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8 EEBEERT N\ RE (TEAMN) YO R (Chemometrics) ) Bi:E

. Chemical multivariate analysis / pattern recognition (Chemometrics)

E=8 ATIX0fE(Artificial Intelligence) B8

rt3. Artificial Intelligence

EP =) | E )

silico drug design

' - . All Rights Reserved, Copyright ©
s 'J SILICODATA LIMITED 2019



OFE—#E
EHE B L% (Computer Chemistry) B&

om

]
0
©
©,
Y]
et
JE8}

eeeeeeeeeeeeeeeeeeeee

e &R E R = (Compound storage format)

{E&¥ndn 44 3% (Compound nomenclature)

—Jt— I8 %} fits (Canonicalization)

{E& 1% F % ; (Compound search method)
(SE2—H. #BoiEE. 2-3RTEERE. )

(Complete match, partial structure, 2 / 3-dimensional structure search, etc.)

T—ERN—REE(EvTT—421L) ; BRILEEE

(Database linkage (big data); skewered search)

ESOH N EESIR. EERME., K /R RIE 15, fib

(Handling of compounds; condensed polycycles, tautomerism,
stereo / geometric isomerism, salts, etc.)

fe&hEs ;s /—)L. = A/ =AY

(Compound notation; ketoenol, nitro / nitroso, etc.)
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In * ilico Data

M D ERIEH
R (7+0%5) DT 4L : Digitization of chemical data (analog)

(3%: analog, EEHE: [@no lo:ig] 7FHEA—4):
,E(Wuxliﬁﬁsﬁ)’E@@E"fnbti(miliﬁr)'C“iFZ?TT'd—éC&o T
ERELZEVEVGE (BRI HIE) EL TR (ERE-EFIL) T4
e D, et WREREENTDHITH S,
ja.wikipedia.org/wiki/7+ 0%

SPOHRIIT7TIOITHS

)L (KEE: digital, ZEEFE: [ didsotl]e T4 %IL)

HE (EVEVDELNMEIVE) DL ERMEERT 7TOT ERFTDH
5)%) TERMIZIE. REZTRITEZ=EFb-BEREL TUE (Bifs. .
BEGE)EITIARDILETH D,

/ja.wikipedia.org/wiki/T %)L

A—3—DHERIEITOINTHS

/’7



In * ilico Data

g .?‘/—\}55

(7+n9‘)0)"“9)b1|: Dlgltlzatlon of chemical data (analog)
SYVREX (7FHOJT7—48. A A—OF—4 MRAECHLT—4H)

pound structural formula (analog data, image data, topological data)
= TIURINEREEARLET HIE1—3—TIEHRALL
ot be handled by a computer based on digital information

ZRTRU=XiEERX 2D and 3D structural formulas

= AVE2—3—([F— R TO1DT—E2LMRAGN (2/13RTIEEESN)
e computer can handle only 0/1 data in one dimension

~(2/3 dimensions are not expected)

AV E 21— —Y (IO RICLDIRRRUT 2T

omputer science search and data analysis
/" =>TUR)VIEHRE R TRRSHh TULV %= Developed using digital information

ERRHADAVEL—S—ERAOENT O LI ANEFHE

Technology and science of computer application to the chemical field exist

E 2 —42—1k% (Computer Chemistry) B BBISh TE1-

ter Chemistry has been deployed




| (5 &lico Data

eeeeeeeeeeeeeeeeeeeee

{550 EAXKTEER : Basic information on the chemical field

OIEET—2(7FHI)DTPRIIE ; Digitization of chemical data (analog)

*EeP@EX (7H0d T8, 1 A—UT =2 MROCHLT—5)
Compound structural formula (analog data, image data, topological data)

> TUAIWEREZEARETHa0E2—F—TIERZGLY
Cannot be handled by a computer based on digital information

- i
O/“‘OH
SRTAL S YRR R
2D compound structure =% ib &HD Graph Convolutional
display R—IL &R T4V FET Networks

