 45, pp. 19121918, 2006.
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ROC

Bl
168!"
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= = random AUC
good Range [0.0,1.0]
better 0.5 = random
——best 1.0 = perfect

True positive rate

161" 16'1" 16#1" 1671" 16$!" 16(1" 16%!"6)!" 16&!"168!" ‘611"

False positive rate

AUC for activity class

ue z(auci/of) \where auc; is the AUC number of compound / of the activity
= 2(1/02) class a and O'l.z is the corresponding variance.
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Performance
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Performance
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AUC - Grant Benchmark
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Similarity Measures

OEGraphSim built-in similarity measures:
¥Cosine

¥Dice
- molA = OEGraphMoil ()
¥'EUC|Idean OEParseSmiles (molA," clccc2e(cl)c(c(oc2=0)OCCSC(=N)N) Cl"

¥MManhattan fpA = OEFingerPrint ()
MTanimoto OEMakeFR fpA, molA, OEFPType MACCS16p

¥Tver5ky molB = OEGraphMol ()
OEParseSmiles (molB," COclcc2ccc(cc2c(=0)ol)NC(=N)N ")
A foB = OEFingerPrint ()

(0]
]
@ OEMakeFR fpB, molB, OEFPType MACCS16p
NI
Cl T
0

print " Tanimoto (A,B)= ", OETanimoto (fpA, fpB)
B print " Cosine(A,B) = ", OECosine (fpA, fpB)

I

N N

T
OpenEye CUP XI. April 19, 2010



@ OpenEye Scientific Software

Similarity Measures

OEGraphSim built-in similarity measures:
¥Cosine

¥Dice
- molA = OEGraphMoil ()
¥'EUC|Idean OEParseSmiles (molA," clccc2e(cl)c(c(oc2=0)OCCSC(=N)N) Cl"

¥MManhattan fpA = OEFingerPrint ()
MTanimoto OEMakeFR fpA, molA, OEFPType MACCS16p

¥Tver5ky molB = OEGraphMol ()
OEParseSmiles (molB," COclcc2ccc(cc2c(=0)ol)NC(=N)N ")
A foB = OEFingerPrint ()

(0]
]
@ OEMakeFR fpB, molB, OEFPType MACCS16p
NI
Cl T
0

print " Tanimoto (A,B)= ", OETanimoto (fpA, fpB)
B print " Cosine(A,B) = ", OECosine (fpA, fpB)

I

N N

T
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_ “User-defined Similarity Measures

¥ OEGetBitCountsfunction returns onlyA, onlyB, bothAB,
neitherAB values

(bothAB * neitherAB) — (only A* only B) Range= [-1.0,1.0]
(bothAB * neitherAB) + (only A* only B)

Yule(A,B) =

def CalculateYule (fpA, fpB):
onlyA , onlyB , bothAB, neitherAB = OEGetBitCounts (fpA, fpB)
yule = float( bothAB * neitherAB - onlyA * onlyB )
yule /= float( bothAB * neitherAB + onlyA * onlyB )
return  yule

OEMakeFR fpA, molA, OEFPType Path)
OEMakeFR fpB, molB, OEFPType Path)

print  "Yule(AB)= ", CalculateYule (fpA, fpB)
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mollist = []
fpdb = OEFPDatabase( OEFPType Path)

Ifs = oemolistream(fname)

for mol in ifs.GetOEGraphMols():
fp = mol.GetData(" PATH_FP)
fpdb.AddFP(fp)
mollist.append(OEGraphMol(mol))

query = OEGraphMol()
while  True :

sys.stdout.write(" Enter SMILES> ")
line = sys.stdin.readline().rstrip()
query.Clear()

OEParseSmiles(query, line)

for sc in fpdb.GetSortedScores(query, 5)
hit = mollist[sc.Getldx()]
smi = OECreatelsoSmiString(hit)
print " Score %f %s " % (sc.GetScore(),smi))

Similarity search in
memory using
OEFPDatabase

Load fingerprints into
database.

ST
Read and parse the

SMILES string of a
guery structure.

Search the database.