Three-dimensional compound
N 4 Ballanday
001001101101100001010000110101011110010110100101110100
10011111100110100


https://www.google.co.jp/imgres?imgurl=https://upload.wikimedia.org/wikipedia/commons/thumb/a/ab/Penicillin-G.svg/1200px-Penicillin-G.svg.png&imgrefurl=https://ja.wikipedia.org/wiki/%E3%83%99%E3%83%B3%E3%82%B8%E3%83%AB%E3%83%9A%E3%83%8B%E3%82%B7%E3%83%AA%E3%83%B3&docid=mCbPcf2u2FVzrM&tbnid=6451bQyARV7WPM:&vet=10ahUKEwjho7SshPTeAhUhIjQIHebbCfcQMwg9KAAwAA..i&w=1200&h=590&bih=1077&biw=1271&q=%E3%83%9A%E3%83%8B%E3%82%B7%E3%83%AA%E3%83%B3%20%E6%A7%8B%E9%80%A0%E5%BC%8F&ved=0ahUKEwjho7SshPTeAhUhIjQIHebbCfcQMwg9KAAwAA&iact=mrc&uact=8

LaMHLZEELUIDES I Oilico Raca

Compound nomenclature and 1D numbers

B Reproducibility of chemical compounds:
Linear notation and Chemical ID number of compounds

Bl Compound Name; Morphine
R N IUPAC: (50,60)-7,8-didehydro-4,5-epoxy-17-methylmorphinan-3,6-diol
SMILES: OC(C=CC1CC2N3C)=C(0OC4C(0O)C=5H)C1C4(CC3)C2C5
ZNGZN InChlKey: InChI=1S/C17H19NO3/c1-18-7-6-17-10-3-5-13(20)16(17)21-15-
°, | H 12(19)4-2-9(14(15)17)8-11(10)18/h2-5,10-11,13,16,19-20H,6-8H2,1H3/t10-

4 [ ' N, 11+,13-,16-,17-/m0/s1
= B Compound Properties
W Chemical formula:C17H19NO3

Il Chemical ID Number
CAS number:57-27-2

ATC code:NO2AAO01 (WHO)
PubChem:CID: 5288826
DrugBank:APRD00215
ChemSpider:4450907
KEGG:D08233

All Rights Reserved, Copyright ©
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ZOBBEEN (FFK. ESHE. WLN, Smiles)
fferences in compound notation
ormula, compound name, WLN, Smiles)

L &3 &2 : Linear notation of compound
mical Abstracts Service) 5 RO EBRILEVM  1B4TFI4EHILED

2mical Abstracts Service) number Number of the latest registered compounds:
lon compounds

« ESAEANICEHIAT, TOVE. nROFEERVEELESHOENS
c BEDIIERECEEENTAC R CEDETAN, ERLEFNRERFREETLAL

ERGEERZNEROT, CASBEES NI NETEERS. AZIED-JILI-21350-95-7, L)L -A3921-60-8TH3. TNC, #TF0EES
FICRLTID0 CAS BEESTENETANACCEHD (RTOFILI-LEKEERZ5031-72-5TH3) .

Frud7 43y FOHEARRDEEDTES.

CASBREST NgNNNNN-NoN-R (R, N, BEITDO~IDEE, MTFELAEVESR0EHET) DEE.
R=(BxNg+7x Ny +6x N +5x N+ 4 x Ny +3xNg+2x N, +N,)mod 10

e hOCASEHEESE 7732-18-5 BOT. MUTOENSICRS.

(6x7+5x7+4x3+3x2+2x1+1=8)=105
105 mod 10 = 5 (105 = 10 x 10 + 5)




A wide variety of compound file formats

cibility of chemical compounds: Notation by connection table

mol — MDL MOL format ~
pdb — Protein Data Bank format [
smi — SMILES fornmat

xy=z — X¥YZ cartesian coordinates format

CONFIG — DL-POLY CONFIG

CONTCAR — VASPF format |
HISTORY — DL-POLY HISTORY

POSCAR — VASPF format

VASPF — VASP format

abinit — ABINIT Output Format

acesin — ACES input fornmat

acesout — ACES output fornmat

acr — ACR format

adf — ADF cartesian nput fornmat

adfout — ADF output format

alc — Alchemy format

arc — Accelrys/MSI Biosymidinsight 1l CAR format
ascan — ASCIl format

axsf — XCrySDen Structure Format

bgf — MSI BGF format

box — Dock 3.5 Box format

bs — Ball and Stick fornmat

cOS9ocut — Crystal 09 output format

c3d1 — Chem3D Cartesian 1 format

c3d2 — Chem3D Cartesian 2 format

cac — CAChe MolStruct format

caccrt — Cacao Cartesian format

cache — CACHhe MolStruct format

cacint — Cacso Intermal fornmat
can — Canonical SMILES format

file formats handled
- bythe
benBabel system”




In SlllCO Data
....................

{E&YtEE £ TORIRE &= :Problems in compound identification

O E 15— ETEHERIUIEEMERBINDED, ?

IS it recognized as exactly the same compound on the computer?

ESEMEEXANICELGDHIEEMTT1E3—ZRLSE
BICSmilesTRR 7L TH., £<{RESHSmiles&’sd

If you use a different compound editor to enter the compound structure

Even If you store with the same Smiles, it will be a completely different Smiles

SILEMT —EIN—X L THENELS

Problems occur in the compound database

DIE &Y D E4E EGE DN F 4 9% Compound duplicate registration occurs
@ik &tz F Ty L7E<7%E5No hit in compound search

All Rights Reserved, Copyright ©
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= i —— . : e - E— e—
Fl In SlllCO Data
.......................

1

I:A%ﬁEJ:'CG)FnﬂEE#—i Problems in compound identification

SMILES 1: OC1=C(N(C)C)C=CC=C1 ;by ChemDraw

2:¢1(0)c(N(C)C)cccecl ;by Ecosar
3:C1=CC(=C(C=C1)N(C)C)O ;by QSAR Toolbox
4:CN(C)clccceclO ;by OpenBabel

5:C1=CC(0O)=C(N(C)C)C=C1 ;Manual Input by Yuta
6:C1(0)=C(N(C)C)C=CC=C1 ;Manual Input by Yuta
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— Rt EMEE DRI IEHRE

Variability problem of two-dimensional compound structural formula

® E<{FLCILEMMNEEIRREDENTEGDIHELGD
Exactly the same compound is different depending on the drawing state

1. L&D DEWNETFT/"ER /"KE)
Difference in directionality of compounds (up / down / left / right / front / back)

2. G DEVCEERRES. 7y EE. ith)
Difference in notation (aromatic bond, bridge structure, etc.)

€ E 1 —43— FTIIELRILILEMERHINSH ?
IS It recognized as exactly the same compound on the computer?

All Rights Reserved, Copyright ©
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tEMBEEXNDE LR RE

Ity problem of two-dimensional compound structural formula

"JJ 1,—-,«./
l_lf J‘JJ‘I p F:J




e ERTD SN CET BE In Silisepaia

Problems related to the diversity of compound structure notation

< Problem in compound structure:
* tautomer -=nitro =aromatic -=salt

0 X
/A //O J : S S
R R—N 0 RN
0 \O \ \\ R/\/\OH

o OH \ \
R/H/ R)\( ‘ ‘
N 0 N/

H
HEEEDZZAVCEE. AEFICLYEILLT S
Changes depending on the creator's thoughts, customs, and usage
sRaba BHEA =T TIFGEL, §ATIELLY
IL'IS not a mistake in the notation, everything Is correct

All Rights Reserved, Copyright ©
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MEEMD O RATLEECHALTOIEEMEELTORER

In system development and use of compounds Problems in compound operation

QLLTFTOARICEALT, VATLFABMIZIHL TG HE
The following content is required depending on the purpose of system use.
1. \E&¥)3R 50 F & D AL 1% : Variability in compound notation
= 218 2R DT ECIEDTFIE - Various notations exist
ELREETHLO-THEHRNAENELD
Even if the same notation is used, the contents are different.
2. {EEY A D Z 1E % Variability when entering compounds
s RITIEERDZEZIETE - Change in two-dimensional structural formula
ERTEEXDEILE(@—HIL U B—N\)L)
Change in 3D structural formula (local / global)
3. IEEWEEX D Z#R1%: Diversity of compound structural formulas
FLIEEMICELWVRENEREFE

Multiple correct notations exist for the same compound

All Rights Reserved, Copyright ©
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ESDL AT LHRECFHALTOILEMIRELTOREER