Print SMILES and
similarity score.
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_ '~ Performance — Search Speed

—

) 677" ¥intel” Core? 2 Quad CPU Q6600

6% (2.4 GHz)
g 67 o~ o ¥intelT XEON" CPU X5560
£ ' (2.8 GHz)
- . % EB?"
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Estimated time to search
¥ Dataset: MDDR (~110,000) 1M compounds to find
¥ Using OEFPDatabase best five hits
¥ Path FPs with default parameters mm

B 4096 bit fingerprint ~0.2sec ~2.6sec ~1.7sec
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_ '~ OEFPDatabase -Sorted Search

OEFPDatabasesearch : defaults
¥Mset cutoff value no cutoff value
¥Mset similarity measure Tanimoto
¥Mset order (descending/ascending) descending
¥Mperform partial search [ bgn-end] entire database| [|jse Dice method
¥set limit on number of hits no limit [0.0,1.0]
desc = True
fpdb.SetSimFunc ( OESimMeasure_Dice ,not desc) Get hits with
fodb.SetCutoff  (0.5) smallest score
for sin fpdb.GetSortedScores (gfp,5,0,100):
print  score.GetScore () Search only the

first 100 entries



@ Open€ye Scientific Software

User-defined Path — Atom/Bond Typing

.
’
A — —

-

OEMakeFR fp , mal, OEFPType_ Path)
OEMakePathFP( fp , mol)

OEMakePathFP( fp , mol, 4096, O, 5, OEFPAtomType_ DefaultAtom
OEFPBondType_DefaultBond )

Atom properties: Bond properties:

¥ Atomic number ¥ Bond order

¥ Aromaticity ¥ Bond chirality

¥ Atom chirality ¥In ring/chain

¥ Formal charge

¥'Heavy degree Atom property modifiers:
¥'Hybridization ¥ Halogen atoms are equal
¥In ring/chain ¥ Aromatic atoms are equal
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Atom/Bond Typing
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def Tani (molA, molB, atype, btype):
fpA = OEFingerPrint()
fpB = OEFingerPrint()
OEMakePathFP(fpA, molA, 2048, 0, 5, atype, btype)
OEMakePathFP(fpB, molB, 2048, 0, 5, atype, btype)
print " Tanimoto(A,B) = ", OETanimoto(fpA, fpB)

molA = OEGraphMol()

OEParseSmiles(molA, " C1CC(CC(C1)O)CF"
molB = OEGraphMol()
OEParseSmiles(molB, " clcnc(ccIN)CCl ") ‘ Cl

Tani (molA, molB, OEFPAtomType _ DefauItAtom
OEFPBondType_ DefaultBond )
Tani (molA, molB, OEFPAtomType InRing |,

OEFPBondType_InRing )

| L é@ é@
Tanimoto(A,B) = 0.166

Tanimoto(A,B) = 1.000

OpenEye CUP XI. April 19, 2010




Path Length
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def PrintTanimoto(molA, molB, minb, maxb):
fpA = OEFingerPrint()
fpB = OEFingerPrint()
atype = OEFPAtomType DefaultAtom
btype = OEFPBondType_ DefaultBond
OEMakePathFP(fpA, molA, 2048, minb, maxb, atype, btype)
OEMakePathFP(fpB, molB, 2048, minb, maxb, atype, btype)

print " Tanimoto(A,B) = ", OETanimoto(fpA, fpB)
molA = OEGraphMol() N
OEParseSmiles(molA, " clccneel ) ‘ \ N
molB = OEGraphMol() _ \ /
OEParseSmiles(molB, " clcc[nH]cl ")
PrintTanimoto(molA, molB, 0, 3) A B

PrintTanimoto(molA, molB, 0, 4)

Tanimoto(A,B) = 1.000 | "CCCCC"  pattern is
Tanimoto(A,B) = 0.950 <€ present in A but not in B
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_ “Number of Unique Paths- MDDR

B atomic num & bond order  ® default properties all properties

~1M unique paths with

@ BKIKI ‘ default parameters &K$'K#88
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Number of bond in path
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more unique paths - larger fingerprint
In order to reduce the number of collisions

Average fingerprint density in MDDR *

o 7 1 default I s

Average number of collisions in MDDR *

amr | parameters |
%!M" h
$IM" #11
#IM" IL) I Iy
L & “9 4™ /s
M e DY " &> = . O
w &% | - N o g
” . 95 -y §
(# e IL$ () g Ly N~ 8
1#$ |t on SS9 ( g s S8
Fingerper . $8%" g 5.5 N F
gerprint sjze in bijtg s e Ingerprint Size jn .b't &'8#" QS
Its

* using default atom and bond properties
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Hashing

default ]
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Future Work

¥ Path-based fingerprints encode only linear structural
features

Bl can not capture atom or bond stereo information

Pl path fingerprints generated for different stereoisomerswill be
identical

¥ ECFP [Extended Connectivity Fingerprint]

Bl exhaustively enumerating and encoding atom-centered shell
environments
O

N shell O
shell 1
shell 2
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Thank you for your attention!

¥ http://lwww.eyesopen.com/docs/
¥ OEGraphSimManual with code examples (C++, Python, Java)

¥ Poster session (Monday evening)

OpenEye Scientific Software

For more information, please contact us.

business@eyesopen.com
support@eyesopen.com
www.eyesopen.com

505-473-7385
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