In system development and use of compounds Problems in compound operation

O AT LHAECHHALTOEER

Notes on system development and use

1. T—3R—20)EE Database linkage
SHAESDHOERETNEET. FRE
Combination analysis is difficult and unstable

KD T —EIR—ATHH>TLH. LEMEHRLBENRE

There Is a problem in compound registration even with a single database
BT —IN—AD BRI LIRFEFN T AIEE

Multi-database skewer search is not possible
TR EHFELTOE YT T—2E A EGL

Big data cannot be created by collecting data

All Rights Reserved, Copyright ©
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ESDL AT LHREVCFIALTOILEMIRELTORBER

In system development and use of compounds Problems in compound operation

O AT LHFHEVCFIHLETOEER

Notes on system development and use

2. T—3Y AT R TORRHT:Data science analysis
P ANBEEERFDNTA—FI—ELEILT D

Parameter value dependent on input structure changes

«FPHEIETILOEEEINMETIT S

Rellablllty of predlctlon model decreases

The predlctlon result depends on the input structure

All Rights Reserved, Copyright ©
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Miracles by the KY-methods

*
L

IS,

DEI—MolZ7AIL

>

=

YL

Same Mol file of 2D compound structural formula
®E—T7MIHKTH, BHREICE

AN
=

(|

JT

7

CIRHTERDELN, B

difference in number of description digits, etc.

A

VACEWINE LR

Even in the same file format, attention must be paid to compatibility

AT LIKRTFE.

System dependency, Version change

undil —chemdra

comp
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ilico Data

Miracles by the KY-methods

In

MolZ7A4 )L
d searches

Ho>TH, RFESHNRED

Even the same compound created by the same system has different atomic numbers

RFESD—IENBE(Morgan7 /L3 X L, SEMAZ)

Need to unify atomic numbers (Morgan algorithm, SEMA, etc.)

®IESTIDIERIERTHOREIRES

>

YT
ROHE

-
4,

3,

£

VAl
IN various compoun

AN
=

it EMEEADF

Same Mol file of 2D compound structural formula
®EFDEES{TITHELS Different atom numbering

AT LAERD R —1E

~
/,
_
g

Need to solve problems
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—E#R%E Exact search
#iaO—RZEW-778—F  Conversion code approach
ORGAN 4 : L KIFEERZHF-GLMEEY Compound without 3D information

RGANZ E(FIEEMI—T—EXMIC TR IToNI-ILEYR
ORGAN name is a compound name assigned to a compound in a one-to-one term

4

—4F21\1) 2% :Unique numbering
AT ADRFICOToNDESZ. MEEMIBYITRET H&

the number assigned to each atom that constitutes a compound for each compound.



In * ilico Data

L

[

% D E R RE : MORGAN name embodiment

bNT-RF&
— wd:a‘:s

S THOTH R——
AETIERLESD 5 e
it 9 Do If the
Imber assigned to a
3

lifferent, the same
IS recognized as a
ompound inside the

shown in the right 01 03
/ s _3 L
BYMDRFIZET 1 ¢ 2 N N 2 ‘1 :[?
neo&EsE1——7(—x N :
) T 57 ; "N
( umber assigned 5 :
/ e compound

/ i BFBRORCIMBRIEEY (E- b2T) BRE MEED
St orresponding

' —




s JTIS_IE;(#FLT\O) ES g'l‘i In &lico Data

eeeeeeeeeeeeeeeeeeeeee

Importance of one-on-one correspondence

EEMFEHZIEL—3—TIHO L TOEEGERS
When handling compound information on a computer

thinl
1)
-

\
I

—DODEEYIE

@ —t—IEx S ( Canonicalization: 3R&34E) &1

What is one-to-one correspondence (Canonicalization)

I,
One compound is defined as 1: 1 if it has the same description system

LEEdAXTHNIE11ICETREEZNID

O —TEWMHEIX whatis one-way multiplet correspondence
—DDIEEPNEHDOER(1:2) TEHRSNSD

One compound is defined by multiple descriptions (1: many)
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In * ilico Data

MO EKRTEHR Basic information in the chemical field

X SEEEDZE X Thoughts related to one-on-one correspondence

ExE = &) =  {kawa()

1-one correspondence = Compound (1) = Compound name (1)

HXE = &N = {E&HaQ1)
terms = Compound (N) = Compound name (1)

ZIRNE = E&HQO) = {EL&HEBENIN)
-way multiple terms = Compound (1) = Compound name (N)

LZRAE = k8PN = {£&EHEWN)

factorial correspondence = Compound (N) = Compound name (N)

t&4a={t&¥REE However, compound name = compound notation

RNIZ#{ZETRT () Indicates number



— E—IEREOEEN In Oilico.pata

Importance of one-on-one correspondence

® TIZIEXICORFICELET AMER
Problems that occur when dealing with one-way multinomials
1. {EEMT—3—REE L TORRE

Problems related to compound databases
D EEZHZINERTD Multiple registrations occur frequently
QL EYHEREDEEMNRI-NEL
Compound search accuracy Is not maintained

@EHDILEY T —FN—AE DEEH E &

Collaboration between multiple compound databases is difficult

2. L&YV T—2BITEEE L TORIE

Problems related to compound data analysis
DEHET—2DFEFEAIEEME Possibility of duplicate data
@QINTA—B—DFREM Parameter instability
Q@FBAIET LAY Reduced versatility of prediction model
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In * ilico Data

BN EAEEERDDH

one-on-one correspondence is important

REQOLEY —  {EBVRE

Real compounds Compound notation
W}k = {Ed&WQ) = {E&HE0() LEWEREO
e correspondence = Compound (1) = Compound name (1) T—3f&4r O
BxE = EEHN) =  {EkdHE() {EEMIRR X
ms = Compound (N) = Compound name (1) T x
7L % TR X It = &M Q) = LEdPaN) {LEMER x
ay multiple terms = Compound (1) = Compound name (N) T—3fEH x
RS = {E&8BN) = EaPa(N) {LEWRR X

/ ctorial correspondence = Compound (N) = Compound name (N) T—42f@#r X

SRFPLILEMT BN ERET SE—R—HM B WA

1ds Search and compound data analysis Assuming One-on-one correspondence is required

A
/7
0



IE -L-.l- r._ 0) *E‘E oA X In SlllCO Data

Conceptual diagram corresponding to one item

JT— X G DRELIE

Notation for one-to-one term

O—Ah)ILEXiLE1—1
A—hILERELE1—2
O—Ah)LExELiE1—3
LS A—hLREEE A—hHLREET — -

Local notation :
—hILRiLE2 A—Ah)LRicE2—1
L& 2 —hLRiRE2—2
—hLRiEE2—-3
—HL R - —hLBEE2— -
O—AhJILREEEKZ
L&Yz

CRECEHEAI T 1R IGHANE

In notation units 1: 1 correspondence is required

—hIRELE--1
—NIILRECE -
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O—x—Ex GO EE M (SmileszHlI12) I Oilice Rata

Importance of dealing with one item and one term (Smiles as an example)

FiLEHLUO—HILRED

Notation and local notation

EEER
REREVE

registration
0 search hit




R— R OH A= EHE VT F—alE In Silice-Rasa
Big data by database linkage and integration

N—RAREITLD
Evd T —41k
und big data by
se integration

‘ 74—54/1—7,:%\

S & ~ o
‘ T—4574—7:DB

RKEGLEDHA

ly large number of




In i ilico Data

tabase (big

25V &IlX:Big data 5V
ABETIERDOREILEELLT. SEEOVOERENEE LIS
se construction, the realization of the five types of V shown on the right is
timization goal for achievement.

T—ADME (Value)

2= o I Y R "




EvT—3EBE LT TOEBER

Points to remember when building big data

eeeeeeeeeeeeeeeeeeeee

{LF TS8R4

Chemical data analysis

Ckam

CV T T—H

~_ Bigbata - i/
BHTKEGEED

OEYIT T—E2M5V
Big data 5V

Extremely large number of .
compounds Al (AIﬂlﬁE) & A
Application of Al
(artificial intelligence)
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Points to keep in mind when linking chemical-related systems

(= |
R T—2D ') —>1{ECleaning of various data
T ry data deletion




